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Chapter 1
Device Overview

1.1 Introduction

The MC56F825x/MC56F824x is a member of the 56800E core-based family of Digital
Signal Controllers (DSCs). It combines, on a single chip, the processing power of a DSP
and the functionality of a microcontroller with a flexible set of peripherals to create a
cost-effective solution. Because of its low cost, configuration flexibility, and compact
program code, the MC56F825x/MC56F824x is well-suited for many consumer and
industrial applications.

The 56800E core is based on a dual Harvard-style architecture consisting of three
execution units operating in parallel, allowing as many as six operations per instruction
cycle. The MCU-style programming model and optimized instruction set allow
straightforward generation of efficient, compact DSP and control code. The instruction
set s also highly efficient for C compilers to enable rapid development of optimized
control applications.

1.2 Features

The MC56F825x/MC56F824x includes many peripherals that are especially useful for
industrial control, motion control, home appliances, general purpose inverters, smart
sensors, fire and security systems, switched-mode power supply, power management, and
medical monitoring applications.

The MC56F825x/MC56F824x Digital Signal Controller includes up to 64 KB of program
flash and up to 8 KB of unified data/program RAM. The page size of on-chip flash is
1024 words. It can be independently bulk erased or erased in pages.

A comprehensive set of programmable peripherals—including a PWM, dual high-speed
ADCs, queued SCls, a queued SPI, I2Cs, an MSCAN, an inter-module Crossbar Switch,
Quad Timers, a CRC block, DACs, analog comparators, and on-chip and off-chip clock
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sources—supports various applications. Each peripheral can be independently shut down
to save the power. Any pin in these peripherals can also be used as General Purpose
Input/Outputs (GPIOs).

Feature highlights follow:

 Highly efficient hybrid DSP core
* 60 MHz operation frequency
* Efficient S6800E Digital Signal Processor (DSP) engine with dual Harvard
architecture
 Three internal address buses
* Four internal data buses

* 155 basic instructions in conjunction with up to 20 address modes

 32-bit internal primary data buses supporting 8-bit, 16-bit, and 32-bit data
movement, addition, subtraction, and logical operation

* Single-cycle 16 x 16-bit parallel Multiplier-Accumulator (MAC)

* Four 36-bit accumulators, including extension bits

* 32-bit arithmetic and logic multi-bit shifter

e Parallel instruction set with unique DSP addressing modes

» Hardware DO and REP loops

* Instruction set that supports both DSP and controller functions

* Controller-style addressing modes and instructions for compact code

* Efficient C compiler and local variable support

 Software subroutine and interrupt stack with depth limited only by memory

* JTAG/Enhanced On-Chip Emulation (EOnCE) for unobtrusive, processor-speed-
independent, real-time debugging

* On-chip memory
e Dual Harvard architecture that permits as many as three simultaneous accesses to
program and data memory
* Data RAM that supports byte, word, and double-word address modes
* EEPROM emulation capability using flash
* Flash security and protection that prevent unauthorized users from gaining
access to the internal flash

* System and power management
e Dual clock sources
» External crystal, resonator, external clock source
e Internal 8 MHz/400 kHz relaxation oscillator

* On-Chip Clock Synthesis (OCCS) module
* On-chip Power Reset and Brown-Out Reset
* On-chip low voltage detection
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Chapter 1 Device Overview

e Computer Operating Properly (COP) watchdog timer with multi-clock source
selection

* Wait and stop modes with fast wakeup

* Single supply

* Interrupt Controller (INTC)
* Five interrupt priority levels
* One non-maskable interrupt for core-related interrupts
 Three user-programmable priority levels for each interrupt source: levels 0,
1, and 2
» Lowest-priority software interrupt: LP

* Support for hardware nested interrupts
* Support for two programmable fast interrupts that can be assigned to any
interrupt source

* Peripherals
* One Enhanced Flex Pulse Width Modulator (eFlexPWM)
* 6-channel with with NanoEdge™ placement; 520 ps PWM resolution
 3-channel with enhanced capture functionality

* Two Quad Timers with a total of eight 16-bit timers and up to 120 MHz
operation clock
* Two 12-bit ADCs with up to 16 channels
* One 12-bit DAC
e Three analog High Speed Comparators (HSCMPs) with integrated digital output
filtering and windowing features
* Three 5-bit reference DACs (32-tap voltage reference) for HSCMPs
* One Queued Serial Peripheral Interface (QSPI) module with 4-word FIFO
* Two high speed Queued Serial Communication Interface (QSCI) modules with
4-byte FIFO and up to 120 MHz operation clock
* Two Inter-Integrated Circuit (I2C) ports with SMBus support
* One Scalable Controller Area Network (MSCAN) module
e Cyclic Redundancy Check (CRC) Generator
* Inter-module Crossbar Switch (XBAR) that provides the programmable internal
module connections between and among the PWM, ADCs, Quad Timers, 12-bit
DAC, HSCMPs, and package pins
» Up to 54 general purpose 1/0 (GPIO)
* 5 V tolerance
* Configurable push-pull and open-drain output
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* Ability to generate interrupt with programmable rising or falling edge and
software interrupt
* Configurable drive strength: 4 mA/8 mA

1.3 Core Block Diagram

The DSC core is composed of several independent functional units. The program
controller, address generation unit (AGU) and data arithmetic logic unit (ALU) contain
their own register sets and control logic, allowing them to operate independently and in
parallel, increasing throughput. There is also an independent bit manipulation unit, which
provides for efficient bit-manipulation operations. Each functional unit interfaces with
the other units, memory, and the memory-mapped peripherals over the core's internal
address and data buses, and through the IP bus bridge (off core).
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JTAG TAP MAC and ALU | Multi-Bit Shifter

Figure 1-1. DSP56800E Core Block Diagram

1.4 Peripheral Subsystem

All functional pins on this device are multiplexed with one of the GPIO ports. To use one
of the pins as a peripheral pin, enable the peripheral function by programming the
corresponding bit in the GPIO port's peripheral enable register. If a pin is multiplexed
with different peripheral functions, control the selection of the peripheral function by
using one of the GPIO peripheral select registers in the System Integration Module
(SIM).
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Figure 1-2. Peripheral Subsystem
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Chapter 1 Device Overview

1.5 Clock Generation and Distribution

The MC56F825x/MC56F824x's CPU and most peripherals can be run at clock rates up to
(and including) 60 MHz. Additionally, the Serial Communication Interface (SCI)
modules and quad timers can optionally be run at 120 MHz.

The device is equipped with an internal relaxation oscillator, with modes for 400 kHz and
8 MHz (default at reset). In addition, the crystal oscillator module supports external
crystals and resonators ranging from 4 MHz to 16 MHz in operation.

NOTE
A crystal or resonator is recommended when using the MSCAN
module.

The following diagram presents the system clock distribution. Additional clock
information appears in descriptions of the On-Chip Clock Synthesis module (OCCS) and
System Integration Module (SIM).

cosc 4 MHz to 16 MHz @ -
ﬁ E 8 MHz or 400 kHz cop
ROSC -
HTAL ‘
On-chip flash memory uses Masterl——Jm]
Oscillator Clock (MSTR_OSC) to time flash ADCs
program/ferase operations. MSCAN can [}
optionally use it as a timebase.
&)
V2SO MSTR_OSC + +

All Other

Flash ‘MSCAN_.,@ Peripherals:

+ PBC

) M i
_ DIv2 (2) System Clock > ; g')lf:%}[c
PLL + 5.bitDACs

»  Comparators

¥

+ PMC

OCCS SIM = RAM
2% System Clock

QsCls QTimers

@

Y

Figure 1-3. System Clock Distribution

When the external clock is chosen as the master clock source, its frequency should not
exceed 60 MHz for the following cases:

1. The operation being performed is a flash programming/erase operation.

2. The CLKSRC bit of the MSCAN CANCTLI1 register is set to 0.
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Chapter 2
Analog-to-Digital Converter (ADC)

2.1 Introduction

2.1.1 Overview

The analog-to-digital converter (ADC) is one dual 12-bit ADC in which each ADC
converter has a separate voltage reference and control block.

2.1.2 Features

The analog-to-digital (ADC) converter function consists of two separate analog-to-digital
converters, each with eight analog inputs and its own sample and hold circuit. A common
digital control module configures and controls the functioning of the converters. ADC
features include:

* 12-bit resolution

* Maximum ADC clock frequency of 15 MHz with 100 ns period

« Sampling rate up to 3.33 million samples per second’

* Single conversion time of 8.5 ADC clock cycles (8.5 x 100 ns = 850 ns)
* Additional conversion time of 6 ADC clock cycles (6 x 100 ns = 600 ns)

* Eight conversions in 26.5 ADC clock cycles (26.5 x 100 ns = 2.65 us) using parallel
mode

* Can be synchronized to the PWM through the SYNCO0/1 input signal if the
integration permits the PWM to trigger a timer channel connected to that input

1. Inloop mode, the time between each conversion is 6 ADC clock cycles (600 ns). Using simultaneous conversion,
two samples can be obtained in 600 ns. Samples per second is calculated according to 600 ns per two samples or
3,333,333 samples per second.
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* Sequentially scans and stores up to sixteen measurements

 Scans and stores up to eight measurements each on two ADC converters operating
simultaneously and in parallel

asynchronously to each other in parallel

* A scan can pause and await new SYNC input prior to continuing

Zero crossing

Signed or unsigned result

Single-ended or differential inputs

2.1.3 Block Diagram
The following figure illustrates the dual ADC configuration.

Gains the input signal by x1, x2, or x4

VREFH —

Voltage
Reference
Circuit

Scaling and Cyclic WA
Converter A 12

Scaling and Cyclic /B
Converter B 12

ANAO —

ANA1 —

ANA2 —

ANA3 —— VREFLO —
ANA4 —

ANA5 —

ANA6 — §

ANA7 — 2 _>ﬁ;

S

ANBO — =

ANB1 Sample/Hold
ANB2 —

ANB3 —

ANB4 — |

ANB5 —

ANB6 —

ANB7 —
SYNCx —pp Controller

PWM outputs with hysteresis for three of the analog inputs

Scans and stores up to eight measurements each on two ADC converters operating

Optional interrupts at end of scan if an out-of-range limit is exceeded or there is a

Optional sample correction by subtracting a pre-programmed offset value

Digital Output
Storage Registers

rs

Bus Interface

Figure 2-1. Dual ADC Block Diagram
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Chapter 2 Analog-to-Digital Converter (ADC)

2.2 Signal Descriptions

2.2.1 Overview

Table 2-1. External Signal Properties

Name /0 Type Function Reset State Notes
ANAO-ANB7 Input Analog Input Pins n/a —
VREFH Input Voltage Reference Pin na Selectable between VDDA and
ANA2
VREFLO Input Voltage Reference Pin n/a Selectable between VSSA and
ANA3
VREFHI Input Voltage Reference Pin n/a Selectable between VDDA and
ANB2
VREFLO Input Voltage Reference Pin n/a i(ﬁllggtable between VSSA and
VDDA Supply ADC Power n/a —
VSSA Supply ADC Ground n/a —

2.2.2 External Signal Descriptions

2.2.2.1 Analog Input Pins (ANA[0:7] and ANB[0:7])

Each ADC module has sixteen analog input pins that are subdivided into two sets of eight
(ANAJO:7] and ANBJ[0:7]), each with their own S/H unit and converter. This
configuration allows simultaneous sampling of two selected channels, one from each
subgroup. Sequential scans have access to all sixteen analog inputs. During parallel
scans, each ADC converter has access to its eight analog inputs. An equivalent circuit for
an analog input is shown below:
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ADC Analog Input

/

-
-
o

1. Parasitic capacitance due to package, pin-to-pin, and pin-to-package base coupling. 1.8pf

2. Parasitic capacitance due to the chip bond pad, ESD protection devices, and signal routing. 2.04pf

3. Equivalent resistance for the ESD isolation resistor and the channel select multiplexer. 500Q

4. Sampling capacitor at the sample and hold circuit. 1pf

Figure 2-2. Equivalent Analog Input Circuit

2.2.2.2 Voltage Reference Pins (VREFH and VREFLO)

The voltage difference between Vgygry and Vigpr o provides the reference voltage against
which all analog inputs are measured. Vgggy is nominally set to Vppa. VRerLO 18
nominally set to OV. Any external reference voltage should come from a low noise
filtered source. The external reference source should provide up to 1mA of reference
current. illustrates the internal workings of the ADC voltage reference circuit. Vyggy
must be noise filtered. A minimum configuration is shown in the figure.

1.0 mH Inductor @m > External Reference Voltage
0.1uF
v [ ] T

To ADC

To ADC

VREFLO

Figure 2-3. ADC Voltage Reference Circuit

When Vppa is used as Vggpy, measurements are made with respect to the amplitude of
Vbbpa. Special precautions must be taken to assure that the voltage applied to Vgrggy is as
noise free as possible. Any noise residing on the Vgrgry voltage is directly transferred to
the digital result.
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Chapter 2 Analog-to-Digital Converter (ADC)

Dedicated power supply pins, Vppa and Vgga, are provided to reduce noise coupling and
to improve accuracy. The power to these pins should come from a low noise filtered
source. For details, refer to the chapter on the Analog-to-Digital module. Uncoupling
capacitors should be connected between Vppa and Vgga.

Vs is shared between both analog and digital circuitry.

There are dedicated analog power pins on Anguilla Black, both Vppa and Vgga.

2.3 Memory Map and Registers

Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O o o | o wo| w 0
a o |YlwlE|E
0 ADC_CTRL1 o 2|2 |o0|=|3 CHNCFG_L SMODE
w bolstarl o [N |32
TO
o o |uW =
1 ADC_CTRL2 o) Z | CHNCFG_H 2 DIV
= > | O =
W » |STAR| ©» | 1 n
T
R
2 ADC_ZXCTRL ZCE7 ZCE6 ZCE5 ZCE4 ZCES3 ZCE2 ZCEA1 ZCEOQ
W
R
3 ADC_CLIST1 SAMPLES3 SAMPLE2 SAMPLE1 SAMPLEO
W
R
4 ADC_CLIST2 SAMPLE? SAMPLE6 SAMPLES5 SAMPLE4
W
R
5 ADC_CLIST3 SAMPLE11 SAMPLE10 SAMPLE9 SAMPLES
W
R
6 ADC_CLIST4 SAMPLE15 SAMPLE14 SAMPLE13 SAMPLE12
W
R
7 ADC_SDIS DS
W
R| & o 0 8 8 ZCl| = = UNDEFINED
O | O -4 | £
8 ADC_STAT L L = -

=
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wemory Map and Registers

Address
offset (hex)

9

10

11

12

13

14

15

16

17

18

Register
name

ADC_RDY

ADC_LIMSTAT

ADC_ZXSTAT

ADC_RSLTO

ADC_RSLT1

ADC_RSLT2

ADC_RSLT3

ADC_RSLT4

ADC_RSLT5

ADC_RSLT6

ADC_RSLT7

ADC_RSLT8

ADC_RSLT9

ADC_RSLT10

ADC_RSLT11

ADC_RSLT12

=PIV VT =PI I £ VT £ P £V £ VT £ DIV 2 VT £ I 2 VT I =T

RDY[15:0]
HLS[7:0] LLS[7:0]
0
ZCS[7:0]
SEX 0
— ]
SEX 0
— ]
SEX 0
i ]
SEX 0
— ]
SEX 0
— ]
SEX 0
— ]
SEX 0
— ]
SEX 0
T RSLT
o o
o o
o o
o o
o o
15 14 13 12 11 10 9 8 | 7 4 3 2 1 0
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Chapter 2 Analog-to-Digital Converter (ADC)
Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

19 ADC_RSLT13 RSLT

w

R| o
1A ADC_RSLT14 RSLT

w
1B ADC_RSLT15 RSLT
1C ADC_LOLIMO LLMT
1D ADC_LOLIMA1 LLMT
1E ADC_LOLIM2 LLMT
1F ADC_LOLIM3 LLMT
20 ADC_LOLIM4 LLMT
21 ADC_LOLIM5 LLMT
22 ADC_LOLIM6 LLMT
23 ADC_LOLIM7 LLMT
24 ADC_HILIMO HLMT
25 ADC_HILIM1 HLMT
26 ADC_HILIM2 HLMT
27 ADC_HILIM3 HLMT
28 ADC_HILIM4 HLMT
29 ADC_HILIM5 HLMT

14 13 12 1 10 9 8 | 7 6 5 4 3
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Address
offset (hex)

2A

2B

2C

2D

2E

2F

30

31

32

33

34

35

36

37

Register

name 15 14 13 12 1N 10 9 8 | 7 6 5 4 3
R| O

ADC_HILIM6 HLMT
W
R| o

ADC_HILIM7 HLMT
W
JK

ADC_OFFSTO OFFSET
W
JK

ADC_OFFST1 OFFSET
W
JK

ADC_OFFST2 OFFSET
W
JK

ADC_OFFST3 OFFSET
W
JK

ADC_OFFST4 OFFSET
W
JK

ADC_OFFST5 OFFSET
W
R| o

ADC_OFFST6 OFFSET
W
JK

ADC_OFFST7 OFFSET
W

R
ADC_PWR ASB PUDELAY APD
W
m | <
R |m' |g| |<' |;| 0 Q|9
ADC_CAL dédi dédi g| g|
o WlonuwlnoWonw
W o o o o - —
= g5 ¢ 315
R
ADC_GCH GAIN7 GAING6 GAIN5 GAIN4 GAIN3 GAIN2 GAIN1 GAINO
W
R
ADC_GC2 GAIN15 GAIN14 GAIN13 GAIN12 GAIN11 GAIN10 GAIN9 GAINS8
W
R
ADC_SCTRL SC[15:0]
W
R 0
ADC_PWR2 DIV1[4:0] SPEEDB | SPEEDA
W
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Chapter 2 Analog-to-Digital Converter (ADC)

2.3.1 ADC Control Register 1 (ADC_CTRL1)

Bits 14, 13, 12, and 11 in CTRLI1 control all types of scans except parallel scans in the B
converter when CTRL2[SIMULT]=0. Non-simultaneous parallel scan modes allow
independent parallel scanning in the A and B converter. Bits 14, 13, 12, and 11 in CTRL2
are used to control B converter scans in non-simultaneous parallel scan modes.

Address: ADC_CTRL1 — FO80h base + Oh offset = FO80h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0
g g | & o |
S | g |ZcE 5|5 CHNCFG_L SMODE
| —
Write [4p) ST/(-:RT [7p) w - T
Reset 0 1 o 1 o o o o0o]o0o o0 O0 0 0 1 o 1

ADC_CTRLA1 field descriptions

Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14 Stop
STOPO

When this bit is asserted, the current scan is stopped and no further scans can start. Any further SYNCO
input pulses (see CTRL1[SYNCO] bit) or writes to the CTRL1[STARTO] bit are ignored until this bit has
been cleared. After the ADC is in stop mode, the results registers can be modified by the processor. Any
changes to the result registers in stop mode are treated as if the analog core supplied the data. Therefore,
limit checking, zero crossing, and associated interrupts can occur when authorized. This is not the same
as DSP STOP mode.

0 Normal operation
1 Stop mode

13 STARTO Conversion

STARTO
A scan is started by writing 1 to this bit. This is a write only bit. Writing 1 to it again while the scan remains

in process, is ignored.
The ADC must be in a stable power configuration prior to writing the start bit. Refer to the functional
description of power modes for further details.

0 No action
1 Start command is issued

12 SYNCO Enable
SYNCO

A conversion may be initiated by asserting a positive edge on the SYNCO input. Any subsequent SYNCO
input pulses while the scan remains in process are ignored unless the scan is awaiting furhter SYNC
inputs due to the SCTRL[SCn] bits. CTRL1[SYNCOQ] is cleared in ONCE mode, CTRL1[SMODE=000 or
001], when the first SYNC input is detected. This prevents unintentionally starting a new scan after the
first scan has completed.

Table continues on the next page...
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ADC_CTRLA1 field descriptions (continued)

Field Description

The ADC must be in a stable power mode prior to SYNCO input assertion. Refer to the functional
description of power modes for further details.

In "once" scan modes, only a first SYNCO input pulse is honored. CTRL1[SYNCO] is cleared in this mode
when the first SYNC input is detected. This prevents unintentionally starting a new scan after the first
scan has completed. The CTRL1[SYNCO] bit can be set again at any time including while the scan
remains in process

0 Scan is initiated by a write to CTRL1[STARTO] only
1 Use a SYNCO input pulse or CTRL1[STARTO] to initiate a scan

11 End Of Scan Interrupt Enable
EOSIEO

This bit enables an EOSIO interrupt to be generated upon completion of the scan. For looping scan
modes, the interrupt will trigger after the completion of each iteration of the loop.

0 Interrupt disabled
1 Interrupt enabled

10 Zero Crossing Interrupt Enable
ZCIE
This bit enables the zero crossing interrupt if the current result value has a sign change from the previous
result as configured by the ZXCTRL register.

0 Interrupt disabled
1 Interrupt enabled

9 Low Limit Interrupt Enable
LLMTIE
This bit enables the Low Limit exceeded interrupt when the current result value is less than the low limit
register value. The raw result value is compared to LOLIM[LLMT] before the offset register value is
subtracted.

0 Interrupt disabled
1 Interrupt enabled

8 High Limit Interrupt Enable
HLMTIE
This bit enables the High Limit exceeded interrupt if the current result value is greater than the high limit

register value. The raw result value is compared to HILIM[HLMT] before the offset register value is
subtracted.

0 Interrupt disabled
1 Interrupt enabled

7-4 CHCNF (Channel Configure Low) bits
CHNCFG_L

The bits configure the analog inputs for either single ended or differential conversions. Differential
measurements return the max value ((2**12)-1) when the + input is Vggry and the - input is VyepLo, return
0 when the + input is at VgepLo and the - input is at Vgepn, and scale linearly between based on the
voltage difference between the two signals. Single ended measurements return the max value when the
input is at Vrery, return 0 when the input is at Vger o, and scale linearly between based on the amount
by which the input exceeds VRrgp o-

xxx1 Inputs = ANAO-ANA1 — Configured as differential pair (ANAO is + and ANA1 is --)
xxx0 Inputs = ANAO-ANA1 — Both configured as single ended inputs
xx1x  Inputs = ANA2-ANA3 — Configured as differential pair (ANA2 is + and ANAS is --)

Table continues on the next page...
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Chapter 2 Analog-to-Digital Converter (ADC)
ADC_CTRLA1 field descriptions (continued)

Field Description
xx0Ox  Inputs = ANA2-ANA3 — Both configured as single ended inputs
x1xx Inputs = ANBO-ANB1 — Configured as differential pair (ANBO is + and ANB1 is --)
x0xx Inputs = ANBO-ANB1 — Both configured as single ended inputs
1xxx Inputs = ANB2-ANB3 — Configured as differential pair (ANB2 is + and ANB3 is --)
Oxxx Inputs = ANB2-ANB3 — Both configured as single ended inputs
3 This read-only bit is reserved and always has the value zero.
Reserved
2-0 ADC Scan Mode Control
SMODE

This field controls the ADC module's scan mode. All scan modes use 16 sample slots defined by the
CLIST1-4 registers. A scan is the process of stepping through a subset of these sample slots, converting
the input indicated by a slot, and storing the result. Unused slots may be disabled using the SDIS register.
Input pairs ANAO-1, ANA2-3, ANA4-5, ANA6-7, ANBO-1, ANB2-3, ANB4-5, and ANB6-7 may be
configured as differential pairs using the CHNCFG fields. When a slot refers to either member of a
differential pair, a differential measurement on that pair is made; otherwise, a single ended measurement
is taken on that input. The CTRL*[CHNCFG] fields' descriptions detail differential and single ended
measurement. The SMODE field determines whether the slots are used to perform one long sequential
scan or two shorter parallel scans, each performed by one of the two converters. SMODE controls how
these scans are initiated and terminated. It also controls whether the scans are performed once or
repetitively. For details, refer to Sequential Versus Parallel Sampling and Scan Sequencing.

Parallel scans may be simultaneous (CTRL2[SIMULT] is 1) or non-simultaneous. Simultaneous parallel
scans perform the A and B converter scan in lock step using one set of shared controls. Non-
simultaneous parallel scans operate the A and B converters independently, with each converter using its
own set of controls. Refer to the CTRL2[SIMULT] bit's description for details. Setting any sequential mode
overrides the setting of CTRL2[SIMULT].

000 Once (single) sequential — Upon start or an enabled sync signal, samples are taken one at a
time starting with CLIST1[SAMPLEOQ], until the first disabled sample is encountered. If no disabled
sample is encountered, conversion concludes after CLIST4[SAMPLE15]. If the scan is initiated by a
SYNC signal, only one scan is completed because the CTRL*[SYNC*] bit is cleared automatically
by the initial SYNC detection. CTRL*[SYNC*] can be set again at any time during the scan.

001 Once parallel — Upon start or an armed and enabled sync signal: In parallel, converter A converts
SAMPLESs 0-3, 8-11, and converter B converts SAMPLEs 4-7, 12-15. When CTRL2[SIMULT] is 1
(default), scanning stops when either converter encounters a disabled sample or both converters
complete all 8 samples. When CTRL2[SIMULT] is 0, a converter stops scanning when it
encounters a disabled sample or completes all 8 samples. If the scan is initiated by a SYNC signal,
only one scan is completed because the CTRL*[SYNC*] bit is cleared automatically by the initial
SYNC detection. CTRL*[SYNC*] can be set again at any time during the scan. If CTRL2[SIMULT]
is 0, the B converter must be rearmed by writing the CTRL2[SYNC1] bit.

010 Loop sequential — Upon an initial start or enabled sync pulse, up to 16 samples in the order
SAMPLEs 0-15 are taken one at a time until a disabled sample is encountered. The process
repeats perpetually until the CTRL1[STOPO] bit is set. While a loop mode is running, any additional
start commands or sync pulses are ignored unless the scan is paused using the SCTRL[SC*] bits.
If PWR[ASB] or PWR[APD] is the selected power mode control, PWR[PUDELAY] is applied only on
the first conversion.

011 Loop parallel — Upon an initial start or enabled sync pulse, converter A converts SAMPLEs 0-3,
8-11, and converter B converts SAMPLESs 4-7, 12-15. Each time a converter completes its current
scan, it immediately restarts its scan sequence. This process continues until the CTRL*[STOP*] bit
is asserted. While a loop is running, any additional start commands or sync pulses are ignored
unless the scan is paused using the SCTRL[SC*] bits. When CTRL2[SIMULT] is 1 (default),
scanning restarts when either converter encounters a disabled sample. When CTRL2[SIMULT] is

Table continues on the next page...
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ADC_CTRLA1 field descriptions (continued)

Field

Description

0, a converter restarts scanning when it encounters a disabled sample. If PWR[ASB] or PWR[APD]
is the selected power mode control, PWR[PUDELAY] is applied only on the first conversion.
Triggered sequential — Upon start or an enabled sync signal, samples are taken one at a time
starting with CLIST1[SAMPLEOQ], until the first disabled sample is encountered. If no disabled
sample is encountered, conversion concludes after CLIST4[SAMPLE15]. If external sync is
enabled, new scans start for each SYNC pulse that does not overlap with a current scan in
progress.

Triggered parallel (default) — Upon start or an enabled sync signal: In parallel, converter A
converts SAMPLEs 0-3, 8-11, and converter B converts SAMPLEs 4-7, 12-15. When
CTRL2[SIMULT] is 1 (default), scanning stops when either converter encounters a disabled
sample. When CTRL2[SIMULT] is 0, a converter stops scanning when it encounters a disabled
sample. If external sync is enabled, new scans start for each SYNC pulse that does not overlap
with a current scan in progress.

Reserved

100

101

2.3.2 ADC Control Register 2 (ADC_CTRL2)

Address: ADC_CTRL2 — FO80h base + 1h offset = FO81h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0
5 G | L 5
O pd %) CHNCFG_H g DIV
5 START 5 8 n
Write 1 @
Reset 0 1 0 1 0 0 0 0 | 0 0 1 0 0 0 1 0
ADC_CTRL2 field descriptions
Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14 Stop
STOPH1 ] o
During parallel scan modes when SIMULT = 0, this bit enables stop control of a B converter parallel scan.
When this bit is asserted, the current scan is stopped and no further scans can start. Any further SYNCH1
input pulses (see CTRL2[SYNC1] bit) or writes to the CTRL2[START1] bit are ignored until this bit has
been cleared. After the ADC is in stop mode, the results registers can be modified by the processor. Any
changes to the result registers in stop mode are treated as if the analog core supplied the data. Therefore,
limit checking, zero crossing, and associated interrupts can occur when authorized. This is not the same
as DSP STOP mode.
0 Normal operation
1 Stop mode
13 START1 Conversion
START1

Table continues on the next page...
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Chapter 2 Analog-to-Digital Converter (ADC)
ADC_CTRL2 field descriptions (continued)

Field Description

During parallel scan modes when SIMULT = 0, this bit enables start control of a B converter parallel scan.
A scan is started by writing 1 to this bit. This is a write only bit. Writing 1 to it again while the scan remains
in process, is ignored.
The ADC must be in a stable power configuration prior to writing the start bit. Refer to the functional
description of power modes for further details.
0 No action
1 Start command is issued

12 SYNC1 Enable

SYNC1 ] ] o )

During parallel scan modes when CTRL2[SIMULT]=0, setting this bit to 1 permits a B converter parallel
scan to be initiated by asserting the SYNC1 input for at least one ADC clock cycle. CTRL2[SYNC1] is
cleared in ONCE mode, CTRL1[SMODE=000 or 001], when the first SYNC input is detected. This
prevents unintentionally starting a new scan after the first scan has completed.
The ADC must be in a stable power mode prior to SYNC1 input assertion. Refer to the functional
description of power modes for further details.
In "once" scan modes, only a first SYNC1 input pulse is honored. CTRL2[SYNC1] is cleared in this mode
when the first SYNC1 input is detected. This prevents unintentionally starting a new scan after the first
scan has completed. The CTRL2[SYNC1] bit can be set again at any time including while the scan
remains in process.
0 B converter parallel scan is initiated by a write to CTRL2[START1] bit only
1 Use a SYNCH1 input pulse or CTRL2[START1] bit to initiate a B converter parallel scan

11 End Of Scan Interrupt Enable

EOSIE1

During parallel scan modes when SIMULT = 0, this bit enables interrupt control for a B converter parallel
scan.
This bit enables an EOSI1 interrupt to be generated upon completion of the scan. For looping scan
modes, the interrupt will trigger after the completion of each iteration of the loop.
0 Interrupt disabled
1 Interrupt enabled

10 This read-only bit is reserved and always has the value zero.

Reserved
9-6 CHCNF (Channel Configure High) bits
CHNCFG_H

The bits configure the analog inputs for either single ended or differential conversions. Differential
measurements return the max value ((2**12)-1) when the + input is Vg and the - input is VggrLo, return
0 when the + input is at VgepLo and the - input is at Vgepn, and scale linearly between based on the
voltage difference between the two signals. Single ended measurements return the max value when the
input is at VRepy, return 0 when the input is at VgerLo, and scale linearly between based on the amount
by which the input exceeds VRrgp o-

xxx1 Inputs = ANA4-ANA5 — Configured as differential pair (ANA4 is + and ANAS is --)
xxx0 Inputs = ANA4-ANA5 — Both configured as single ended inputs
xx1x  Inputs = ANA6-ANA7 — Configured as differential pair (ANAG is + and ANA7 is --)
xx0Ox  Inputs = ANA6-ANA7 — Both configured as single ended inputs
x1xx Inputs = ANB4-ANB5 — Configured as differential pair (ANB4 is + and ANB5 is --)
x0xx Inputs = ANB4-ANB5 — Both configured as single ended inputs

Table continues on the next page...
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ADC_CTRL2 field descriptions (continued)

Field

Description

1xxx  Inputs = ANB6-ANB7 — Configured as differential pair (ANB6 is + and ANB7 is --)
Oxxx Inputs = ANB6-ANB7 — Both configured as single ended inputs

5
SIMULT

Simultaneous mode

This bit only affects parallel scan modes. By default (CTRL2[SIMULT]=1) parallel scans operate in
simultaneous mode. The scans in the A and B converter operate simultaneously and always result in
pairs of simultaneous conversions in the A and B converter. CTRL1[STOPO, SYNCO, and STARTO0]
control bits and the SYNCO input are used to start and stop scans in both converters simultaneously. A
scan ends in both converters when either converter encounters a disabled sample slot. When the parallel
scan completes, the STAT[EOSIOQ] triggers if CTRL1[EOSIEQ] is set. The STAT[CIPOQ] status bit indicates
that a parallel scan is in process.

When CTRL2[SIMULT]=0, parallel scans in the A and B converters operate independently. The B
converter has its own independent set of the above controls (with a 1 suffix) which control its operation
and report its status. Each converter's scan continues until its sample list is exhausted (8 samples) or a
disabled sample IN ITS LIST is encountered. For looping parallel scan mode, each converter starts its
next iteration as soon as the previous iteration in that converter is complete and continues until the
CTRL*[STOP*] bit for that converter is asserted.

0 Parallel scans done independently
1 Parallel scans done simultaneously (default)

4-0
DIV

Clock Divisor Select

The divider circuit generates the ADC clock by dividing the system clock by 2*(DIV0[4:0]+1). A DIVO value
must be chosen so the ADC clock does not exceed the maximum frequency. The following table shows
ADC clock frequency based on the value of CTRL2[DIVO] for these various OCCS configurations.

Table 2-5. ADC Clock Frequency for Various Conversion Clock Sources

DIVO | Divisor Roi%g’;ﬁ:dby ROS;:M';'_";"“"" PLL 60 MHz External CLK
0.0000 | 2 100K 2.00M 30.0M CLK/4
0_0001 4 100K 1.00M 15.00M CLK/8
0.0010 | 6 100K 667K 10.00M CLK/12
0_0011 8 100K 500K 7.50M CLK/16
0.0100 | 10 100K 400K 6.00M CLK/20
00101 | 12 100K 333K 5.00M CLK/24
11111 | 64 100K 62.5K 937K CLK/128

This clock is used by ADCA during all scans and is used by ADCB during sequential scan modes and
during parallel simultaneous scan modes.
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Chapter 2 Analog-to-Digital Converter (ADC)

2.3.3 ADC Zero Crossing Control Register (ADC_ZXCTRL)

Address: ADC_ZXCTRL — F080h base + 2h offset = F082h

Bit 15 14 13 12 11 10 9 8 7 6 5 0
Read
ZCE7 ZCE®6 ZCE5 ZCE4 ZCE3 ZCE2 ZCEA1 ZCEO
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0
ADC_ZXCTRL field descriptions
Field Description
15-14 Zero crossing enable 7
ZCE7
00 Zero Crossing disabled
01 Zero Crossing enabled for positive to negative sign change
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sigh change
13-12 Zero crossing enable 6
ZCE6
00 Zero Crossing disabled
01 Zero Crossing enabled for positive to negative sign change
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sigh change
11-10 Zero crossing enable 5
ZCE5
00 Zero Crossing disabled
01 Zero Crossing enabled for positive to negative sign change
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sign change
9-8 Zero crossing enable 4
ZCE4
00 Zero Crossing disabled
01 Zero Crossing enabled for positive to negative sign change
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sigh change
7-6 Zero crossing enable 3
ZCE3
00 Zero Crossing disabled
01 Zero Crossing enabled for positive to negative sign change
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sign change
5-4 Zero crossing enable 2
ZCE2
00 Zero Crossing disabled
01 Zero Crossing enabled for positive to negative sign change
Table continues on the next page...
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ADC_ZXCTRL field descriptions (continued)

Field Description
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sigh change
3-2 Zero crossing enable 1
ZCE1
00 Zero Crossing disabled
01 Zero Crossing enabled for positive to negative sign change
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sigh change
1-0 Zero crossing enable 0
ZCEO

00 Zero Crossing disabled

01 Zero Crossing enabled for positive to negative sign change
10 Zero Crossing enabled for negative to positive sign change
11 Zero Crossing enabled for any sigh change

2.3.4 ADC Channel List Register 1 (ADC_CLIST1)

Address: ADC_CLIST1 — FO80h base + 3h offset = FO83h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Read
SAMPLE3 SAMPLE2 SAMPLE1 SAMPLEO
Write
Reset 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0
ADC_CLIST1 field descriptions
Field Description
15-12 Sample Field 3
SAMPLE3

0000 Single Ended: ANAO, Differential: ANAO+, ANA1-
0001 Single Ended: ANA1, Differential: ANAO+, ANA1-
0010 Single Ended: ANA2, Differential: ANA2+, ANA3-
0011 Single Ended: ANA3, Differential: ANA2+, ANA3-
0100 Single Ended: ANBO, Differential: ANBO+, ANB1-
0101 Single Ended: ANB1, Differential: ANBO+, ANB1-
0110 Single Ended: ANB2, Differential: ANB2+, ANB3-
0111 Single Ended: ANB3, Differential: ANB2+, ANB3-
1000 Single Ended: ANA4, Differential: ANA4+, ANA5-
1001 Single Ended: ANAS5, Differential: ANA4+, ANA5-
1010 Single Ended: ANAG, Differential: ANA6+, ANA7-
1011 Single Ended: ANA7, Differential: ANA6+, ANA7-
1100 Single Ended: ANB4, Differential: ANB4+, ANB5-
1101 Single Ended: ANB5, Differential: ANB4+, ANB5-

Table continues on the next page...
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ADC_CLIST1 field descriptions (continued)

Chapter 2 Analog-to-Digital Converter (ADC)

Field

Description

1110 Single Ended:
1111  Single Ended:

ANBG, Differential:
ANB7, Differential:

ANB6+, ANB7-
ANB6+, ANB7-

11-8
SAMPLE2

Sample Field 2

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111 Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANA3, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANAS5-
ANA4+, ANAS5-
ANAG+, ANA7-
ANAG6+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

74
SAMPLE1

Sample Field 1

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111 Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANAZ, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANAS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANAS5-
ANA4+, ANAS5-
ANAG6+, ANA7-
ANAG6+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

3-0
SAMPLEO

Sample Field 0

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANABZ, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-

Table continues on the next page...
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ADC_CLIST1 field descriptions (continued)

Field

Description

0111
1000
1001
1010
1011
1100
1101
1110
1111

Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:

ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANB2+, ANB3-
ANA4+, ANAS5-
ANA4+, ANA5-
ANAG+, ANAT7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

2.3.5 ADC Channel List Register 2 (ADC_CLIST2)

Address: ADC_CLIST2 — F080h base + 4h offset = F084h

Bit 15

14 13 12 11

10 9

Read
Write

SAMPLE?7

SAMPLE6

Reset 0

ADC_CLIST2 field descriptions

Field

Description

15-12
SAMPLE?7

Sample Field 7

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:

ANADO, Differential:
ANA1, Differential:
ANAZ2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANBS3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG+, ANAT7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

11-8
SAMPLE6

Sample Field 6

0000 Single Ended:

ANADO, Differential

: ANAO+, ANA1-

Table continues on the next page...
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ADC_CLIST2 field descriptions (continued)

Chapter 2 Analog-to-Digital Converter (ADC)

Field

Description

0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111 Single Ended:

ANAT1, Differential:
ANA2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANBH1, Differential:
ANB2, Differential:
ANB3, Differential:
ANA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANB4, Differential:
ANBS5, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG6+, ANA7-
ANA6+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

74
SAMPLE5

Sample Field 5

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011  Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111 Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANBH1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBBS6, Differential:
ANB7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANAS5-
ANA4+, ANA5-
ANAG+, ANA7-
ANAG+, ANAT7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

3-0
SAMPLE4

Sample Field 4

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:

ANADO, Differential:
ANA1, Differential:
ANAZ2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANBH1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANAS5-
ANA4+, ANA5-
ANAG6+, ANA7-
ANAG+, ANA7-

Table continues on the next page...
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ADC_CLIST2 field descriptions (continued)

Field

Description

1100
1101
1110
1111

Single Ended: ANBA4, Differential: ANB4+, ANB5-
Single Ended: ANBS5, Differential: ANB4+, ANB5-
Single Ended: ANBS6, Differential: ANB6+, ANB7-
Single Ended: ANB7, Differential: ANB6+, ANB7-

2.3.6 ADC Channel List Register 3 (ADC_CLIST3)

Address: ADC_CLIST3 — F080h base + 5h offset = F085h

Bit 15

14 13 12 1

10 9 8

Read
Write

SAMPLE11

SAMPLE10

Reset 1

ADC_CLIST3 field descriptions

Field

Description

15-12
SAMPLE11

Sample Field 11

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:

ANAO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANAB3, Differential:
ANBO, Differential:
ANBH1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANB4, Differential:
ANBS5, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG+, ANA7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

11-8
SAMPLE10

Sample Field 10

0000
0001
0010
0011
0100
0101

Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:

ANAO, Differential:
ANA1, Differential:
ANAZ2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANB1, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-

Table continues on the next page...
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ADC_CLIST3 field descriptions (continued)

Chapter 2 Analog-to-Digital Converter (ADC)

Field

Description

0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111 Single Ended:

ANB2, Differential:
ANBS3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG+, ANA7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

7-4
SAMPLE9

Sample Field 9

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111  Single Ended:

ANADO, Differential:
ANA1, Differential:
ANAZ2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANBS3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG+, ANAT7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

3-0
SAMPLES

Sample Field 8

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111 Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANA2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG+, ANAT7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-
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2.3.7 ADC Channel List Register 4 (ADC_CLIST4)

Address: ADC_CLIST4 — FO80h base + 6h offset = F086h

Bit 15

14 13 12 1

10 9 8

Read
Write

SAMPLE15

SAMPLE14

Reset 1

ADC_CLIST4 field descriptions

Field

Description

15-12
SAMPLE15

Sample Field 15

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANAB3, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANAS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANB4, Differential:
ANBS, Differential:
ANBG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG+, ANA7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

11-8
SAMPLE14

Sample Field 14

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101

Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:
Single Ended:

ANADO, Differential:
ANA1, Differential:
ANAZ2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANA5-
ANA4+, ANA5-
ANAG+, ANAT7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-

Table continues on the next page...
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ADC_CLIST4 field descriptions (continued)

Chapter 2 Analog-to-Digital Converter (ADC)

Field

Description

1110 Single Ended:
1111  Single Ended:

ANBBS6, Differential:
ANB7, Differential:

ANB6+, ANB7-
ANB6+, ANB7-

74
SAMPLE13

Sample Field 13

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111  Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANAZ3, Differential:
ANBO, Differential:
ANBH1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBG, Differential:
ANB7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANAS5-
ANA4+, ANA5-
ANAG6+, ANA7-
ANAG+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-

3-0
SAMPLE12

Sample Field 12

0000 Single Ended:
0001 Single Ended:
0010 Single Ended:
0011 Single Ended:
0100 Single Ended:
0101 Single Ended:
0110 Single Ended:
0111 Single Ended:
1000 Single Ended:
1001 Single Ended:
1010 Single Ended:
1011 Single Ended:
1100 Single Ended:
1101 Single Ended:
1110 Single Ended:
1111  Single Ended:

ANADO, Differential:
ANAT1, Differential:
ANAZ2, Differential:
ANA3, Differential:
ANBO, Differential:
ANB1, Differential:
ANB2, Differential:
ANB3, Differential:
ANAA4, Differential:
ANADS, Differential:
ANAG, Differential:
ANA?7, Differential:
ANBJ4, Differential:
ANBS5, Differential:
ANBSG, Differential:
ANB?7, Differential:

ANAO+, ANA1-
ANAO+, ANA1-
ANA2+, ANA3-
ANA2+, ANA3-
ANBO+, ANB1-
ANBO+, ANB1-
ANB2+, ANB3-
ANB2+, ANB3-
ANA4+, ANAS5-
ANA4+, ANAS5-
ANAG+, ANA7-
ANAG6+, ANA7-
ANB4+, ANB5-
ANB4+, ANB5-
ANB6+, ANB7-
ANB6+, ANB7-
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2.3.8 ADC Sample Disable Register (ADC_SDIS)

Address: ADC_SDIS — FO80h base + 7h offset = FO87h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
DS
Write
Reset 1 1 1 1 1 1 1 1 | o 0 0 0 0 0 0 0

ADC_SDIS field descriptions

Field Description

15-0 Disable Sample Bits
DS
0 Enable CLIST*[SAMPLEX].

1 Disable CLIST*[SAMPLEX] and all subsequent samples. Which samples are actually disabled will

depend on the conversion mode, sequential/parallel, and the value of CTRL2[SIMULT].

2.3.9 ADC Status Register (ADC_STAT)

This register provides the current status of the ADC module. STAT[HLMTI and LLMTI]
bits are cleared by writing 1s to all asserted bits in the limit status register, LIMSTAT.
Likewise, the STAT[ZCI] bit, is cleared by writing 1s to all asserted bits in the zero
crossing status register, ZXSTAT. The STAT[EOSIXx] bits are cleared by writing a one to
them.

Except for STAT[CIPO and CIP1] this register's bits are sticky. Once set to a one state,
they require some specific action to clear them. They are not cleared automatically on the
next scan sequence.

Address: ADC_STAT — F080h base + 8h offset = FO88h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read | CIPO | CIP1 | © E?S' E%S' ZCl "L:V'T HLIMT UNDEFINED

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADC_STAT field descriptions

Field Description

15 Conversion in Progress
CIPO

Table continues on the next page...
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Chapter 2 Analog-to-Digital Converter (ADC)
ADC_STAT field descriptions (continued)

Field Description
This bit indicates whether a scan is in progress. This refers to any scan except a B converter scan in non-
simultaneous parallel scan modes.
0 Idle state
1 A scan cycle is in progress. The ADC will ignore all sync pulses or start commands
14 Conversion in Progress
CIP1 ] ]
This bit indicates whether a scan is in progress. This refers only to a B converter scan in non-
simultaneous parallel scan modes.
0 Idle state
1 Ascan cycle is in progress. The ADC will ignore all sync pulses or start commands
13 This read-only bit is reserved and always has the value zero.
Reserved
12 End of Scan Interrupt
EOSIT ] ]
This bit indicates whether a scan of analog inputs have been completed since the last read of the status
register or since a reset. This bit is cleared by writing a one to it. This bit cannot be set by software.
In looping scan modes, this interrupt is triggered at the completion of each iteration of the loop.
This interrupt is triggered only by the completion of a B converter scan in non-simultaneous parallel scan
modes.
0 A scan cycle has not been completed, no end of scan IRQ pending
1 A scan cycle has been completed, end of scan IRQ pending
11 End of Scan Interrupt
EOSIO o ) )
This bit indicates whether a scan of analog inputs have been completed since the last read of the status
register or since a reset. This bit is cleared by writing a one to it. This bit cannot be set by software.
STAT[EOSIO] is the preferred bit to poll for scan completion if interrupts are not enabled.
In looping scan modes, this interrupt is triggered at the completion of each iteration of the loop.
This interrupt is triggered upon the completion of any scan except for the completion of a B converter
scan in non-simultaneous parallel scan modes.
0 A scan cycle has not been completed, no end of scan IRQ pending
1 A scan cycle has been completed, end of scan IRQ pending
10 Zero Crossing Interrupt
ZCl
If the respective offset register is configured by having a value greater than 0000h, zero crossing checking
is enabled. If the offset register is programmed with 7FF8h, the result will always be less than or equal to
zero. On the other hand, if 0000h is programmed into the offset register, the result will always be greater
than or equal to zero, and no zero crossing can occur because the sign of the result will not change. This
interrupt asserts at the completion of an individual conversion which may or may not be the end of a scan.
This bit is cleared by writing a "1" to all active ZXSTAT[ZCS] bits.
0 No zero crossing interrupt request
1 Zero crossing encountered, IRQ pending if CTRL1[ZCIE] is set
9 Low Limit Interrupt
LLMTI

Table continues on the next page...
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ADC_STAT field descriptions (continued)

Field Description

If the respective low limit register is enabled by having a value other than 0000h, low limit checking is
enabled. This interrupt asserts at the completion of an individual conversion which may or may not be the
end of a scan.

This bit is cleared by writing a "1" to all active LIMSTATI[LLS] bits.

0 No low limit interrupt request
1 Low limit exceeded, IRQ pending if CTRL1[LLMTIE] is set

8 High Limit Interrupt

HLMTI
If the respective high limit register is enabled by having a value other than 7FF8h, high limit checking is

enabled. This interrupt asserts at the completion of an individual conversion which may or may not be the
end of a scan.

This bit is cleared by writing a "1" to all active LIMSTAT[HLS] bits.

0 No high limit interrupt request
1 High limit exceeded, IRQ pending if CTRL1[HLMTIE] is set

7-0 This read-only bitfield is undefined and will always contain random data.
UNDEFINED

2.3.10 ADC Ready Register (ADC_RDY)

This register provides the current status of the ADC conversions. RDY[RDYX] bits are
cleared by reading their corresponding result registers (RSLTx).

Address: ADC_RDY — F080h base + 9h offset = FO89h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read RDY[15:0]

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADC_RDY field descriptions

Field Description

15-0 Ready Sample

RDY[15:0]
These bits indicate samples fifteen through zero are ready to be read. These bits are cleared after a read

from the respective results register. The RDY[RDYn] bits are set as the individual channel conversions
are completed. Polling the RDY[RDYn] bits can determine if a particular sample is ready to be read.

0 Sample not ready or has been read
1 Sample ready to be read

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
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Chapter 2 Analog-to-Digital Converter (ADC)

2.3.11 ADC Limit Status Register (ADC_LIMSTAT)

The limit status register latches in the result of the comparison between the result of the
sample and the respective limit register, HILIMO-7and LOLIMO-7. Here is an example: If
the result for the channel programmed in CLIST1[SAMPLEQ] is greater than the value

programmed into the High Limit Register zero, then the LIMSTAT[HLSO] bit is set to
one. An interrupt is generated if the CTRL1[HLMTIE] bit is set. A bit may only be

cleared by writing a value of one to that specific bit. These bits are sticky. Once set, the
bits require a specific modification to clear them. They are not cleared automatically by

subsequent conversions.

Address: ADC_LIMSTAT — F080h base + Ah offset = FO8Ah

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 0
Read
HLSI[7:0] LLS[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ADC_LIMSTAT field descriptions
Field Description
15-8 High Limit Status Bits
HLSI[7:0]
7-0 Low Limit Status Bits
LLS[7:0]
2.3.12 ADC Zero Crossing Status Register (ADC_ZXSTAT)
Address: ADC_ZXSTAT — FO80h base + Bh offset = FO8Bh
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 0
Read
ZCS[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ADC_ZXSTAT field descriptions
Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
Table continues on the next page...
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ADC_ZXSTAT field descriptions (continued)

Field Description

7-0 Zero Crossing Status
ZCS[7:0] . N . - . .
The zero crossing condition is determined by examining the ADC value after it has been adjusted by the
offset for the result register. Each bit of the register is cleared by writing a one to that register bit.

0 Either: *A sign change did not occur in a comparison between the current channelx result and the
previous channelx result, oreZero crossing control is disabled for channelx in the zero crossing control
register, ZXCTRL

1 In a comparison between the current channelx result and the previous channelx result, a sign change
condition occurred as defined in the zero crossing control register (ZXCTRL)

2.3.13 ADC Result Registers with sign extension (ADC_RSLTn)

The result registers contain the converted results from a scan. The CLIST1[SAMPLEO]
result is loaded into RSLTO, CLIST1[SAMPLE]1] result in RSLT1, and so on. In a
parallel scan mode, the first channel pair designated by CLISTI[SAMPLEO] and
CLIST2[SAMPLEA4] are stored in RSLTO and RSLT4, respectively.

Note
When writing to this register, only the RSLT portion of the
value written is used. This value is modified and the result of
the subtraction is stored. The SEXT bit is only set as a result of
this subtraction and is not directly determined by the value
written.

Addresses: ADC_RSLTO — FO80h base + Ch offset = FO8Ch
ADC_RSLT1 — F080h base + Dh offset = FO8Dh
ADC_RSLT2 - F080h base + Eh offset = FO8Eh
ADC_RSLT3 — F080h base + Fh offset = FO8Fh
ADC_RSLT4 - F080h base + 10h offset = FO90h
ADC_RSLT5 — F080h base + 11h offset = F091h
ADC_RSLT6 — F080h base + 12h offset = F092h
ADC_RSLT7 — F0O80h base + 13h offset = F093h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read | SEXT 0
RSLT
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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ADC_RSLTn field descriptions

Field Description

15 Sign Extend
SEXT

This is the sign-extend bit of the result. RSLT*[SEXT] set to one implies a negative result. RSLT*[SEXT]
set to zero implies a positive result. If positive results are required, then the respective offset register must
be set to a value of zero.

14-3 Digital Result of the Conversion

RSLT
RSLT can be interpreted as either a signed integer or a signed fractional number. As a signed fractional

number, the RSLT can be used directly. As a signed integer, it is an option to right shift with sign extend
(ASR) three places and interpret the number, or accept the number as presented, knowing there are
missing codes. The lower three bits are always going to be zero.

Negative results, RSLT*[SEXT] = 1, are always presented in two's complement format. If it is a
requirement of your application that the result registers always be positive, the offset registers must
always be set to zero.

The interpretation of the numbers programmed into the limit and offset registers, LOLIM, HILIM, and
OFFST should match your interpretation of the result register.

2-0 This read-only bitfield is reserved and always has the value zero.
Reserved

2.3.14 ADC Result Registers (ADC_RSLTn)

The result registers contain the converted results from a scan. The CLIST3[SAMPLES]
result is loaded into RSLTS8, CLIST3[SAMPLED9] result in RSLT9, and so on. In a
parallel scan mode, the first channel pair designated by CLIST3[SAMPLES] and
CLIST4[SAMPLEI12] are stored in RSLT8 and RSLT12, respectively.

Note
When writing to this register, only the RSLT portion of the
value written is used.

Addresses: ADC_RSLT8 — FO80h base + 14h offset = F094h
ADC_RSLT9 - FO80h base + 15h offset = FO95h
ADC_RSLT10 — FO80h base + 16h offset = F096h
ADC_RSLT11 — FO80h base + 17h offset = F097h
ADC_RSLT12 — FO80h base + 18h offset = F098h
ADC_RSLT13 — FO80h base + 19h offset = FO99h
ADC_RSLT14 — FO80h base + 1Ah offset = FO9Ah
ADC_RSLT15 — F080h base + 1Bh offset = FO9Bh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 0
RSLT
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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ADC_RSLTn field descriptions

Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14-3 Digital Result of the Conversion
RSLT ] ] . .
RSLT consists of the raw conversion results; no offset calculation has been applied.
2-0 This read-only bitfield is reserved and always has the value zero.
Reserved

2.3.15 ADC Low Limit Registers (ADC_LOLIMn)

Each ADC sample is compared against the values in the limit registers. The comparison
is based upon the raw conversion value with no offset correction applied. The limit
register used corresponds to the result register the value will be written to. The high limit
register is used for the comparison of Result > High Limit. The low limit register is used
for the comparison of Result < Low Limit. The limit checking can be disabled by
programming the respective limit register with 7FF8h for the high limit and 0000h for the

low limit. At reset, limit checking is disabled.

Addresses: ADC_LOLIMO — FO80h base + 1Ch offset = FO9Ch
ADC_LOLIM1 — FO80h base + 1Dh offset = FO9Dh
ADC_LOLIM2 — F080h base + 1Eh offset = FO9Eh
ADC_LOLIM3 - F080h base + 1Fh offset = FO9Fh
ADC_LOLIM4 — FO80h base + 20h offset = FOAOh
ADC_LOLIM5 — FO80h base + 21h offset = FOA1h
ADC_LOLIM6 — FO80h base + 22h offset = FOA2h
ADC_LOLIM7 — FO80h base + 23h offset = FOA3h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 2 1 0
Read 0 0
LLMT
Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0

ADC_LOLIMn field descriptions

Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14-3 Low Limit Bits
LLMT
2-0 This read-only bitfield is reserved and always has the value zero.
Reserved
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2.3.16 ADC High Limit Registers (ADC_HILIMn)

Each ADC sample is compared against the values in the limit registers. The comparison
is based upon the raw conversion value with no offset correction applied. The limit
register used corresponds to the result register the value will be written to. The high limit
register 1s used for the comparison of Result > High Limit. The low limit register is used
for the comparison of Result < Low Limit. The limit checking can be disabled by
programming the respective limit register with 7FF8h for the high limit and 0000h for the
low limit. At reset, limit checking is disabled.

Addresses: ADC_HILIMO — FO80h base + 24h offset = FOA4h
ADC_HILIM1 — FO80h base + 25h offset = FOA5h
ADC_HILIM2 — FO80h base + 26h offset = FOA6h
ADC_HILIM3 — F080h base + 27h offset = FOA7h
ADC_HILIM4 — FO80h base + 28h offset = FOA8h
ADC_HILIM5 — FO80h base + 29h offset = FOA9h
ADC_HILIM6 — FO80h base + 2Ah offset = FOAAh
ADC_HILIM7 — FO80h base + 2Bh offset = FOABh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 0
HLMT
Write
Reset 0 1 1 1 1 1 1 1 | 1 1 1 1 1 0 0 0

ADC_HILIMn field descriptions

Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14-3 High Limit Bits
HLMT
2-0 This read-only bitfield is reserved and always has the value zero.
Reserved

2.3.17 ADC Offset Registers (ADC_OFFSTn)

The value of the offset register is used to correct the ADC result before it is stored in the
RSLT registers.

The offset value is subtracted from the ADC result. To obtain unsigned results, program
the respective offset register with a value of $0000, thus giving a result range of $0000 to
$7FF8.
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Addresses: ADC_OFFSTO — FO80h base + 2Ch offset = FOACh
ADC_OFFST1 — F080h base + 2Dh offset = FOADh
ADC_OFFST2 — FO80h base + 2Eh offset = FOAEh
ADC_OFFST3 — F080h base + 2Fh offset = FOAFh
ADC_OFFST4 — FO80h base + 30h offset = FOBOh
ADC_OFFST5 — F080h base + 31h offset = FOB1h
ADC_OFFST6 — FO80h base + 32h offset = FOB2h
ADC_OFFST7 — F080h base + 33h offset = FOB3h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 1
Read 0 0 0 0
OFFSET
Write

Reset 0 0 0 0

0 0 0 0

|l o o o o o ©0 o0 O

ADC_OFFSTn field descriptions

Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14-3 ADC Offset Bits
OFFSET
2 This read-only bit is reserved and always has the value zero.
Reserved
1 This read-only bit is reserved and always has the value zero.
Reserved
0 This read-only bit is reserved and always has the value zero.
Reserved

2.3.18 ADC Power Control Register (ADC_PWR)

This register controls the power management features of the ADC module. There are
individual manual power down controls for the two ADC converters and the voltage
reference generators. There are also five distinct power modes. The following terms are
used to describe power modes and their related controls.

Power down state

Each converter and voltage reference generator can
individually be put into a power down state. When powered
down, the unit consumes no power. Results of scans
referencing a powered down converter are undefined. At
least one converter must be powered up to use the ADC
module.

Manual power down controls

Each converter and voltage reference generator have a
manual power control bit capable of putting that component
into the power down state. Converters have other
mechanisms that can automatically put them into the power
down state.
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Idle state The ADC module is idle when neither of the two converters
has a scan in process.

Active state The ADC module is active when at least one of the two
converters has a scan in process.

Current Mode Both converters share a common current mode. Normal
current mode is used to power the converters at clock rates
above 600kHz. Current mode does not affect the number of
ADC clock cycles required to do a conversion or the accuracy
of a conversion. The ADC module may change the current
mode when idle as part of the power saving strategy.

Startup delay Auto-powerdown and auto-standby power modes cause a
startup delay when the ADC module goes between the idle
and active states to allow time to switch clocks or power

configurations.
Address: ADC_PWR — F080h base + 34h offset = FOB4h
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 1 PS1TS PSOTS 1
ASB PUDELAY APD PD1 | PDO
Write
Reset 0 0 0 1 1 1 0 0 | 1 1 0 1 0 1 1 1
ADC_PWR field descriptions
Field Description
15 Auto Standby
ASB - . . . -
This bit selects auto-standby mode. PWR[ASB] is ignored if PWR[APD] is 1. When the ADC is idle, auto-
standby mode selects the standby clock as the ADC clock source and puts the converters into standby
current mode. At the start of any scan, the conversion clock is selected as the ADC clock and then a
delay of PWR[PUDELAY] ADC clock cycles is imposed for current levels to stabilize. After this delay, the
ADC will initiate the scan. When the ADC returns to the idle state, the standby clock is again selected and
the converters revert to the standby current state.
NOTE: This mode is not recommended for conversion clock rates at or below 100 kHz. Instead, set
PWR[ASB and APD]=0 and use standby power mode (normal mode with a sufficiently slow
conversion clock so that standby current mode automatically engages). This provides the
advantages of standby current mode while avoiding the clock switching and the
PWR[PUDELAY].
NOTE: Set PWR[ASB] prior to clearing PWR[PD1/0].
0 Auto standby mode disabled
1 Auto standby mode enabled
14-13 This read-only bitfield is reserved and always has the value zero.
Reserved
12 This read-only bit is reserved and always has the value one.
Reserved
11 ADC Converter B Power Status
PSTS1 o ] ] ] ] ]
This bit is asserted immediately following a write of "1" to PWR[PD1]. It is de-asserted PWR[PUDELAY]
ADC clock cycles after a write of "0" to PWR[PD1] if PWR[APD] is "0". This bit can be read as a status bit

Table continues on the next page...
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ADC_PWR field descriptions (continued)

Field

Description

to determine when the ADC is ready for operation. During auto-powerdown mode, this bit indicates the
current powered state of converter B.

0 ADC Converter B is currently powered up
1 ADC Converter B is currently powered down

10
PSTSO

ADC Converter A Power Status

This bit is asserted immediately following a write of "1" to PWR[PDQO]. It is de-asserted PWR[PUDELAY]
ADC clock cycles after a write of "0" to PWR[PDO] if PWR[APD] is "0". This bit can be read as a status bit
to determine when the ADC is ready for operation. During auto-powerdown mode, this bit indicates the
current powered state of converter A.

0 ADC Converter A is currently powered up
1 ADC Converter A is currently powered down

9-4
PUDELAY

Power Up Delay

This 6-bit field determines the number of ADC clocks provided to power up an ADC converter (after
setting PWR[PDO or PD1] to 0) before allowing a scan to start. It also determines the number of ADC
clocks of delay provided in auto-powerdown (APD) and auto-standby (ASB) modes between when the
ADC goes from the idle to active state and when the scan is allowed to start. The default value is 13 ADC
clocks. Accuracy of the initial conversions in a scan will be degraded if PWR[PUDELAY] is set to too small
avalue.

NOTE: PWR[PUDELAY] defaults to a value that is typically sufficient for any power mode. The latency of
a scan can be reduced by reducing PWR[PUDELAY] to the lowest value for which accuracy is
not degraded. Refer to the data sheet for further details.

APD

Auto Powerdown

Auto-powerdown mode powers down converters when not in use for a scan. PWR[APD] takes
precedence over PWR[ASB]. When a scan is started in PWR[APD] mode, a delay of PWR[PUDELAY]
ADC clock cycles is imposed during which the needed converter(s), if idle, are powered up. The ADC will
then initiate a scan equivalent to that done when PWR[APD] is not active. When the scan is completed,
the converter(s) are powered down again.

NOTE: If PWR[ASB or APD] is asserted while a scan is in progress, that scan is unaffected and the ADC
will wait to enter its low power state until after all conversions are complete and both ADC’s are
idle.

PWRI[ASB and APD] are not useful in looping modes. The continuous nature of scanning means
that the low power state can never be entered.

0 Auto Powerdown Mode is not active
1 Auto Powerdown Mode is active

2
Reserved

This read-only bit is reserved and always has the value one.

1
PD1

Manual Power Down for Converter B

This bit forces ADC converter B to power down.

Asserting this bit powers down converter B immediately. The results of a scan using converter B will be
invalid while PWR[PD1] is asserted. When PWR[PD1] is cleared, converter B is either continuously
powered up (PWR[APD] = 0) or automatically powered up when needed (PWR[APD]=1).

Table continues on the next page...
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ADC_PWR field descriptions (continued)

Field Description

When clearing this bit in any power mode except auto-powerdown (PWR[APD]=1), wait PWR[PUDELAY]
ADC clock cycles before initiating a scan to stabilize power levels within the converter. The PWR[PSTS1]
bit can be polled to determine when the PWR[PUDELAY] time has elapsed. Failure to follow this
procedure can result in loss of accuracy of the first two samples.

0 Power Up ADC converter B
1 Power Down ADC converter B

0 Manual Power Down for Converter A
PDO
This bit forces ADC converter A to power down.

Asserting this bit powers down converter A immediately. The results of a scan using converter A will be
invalid while PWR[PDO] is asserted. When PWR[PDO] is cleared, converter A is either continuously
powered up (PWR[APD] = 0) or automatically powered up when needed (PWR[APD]=1).

When clearing this bit in any power mode except auto-powerdown (PWR[APD]=1), wait PWR[PUDELAY]
ADC clock cycles before initiating a scan to stabilize power levels within the converter. The PWR[PSTS0]
bit can be polled to determine when the PWR[PUDELAY] time has elapsed. Failure to follow this
procedure can result in loss of accuracy of the first two samples.

0 Power Up ADC converter A
1 Power Down ADC converter A

2.3.19 ADC Calibration Register (ADC_CAL)
The ADC provides for off-chip references that can be used for ADC conversions.

Address: ADC_CAL — FO80h base + 35h offset = FOB5h

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
m <
Read o o, < R 0 0 ' '
- ol 1| 0O Q Q
T s I I R A | <D( <D(
GW |G |oW | oL | |
Write CT>: o ﬂ>: o o =
> > ) )
Reset 0 0 0 0 0 0
ADC_CAL field descriptions
Field Description
15 Select Vgegry Source
SEL_VREFH_B

This bit selects the source of the Vggry reference for all conversions in converter 1.

0 Internal VDDA
1 ANB2

14 Select VgerLo Source
SEL_VREFLO_B

This bit selects the source of the Vyep| o reference for all conversions in converter 1.

Table continues on the next page...
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ADC_CAL field descriptions (continued)

Field Description
0 Internal VSSA
1 ANB3
13 Select Vgery Source
SEL_VREFH_A

This bit selects the source of the Vggry reference for all conversions in converter 0.

0 Internal VDDA
1  ANA2

12 Select VgerLo Source

SEL_VREFLO_A o ) )
This bit selects the source of the Vyep| o reference for all conversions in converter 0.

0 Internal VSSA

1 ANA3
11-4 This read-only bitfield is reserved and always has the value zero.
Reserved
3-2 This read-only bitfield is reserved and always has the value zero.
Reserved
1 Select DAC Alternate Source
SEL_DAC_B
This bit selects the source of the ADCB7 input as being either the input pin ADCB7 or DAC output.
0 Normal operation (ADCB?7).
1 ANB7 input is replaced with DAC output.
0 Select DAC Alternate Source
SEL_DAC_A

This bit selects the source of the ADCA7 input as being either the input pin ADCA7 or DAC output.

0 Normal operation (ADCA7).
1 ANAZ7 input is replaced with DAC output.

2.3.20 Gain Control 1 Register (ADC_GC1)

The gain control registers are used to control amplification of each of the 16 input
channels. GAINO-GAIN7 control the amplification of inputs ANAO-ANA7 while
GAINS8-GAIN1S5 control the amplification of inputs ANBO-ANB7.

Address: ADC_GC1 — FO80h base + 36h offset = FOB6h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read

GAIN7 GAING6 GAIN5 GAIN4 GAIN3 GAIN2 GAINT1 GAINO
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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ADC_GC1 field descriptions

Field

Description

15-14
GAIN7

Gain Control Bit 7
GAIN 7 controls ANA7

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

13-12
GAIN6

Gain Control Bit 6
GAIN 6 controls ANA6

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

11-10
GAIN5

Gain Control Bit 5
GAIN 5 controls ANA5

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

GAIN4

Gain Control Bit 4
GAIN 4 controls ANA4

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

7-6
GAIN3

Gain Control Bit 3
GAIN 3 controls ANA3

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

5-4
GAIN2

Gain Control Bit 2
GAIN 2 controls ANA2

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved
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ADC_GC1 field descriptions (continued)

Field

Description

GAIN1

3-2

Gain Control Bit 1
GAIN 1 controls ANA1

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

GAINO

1-0

Gain Control Bit 0
GAIN 0 controls ANAO

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

2.3.21 Gain Control 2 Register (ADC_GC2)

The gain control registers are used to control amplification of each of the 16 input
channels. GAINO-GAIN7 control the amplification of inputs ANAO-ANA7 while

GAINS8-GAIN1S5 control the amplification of inputs ANBO-ANB7.

Address: ADC_GC2 — FO80h base + 37h offset = FOB7h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
GAIN15 GAIN14 GAIN13 GAIN12 GAIN11 GAIN10 GAIN9 GAIN8
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ADC_GC2 field descriptions
Field Description
15-14 Gain Control Bit 15
GAIN15
GAIN 15 controls ANA15
00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved
13-12 Gain Control Bit 14
GAIN14
GAIN 14 controls ANA14
Table continues on the next page...
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ADC_GC2 field descriptions (continued)

Field

Description

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

11-10
GAIN13

Gain Control Bit 13
GAIN 13 controls ANA13

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

9-8
GAIN12

Gain Control Bit 12
GAIN 12 controls ANA12

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

7-6
GAIN11

Gain Control Bit 11
GAIN 11 controls ANA11

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

54
GAIN10

Gain Control Bit 10
GAIN 10 controls ANA10

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

3-2
GAIN9

Gain Control Bit 9
GAIN 9 controls ANA9

00 x1 amplification
01 x2 amplification
10 x4 amplification
11 reserved

1-0
GAINS8

Gain Control Bit 8
GAIN 8 controls ANA8S

00 x1 amplification

Table continues on the next page...
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ADC_GC2 field descriptions (continued)

Field Description

01 x2 amplification
10 x4 amplification
11 reserved

2.3.22 ADC Scan Control Register (ADC_SCTRL)

This register is an extension to the CLIST1-4 registers, providing the ability to pause and
await a new sync while processing samples programmed in the CLIST*[SAMPLEO-
SAMPLEIS5] fields.

These 16 control bits are used to determine whether a sample in a scan occurs
immediately or if the sample waits for an enabled sync input to occur. The sync input
must occur after the conversion of the current sample completes. During sequential mode
scans, the SCTRL[SC] bits are used in order from SCO to SC15. During simultaneous
parallel scan modes, the bits are used in order from SCO to SC7. In non-simultaneous
parallel scans, ADCA uses the bits in order from SCO to SC3 followed by SC8 to SC11.
ADCB will use bits SC4 to SC7 followed by SC12 to SC15 in non-simultaneous parallel
scans.

When setting SCTRL[SCO], don’t set CTRLI[STARTO] or CTRL2[STARTT1]. Just clear
CTRLI1[STOPO] or CTRL2[STOP1] and the first enabled sync input will start the scan.

Setting SCO delays sample O until a sync pulse occurs. Setting SC1 delays sample 1 until
a sync pulse occurs after completing sample O.

Address: ADC_SCTRL — FO80h base + 38h offset = FOB8h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
SC[15:0]
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

ADC_SCTRL field descriptions

Field Description

15-0 Scan Control Bits
SC[15:0]
0 Perform sample immediately after the completion of the current sample.
1 Delay sample until a new sync input occurs.
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2.3.23 ADC Power Control Register (ADC_PWR2)

Address: ADC_PWR2 — FO80h base + 39h offset = FOB9h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
DIV1[4:0] SPEEDA
Write
Reset 0 0 0 0 0 0 1 0 0 0
ADC_PWR2 field descriptions
Field Description
15-13 This read-only bitfield is reserved and always has the value zero.
Reserved
12-8 Clock Divisor Select
DIV1[4:0] o o ) ] )
The divider circuit operates in the same manner as the CTRL2[DIVO] field but is used to generate the
clock used by ADCB during parallel non-simultaneous scan modes.
7-4 This read-only bitfield is reserved and always has the value zero.
Reserved
3-2 ADCB Speed Control Bits
SPEEDB ] ] ] ] ]
These bits configure the clock speed at which the ADCB can operate. Faster conversion speeds require
greater current consumption.
00 Conversion clock frequency < 5 MHz
01 Conversion clock frequency < 12 MHz
10 Conversion clock frequency < 15 MHz
11 Reserved. Setting SPEEDB to this value will lead to unexpected current consumption by the
converters and should be avoided.
1-0 ADCA Speed Control Bits
SPEEDA
These bits configure the clock speed at which the ADCA can operate. Faster conversion speeds require
greater current consumption.
00 Conversion clock frequency < 5 MHz
01 Conversion clock frequency < 12 MHz
10 Conversion clock frequency < 15 MHz
11 Reserved. Setting SPEEDA to this value will lead to unexpected current consumption by the
converters and should be avoided.

2.4 Functional Description

The ADC consists of two eight-channel input select functions, which are two independent
sample and hold (S/H) circuits feeding two separate 12-bit ADCs. The two separate
converters store their results in an accessible buffer, awaiting further processing.
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The conversion process is initiated either by a SYNC signal from one of the on-device
timer channels or by writing a 1 to a START bit.

Starting a single conversion actually begins a sequence of conversions, or a scan. The
ADC operates in either sequential scan mode or parallel scan mode. In sequential scan
mode, scan sequence is determined by defining sixteen sample slots that are processed in
order, SAMPLE[O0:15]. In parallel scan mode, converter A processes SAMPLEJ[0:3] and
SAMPLE][8:11] in order, and converter B processes SAMPLE[4:7] and SAMPLE[12:15]
in order. SAMPLE slots can be disabled using the ADC_SDIS control register to
terminate a scan early.

In sequential scan mode, a scan takes up to sixteen single-ended or differential samples,
one at a time. See the following figure.

ANAO —
ANA1T —

ANA2 —
ANA3 —
ANA4 —
ANA5 —
ANAG —
ANA7 —

8-to-1 Analog Multiplex

{

SAMPLER([3:0]

ANBO —
ANB1 —

A/DO

ANB2 —
ANB3 —
ANB4 —
ANB5 —
ANB6 —
ANB7 —

8-to-1 Analog Multiplex

SAMPLER(3:0]

AD 1

Figure 2-67. ADC Sequential Scan Mode

2-to-16 Multiplex

— ADRSLTO
— ADRSLT1
| ADRSLT2
— ADRSLT3
— ADRSLT4
— ADRSLT5
— ADRSLT6
— ADRSLT7
ADRSLT8
ADRSLT9

— ADRSLT10
— ADRSLT11
— ADRSLT12
— ADRSLT13
— ADRSLT14
— ADRSLT15

In parallel scan mode, eight of the sixteen samples are allocated to converter A and eight
are allocated to converter B. Two converters operate in parallel, and each can take at
most eight samples. Converter A can sample only analog inputs ANA[0:7], and converter
B can sample only analog inputs ANB[0:7].
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ANAO — SAMPLER is from ADLST1 or ADLST3.
SAMPLEm is from ADLST2 or ADLSTA4.
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ANA2 — £
ANAZ — 2
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SAMPLEm Field From
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Figure 2-68. ADC Parallel Scan Mode

Each of the following pairs of analog inputs can be configured as a differential pair:
* ANA[O:1], ANAJ[2:3], ANA[4:5], ANA[6:7]
* ANBJ[O0:1], ANB[2:3], ANB[4:5], ANB[6:7]

When they are so configured, a reference to either member of the differential pair by a
sample slot results in a differential measurement using that differential pair.

Parallel scan mode can be simultaneous or non-simultaneous. In simultaneous scan mode,
the parallel scans in the two converters occur simultaneously and result in simultaneous
pairs of conversions, one by converter A and one by converter B. The two converters
share the same start, stop, sync, end-of-scan interrupt enable control, and interrupts.
Scanning in both converters terminates when either converter encounters a disabled
sample. In non-simultaneous scan mode, the parallel scans in the two converters occur
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independently. Each converter has its own start, stop, sync, end-of-scan interrupt enable
controls, and interrupts. Scanning in either converter terminates only when that converter
encounters a disabled sample.

The ADC can be configured to perform a single scan and halt, perform a scan whenever
triggered, or perform the scan sequence repeatedly until manually stopped. The single
scan (once mode) differs from the triggered mode only in that SYNC input signals must
be re-armed after each use and subsequent SYNC inputs are ignored until the SYNC
input is re-armed. This arming can occur any time after the SYNC pulse, including while
the scan is still in process.

Optional interrupts can be generated at the end of a scan sequence. Interrupts are
available simply to indicate that a scan has ended, that a sample is out of range, or several
different zero crossing conditions. Range is determined by the high and low limit
registers.

2.4.1 Input Multiplex Function

The following figure shows the input multiplex function. The ChannelSelect and
SingleEndedDifferential switches are indirectly controlled by settings within the
following registers:

* CLISTI1, CLIST2, CLIST3, CLIST4, and SDIS registers

* CTRLI[CHNCFG_L]

* CTRL2[CHNCFG_H]

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
82 Preliminary Freescale Semiconductor




g |

|
Chapter 2 Analog-to-Digital Converter (ADC)

VDDA
VREFH
VSSA
VREFLO
]
Channel
Select
P
ANAO —
! 1
ANA1 : 1
1
ANA2 L rTT
| ! ! X To Interface
. | — Function
ANA3 l : | ' __ Converter A
! 1 ! 1
ANA4 . '
| : ! :
ANA5 : : ! '
1 \ | !
ANAG g : :
1 : : 1
ANA7 : ; l__:/ R
b - - [P
(Vrefh + Vrefl)/2 Single-Ended
Differential
VODA —
VREFH
VSSA
VREFLO
Channel
Select
P00
ANBO : :
! 1
ANB1 : |
! 1 i
ANB2 : ' ' :
! : : X To Interface
ANB3 + T ' \ Function
: ! \ 1 Converter B
1 1
ANB4 —t— !
| ! ! :
ANB5 — o
! 1
1 1
ANB6 ! : : |
1 1 | 1
! 1 1 :
1 : —
ANB7 . : ’_:/ :
oo !
Single-Ended
(Vrefh + Vrefl)/2 Difforertial

Figure 2-69. Input Select Multiplex

The multiplexing for conversions in different operating modes is as follows:
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* Sequential, single-ended mode conversions — During each conversion cycle

(sample), any one input of the two four input groups can be directed to its
corresponding output.

Sequential, differential mode conversions — During any conversion cycle (sample),
either member of a differential pair may be referenced, resulting in a differential
measurement on that pair.

Parallel, single-ended mode conversions — During any conversion cycle (sample),
any of ANA[0:7] can be directed to the converter A output and any of ANB[0:7] can
be directed to the converter B output.

Parallel, differential mode conversions — During any conversion cycle (sample),
either member of any possible differential pair—ANAO/1, ANA2/3, ANA4/S5,
ANAG6/7, ANBO/1, ANB2/3, ANB4/5, and ANB6/7—can be referenced, resulting in
a differential measurement of that pair at the converter A output (for ANA pairs) or
converter B output (for ANB pairs).

The details of single-ended and differential measurement are described under the
CHNCEFG field. Internally, all measurements are performed differentially.

Table 2-67. Analog Multiplexing Controls for Each Conversion Mode

Single-Ended Differential

Conversion Mode Channel Select Switches A
Switches

The two lower switches within the
dashed box are controlled so that
one switch is always closed and the
other open.

General

The lower switch is closed, provid-
ing (VREFH+VREFLO)/2 to the differ-
The two 1-0f-8 select multiplexes can be set for | ential input of the A/D. The upper
the appropriate input line. switch is always closed so that any
of the four inputs can get to the A/D
input.

Sequential, single-ended

The upper and lower switches are
open and the middle switch is
closed, providing the differential
channel to the differential input of
the A/D.

The channel select switches are turned on in
pairs, providing a dual 1-of-4 select function so
that either of the two differential channels can be
routed to the A/D input.

Sequential, differential

The lower switch is closed, provid-
ing Vrer/2 to the differential input of
the A/D. The upper switch is always
closed so that any of the four inputs
can get to the A/D input.

The two 1-0f-8 select multiplexes can be set for

Parallel, single-ended the appropriate input line.

Table continues on the next page...
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Table 2-67. Analog Multiplexing Controls for Each Conversion Mode
(continued)

Conversion Mode Channel Select Switches Sln-gle-Ended Differential
Switches

The channel select switches are turned on in The upper and Ipwer SW.ItCh?S are
open and the middle switch is

Parallel, differential palrs,.prowdlng a duall1 of-4 §elect function so closed, providing the differential
that either of the two differential channels can be X e
. channel to the differential input of
routed to the A/D input. the A/D

2.4.2 ADC Sample Conversion Operating Modes

The ADC consists of a cyclic, algorithmic architecture using two recursive sub-ranging
sections (RSD 1 and RSD 2) as shown in the following figure. Each sub-ranging section
resolves a single bit for each conversion clock, resulting in an overall conversion rate of 2
bits per clock cycle. Each sub-ranging section runs at a maximum clock speed of 10
MHz, so a complete 12-bit conversion can be accommodated in 600 ns, not including

sample or post-processing time.
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Figure 2-70. Top-Level Diagram of Cyclic ADC

2.4.2.1 Normal Mode Operation

The ADC has two normal operating modes: single-ended mode and differential mode.
For a given sample, the mode of operation is determined by the CTRL1[CHNCFG] field:

* Single-ended mode (CHNCFG bit=0). The input multiplex of the ADC selects one of
the 8 analog inputs and directs it to the plus terminal of the A/D core. The minus
terminal of the A/D core is connected to the Vigpy o reference. The ADC measures
the voltage of the selected analog input and compares it against the (Vgggy -
VREFRLO) reference voltage range.

* Differential mode (CHNCEFG bit=1). The ADC measures the voltage difference
between two analog inputs and compares that value against the (Vrgry—VREFLO)
voltage range. The input is selected as an input pair: ANAO/1, ANA2/3, ANA4/S,
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ANAG6/7, ANBO/1, ANB2/3, ANB4/5, or ANB6/7. The plus terminal of the A/D core
is connected to the even analog input, and the minus terminal is connected to the odd

analog input.

A mix and match combination of single-ended and differential configurations may exist.
For example:

* ANA[O:1] differential; ANA[2:3] single-ended
* ANA[4:5] differential; ANA[6:7] single-ended
* ANBJ[O0:1] differential; ANB[2:3] single-ended
* ANBJ4:5] differential; ANB[6:7] single-ended

2.4.2.1.1 Single-Ended Samples

The ADC module performs a ratio metric conversion. For single-ended measurements,
the digital result is proportional to the ratio of the analog input to the reference voltage:

SingleEndedvValue = round(((Viy - Vgerro)/ (Vrera - VrerLo)) X 4096) x 8
V)\ is the applied voltage at the input pin.
Vgern @nd VgerLo are the voltages at the external reference pins on the device (typically VRern=Vppa and VrerLo=Vssa)-

Note: The 12-bit result is rounded to the nearest LSB.
Note: The ADC is a 12-bit function with 4096 possible states. However, the 12 bits have been left shifted by 3 bits on the
16-bit data bus. As a result, the magnitude of this function, as read from the data bus, is now 32760.

2.4.2.1.2 Differential Samples

For differential measurements, the digital result is proportional to the ratio of the
difference in the inputs to the difference in the reference voltages (Vrgry and ViepLo)-

When differential measurements are converted, the following formula is useful:

DifferentialValue = round((% x2048) +2048)x 8

Vn=Applied voltage at the input pin
Vgern @nd VgerpLo=Voltage at the external reference pins on the device (typically VRern=Vppa and VrerLo=Vssa)

Note: The 12-bit result is rounded to the nearest LSB.
Note: The ADC is a 12-bit function with 4096 possible states. However, the 12 bits have been left shifted three bits on the

16-bit data bus, so the magnitude of this function, as read from the data bus, is now 32760.
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VRerH Potential Note: Normally, VREFLO is setto VSSA=0 V.

AN+

Differential buffer centers about mid-point.
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l— 1.
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Center tap held a_t(VREFH + VREFLO)/2.

Figure 2-71. Typical Connections for Differential Measurements

2.4.3 ADC Data Processing

The result of an ADC conversion process is normally sent to an adder for offset
correction, as the following figure shows. The adder subtracts the ADC_OFFST register
value from each sample, and the resultant value is stored in the result register (RSLT).
The raw ADC value and the RSLT values are checked for limit violations and zero-
crossing, as shown. Appropriate interrupts are asserted, if enabled.

The result value sign is determined from the ADC unsigned result minus the respective
offset register value. If the offset register is programmed with a value of zero, the result
register value is unsigned and equals the cyclic converter unsigned result. The range of
the result (RSLT) is 0000H-7FF8H, assuming that the offset register (OFFST) is cleared
to all zeros. This is equal to the raw value of the ADC core.

The processor can write the result registers used for the results of a scan when the STOP
bit for that scan is asserted. This write operation is treated as if it comes from the ADC
analog core, so the limit checking, zero crossing, and the offset registers function as if in
normal mode. For example, if the STOP bit is set to one and the processor writes to
RSLTS, the data written to the RSLTS5 is multiplexed to the ADC digital logic inputs,
processed, and stored into RSLTS as if the analog core had provided the data. This test
data must be justified, as illustrated by the RSLT register definition and does not include
the sign bit.
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Figure 2-72. Result Register Data Manipulation

2.4.4 Sequential Versus Parallel Sampling

All scan modes use the sixteen sample slots in the CLIST1-4 registers. The slots are used
to define which input or differential pair to measure at each step in a scan sequence. The
SDIS register defines which sample slots are enabled. Input pairs ANAO/1, ANA2/3,
ANAA4/5, ANA6/7, ANBO/1, ANB2/3, ANB4/5, and ANB6/7 can be set to be measured
differentially using the CHNCEFG field. If a sample refers to an input that is not
configured as a member of a differential pair, a single-ended measurement is made. If a
sample refers to either member of a differential pair, a differential measurement is made.

Scan are either sequential or parallel. In sequential scans, up to sixteen sample slots are
sampled one at a time in order, SAMPLE [0:15]. Each sample refers to any of the sixteen
analog inputs ANAO-ANB7, so the same input can be referenced by more than one
sample slot. Only SAMPLE[0:7] have the full functionality of offset subtraction and
high/low limit compare. SAMPLE[8:15] only store the raw conversion results. Scanning
1s initiated when the CTRL1 [STARTO] bit is written with a 1 or when the
CTRLI1[SYNCO] bit is set and the SYNCO input goes high. A scan ends when the first
disabled sample slot is encountered per the SDIS register. Completion of the scan triggers
the STAT[EOSIO] interrupt if the CTRLI1[EOSIENQO] interrupt enable is set. The
CTRLI1[STARTO] bit and SYNCO input are ignored while a scan is in process. Scanning
stops and cannot be initiated when the CTRL1 [STOPO] bit is set.
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Parallel scans differ in that converter A performs up to eight samples (SAMPLE[0:3],
SAMPLE[8:11]) in parallel with converter B (SAMPLE[4:7], SAMPLE[12:15]).
Constraints are as follows:

* SAMPLESs[0:3] and SAMPLES[8:11] can reference only the ANA[O:7] inputs.

* SAMPLEs[4:7] and SAMPLEs12:15] can reference only the ANB[0:7] inputs.

Within these constraints, any sample can reference any pin, and more than one sample
slot can reference the same sample and the same input. Only SAMPLE[0:7] have the full
functionality of offset subtraction and high/low limit compare. By default (when
CTRL2[SIMULT]=1), the scans in both converters are initiated when the
CTRLI1[STARTO] bit is written with a 1 or when the CTRL1[SYNCO] bit has a value of
1 and the SYNCO input goes high. The scan in both converters terminates when either
converter encounters a disabled sample slot. Completion of a scan triggers the
STAT[EOSIO] interrupt if the CTRL1[EOSIENO] interrupt enable is set. Samples are
always taken simultaneously in both the A and B converters. Setting the CTRL1 [STOPO]
bit stops and prevents the initiation of scanning in both converters.

Setting CTRL2[SIMULT]=0 (non-simultaneous mode) causes parallel scanning to
operate independently in the A and B converter. Each converter has its own set of
START, STOP, SYNC, and EOSIEN control bits, SYNC input, EOSI interrupt, and CIP
status indicators (suffix O for converter A and suffix 1 for converter B). Though still
operating in parallel, the scans in the A and B converter start and stop independently
according to their own controls and can be simultaneous, phase shifted, or asynchronous
depending on when scans are initiated on the respective converters. The A and B
converters can be of different length (still up to a maximum of 8) and each converter's
scan completes when a disabled sample is encountered in that converters sample list only.
CTRLI1[STOPO] stops the A converter only and CTRL2[STOP1] stops the B converter
only. Looping scan modes iterate independently. Each converter independently restarts its
scan after completing its list or encountering a disabled sample slot.

2.4.5 Scan Sequencing

The sequential and parallel scan modes fall into three types based on how they repeat:

* Once scan. A once scan executes a sequential or parallel scan only once each time it
is started. It differs from a triggered scan in that sync inputs must be re-armed after
each use.

» Triggered scan. Identical to the corresponding once scan modes except that resetting
CTRL*[SYNC*] bits is not necessary.

* Looping scan. Automatically restarts a scan, either parallel or sequential, as soon as
the previous scan completes. In parallel looping scan modes, the A converter scan
restarts as soon as the A converter scan completes and the B converter scan restarts
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as soon as the B converter scan completes. All subsequent start and sync pulses are
ignored after the scan begins unless the scan is paused by the SCTRL[SC] bits.
Scanning can only be terminated by setting the STOP bit.

All scan modes ignore sync pulses while a scan is in process unless the scan is paused by
the SCTRL[SC] bits. Once scan modes continue to ignore sync pulses even after the scan
completes until the CTRL*[SYNC*] bit is set again. However, a reset can occur any time
including during the scan. The SYNCO input is re-armed by setting the CTRL1[SYNCO]
bit, and the SYNCI input is reset by setting the CTRL2[SYNC1] bit. A reset can be
performed any time after a scan starts.

2.4.6 Power Management

The five supported power modes are are discussed in order from highest to lowest power
usage at the expense of increased conversion latency and/or startup delay. Changes to the

SIM and OCCS that affect the power modes should be made while the PWR[PDO] and
PWR[PD1] bits are both asserted. See the Clocks section for details on the various clocks
referenced here.

2.4.6.1 Low Power Modes

In the following table, the low-power modes are discussed in order from from highest to
lowest power usage.

Mode Description

Normal power At least one ADC converter is powered up (PWR[PDO or PD1] is 0), the PWR[APD and ASB] bits
are both 0, and the SIM_PCE[ADC] bit is 1. The ADC uses the conversion clock as the ADC clock
source in either active or idle. The conversion clock should be configured at or near 15 MHz to
minimize conversion latency although PWR2[SPEEDnN] can be used for reduced power consump-
tion when lower conversion frequencies are acceptable . No startup delay (PWR[PUDELAY]) is
imposed.

Auto-standby At least one ADC converter is powered up (PWR[PDO or PD1] is 0), PWR[APD] is 0, PWR[ASB]
is 1, and the SIM_PCE[ADC] bit is 1. The OCCS MSTR_OSC signal must operate at 8 MHz.
MSTR_OSC is divided by 80 to generate a 100 kHz standby clock either using an 8 MHz external
clock source or using the ROSC as the clock source in its normal mode of operation
(ROPD=ROSB=0). The ADC uses the conversion clock when active and the 100 kHz standby
clock when idle. The standby (low current) state automatically engages when the ADC is idle. The
conversion clock should be configured at or near 15 MHz to minimize conversion latency when
active although PWR2[SPEEDN] can be used for reduced power consumption when lower con-
version frequencies are acceptable. At the start of all scans, there is a startup delay of PWR[PU-
DELAY] ADC clocks to engage the conversion clock and revert from standby to normal current
mode. Auto-standby is a compromise between normal and auto-powerdown modes. This mode
offers moderate power savings at the cost of a moderate latency when leaving the idle state to
start a new scan.

Table continues on the next page...
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Mode Description

Auto-Powerdown At least one ADC converter is powered up (PWR[PDO or PD1] is 0), PWR[APD] is 1, and the
SIM_PCE [ADC] bit is 1. The conversion clock should be configured at or near 15 MHz to mini-
mize conversion latency when active although PWR2[SPEEDnN] can be used for reduced power
consumption when lower conversion frequencies are acceptable. The ADC uses the conversion
clock when active. For maximum power savings, it gates off the conversion clock and powers
down the converters when idle. At the start of all scans, there is a startup delay of PWR[PUDE-
LAY] ADC clocks to stabilize normal current mode from a completely powered off condition. This
mode saves more power than auto-standby but requires more startup latency when leaving the
idle state to start a scan (higher PWR[PUDELAY] value).

Standby At least one ADC converter is powered up (PWR[PDO or PD1] is 0), the PWR[ASB] bit is 0, the
SIM_PCEJ[ADC] bit is 1, the PLL is bypassed, and MSTR_OSC is driven from the ROSC in stand-
by mode (PRECS=0, ROSB = 1 and ROPD = 0) at 400 kHz. The ADC clock operates continuous-
ly at 100 kHz and standby current mode is enabled continuously without loss of conversion accu-
racy. Though no startup delay (PWR[PUDELAY])) is imposed, the latency of a scan is affected by
the low frequency of the ADC clock. Standby mode is not available when an external clock source
is used because there is no way to determine that MSTR_OSC is driven at a low enough frequen-
cy to support this mode.

To use auto-powerdown mode and standby mode together, set PWR[APD]. This hybrid mode
converts at an ADC clock rate of 100 kHz using standby current mode when active, and it gates
off the ADC clock and powers down the converters when idle. At the start of all scans, there is a
startup delay of PWR[PUDELAY] ADC clock cycles to engage the conversion clock and revert
power-up the converters and stabilize them in the standby current mode. This is the slowest and
lowest power operational configuration of the ADC.

Powerdown Both ADC converters and voltage references are powered down (PWR[PDO and PD1] are both 1)
and the SIM_PCE[ADC] bit is 0. In this configuration, the clock trees to the ADC and all of its ana-
log components are shut down and power utilization is eliminated.

2.4.6.2 Startup in Different Power Modes

The ADC voltage reference and converters are powered down (PWR[PDn]=1) on reset.
Individual converters and voltage references can be manually powered down when not in
use (PWR[PDO]=1 or PWR[PD1]=1). When the ADC reference is powered down, the
output reference voltages are set to Low (VSSA) and the ADC data output is driven low.

A delay of PWR[PUDELAY] ADC clock cycles is imposed when PWR[PDO or PD1] are
cleared to power up a regulator and also to transition from an idle state in which neither
converter has a scan in process to an active state in which at least one converter has a
scan in process. ADC data sheets recommend the use of two PWR[PUDELAY] values: a
large value for full powerup and a moderate value for transitioning from standby current
levels to full powerup.

To start up in normal mode or standby power mode, perform the following steps:
1. Set PWR[PUDELAY] to the large power -up value.
2. Clear PWR[ASB and APD].
3. Clear the PWR[PDO and/or PD1] bits to power up the required converters.
4. Poll the status bits until all required converters are powered up.
5. Start scan operations. This will provide a full power-up delay before scans begin.
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Normal mode does not use PWR[PUDELAY] at start of scan, so no further delay is
imposed.

To start up in auto-standby, use the normal mode startup procedure first. Before starting
scan operations, set PWR[PUDELAY] to the moderate standby recovery value, and set
PWR[ASB]. Auto- standby mode automatically reduces current levels until active and
then imposes the PWR[PUDELAY] to allow current levels to rise from standby to full
power levels.

To start up in auto powerdown mode, perform the following steps:
1. Set PWR[PUDELAY] to the large power-up value.
2. Clear PWR[ASB] and set PWR[APD].
3. Clear the PWR[PDO and/or PD1] bits for the required converters.

Converters remain powered off until scanning goes active. Before a scan starts, there is a
large PWR [PUDELAY] to go from the powered down to the fully powered state.

To avoid ambiguity and ensure that the proper delays are applied when powering up or
starting scans, both regulators should be powered off (PWR[PDO]=PWR[PD1]=1) when
the clock or power controls are configured.

Attempts to start a scan during the PWR[PUDELAY] are ignored until the appropriate
PWR[PSTSn] bits are cleared.

Any attempt to use a converter when it is powered down or with the voltage references
disabled will result in invalid results. It IS possible to read ADC result registers after
converter power down for results calculated before power-down. A new scan sequence
must be started with a SYNC pulse or a write to the START bit before new valid results
are available.

In auto-powerdown mode, when the ADC goes from idle to active, a converter is
powered up only if it is required for the scan as determined by the CLIST1-4 and SDIS
registers.

2.4.6.3 Stop Mode of Operation

Any conversion sequence can be stopped by setting the relevant STOP bit. Any further
sync pulses or writes to the start bit are ignored until the STOP bit is cleared. In stop
mode, the results registers can be modified by writes from the processor. Any write to the
result register in the ADC-STOP mode is treated as if the analog core supplied the data,
so limit checking and zero crossing and associated interrupts can occur if enabled.
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2.5 Reset

At reset, all the registers return to the reset state. The source of the single RST signal is
the SIM.

2.6 Clocks

The ADC has two external clock inputs to drive two clock domains within the ADC
module.

Table 2-69. Clock Summary

Clock input Source Characteristics

Maximum rate is 60 MHz. When the PLL is on and selected, it is PLL out-
IP Clock SIM put divided by 4. When PLL is not selected, it is MSTR_OSC/2. When the
device is in low-power mode, ROSB=1, the rate is 200 kHz.

adc_8_clk ROSC clock ROSC provides 8 MHz for auto-standby power saving mode.

The IP_CLK is enabled only when the SIM_PCE[ADC] bit is set. This clock enable bit
must be set before the ADC can be used.

The conversion clock is the primary source for the ADC clock and is always selected as
the ADC clock when conversions are in process. The clock source controls in the OCCS
(PRECS, ROPD, ROSB), and CTRL2[DIVO0] and PWR2[DIV1] should be configured so
that conversion clock frequency falls between 100 kHz and 15 MHz. Operating the ADC
at out-of-spec conversion clock frequencies or reconfiguring the parameters that affect
clock rates or power modes while the regulators are powered up (PWR[PDO0]=0 or
PWR[PD1]=0) negatively affects conversion accuracy.

The conversion clock that the ADC uses for sampling is calculated using the IP bus clock
and the clock divisor bits within the ADC Control Register 2. The ADC clock is active
100 percent of the time in looping modes or in normal power mode. It is also active
during all ADC powerup sequences for a period of time determined by the
PWR[PUDELAY] field. If a conversion is initiated in power savings mode, then the
ADC clock continues until the conversion sequence completes.

The following diagram shows the structure of the clocking system.
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Figure 2-73. ADC Clock Generation

ADC_8_CLK clocks a divider to generate the auto-standby clock, which is selected as
the ADC clock only during auto-standby power mode and only when both converters are
idle. Auto-standby power mode requires the ADC_8_CLK to be 8 MHz using either the
ROSC in normal mode or an 8 MHz external clock. The logic that selects the standby
clock as the ADC clock also asserts standby current mode, which is available only at an
ADC clock rate of less than 667 kHz. This mode provides substantially power savings yet
requires less latency when switching back to the conversion clock at the start of a scan
than auto-powerdown mode, which uses only the conversion clock as the ADC clock
source but fully powers down the converters when idle.

The standby current mode is also engaged when IP_CLK is driven from the ROSC
(PRECS=0) and the ROSC is in standby mode (ROSB=1 and ROPD=0). This ensures a
100 kHz ADC conversion clock rate while a conversion is in process. This configuration,
referred to as standby power mode, provides accurate conversion without startup latency
at the reduced power levels of standby current mode but requires a 100 kHz conversion
clock. Standby power mode is not available with external clocking.

The ADC_CLK is an output of the gasket used to operate the two converters during scan
operations. It is derived by multiplexing the conversion clock (divided version of the
conversion clock source) and the standby clock (divided version of MSTR_OSC). This
clock can be selected in the SIM for external output for debug and failure analysis.
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2.7 Interrupts

The following table summarizes the ADC interrupts.

Table 2-70. Interrupt Summary

Interrupt Source Description
STATI[[ZCI],
ADC_ERR_INT_B STAT[LLMTI], Zero Crossing, low Limit, and high limit interrupt
STAT[HLMTI]

Conversion Complete Interrupt for any scan type except converter B

ADC_CCO_INT_B STATIEOSIO] scan in non-simultaneous parallel scan mode (see EOSIO)

Conversion Complete Interrupt for converter B scan in non-simultane-

ADC_CC1_INT_B STAT[EOSIT] ous parallel scan mode (see EOSIT1)

ADC interrupts fall into two categories:
 Threshold interrupts, which are caused by three different events. All of these
interrupts are optional and enabled through control register CTRL1:
» Zero crossing — occurs if the current result value has a sign change from the
previous result as configured by the ZXCTRL register.

* Low limit exceeded error — occurs when the current result value is less than the
low limit register value. The raw result value is compared to LOLIM[LLMT]
before the offset register value is subtracted.

* High limit exceeded error — is asserted if the current result value is greater than
the high limit register value. The raw result value is compared to HILIM[HLMT]
before the offset register value is subtracted.

* Conversion complete interrupts, which are generated upon completion of any scan
and convert sequence when CTRLI1[EOSIEO]=1. Additional bits may need to be set
in the Interrupt Control Module to enable the CPU to receive the interrupt signal.

2.8 Timing Specifications

The following figure shows a timing diagram for the ADC module. The ADC is assumed
to be in Once or Triggered mode, so the ADC clock is shown in the OFF state prior to the
SYNC pulse or START bit write. The ADC clock restarts (switching high) within 1 to 2
IP bus clocks of that event. ADC_CLK is derived from the ROSC or PLL output. The
frequency relationship is programmable. Conversions are pipelined. The second start
command is ignored because the ADC is busy with the previous start request. The third
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start command is recognized and is synchronized to the positive edge of the ADC clock
when the conversion process is restarted. The ADC has two possible interrupts that are
latched in the ADSTAT register:

* Conversion complete interrupt (End of Scan interrupt, EOSIx)

 Zero crossing or limit error interrupt (ZCI, LLMTI, and HLMTT)

CLK

o 1 1 i i 1 [
! [ ! ! o ! ! ! [
| o

! [ ! ! T ! !
Sync-Pulse or H | o | | Lo | H Ignored | H
Start Bit — L L : — : }

Multiplex Select

cIP
(ADCSTAT Bit15) ~ ———

s ] ] ]

A A

ADC Result I |
Latched sample0 sample1

EOSIx IRQ
(If Enabled)

Figure 2-74. ADC Timing

As the figure shows, a conversion is initiated by a sync pulse originating from the timer
module or by a write to a start bit. In APD or ASB mode, a delay of PWR [PUDELAY]
ADC clock cycles is imposed. The conversion is initiated in the next clock cycle. The

ADC clock period is determined by the CTRL2[DIVO] or PWR2[DIV1] value and the
OCCS clock configuration.

The first conversion takes 8.5 ADC clocks to be valid. Then, each additional sample
takes only six ADC clocks. The start conversion command is latched and the real
conversion process 1s synchronized to the positive edge of the ADC clock.

Because the conversion is a pipeline process, after the last sample is in the S/H, the ADC
cannot be restarted until the pipeline is emptied. However, the conversion cycle can be
aborted by issuing a STOP command.

The figure shown here illustrates the case in which PWR[APD and ASB] are not in use.
When the PWR[APD or ASB] bit is set, the sync pulse or start powers up the ADC, waits
for a number of ADC clocks (determined by the PWR[PUDELAY] bits) for the ADC
circuitry to stabilize, and only then begins the conversion sequence.
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Chapter 3
High Speed Comparator (HSCMP)

3.1 Introduction

The High Speed Comparator module (HSCMP) provides a circuit for comparing two
analog input voltages. The comparator circuit is designed to operate across the full range
of the supply voltage (rail-to-rail operation).

3.2 Features
The HSCMP has the following features:
* Operates over the entire supply range
* Inputs may range from rail to rail.
* Less than 40 mV of input offset.
e Less than 15 mV of hysteresis.

 Selectable interrupt on rising edge, falling edge, or either rising or falling edges of
comparator output.

* Selectable inversion of comparator output.
* Comparator output may be:

* Sampled
* Windowed (ideal for certain PWM zero-crossing-detection applications)
* Digitally filtered:
* Filter can be bypassed.
* May be clocked through the external SAMPLE signal or a scaled peripheral
clock.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

Freescale Semiconductor Preliminary 99




piuck Diagram

» External hysteresis can be used while the output filter is used for internal functions.

* The plus and minus inputs of the comparator are both driven from 4-to-1
multiplexers, providing additional flexibility in assigning I/O as comparator inputs

during PCB design.
» Two software-selectable performance levels:

» High power, with shorter propagation delay. This mode can be used only when
the VDDA rail is above the low voltage interrupt trip point.

* Low power, with longer propagation delay.

3.3 Block Diagram

The block diagram for the High Speed Comparator module is shown in the following
block diagram.

Internal Bus
FILT_PER OPE
PMC[1:0] MMCI1:0] EN, PMODE COS INV WE FILTER_CNT SE COUT  IER/F CFR/F

PO
P1
P2 \
P3 / * Polarit Windor Filter Interrupt

olarity | | indow

Select Control Block . Control -

- ACO IRQ
M1 JAN JAN
M2 >
CcouT

M3 (To Other DSC Functions)

Window/Sample )
M4 / P

Peripheral Clock Clock o COUTA
’ Prescaler i 1 CMPO to
FILT_PER Divided CGMUX Pad
—P Peripheral
Clock

SE
COos

Figure 3-1. High-Speed Comparator Module Block Diagram

In the block diagram:
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* The Window Control block is completely bypassed when WE = 0.

» If WE = 1, the comparator output is sampled on every peripheral clock when
WINDOW =1 to generate COUTA. Sampling does not occur when WINDOW = 0.

» The Filter block is bypassed when not in use.

FILT_PER = 0X0

OR

FILTER_CNT = 0X0 —

bypass_Filter_Block
AND | Dypass_TiTer t

SE ()
\A

Figure 3-2. Filter Block Bypass Logic
 The Filter block acts as a simple sampler if bypass_Filter_Block && FILTER_CNT
= 0x1.

 The Filter block filters based on multiple samples when bypass_Filter_Block &&
FILTER_CNT > 0Ox1:

* If SE =1, the external SAMPLE input is used as sampling clock.
* IF SE =0, the divided peripheral clock is used as sampling clock.

* If enabled, the Filter block incurs up to 1 IP Bus additional latency penalty on COUT
because COUT (which is crossing clock domain boundaries) must be resynchronized
to the peripheral clock.

* WE and SE are mutually exclusive.

3.4 Pin Descriptions

3.4.1 External Pins

Each HSCMP has up to eight external analog input pins and one external output pin.
Each input pin can accept an input voltage that varies across the full operating voltage
range of the DSC.

Consult the data sheet to determine what functions are shared with analog inputs. As
shown in the block diagram, the Pn pins are connected to the comparator non-inverting
input. Mn pins are connected to the inverting input of the comparator.
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The user can select either filtered or unfiltered comparator outputs for use on an external
I/O pin.

Operation of the CR1[OPE] register simplified examples is shown in the following
figure.

i Alt Function 1
Altemate Pin unetion Explicit /0 Multiplexing
Owner 1
I
‘ /0
Alternate Pin Alt Function n Pad
Owner n
HSCMP
CMP 0 ﬁ
INV 0
OPE

Explicit Multiplexing Controls

Figure 3-3. OPE Operation

3.5 Memory Map and Register Definitions
Address offsets are in terms of 16-bit words. The 8-bit register descriptions shown are

zero-extended to 16 bits.

Address Register
offset (hex) name

0 CMPA_CRO FILTER_CNT PMC MMC
0|84
1 CMPA_CR1 WE g INV [COS|OPE| EN
o
2 CMPA_FPR FILT_PER
|_
-
@]
3 CMPA_SCR HYST_SEL IER | IEF |CFR|CFF .©

SMELB
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Address  Register
offset (hex) name

0 CMPB_CRO FILTER_CNT PMC MMC
0 L
a
1 CMPB_CR1 WE CED INV [COS|OPE| EN
o
2 CMPB_FPR FILT_PER
5
oq @]
3 CMPB_SCR HYST_SEL LéJ IER | IEF |CFR|CFF .©
%)
0 CMPC_CRO FILTER_CNT PMC MMC
a
1 CMPC_CR1 CE) INV [COS|OPE| EN
o
2 CMPC_FPR FILT_PER
|_
-
@]
3 CMPC_SCR HYST_SEL IER | IEF |CFR|CFF .©

SMELB

3.5.1 Control Register 0 (CMPx_CRO0)

Addresses: CMPA_CRO — F1BOh base + 0Oh offset = F1BOh
CMPB_CRO — F1COh base + 0h offset = F1COh
CMPC_CRO - F1DOh base + 0Oh offset = F1DOh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

PMC MMC
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CMPx_CRO field descriptions

Field Description
15-7 This read-only bitfield is reserved and always has the value zero.
Reserved
64 Filter Sample Count
FILTER_CNT

Table continues on the next page...
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CMPx_CRO field descriptions (continued)

Field Description

These bits represent the number of consecutive samples that must agree prior to the comparator output
filter accepting a new output state.

000 Filter is disabled. If SE = 1, Then COUT will be a logic zero, and is not recommended). If SE =0,
COUT = COUTA.

001 1 consecutive samples must agree (comparator output is simply sampled)
010 2 consecutive samples must agree
011 3 consecutive samples must agree
100 4 consecutive samples must agree
101 5 consecutive samples must agree
110 6 consecutive samples must agree
111 7 consecutive samples must agree

3-2 Positive Input Mux Control

PMC
Determines which input is selected for the positive input of the comparator.
00 PO
01 P1
10 P2
11 P3

1-0 Minus Input Mux Control

MMC
Determines which input is selected for the minus input of the comparator.
00 MO
01 M1
10 M2
11 M3

3.5.2 Control Register 1 (CMPx_CR1)

Addresses: CMPA_CR1 — F1BOh base + 1h offset = F1B1h
CMPB_CR1 - F1COh base + 1h offset = F1C1h
CMPC_CR1 — F1DOh base + 1h offset = F1D1h

Bit 15 14 13 12 11 10 9 8 | 7 6 4 3 2 1 0
Read 0 g

WE @) INV | COS | OPE | EN
Write =
o

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CMPx_CR1 field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved

Table continues on the next page...
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CMPx_CR1 field descriptions (continued)

Field Description
7 Sample Enable
SE

At most, one of SE and WE can be set at a time. If a write to this register attempts to set both, then SE

will be set and WE will be cleared. However, writing ones to both bit locations should be avoided, as the

“11” case is reserved and may change in future implementations.

0 Sampling Mode NOT Selected

1 Sampling Mode Selected

6 Windowing Enable
WE . . . .

At most, one of SE and WE can be set at a time. If a write to this register attempts to set both, then SE

will be set and WE will be cleared. However, writing ones to both bit locations should be avoided, as the

“11” case is reserved and may change in future implementations.

0 Windowing Mode NOT Selected

1 Windowing Mode Selected

5 This read-only bit is reserved and always has the value zero.
Reserved
4 Power Mode Select
PMODE
0 Power Savings Mode Selected
1 High Speed Comparison Mode Selected
3 Comparator INVERT
INV

This bit allows you to select the polarity of the comparator function. It is also driven to the COUT output

(on both the device pin and as SCR[COUT]) when OPE=0.

0 Do NOT invert the comparator output

1 Invert the output of the analog comparator

2 Comparator Output Select
COS
0 Set CMPO to equal COUT (filtered comparator output)
1 Set CMPO to equal COUTA (unfiltered comparator output)
1 Comparator Output Pin Enable
OPE . )

OPE is used to enable the comparator output to be placed onto the external pin, CMPO.

Operation of the OPE bit varies, depending on how it is encapsulated within the SoC. There are two

cases. For devices which utilize explicit mux control to I/O pin functions (DSC, and non-Flexis ColdFire

devices), we have:

0 The comparator output (CMPO) is not available on associated CMPO output pin. Instead, the INV bit
is driven IF the comparator owns the pin in question (usually a result of properly setting pin mux
controls at the SoC level). If the comparator does not own the pin, this bit has no effect.

1 The comparator output (CMPOQ) is driven out on associated CMPO output pin if the comparator owns
the pin. Again, if the comparator does not own the pin, this bit has no effect.

0 Comparator Module Enable
EN

The EN bit enables the Analog Comparator Module. When the module is not enabled, it remains in the off
state, and consumes no power.

Table continues on the next page...
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CMPx_CR1 field descriptions (continued)

Field Description

0 Analog Comparator disabled

1 Analog Comparator enabled

3.5.3 Filter Period Register (CMPx_FPR)

Addresses: CMPA_FPR — F1B0Oh base + 2h offset = F1B2h
CMPB_FPR — F1C0h base + 2h offset = F1C2h
CMPC_FPR - F1DO0h base + 2h offset = F1D2h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CMPx_FPR field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7-0 Filter Sample Period
FILT_PER

When CR1[SE] is equal to zero, this field specifies the sampling period, in peripheral clock cycles, of the
comparator output filter. Setting FILT_PER to Ox0 disables the filter.

This field has no affect when CR1[SE] is equal to one. In that case, the external SAMPLE signal is used
to determine the sampling period.

3.5.4 Status and Control Register (CMPx_SCR)
NOTE

Interrupts must be disabled during power up, recovery from
partial-power-down and module enable sequences. The
comparator output is not guaranteed to be stable until the
module has had time to reach its stable operating point. See the
tONEN, tONPOR, and tONPPD electrical specifications in the
data sheet.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
106 Preliminary Freescale Semiconductor




g |

Chapter 3 High Speed Comparator (HSCMP)

Addresses: CMPA_SCR - F1B0Oh base + 3h offset = F1B3h
CMPB_SCR - F1CO0h base + 3h offset = F1C3h
CMPC_SCR - F1DO0Oh base + 3h offset = F1D3h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read @ C(_?U
% IER | IEF | CFR | CFF
Write %)
Reset 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
CMPx_SCR field descriptions
Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7-6 Hysteresis Select
HYST_SEL ] )
These control bits are used to select the amount of hysteresis on the analog comparator. Values range
from O (least hysteresis) to 3(most hysteresis) with the reset value of 1being equivalent to the hysteresis
found in past comparators in this family.
5 Stop Mode Edge / Level Interrupt Control
SMELB
This bit controls whether the CFR and CFF bits are edge sensitive or level sensitive in STOP mode.
0 CFR/CFF are Level Sensitive in STOP mode. CFR will be asserted when COUT is high. CFF will be
asserted when COUT is LOW
1 CFR/CFF are Edge Sensitive in STOP mode. An active low-to-high transition must be seen on COUT
to assert CFR, and an active high-to-low transition must be seen on COUT to assert CFF.
4 Comparator Interrupt Enable Rising
IER
The IER bit enables the CFR interrupt from the ACM. When this bit is set, an interrupt will be asserted
when the CFR bit is set.
0 Interrupt disabled
1 Interrupt enabled
3 Comparator Interrupt Enable Falling
IEF
The IEF bit enables the CFF interrupt from the ACM. When this bit is set, an interrupt will be asserted
when the CFF bit is set.
0 Interrupt disabled
1 Interrupt enabled
2 Analog Comparator Flag Rising
CFR

During normal operation, the CFR bit is set when a rising edge on COUT has been detected. The CFR bit
is cleared by writing a logic one to the bit. During STOP mode, CFR can be programmed as either edge
or level sensitive via the SMELB bit.

NOTE: Edge detection during STOP is only supported on platforms which allow peripherals to be
clocked during STOP modes. If the CFF and CFR flags are to be active during STOP, then
SMELB must be set to “0” for cases where the it is not receiving a clock during STOP.

0 Rising edge on COMPO has not been detected.
1 Rising edge on COUT has occurred.

Table continues on the next page...
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CMPx_SCR field descriptions (continued)

Field Description

1 Analog Comparator Flag Falling

CFF
During normal operation, the CFF bit is set when a falling edge on COUT has been detected. The CFF bit

is cleared by writing a logic one to the bit. During STOP mode, CFF can be programmed as either edge or
level sensitive via the SMELB bit.

NOTE: Edge detection during STOP is only supported on platforms which allow peripherals to be
clocked during STOP modes. If the CFF and CFR flags are to be active during STOP, then
SMELB must be set to “0” for cases where the it is not receiving a clock during STOP.

0 A Falling edge on COUT has not been detected.
1 Falling edge on COUT has occurred.

0 Analog Comparator Output

CcouTt
Reading the COUT bit will return the current value of the analog comparator output. The register bit is

reset to zero and will read as CR1[INV] when the Analog Comparator module is disabled (CR1[EN] = 0).
Writes to this bit are ignored.

3.6 Functional Description

The high-speed comparator can be used to compare two analog input voltages applied to
Pn and Mn. The analog comparator output (ACO) is high when the non-inverting input is
greater than the inverting input, and is low when the non-inverting input is less than the
inverting input. This signal can be selectively inverted by setting the CR1[INV] bit to 1.

The SCR[IER] and SCR[IEF] bits select the condition that causes the comparator module
to assert an interrupt to the processor. The SCR[CFR] bit is set on a rising edge of the
comparator output. The SCR[CFF] bit is set on a falling edge of the comparator output.
The (optionally filtered) comparator output can be read directly through the SCR[COUT]
bit.

3.6.1 HSCMP Functional Modes

There are three main sub-blocks to the comparator module: the comparator itself, the
window function, and the filter function. The filter can be clocked from an internally
generated clock or from an external sample input. Additionally, the filter is
programmable with respect to how many samples must agree before a change on the
output is registered. In the simplest case, only one sample must agree, and the filter acts
as a simple sampler.

The external sample input is enabled using the CR1[SE] bit. When this bit is set, the
output of the comparator is sampled only on rising edges of the sample input.
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The windowing mode is enabled by setting the CR1[WE] bit. When this bit is set, the
comparator output is sampled only when the WINDOW input signal equals one. This
feature can be used to ignore the comparator output during time periods in which the
input voltages are not valid. This feature is especially useful when implementing zero-
crossing-detection for certain PWM applications.

The comparator filter and sampling features can be combined as shown in the following
table. Individual modes are discussed in the sections that follow.

Table 3-21. Comparator Sample/Filter Controls

Mode | EN | WE | SE | FILTER_CNT | FILT_PER| Operation
1 0 X X X X Disabled
2A ! 0 0 0x0 X Continuous Mode
2B 1 0 0 X 0x00
SA ! 0 ! Ox1 X Sampled, Non-Filtered mode
3B 1 0 0 0x1 > 0x0
A ! 0 ! > 0xd X Sampled, Filtered mode
4B 1 0 0 > 0x1 > 0x0
5A 1 1 0 0x0 X Windowed mode
Comparator output is sampled on every rising peripheral clock edge
B |1t 110 X 0x00 |\ hen SAMPLE=1 to generate COUTA.
Windowed/Resampled mode
6 1 1 0 Ox1 0x01 - Comparator output is sampled on every rising peripheral clock edge
OxFF when SAMPLE=1 to generate COUTA, which is then resampled on
an interval determined by FILT_PER to generate COUT.
Windowed/Filtered mode
7 1 1 0 > 0x1 0x01 - Comparator output is sampled on every rising peripheral clock edge
OXxFF | when SAMPLE=1 to generate COUTA, which is then resampled
and filtered to generate COUT.

All other combinations of EN, WE, SE, FILTER_CNT, and FILT_PER are illegal.

For cases where a comparator is used to drive a fault input of the PWM, it should
generally be configured to operate in continuous mode so that an external fault can
immediately pass through the comparator to the PWM fault circuitry.

CAUTION

Filtering and sampling settings should be changed only after
setting SE to 0 and FILTER_CNT to 0x0. These values have
the effect of resetting the filter to a known state.
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3.6.1.1 Disabled Mode (1)

In disabled mode, the analog comparator is non-functional and consumes no power. The
output of the analog comparator block (ACO) is zero in this mode. It is possible to further
reduce power consumed by disabling the peripheral clock to the comparator logic. This is
a function of the system integration module, or SIM.

3.6.1.2 Continuous Mode (2A and 2B)

Internal Bus

' "

FILT_PER OPE
PMC[1:0] MMCI1:0] EN, PMODE COS INV WE FILTER_CNT SE COUT  IER/F CFR/F

A

PO 0

P1

P2
P3

A

Polarity Interrupt
[ T ® Control >

_ ACO Select IRQ

M1

M2 |
couT

M3 (To Other DSC Functions)
M4
0

couTA 1 | cmPoto

Pad

COS

Figure 3-20. Comparator Operation in Continuous Mode

The analog comparator block is powered and active. ACO may be optionally inverted,
but is not subject to external sampling or filtering. Both window control and filter blocks
are completely bypassed. The SCR[COUT] bit is updated continuously. The path from
comparator input pins to output pin is operating in combinational (unclocked) mode.
COUT and COUTA are identical.
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3.6.1.3 Sampled, Non-Filtered Mode (3A and 3B)

Internal Bus
t
FILT_PER OPE
PMC[1:0] MMC[1:0] EN, PMODE COS INV WE FILTER_CNT SE COUT  IER/F CFR/F
0 0ox1 1
PO
P1
P2 \
+
P3 / )
Polarity Filter Interrupt
‘ Select [ “T | Block ® Control IRQ.
M1 : A
M2 |
CouT
M3 (To Other DSC Functions)
Window/Sample
M4 / )
1 CMPO to
CGMUX Pad

SE=1
Cos

Figure 3-21. Sampled, Non-Filtered (3A): Sampling Point Externally Driven

In sampled, non-filtered mode, the analog comparator block is powered and active. The
path from analog inputs to COUTA is combinational (unclocked). Windowing control is
completely bypassed. COUTA is sampled whenever a rising edge is detected on the filter
block clock input.

The only difference in operation between Sampled, Non-Filtered (3A) and Sampled,
Non-Filtered (3B) is in how the clock to the filter block is derived.

The comparator filter has no other function than sample/hold of the comparator output in
this mode.
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Internal Bus
FILT_PER OPE
PMC[1:0] MMCJ1:0] EN, PMODE COS INV WE FILTER_CNT SE COUT IER/F CFR/F
PO 0 $1 1
P1
P2 \
Pe * Polarity Window Filter Interrupt
Select | Control "] | Block ® Control IRQ.
M1 A
M2 —
COouT
M3 (To Other DSC Functions)
Window/Sample
M4 0
Peripheral Clock Clock o o
Prescaler | Divided 1 MPO to
FILTL» Peripheral CGMUX Pad
Clock
SE=0

Cos

Figure 3-22. Sampled, Non-Filtered (# 3B): Sampling interval internally derived

3.6.1.4 Sampled, Filtered Mode (4A and 4B)

In sampled, filtered mode, the analog comparator block is powered and active. The path
from analog inputs to COUTA is combinational (unclocked). Windowing control is
completely bypassed. COUTA is sampled whenever a rising edge is detected on the filter
block clock input.

The only difference in operation between Sampled, Non-Filtered (3A) and Sampled,
Filtered (4A) is that FILTER_CNT is now greater than 1, which activates filter operation.
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Internal Bus
FILT_PER OPE
PMC[1:0] MMC[1:0] EN,PMODE COS INV WE FILTER_CNT SE COUT IER/F CFR/F
0 >0x1 1
PO
P1
P2 \
Fs * Pol Filt Int t
olarity ilter nterrup
Select 7] Block ® Control [~
- ACO IRQ
M1 A
v A -
CouT
M3 (To Other DSC Functions)
M4 Window/Sample
couTa CMPO to
CGMUX Pad
SE=1

S

Figure 3-23. Sampled, Filtered (4A): Sampling Point Externally Driven
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Internal Bus

#

’—>

PMCJ[1:0] MMCIJ1:0]

FILT_PER
EN,PMODE COS INV

WE FILTER_CNT SE COUT  IER/F CFR/F

OPE

PO
P1
P2
P3

M1
M2
M3
M4

A

0 >0x1 1
+
Polarity Window Filter Interrupt
ACO| Select Control Block ® Control >
- IRQ
A
A -
CouT
(To Other DSC Functions)
Window/Sample
0
Peripheral Clock Clock o COUTA CMPO o
Prescaler | pivided 1 ) Pad
F'”L’. Peripheral CGMUX
Clock
SE =1 cos

Figure 3-24. Sampled, Filtered (4B): Sampling Point Internally Derived

The only difference in operation between Sampled, Non-Filtered (3B) and Sampled,
Filtered (4B) is that FILTER_CNT is now greater than 1, which activates filter operation.

3.6.1.5 Windowed Mode (5A and 5B)

The following image illustrates comparator operation in the windowed mode, ignoring
latency of the analog comparator, polarity select and window control block. It also
assumes that the polarity select is set to non-inverting. Note that the analog comparator
output is passed to COUTA only when the WINDOW signal is high.

In actual operation, COUTA may lag the analog inputs by up to one peripheral clock
cycle plus the combinational path delay through the comparator and polarity select logic.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

114

Preliminary

Freescale Semiconductor



Chapter 3 High Speed Comparator (HSCMP)

| | |
WindOWI | |

COUTA | | | |
I | | | I
Figure 3-25. Windowed Mode Operation
Internal Bus
FILT_PER OPE
PMC[1:0] MMCI1:0] EN, PMODE COS INV WE FILTER_CNT SE COUT  IER/F CFR/F
PO 0x1 0
P1
P2 \
P3 * Polarit: Window Filter Interrupt
olarity | | | &
Select Control Block Control IRQ.
M1 JAN
M2
COouT >
M3 (To Other DSC Functions)
Window/Sample
M4 —— _ 11
0
Peripheral Clock Clock o COUTA CMPO 1o
Prescaler ivi 1 JPad
FILT_PER Divided
Peripheral CGMUX
Clock
SE=0

Figure 3-26. Windowed Mode

When any windowed mode is active, COUTA is clocked by the peripheral clock
whenever WINDOW = 1. The last latched value is held when WINDOW = 0.
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3.6.1.6 Windowed/Resampled Mode (6)

This example uses the same input stimulus shown in Figure 4-9, and adds resampling of
COUTA to generate COUT. Samples are taken at the time points indicated by the arrows.
Again, prop delays and latency are ignored for clarity’s sake. This example was
generated solely to demonstrate operation of the comparator in windowing / resampled
mode, and does not reflect any specific application. Depending upon the sampling rate
and window placement, COUT may not see zero-crossing events detected by the analog
comparator. Sampling period and/or window placement must be carefully considered for
a given application.

]
Windowl |
I

couT

Figure 3-27. Windowed / Resampled Mode Operation

This mode of operation results in an unfiltered string of comparator samples where the
interval between the samples is determined by FILT_PER and the peripheral clock rate.
Configuration for this mode is virtually identical to that for the windowed/filtered mode
shown in the next section. The only difference is that the value of FILTER_CNT must be
exactly one.
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Chapter 3 High Speed Comparator (HSCMP)

3.6.1.7 Windowed/Filtered Mode (7)

Windowed/filtered mode is the most complex mode of operation for the comparator
block because it uses both windowing and filtering features. It also has the highest
latency of any mode. This can be approximated: up to 1 peripheral clock synchronization
in the window function + (FILTER_CNT X FILT_PER) + 1) X peripheral clock for the

filter function.

When any windowed mode is active, COUTA is clocked by the peripheral clock
whenever WINDOW = 1. The last latched value is held when WINDOW = 0.

Internal Bus
FILT_PER OPE
PMC[1:0] MMCI1:0] EN, PMODE COS INV WE FILTER_CNT SE COUT  IER/F CFR/F
PO 1 >0x1| g
P1
P2 N\
P3 * Polarit Window Filter Interrupt
olarity | |
ACO | Select Control Block ® Control IRQ.
M1 JAN JAN
M2
COouT >
M3 (To Other DSC Functions)
Window/Sample
M4 1
0
Peripheral Clock Clock o COUTA CMPO to
’ Prescaler | Divided 1 ) pad
FILT.PER gy Peripheral CGMUX
Clock
SE=0

COs

Figure 3-28. Windowed/Filtered Mode

3.6.2 Power Modes

The following table summarizes the terms that apply for each power mode.

Table 3-22. Freescale Power Modes

Power Mode

Comments

Run

Normal operating mode

Table continues on the next page...
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Table 3-22. Freescale Power Modes (continued)

Power Mode Comments
Wait Processor halted, peripherals continue to run.
Stop Processor and peripheral clocks halted. Regulator is fully engaged.

3.6.2.1 Wait Mode Operation

During wait mode the HSCMP, if enabled, continues to operate normally. Also, if
enabled, the interrupt can wake the DSC core.

3.6.2.2 Stop Mode Operation

The DSC core is brought out of stop when a compare event occurs and corresponding
interrupt is enabled. Similarly, if the CRI[OPE] bit is set to 1, the comparator output
operates as in the normal operating mode and the comparator output is placed onto the
external pin.

If stop is exited with a reset, all comparator registers are put into their reset state.

Windowed, sampled, and filtered modes of operation continue to operate in stop mode if
the clock to the peripheral is enabled for stop. Edge detection for compare events also
requires a peripheral clock. None of these features function correctly unless the clock to
the HSCMP is enabled for stop (via the SIM stop disable registers).

3.6.2.3 Debug Mode Operation
When the DSC is in debug mode, the HSCMP continues to operate normally.

3.6.3 Hysteresis

The following figure illustrates implementation of an external hysteresis resistor bridge
between the asynchronous comparator output and the positive (+) input of the
comparator. Because positive feedback is required, INV must be set to O when the
hysteresis resistor bridge is added to the positive (+) input of the comparator. INV must
be set to 1 when the hysteresis resistor bridge is added to the negative (-) input of the
comparator.
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The option of adding an external resistor bridge for the purpose of adding hysteresis to
the comparator and the amount of hysteresis depends on the user’s individual
requirements. Hysteresis can be important in some system designs. In the absence of
hysteresis, the continuous comparison of nearly identical analog inputs may add noise
and waste power by generating high-frequency oscillations at CMPO.

If external hysteresis is added to the comparator, the bridge must be designed to consider
other issues than how much hysteresis is needed. The resistor values must be sufficiently
high so that they do not cause the drive strength of the digital output driver in the CMPO
IO circuitry to be exceeded. Also, if any digital function other than CMPO must operate
on the CMPO pad in the presence of such a bridge, the resistor values must be
sufficiently high so that the IO circuitry can function appropriately in its digital role.

COUTA

CMPO

COos EXOR

Input 1 4/\/\/\/\ +
Px

Input 2 - | -
My

1/0O Circuitry

Figure 3-29. External Hysteresis Circuit

3.6.4 Startup and Operation

In a typical startup sequence, the time required to stabilize COUT is the power-on delay
of the comparators plus the largest propagation delay from a selected analog source
through the analog comparator, windowing function, and filter. The windowing function
has a maximum of 1 peripheral bus clock period delay. Filter delay is specified in the
Low-Pass Filter section.

Interrupts should be disabled during power up, recovery from partial-power-down, and
while re-enabling the module. Failure to do so could result in spurious interrupts.
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During operation, the propagation delay of the selected data paths must always be
considered. It can take many peripheral bus clock cycles for COUT and the CFR/CFF
status bits to reflect an input change or a configuration change to one of the components
involved in the data path.

When programmed for filtering modes, COUT is initially equal to zero until sufficient
clock cycles have elapsed to fill all stages of the filter. This occurs even if COUTA is at a
one.

3.6.5 Low Pass Filter

3.6.5.1 Introduction

The low-pass filter operates on the unfiltered, unsynchronized, and optionally-inverted
comparator output COUTA and generates the filtered and synchronized output COUT.
Both COUTA and COUT can be configured as module outputs and are used for different
purposes within the system.

Synchronization and edge detection are always used to determine status register bit
values. They also apply to COUT for all sampling and windowed modes. Filtering can be
performed using an internal timebase defined by the FPR[FILT_PER] field or by using
an external SAMPLE input to determine sample time.

The need for digital filtering and the amount of filtering is dependent on user
requirements. Filtering can become more useful in the absence of an external hysteresis
circuit. Without external hysteresis, high frequency oscillations can be generated at
COUTA when the selected N and P input voltages differ by less than the offset voltage of
the differential comparator.

3.6.5.2 Enabling Filter Modes

Filter modes are enabled by setting the CRO[FILTER_CNT] field to be greater than Ox1
and setting the FPR[FILT_PER] to a non-zero value or setting SE to 1. If the divided
peripheral clock is driving the filter, it takes samples of COUTA every FILT_PER
peripheral bus cycles.

The filter output is at zero when first initialized and subsequently changes when the
FILTER_CNT field's consecutive samples all agree that the output value has changed.
Said another way, COUT is zero for some initial period, even when COUTA is at one.
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Setting both SE and FILT_PER to 0 disables the filter and eliminates switching current
associated with the filtering process. Always switch to this setting before changing any
filter parameters. It resets the filter to a known state. Switching the FILTER_CNT field
on the fly without this intermediate step can result in unexpected behavior.

If SE is 1, the filter takes samples of COUTA on each positive transition of the SAMPLE
input. The output state of the filter changes when the FILTER_CNT field's consecutive
samples all agree that the output value has changed.

3.6.5.3 Latency Issues

The FILT_PER field's value (or SAMPLE period) should be set such that the sampling
period is just larger the period of the expected noise. This way a noise spike corrupts only
one sample. The FILTER_CNT field's value should be chosen to reduce the probability
of noisy samples causing an incorrect transition to be recognized. The probability of an

incorrect transition is defined as the probability of an incorrect sample raised to the power
of the FILTER_CNT field's value.

The following table summarizes maximum latency values for the various modes of
operation in the absence of noise. Filtering latency is restarted each time an actual output
transition is masked by noise.

The values of the FILT_PER field (or SAMPLE period) and the FILTER_CNT field
must also be balanced against the desire for minimal latency in recognizing actual
comparator output transitions. The probability of detecting an actual output change within

the nominal latency is the probability of a correct sample raised to the power of the
FILTER_CNT field's value.

Table 3-23. Comparator Sample/Filter Maximum Latencies

Mode | EN | WE | SE | FILTER_CNT | FILT_PER Operation Maximum Latency’
1 0| x| X X X Disabled N/A
2A 1 0 0 0x0 X Continuous
Tep
2B | 1| 0| 0 X 0x00 Mode
3A 1 0 1 0x1 X Sampled, Non- TPD + TSAMPLE + Tper
3B | 1|0 0 ox1 >oxo | Filtered mode Tpp + (FILT_PER X Tper) + Tper
4A 1 0 1 > 0x1 X Sampled, Fil- TPD + (F”_TER_CNT X TSAMPLE) + Tper
B | 1|0 o0 > Ox1 > 0x0 teredmode | 1., (FILTER_CNT X FILT_PER X Tper) + Tper
5A 1 1 0 0x0 X Windowed TpD + Tper
5B 1 11]o0 X 0x00 mode Trp + Tper

Table continues on the next page...
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Table 3-23. Comparator Sample/Filter Maximum Latencies (continued)

Mode | EN | WE | SE | FILTER_CNT | FILT_PER Operation Maximum Latency’
0x01 - | Windowed / Re-
6 1 1 0 0x1 OXEF sampled mode Tpp + (FILT_PER X Tper) + 2T per
7 1 1 0 > Oxd 0x01 - | Windowed / Fil- Tpp + (FILTER_CNT X FILT_PER X Tper) +
OxFF tered mode 2T per

1. Tpp represents the intrinsic delay of the analog component plus the polarity select logic. TsampLe is the clock period of the
external sample clock. Ty, is the period of the peripheral bus clock.

3.7 Interrupts

The HSCMP module can generate an interrupt on either the rising or falling edge of the
comparator output (or on both edges). The interrupt request is asserted when both the
SCRJ[IER] bit and the SCR[CFR] bit are set. It is also asserted when both the SCR[IEF]
bit and the SCR[CFF] bit are set. The interrupt is deasserted by clearing either the
SCR[IER] or SCR[CFR] bit for a rising-edge interrupt, or by clearing the SCR[IEF] and
SCR[CFF] bits for a falling-edge interrupt.
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Chapter 4
5-Bit Voltage Reference Digital-to-Analog Converter
(VREF_DAC)

4.1 Introduction

4.1.1 Overview

The 5-bit VREF_DAC is 32-tap resistor ladder network that provides a selectable voltage
reference for applications that need a voltage reference. The 32-tap resistor ladder
network divides the supply reference Vppp into 32 voltage levels. A 5-bit digital signal
input selects the output voltage level, which varies from Vppa to Vppa/32.

4.1.2 Features
Features of the 5-bit VREF_DAC include:
* 5-bit resolution
* Power down mode to conserve power when it is not being used
* Output that is internally routed to internal analog comparator positive input 0

* 5bDACADO is internally routed to CMPA_PO
* SbDACBO is internally routed to CMPB_PO
* SbDACCO is internally routed to CMPC_PO

* Ability to remain operating in STOP mode
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4.1.3 Block Diagram

The following figure is a block diagram of the 5-bit VREF_DAC module. It contains a
32-tap resistor ladder network and a 32-to-1 multiplexer, which selects an output voltage
from 1 of 32 distinct levels that outputs from DACnO. The module can be disabled and

powered down when it is not used. When the VREF_DACh is disabled, DACnO is
connected to Vgga.

VOSEL[4:0] ¢-| DACEN

VbbpA

DACnO

XOW

:
:
:
i

Vssa

Figure 4-1. DAC Block Diagram

4.2 Memory Map and Registers

Address  Register
offset (hex) name

REFA_
DACCTRL

0

REFB_

DACCTRL VOSEL

REFC_
DACCTRL
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4.2.1 Voltage Reference DAC Control Register (REFx_DACCTRL)

Addresses: REFA_DACCTRL — F240h base + Oh offset = F240h
REFB_DACCTRL — F250h base + 0h offset = F250h
REFC_DACCTRL - F260h base + 0h offset = F260h

Bit 15 14 13 12 11 10 9 8 |
Read

Write

Reset 0 0 0 0 0 0 0 0

REFx_DACCTRL field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7 DAC Enable
DACEN

This bit is used to enable the module. When the module is disabled, the module is powered down to
conserve power.

0 DAC is disabled (powered down) and output is Vssa
1 DAC is operational

6 This read-only bit is reserved and always has the value zero.
Reserved
5 This read-only bit is reserved and always has the value zero.
Reserved
4-0 DAC Output Voltage Select
VOSEL

This bitfield selects an output voltage from one of 32 distinct levels: DACO = (Vppa/32)x(VOSEL[4:0] +1),

where the DACO range is from Vppa/32 to Vppa.

4.3 Functional Description

4.3.1 Operation

A 32-to-1 multiplexer selects an output voltage from 1 of 32 distinct levels that are
generated from a 32-tap resistor ladder network. The Reference DAC control register
(DACCTRL) enables the selection of the output voltage level and of the resistor ladder
network's supply reference source. When the module is disabled, its output, DACO,
should be equal to (is connected to) Vgga. The Reference DAC output is internally routed
to the positive input O of one of the comparators.
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4.4 Resets

This module has a single reset input, which corresponds to the device-wide peripheral
reset.

4.5 Clocks

This module has a single clock input: the bus peripheral clock.

4.6 Interrupts

This module has no interrupts.
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Chapter 5
12-Bit Digital-to-Analog Converter (DAC)

5.1 Introduction

5.1.1 Overview

The 12-bit voltage Digital-to-Analog converter (DAC) provides a reference to on-chip
comparators or an output to a package pin. It can also be used as a waveform generator to
generate square, triangle, and sawtooth waveforms. The output range of this DAC is
between Vgga and Vppa. This DAC can be put in power down mode if needed. Data
presented to this DAC is buffered so that the DAC conversion is controllable by other
module outputs.

5.1.2 Features
DAC features include:
* 12-bit resolution
* Powerdown mode
* Output can be routed to the internal comparator or off the device
* Choice of asynchronous or synchronous updates
(Sync input can be connected to internal crossbar)
* Automatic mode to generate square, triangle, and sawtooth output waveforms
* Automatic mode to allow programmable period, update rate, and range
* Support of two digital formats

* QGlitch filter to suppress output glitch during data conversion
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5.1.3 Block Diagram

The following figure illustrates the DAC configuration.

PDN
STEP ——P +
MAXVAL > Automatic
- Waveform
MINVAL Generation P DAC Analog
Output
Buffered 16 Data 12 Dat
IPB Data / ! ata
Dat:S ’ Register Format Register
Filter
FILT_EN
SYNC_IN
SYNC_EN
Figure 5-1. DAC Block Diagram
5.2 Memory Map and Registers
Address  Register
offset (hex) name 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R I < (_)l o £
0 DAG_CTRL FLT CNT |52 w| 2 22| 5 |E-| B
w i 2 1z < |O o
%2 s
R
DAC_DATA
! [FORMAT=0] v DATA
R 0
DAC_DATA
! [FORMAT=1] v DATA
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
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Address
offset (hex)

Register
name 15 14 13 12

1

Chapter 5 12-Bit Digital-to-Analog Converter (DAC)

10 9 8|7 6 5 4 3 2 1 0

DAC_STEP
[FORMAT=0]

2

STEP

DAC_STEP
[FORMAT=1]

STEP

DAC_MINVAL
[FORMAT=0]

MINVAL

DAC_MINVAL
[FORMAT=1]

MINVAL

DAC_MAXVAL
[FORMAT=0]

MAXVAL

DAC_MAXVAL
[FORMAT=1]

= P =PV 2V P I =T

MAXVAL

15 14 13 12

1

10 9

5.2.1 Control Register (DAC_CTRL)

Address: DAC_CTRL — F1AOh base + Oh offset = F1AOh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read z -
& < " o s z
FILT_CNT n = o | 5|2 |8
O o z 2 o o
Write T a > Q
(7))
Reset 1 1 1 1 0 0 0 0 1
DAC_CTRL field descriptions
Field Description
15-13 Glitch Filter Count Bits
FILT_CNT
On chips whose maximum IPBus clock frequency is 32MHz or less, this field represents the number of
IPBus clock cycles that the DAC output is held unchanged after new data is presented to the analog
DAC’s inputs. On chips that have IPBus clock frequencies higher than 32MHz, then the number of IPBus
clock cycles that are delayed is 2*CTRL[FILT_CNT]+1. Approximately 240nsec is needed for worst case
settling of the DAC output, therefore, a value of 7 should be used for both 32MHZ operation (7 IPBus
clock cycles of delay) and for 60MHz operation (15 IPBus clock cycles of delay).
NOTE: When using the glitch filter be sure that the filter count is less than the update count otherwise
the DAC output will never be updated.
12 Glitch Filter Enable
FILT_EN
This bit enables the glitch suppression filter. This introduces a latency based on CTRL[FILT_CNT] for
DAC updates.

Table continues on the next page...
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DAC_CTRL field descriptions (continued)

Field Description
NOTE: Do not set CTRL[FILT_EN] when CTRL[AUTO] is 1 and CTRL[SYNC_EN] is 0. When
CTRL[AUTOQ] is set and CTRL[SYNC_EN] is clear, it indicates that the data to the DAC should
be updated every clock cycle. Enabling the filter in this situation would cause the glitch filter to
filter the changes in the data being presented to the DAC and result in no change to the DAC
output.
0 Filter disabled.
1 Filter enabled.
11-6 This read-only bitfield is reserved and always has the value zero.
Reserved
5 Enable Up Counting
UP
This bit enables counting up in automatic mode. See the functional description of automatic mode to
understand how this bit affects automatic waveform generation.
0 Up counting disabled.
1 Up counting enabled.
4 Enable Down Counting
DOWN
This bit enables counting down in automatic mode. See the functional description of automatic mode to
understand how this bit affects automatic waveform generation.
0 Down counting disabled.
1 Down counting enabled.
2 Sync Enable
SYNC_EN ] ]
This bit enables the SYNC_IN input to be used to trigger an update of the buffered data being presented
to the analog DAC input. If CTRL[SYNC_EN] is clear, then asynchronous mode is indicated and data
written to the Buffered Data Register (DATA) will be presented to the analog DAC input in the following
IPBus clock cycle.
0 Asynchronous mode. Data written to the DATA register is presented to DAC inputs on the next clock
cycle.
1 Synchronous mode. A rising edge of SYNC_IN updates the data in the DATA register presented to
the DAC input.
2 Automatic Mode
AUTO . .
This bit enables automatic waveform generation mode. In automatic mode an external source (typically a
timer module) driving SYNC_IN determines the data update rate while the STEP, MINVAL, and MAXVAL
registers and CTRL[UP] and CTRL[DOWN] are used to shape the waveform. If CTRL[SYNC_EN] is not
set when using this mode, then the data for the analog DAC will be updated every clock cycle, but the
DAC output may be unable to keep up with this update rate.
0 Normal mode. Automatic waveform generation disabled.
1 Automatic waveform generation enabled.
1 Data Format
FORMAT

Two data formats can be used for the DAC. When this bit is clear, the 12 bits of data are right justified
within the 16 bit DATA register. When this bit is set, the 12 bits of data are left justified. In either case the
4 unused bits are ignored.

Table continues on the next page...
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DAC_CTRL field descriptions (continued)

Field Description

0 Data words are right justified. (default)
1 Data words are left justified.

0 Power Down

PDN
This bit is used to power down the analog portion of the DAC (resulting in its output being pulled low)

when not in use. This bit does not reset the registers and upon clearing of CTRL[PDN] the analog DAC
will output the value currently presented to its inputs. The analog block requires 10 usec to recover from
the power down state before proper operation is guaranteed.

0 DAC is operational.
1 DAC is powered down. (default)

5.2.2 Buffered Data Register (DAC_DATA [FORMAT=0])

Address: DAC_DATA [FORMAT=0] — F1AOh base + 1h offset = F1A1h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

DAC_DATA [FORMAT=0] field descriptions

Field Description

15-12 This read-only bitfield is reserved and always has the value zero.
Reserved

11-0 DAC data (right justified)

DATA

Data written to this register is held in a buffer. The digital data contained in this buffer will be presented to
the analog DAC upon the rising edge of the SYNC_IN signal (or at the next clock cycle if
CTRL[SYNC_EN] is clear) and converted to analog and output by the DAC. Reading this register returns
the value being presented to the analog DAC which may differ from the data value being held in the write
buffer. The data in this buffer can be updated at any rate, but the DAC output load impedance may affect
the updating rate.

5.2.3 Buffered Data Register (DAC_DATA [FORMAT=1])

Address: DAC_DATA [FORMAT=1] — F1A0h base + 1h offset = F1A1h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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DAC_DATA [FORMAT=1] field descriptions

Field Description

154 DAC data (left justified)
DATA

the updating rate.

Data written to this register is held in a buffer. The digital data contained in this buffer will be presented to
the analog DAC upon the rising edge of the SYNC_IN signal (or at the next clock cycle if

CTRL[SYNC_EN] is clear) and converted to analog and output by the DAC. Reading this register returns
the value being presented to the analog DAC which may differ from the data value being held in the write
buffer. The data in this buffer can be updated at any rate, but the DAC output load impedance may affect

3-0 This read-only bitfield is reserved and always has the value zero.
Reserved

5.2.4 Step Size Register (DAC_STEP [FORMAT=0])

Address: DAC_STEP [FORMAT=0] — F1AOh base + 2h offset = F1A2h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 2 1 0
Read 0
STEP
Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0

DAC_STEP [FORMAT=0] field descriptions

Field Description
15-12 This read-only bitfield is reserved and always has the value zero.
Reserved

11-0 STEP size (right justified)

STEP o ) . . o . )
When the DAC is in automatic mode (CTRL[AUTO] = 1), the step size contained in this register will be
added to or subtracted from the current value to create the next value presented to the DAC inputs. This
register is not used during normal mode operation, but can still be written to and read from.

5.2.5 Step Size Register (DAC_STEP [FORMAT=1))

Address: DAC_STEP [FORMAT=1] — F1AOh base + 2h offset = F1A2h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 2 1 0
Read 0
STEP
Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

132 Preliminary

Freescale Semiconductor



g |
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DAC_STEP [FORMAT=1] field descriptions

Field Description

15-4 STEP size (left justified)

STEP
When the DAC is in automatic mode (CTRL[AUTO] = 1), the step size contained in this register will be

added to or subtracted from the current value to create the next value presented to the DAC inputs. This
register is not used during normal mode operation, but can still be written to and read from.

30 This read-only bitfield is reserved and always has the value zero.
Reserved

5.2.6 Minimum Value Register (DAC_MINVAL [FORMAT=0])

Address: DAC_MINVAL [FORMAT=0] — F1AOh base + 3h offset = F1A3h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
MINVAL
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

DAC_MINVAL [FORMAT=0] field descriptions

Field Description
15-12 This read-only bitfield is reserved and always has the value zero.
Reserved
11-0 Minimum value (right justified)
MINVAL

When the DAC is in automatic mode (CTRL[AUTO] = 1), the minimum value contained in this register will
act as the lower range limit during automatic waveform generation. This register is not used during normal
mode operation, but can still be written to and read from. Please refer to the chip data sheet for limitations
on the low end voltage output of the DAC.

NOTE: If DAC input data is less than MINVAL, output will be limited to MINVAL during automatic
waveform generation.

5.2.7 Minimum Value Register (DAC_MINVAL [FORMAT=1])

Address: DAC_MINVAL [FORMAT=1] — F1A0h base + 3h offset = F1A3h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
MINVAL
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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DAC_MINVAL [FORMAT=1] field descriptions

Field Description

15-4 Minimum value (left justified)
MINVAL

When the DAC is in automatic mode (CTRL[AUTOQ] = 1), the minimum value contained in this register will
act as the lower range limit during automatic waveform generation. This register is not used during normal
mode operation, but can still be written to and read from. Please refer to the chip data sheet for limitations
on the low end voltage output of the DAC.

NOTE: If DAC input data is less than MINVAL, output will be limited to MINVAL during automatic
waveform generation.

3-0 This read-only bitfield is reserved and always has the value zero.
Reserved

5.2.8 Maximum Value Register (DAC_MAXVAL [FORMAT=0])

Address: DAC_MAXVAL [FORMAT=0] — F1AOh base + 4h offset = F1A4h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
MAXVAL
Write
Reset 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1

DAC_MAXVAL [FORMAT=0] field descriptions

Field Description
15-12 This read-only bitfield is reserved and always has the value zero.
Reserved
11-0 Maximum value (right justified)
MAXVAL

When the DAC is in automatic mode (CTRL[AUTO] = 1), the maximum value contained in this register will
act as the upper range limit during automatic waveform generation. This register is not used during
normal mode operation, but can still be written to and read from. Please refer to the chip data sheet for
limitations on the high end voltage output of the DAC.

NOTE: If DAC input data is greater than MAXVAL, output will be limited to MAXVAL during automatic
waveform generation.
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5.2.9 Maximum Value Register (DAC_MAXVAL [FORMAT=1])

Address: DAC_MAXVAL [FORMAT=1] - F1A0h base + 4h offset = F1A4h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
MAXVAL
Write
Reset 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1

DAC_MAXVAL [FORMAT=1] field descriptions

Field Description

154 Maximum value (left justified)
MAXVAL

When the DAC is in automatic mode (CTRL[AUTO] = 1), the maximum value contained in this register will
act as the upper range limit during automatic waveform generation. This register is not used during
normal mode operation, but can still be written to and read from. Please refer to the chip data sheet for
limitations on the high end voltage output of the DAC.

NOTE: If DAC input data is greater than MAXVAL, output will be limited to MAXVAL during automatic
waveform generation.

3-0 This read-only bitfield is reserved and always has the value zero.
Reserved

5.3 Functional Description

5.3.1 Conversion modes

This DAC supports two conversion modes: asynchronous conversion and synchronous
conversion.

5.3.1.1 Asynchronous conversion mode

Data can be immediately presented to the DAC and converted to an analog output when it
1s written to the DAC buffered data register.
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5.3.1.2 Synchronous conversion mode

Data in the DAC buffered data register is controlled by the SYNC_IN signal when the
buffered data is presented to the input of the DAC. The update occurs on the rising edge
of the SYNC_IN signal. The SYNC_IN signal can come from a timer, comparators, pins,
or other sources. The CPU needs to update the buffered data register prior to the next
SYNC_IN rising edge. Otherwise, the old buffered data is reused. Note: The SYNC_IN
single must be high for at least one IPBus clock cycle and must be low for at least one
IPBus clock cycle.

5.3.2 Operation Modes

The DAC operates in either Normal or Automatic mode. In Normal mode, it generates an
analog representation of digital words. In Automatic mode, it generates sawtooth,
triangle, and square waveforms without CPU intervention.

5.3.2.1 Normal Mode

The DAC receives data words through a memory-mapped register on the IPBus (DATA).
A digital word is applied to the DAC inputs based on CTRL[SYNC_EN]. In the worst
case with no DAC output load, approximately 240 ns settling time is needed.

5.3.2.2 Automatic Mode

In Automatic mode, the DAC generates sawtooth, triangle, and square wave waveforms
without CPU intervention. The update rate, incremental step size, and minimum and
maximum values are programmable.

The value in the DATA register is used as a starting-point for the following process:

1. The SYNC_IN input indicates that it is time to update the data presented to the DAC.

2. The STEP value is added to/subtracted from the current DATA value and DATA is
updated.

3. If CTRL[UP] is set, then STEP is added to DATA each update until MAXVAL is
reached.

4. The generator starts subtracting STEP from DATA if CTRL[DOWN] is set (down
counting enabled) or reloading MINVAL if CTRL[DOWN] is clear (no down
counting).

5. When DATA reaches MINV AL while counting down, the generator starts counting
up if CTRL[UP] is set or reloads MAXVAL if CTRL[UP] is clear (up counting
disabled).
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The initial count direction depends on which bit (CTRL[UP] or CTRL[DOWN]) is set
last.

The following figures show examples of automatically-generated waveforms. The
waveforms shown are ideal. Actual waveforms are limited by the slew rate of the DAC
output.

VDD

MAXVAL

STEP #

|

MINVAL

VSS

I S e e e A S e e e ]

Figure 5-11. Sawtooth Waveform Example with CTRL[UP]=1 and CTRL[DOWN]=0
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Figure 5-12. Triangle Waveform Example with CTRL[UP]=1 and CTRL[DOWN]=1
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VDD

MAXVAL

MINVAL '
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SYNC_IN 4‘7 ﬂ ﬂ

Figure 5-13. Square Waveform Example with CTRL[UP]=1 and CTRL[DOWN]=1

These examples show that the waveform period is a function of the difference between
MAXVAL and MINVAL, the STEP size, and the update rate as shown here:

MAKV AL - MINYVAL
STEP

Period= [ = UpdatePer nd:lxz

Increasing STEP decreases the resolution of the output steps. Increasing the update rate
decreases the waveform period. Varying MINVAL and MAXVAL changes the DC offset
and the amplitude of the waveform.

5.3.3 DAC settling time

Settling time is the interval, within a specified percentage error band, between the time
data is presented to the DAC input to update (change) and the time its analog output
value reaches its final value. Settling time is affected by circuit propagation delay and the
slew rate of the DAC output capability, plus the real load on DAC output.

Approximately 240 ns settling time, which is caused by the DAC conversion glitch, is
needed in the worst case situations when DAC output is internally fed to other modules,
such as comparator inputs. If DAC output is to a package pin, the additional settling time
is affected by the slew rate of an output amplifier and the load on the pin. The maximum
settling time will not exceed 2 microseconds with a maximum output load (3 kohm Il 400
pf) when the output swings from minimum output to maximum output or vice-versa.
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5.3.4 Waveform Programming Example

To create a waveform that goes down from 3.0 V to 1.5 V in 1 millisecond, first calculate
MAXVAL and MINVAL. Based on each DAC LSB representing 0.806 mV (assuming
the DAC reference is 3.3 V), we find that MAXVAL is OXE8A and MINVAL is 0x745.
These numbers represent a difference of 1861 LSBs to be accomplished in 1 millisecond,
so we can safely update the DAC 500 times because the DAC has a maximum 2-
microsecond settling time. Programming calculations are as follows:
e To go from MAXVAL to MINVAL in 500 steps, STEP must be 0x004 after
rounding the result of 1861/500.
e To go from MAXVAL to MINVAL with a STEP size of 0x004 requires 465.25
steps.
* To keep the waveform period of 1 millisecond using 465.25 updates requires an
update period of 465.25 KHz.
* If the system clock operates at 60 MHz, program a timer module to pulse the
SYNC_IN input every 60000000/465250 = 129 counts.

When the timer module is programmed along with the MAXVAL, MINVAL, and STEP
registers, the DATA register is written with a value equal to MAXVAL as a starting point
because the DAC is only down counting. When writing to the DATA, STEP, MAXVAL,
and MINVAL registers, ensure that FORMAT has the desired value and that the data
values are properly justified to match FORMAT. The SYNC_EN, DOWN, and AUTO
bits of the CTRL register should be set. The CTRL[UP] and CTRL[PDN] bits are
cleared. To suppress glitches on the output, set CTRL[FILT_CNT] and
CTRLI[FILT_EN]. The desired waveform starts within 12 microseconds from the clearing
of CTRL[PDN] and continues until CTRL[PDN] is set or the timer is stopped.

5.3.5 Sources of Waveform Distortion

5.3.5.1 Switching Glitches

When a new digital value is presented to the DAC input, some glitches may appear on the
output as the new values propagate through the circuitry. Eventually, these glitches settle
out and the output slews to its new value. To avoid these glitches, set CTRL[FILT_EN]
and give CTRL[FILT_CNT] a suitable value to cause the DAC to hold its current output
for a number of clock cycles equal to 2 * CTRL[FILT_CNT] + 1 while the switching
glitches settle out. After the filter time is satisfied, the output smoothly slews to the new
value.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

Freescale Semiconductor Preliminary 139




5.3.5.2 Slew Effects

The example waveforms are ideal waveforms and show transitions as step functions. In
reality, the DAC output has a finite slew rate that rounds off the steps. Whether this
rounding off is noticeable depends on the output step size (larger output changes require
longer settling times) and on the update period (longer dwell times make the settling
times less noticeable).

5.3.5.3 Clipping Effects (Automatic Mode Only)

One form of clipping occurs during automatic waveform generation when the difference
between MAXVAL and MINVAL is not a (near) even multiple of the STEP value. This
results in a partial step as the waveform approaches MAXVAL and MINVAL. The
following figure shows an example.

VDD

MAXVAL

|

STEP #

Clipped
Step

\_I

MINVAL

VSS

SYNC_IN

Figure 5-14. Triangle Waveform Example with Clipping

Another form of clipping occurs when the MAXVAL or MINVAL is beyond the output
range of the DAC. The maximum and minimum voltages that can be driven out are
defined in the device data sheet.

5.4 Resets

When reset, all of the registers return to the reset state.
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5.5 Clocks
The DAC uses the system bus clock (IPBus clock).

5.6 Interrupts

The DAC module does not generate any interrupts.
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Chapter 6
Quad Timer (TMR)

6.1 Overview

Each timer module (TMR) contains four identical counter/timer groups. Each 16-bit
counter/timer group contains a prescaler, a counter, a load register, a hold register, a
capture register, two compare registers, two status and control registers, and one control
register. All of the registers except the prescaler are read/writable. NOTE: This document
uses the terms "Timer" and "Counter" interchangeably because the counter/timers may
perform either or both tasks.

The load register provides the initialization value to the counter when the counter's
terminal value has been reached.

The hold register captures the counter's value when other counters are being read. This
feature supports the reading of cascaded counters.

The capture register enables an external signal to take a "snap shot" of the counter's
current value.

The COMP1 and COMP?2 registers provide the values to which the counter is compared.
If a match occurs, the OFLAG signal can be set, cleared, or toggled. At match time, an
interrupt is generated if enabled, and the new compare value is loaded into the COMP1 or
COMP2 registers from CMPLD1 and CMPLD?2 if enabled.

The prescaler provides different time bases useful for clocking the counter/timer.
The counter provides the ability to count internal or external events.

Within a timer module (set of four timer/counters), the input pins are shareable.

6.2 Features

The TMR module design includes these distinctive features:
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» Four 16-bit counters/timers

* Count up/down

* Counters are cascadable

* Programmable count modulo

* Max count rate equals peripheral clock/2 for external clocks
* Max count rate equals peripheral clock for internal clocks

* Count once or repeatedly

* Counters are preloadable

» Compare registers are preloadable (available with compare load feature)
e Counters can share available input pins

» Separate prescaler for each counter

» Each counter has capture and compare capability

* Programmable operation during debug mode

* Inputs may act as fault inputs

* Programmable input filter

* Counting start can be synchronized across counters

6.3 Modes of Operation

The TMR module design operates in only a single mode of operation: Functional Mode.
The various counting modes are detailed in the Functional Description.

6.4 Block Diagram

Each of the timer/counter groups within the quad-timer are shown in this figure.
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IP_bus
PRESCALER ¢ # ¢
L LOAD CMPLD1 CMPLD2
" M | primary * ' * * + *
inputs > u . COUNTER COMP1 COMP2
otherc_ntrs> X [secondary l
! Y Y Yy Yov
CSCTRL|| CTRL CAPTURE || HOLD | COMPARATOR; {COMPARATOR
\ \ \ T { ( """""" '
y \i Y y
MUX »{ OFLAG »0UTPUT

Figure 6-1. Quad Timer Block Diagram

6.5 Memory Map and Registers

The address of a register is the sum of a base address and an address offset. The base
address is defined at the chip level and the address offset is defined at the module level.
Make certain to check which quad timer is available on the chip being used, and which
timer channels have external I/O.

Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
TMRAO_
0 COMP1 W COMPARISON_1
1 R0 R COMPARISON_2
COMP2 W —
R
2 TMRAO_CAPT CAPTURE
w
R
3 TMRAO_LOAD LOAD
w
15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
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Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
4 TMRAO_HOLD HOLD
W
R
5 TMRAO_CNTR COUNTER
W
R w 5 =
6 TMRAO_CTRL CM PCS scs |2 |Zx|DR| £ | OUTMODE
w S |4 3
5 |
R = L
w Ll w oo o L =
7 g TCF| & |TOF| & |EF | & [IPs 20 28 |5 | § |VAL OPs| &
CTRL W o O w & s s | W FORC ©)
O E
8 mumso_ R COMPARATOR_LOAD_1
CMPLD1 W - -
0 umso_ R COMPARATOR_LOAD_2
CMPLD2 W - -
R Bl gl o WP|lo |G |& ||~
A TMRAO_ DBGEN | 3 5 &| o |TCl Sl |55 | cLe CL1
CSCTRL w E <3| O O = =
E |l E
R 0
B TMRAO_FILT FILT_CNT FILT_PER
W
R 0
F TMRAO_ENBL ENBL
W
0 e R COMPARISON_1
COMP1 W -
! e R COMPARISON_2
COMP2 W —
R
2 TMRA1_CAPT CAPTURE
W
R
3 TMRA1_LOAD LOAD
W
R
4 TMRA1_HOLD HOLD
W
R
5 TMRA1_CNTR COUNTER
W
R w 5 =
6 TMRAT_CTRL CM PCS scs |2 |Zx|DR| £ | OUTMODE
W L O
o | (@)
15 14 13 12 11 10 9 8 [ 7 6 5 4 3 2 1 0

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
146 Preliminary Freescale Semiconductor




PR 4

Address
offset (hex)

Register
name

TMRA1_
SCTRL

TMRA1_
CMPLD1

TMRA1_
CMPLD2

TMRA1_
CSCTRL

B TMRA1_FILT

F Reserved

TMRA2_
COMP1

TMRA2_
COMP2

2 TMRA2_CAPT

3 TMRA2_LOAD

4 TMRA2_HOLD

5 TMRA2_CNTR

6 TMRA2_CTRL

TMRA2_
SCTRL

TMRA2_
CMPLD1

TMRA2_
CMPLD2

)

=P 2P 2PV P IV DV 2D I I 2DV D 2T =

=

s T s T

Chapter 6 Quad Timer (TMR)

15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
= |
2 w
w W W S| W |x|u =
TCF| & |TOF| & |IEF| o |[IPSp=0 28 | & | @ |VAL OPS|
= = w as S w FORC] o
S E
O
COMPARATOR_LOAD_1
COMPARATOR_LOAD_2
= ) UP| O E E [ —
DBGEN | 3 [5&| 8 | TCl Sl |5 1% | cLe CL1
I <ol O |0 |F |F
[l I =
0
FILT_CNT FILT_PER
0
RSVD
COMPARISON_1
COMPARISON_2
CAPTURE
LOAD
HOLD
COUNTER
L 5 E
CM PCS scs | 2 |Zx|DR| £ | OUTMODE
w (@]
o |I O
= |
> L
w w w S| oW |x|uw >
TCF| &5 |TOF| 5 |IEF | T |IPSEE0 25 | & | O VAL OPS| i
et = e as S | w FORC (@]
<
O E
COMPARATOR_LOAD_1
COMPARATOR_LOAD_2
15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

Freescale Semiconductor

Preliminary

147



PR 4

memory Map and Registers

Address  Register

offset (hex) name 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
R | a WPl o |& |8 || -~
A TMRAZ- DBGEN | 3 [5&| S | TCl Slo |5 1% ] cre CL1
CSCTRL W E < ' oc &) &) [l [l
[
R 0
B TMRA2_FILT FILT_CNT FILT_PER
w
R 0
F Reserved RSVD
w
0 uras R COMPARISON_1
COMP1 w -
1 muras R COMPARISON_2
COMP2 w -
R
2 TMRA3_CAPT CAPTURE
w
R
3 TMRA3_LOAD LOAD
w
R
4 TMRA3_HOLD HOLD
w
R
5 TMRA3_CNTR COUNTER
w
R w 5 =
6 TMRA3_CTRL CM PCS scs |2 |Zx|DR| £ | OUTMODE
W w O
o |o (@]
'5 |
R = w
w 18] w ocow o LL
7 TVRAS. ToF| & |TOF| & |IEF| & |IPSp24 28 |5 | § VAL ops| &
SCTRL W o O w & s s | W FORC o
O E
8 uras R COMPARATOR_LOAD_1
CMPLD1 w - -
9 uras R COMPARATOR_LOAD_2
CMPLD2 w - -
R = a UP| O E E I —
A TMRAS- DBGEN | 3 [5&| S | TCl S5 |5 | cwe CL1
CSCTRL W < 29| € O |0 |F |F
[
R 0
B TMRA3_FILT FILT_CNT FILT PER
w
R
F Reserved RSVD
w
0 mureo R COMPARISON_1
COMP1 w -

15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
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Address  Register
offset (hex) name

TMRBO_
COMP2
2 TMRBO_CAPT
3 TMRBO_LOAD
4 TMRBO_HOLD
5 TMRBO_CNTR
6 TMRBO_CTRL
- TMRBO_
SCTRL
8 TMRBO_
CMPLD1
9 TMRBO_
CMPLD2
A TMRBO_
CSCTRL
B TMRBO_FILT
F TMRBO_ENBL
0 TMRB1_
COMP1
] TMRB1_
COMP2
2 TMRB1_CAPT
3 TMRB1_LOAD
4 TMRB1_HOLD

£ P 2P =P =DV IV =T

)

=

= P 2PV PV 2PV P 2 P 2 P 2 T 2 T =3

15 14

13

12

1

10

8|7

Chapter 6 Quad Timer (TMR)

COMPARISON_2

CAPTURE

LOAD

HOLD

COUNTER

O

M

PCS

SCS

ONCE
LENGT
H

DIR

COINIT

OUTMODE

TCF

TCFIE

TOF

TOFIE

IEF

IEFIE

IPS

INPUT]
CAPTURE_

MODE

MSTR

EEOF

FORC

VAL OPS

OEN

COMPARATOR_LOAD_1

COMPARATOR_LOAD_2

DBG_EN

ALT_
LOAD
ROC

TCI

uUpP

o | FAULT

FILT_CNT

0

TCF2EN

TCF1EN

TCF2

CL2

TCF1

CLA1

FILT_PER

COMPARISON_1

ENBL

COMPARISON_2

CAPTURE

LOAD

HOLD

15 14

13

12

L

10

8|7
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Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
5 TMRB1_CNTR COUNTER
W
R w 5 =
6 TMRB1_CTRL CM PCS scs | £ |[Zx|DR| £ | OUTMODE
w S |y 3
'5 |
R = w
w Ll w oo o L =
7 il TCF| & |TOF| & |EF | & [IPs 20 28 |5 | § |VAL OPs| &
CTRL W o O w &E s | W FORC o
O E
8 G COMPARATOR_LOAD_1
CMPLD1 W - -
9 G COMPARATOR_LOAD_2
CMPLD2 W - -
R Bl gl o WP|lo |G |& ||~
A TMRBI DBGEN | 3 5 &| o |TCl Sl |5y | cLe CL1
CSCTRL w E <3| O O = =
[ =
R 0
B TMRB1_FILT FILT_CNT FILT PER
W
R 0
F Reserved RSVD
W
0 urez R COMPARISON_1
COMP1 w -
1 murez R COMPARISON_2
COMP2 w -
R
2 TMRB2_CAPT CAPTURE
W
R
3 TMRB2_LOAD LOAD
W
R
4 TMRB2_HOLD HOLD
W
R
5 TMRB2_CNTR COUNTER
W
R w 5 =
6 TMRB2_CTRL CM PCS scs |2 |Zx|DR| £ | OUTMODE
w S | 3
5 |
R 5 w
w L w ocow o L
7 i TCF| & |TOF| & |EF | & [IPs 20 28 |5 | § |VAL ops| &
W O o W & 3 S | w FORC o}
IS) E

15

-
B

13

=y
N

1

-
o
©
-]
~
(<2
(4]
B
w
N
—
o
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Address
offset (hex)

8

Register
name

TMRB2_
CMPLD1

TMRB2_
CMPLD2

TMRB2_
CSCTRL

TMRB2_FILT

Reserved

TMRB3_
COMP1

TMRB3_
COMP2

TMRB3_CAPT

TMRB3_LOAD

TMRB3_HOLD

TMRB3_CNTR

TMRB3_CTRL

TMRB3_
SCTRL

TMRB3_
CMPLD1

TMRB3_
CMPLD2

TMRB3_
CSCTRL

TMRB3_FILT

£ P =P =PIV VTP DIV IV I T 2P =T

=

S T s T s 3T s D

Chapter 6 Quad Timer (TMR)

15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
COMPARATOR_LOAD_1
COMPARATOR_LOAD_2
E g UP| o |& |& ||+
DBGEN | 3 [5&| S | TCl Sl 1518 | cLe CL1
e O |0 |F | F
F |l F
0
FILT_CNT FILT_PER
0
RSVD
COMPARISON_1
COMPARISON_2
CAPTURE
LOAD
HOLD
COUNTER
L 5 E
cM PCS scs | Q |zz|DR| £ | OUTMODE
L o
o |I O
= |
2 L
TCF| &5 |TOF| & |IEF | & |IPSEE0 25 | & | O |VAL OPS| i
= = w o s S w FORC o
S E
O
COMPARATOR_LOAD_1
COMPARATOR_LOAD_2
= ) UP| O E E [ -~
DBGEN | 3 [5&| 8 | TCl Sl |5]% | cre CL1
T <ol C|O|F |F
[
0

e o

15 14

13

12

1

10

9 8 7 6 5 4 3 2 1 0
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memory Map and Registers

Address  Register
offset (hex) name

F Reserved

6.5.1 Timer Channel Compare Register 1 (TMRx_COMP1)

Addresses: TMRAO_COMP1 — FOOOh base + Oh offset = FOOOh
TMRA1_COMP1 — FO10h base + Oh offset = FO10h
TMRA2_COMP1 — F020h base + 0h offset = FO20h
TMRA3_COMP1 — FO30h base + 0Oh offset = FO30h
TMRBO_COMP1 — F040h base + 0h offset = FO40h
TMRB1_COMP1 — FO50h base + Oh offset = FO50h
TMRB2_COMP1 — F060h base + 0h offset = FO60h
TMRB3_COMP1 — FO70h base + Oh offset = FO70h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

COMPARISON_1
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

TMRx_COMP1 field descriptions

Field Description
15-0 Comparison Value 1
COMPARISON_
1 This read/write register stores the value used for comparison with the counter value.
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6.5.2 Timer Channel Compare Register 2 (TMRx_COMP2)

Addresses: TMRAO_COMP2 — FOOOh base + 1h offset = FOO1h
TMRA1_COMP2 — FO10h base + 1h offset = FO11h
TMRA2_COMP2 — F020h base + 1h offset = FO21h
TMRAS3_COMP2 — FO30h base + 1h offset = FO31h
TMRBO_COMP2 — F040h base + 1h offset = FO41h
TMRB1_COMP2 — FO50h base + 1h offset = FO51h
TMRB2_COMP2 — FO60h base + 1h offset = FO61h
TMRB3_COMP2 — FO70h base + 1h offset = FO71h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

COMPARISON_2
Write

Rest 0 0 o0 O0 O O O O] o0 o O 0 o0 0 0 0

TMRx_COMP2 field descriptions

Field Description
15-0 Comparison Value 2
COMPARISON_ ] ] ] . )
2 This read/write register stores the value used for comparison with the counter value.

6.5.3 Timer Channel Capture Register (TMRx_CAPT)

Addresses: TMRAO_CAPT — FOOOh base + 2h offset = FO02h
TMRA1_CAPT — FO10h base + 2h offset = FO12h
TMRA2_CAPT — F020h base + 2h offset = F022h
TMRAS_CAPT — FO30h base + 2h offset = F032h
TMRBO_CAPT — F040h base + 2h offset = F042h
TMRB1_CAPT — FO50h base + 2h offset = F052h
TMRB2_CAPT — F060h base + 2h offset = F062h
TMRB3_CAPT — FO70h base + 2h offset = FO72h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
CAPTURE
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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TMRx_CAPT field descriptions

Field Description
15-0 Capture Value
CAPTURE ] ] ]
This read/write register stores the value captured from the counter.

6.5.4 Timer Channel Load Register (TMRx_LOAD)

Addresses: TMRAO_LOAD — FOOOh base + 3h offset = FO03h
TMRA1_LOAD — FO10h base + 3h offset = FO13h
TMRA2_LOAD - F020h base + 3h offset = F023h
TMRAS3_LOAD — F030h base + 3h offset = FO33h
TMRBO_LOAD - F040h base + 3h offset = F043h
TMRB1_LOAD — FO50h base + 3h offset = FO53h
TMRB2_LOAD - F060h base + 3h offset = F063h
TMRB3_LOAD — F070h base + 3h offset = FO73h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

TMRx_LOAD field descriptions

Field Description
15-0 Timer Load Register
LOAD
This read/write register stores the value used to initialize the counter.
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6.5.5 Timer Channel Hold Register (TMRx_HOLD)

Addresses: TMRAO_HOLD — FOOOh base + 4h offset = FO04h
TMRA1_HOLD — FO10h base + 4h offset = FO14h
TMRA2_HOLD — F020h base + 4h offset = F024h
TMRAS3_HOLD — F030h base + 4h offset = FO34h
TMRBO_HOLD — F040h base + 4h offset = FO44h
TMRB1_HOLD — F050h base + 4h offset = FO54h
TMRB2_HOLD — F060h base + 4h offset = FO64h
TMRB3_HOLD — F070h base + 4h offset = FO74h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Rest 0 0 o0 O O O O O] o0 o o0 o0 o0 0 0 0

TMRx_HOLD field descriptions

Field Description
15-0 This read/write register stores the counter's values of specific channels whenever any of the four counters
HOLD within a module is read.

6.5.6 Timer Channel Counter Register (TMRx_CNTR)

Addresses: TMRAO_CNTR — FO0O0h base + 5h offset = FO05h
TMRA1_CNTR — FO10h base + 5h offset = FO15h
TMRA2_CNTR — F020h base + 5h offset = F025h
TMRAS_CNTR — F030h base + 5h offset = FO35h
TMRBO_CNTR — F040h base + 5h offset = FO45h
TMRB1_CNTR — F050h base + 5h offset = FO55h
TMRB2_CNTR — F060h base + 5h offset = FO65h
TMRB3_CNTR — F070h base + 5h offset = FO75h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
COUNTER
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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TMRx_CNTR field descriptions

Field Description
15-0 This read/write register is the counter for the corresponding channel in a timer module.
COUNTER

6.5.7 Timer Channel Control Register (TMRx_CTRL)

Addresses: TMRAO_CTRL — FOOOh base + 6h offset = FO06h
TMRA1_CTRL — FO10h base + 6h offset = FO16h
TMRA2_CTRL — F020h base + 6h offset = F026h
TMRAS_CTRL — FO30h base + 6h offset = FO36h
TMRBO_CTRL — F040h base + 6h offset = F046h
TMRB1_CTRL — FO50h base + 6h offset = FO56h
TMRB2_CTRL — F060h base + 6h offset = FO66h
TMRB3_CTRL — F070h base + 6h offset = FO76h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read W T E
CM PCS scs 2|2 |DR| 2 OUTMODE
Write © L o

Reset 0 0 0O O 0 0 0 0| 0O

o
o
o
o
o
o
o

TMRx_CTRL field descriptions

Field Description

15-13 Count Mode
CM

These bits control the basic counting and behavior of the counter.

000 No operation

001 Count rising edges of primary source 1

010 Count rising and falling edges of primary source 2

011 Count rising edges of primary source while secondary input high active

100 Quadrature count mode, uses primary and secondary sources

101 Count rising edges of primary source; secondary source specifies direction (1 = minus) 3
110 Edge of secondary source triggers primary count until compare

111 Cascaded counter mode (up/down) 4

12-9 Primary Count Source

PCS ) )
These bits select the primary count source.

NOTE: A timer selecting its own output for input is not a legal choice. The result is no counting.

0000 Counter 0 input pin
0001 Counter 1 input pin

Table continues on the next page...
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TMRx_CTRL field descriptions (continued)

Field

Description

0010 Counter 2 input pin

0011  Counter 3 input pin

0100 Counter 0 output

0101 Counter 1 output

0110 Counter 2 output

0111 Counter 3 output

1000 IP bus clock divide by 1 prescaler
1001 IP bus clock divide by 2 prescaler
1010 IP bus clock divide by 4 prescaler
1011 [P bus clock divide by 8 prescaler
1100 [P bus clock divide by 16 prescaler
1101 IP bus clock divide by 32 prescaler
1110 IP bus clock divide by 64 prescaler
1111 IP bus clock divide by 128 prescaler

8-7
SCS

Secondary Count Source

These bits identify the external input pin to be used as a count command or timer command. The selected
input can trigger the timer to capture the current value of CNTR . The selected input can also be used to
specify the count direction. The selected signal can also be used as a fault input when CSCTRL[FAULT]
is set. The polarity of the signal can be inverted by SCTRL[IPS].

00 Counter 0 input pin
01 Counter 1 input pin
10 Counter 2 input pin
11 Counter 3 input pin

ONCE

Count Once

This bit selects continuous or one shot counting mode.

0 Count repeatedly.

1 Count until compare and then stop. If counting up, a successful compare occurs when the counter
reaches a COMP1 value. If counting down, a successful compare occurs when the counter reaches a
COMP2 value. When output mode $4 is used, the counter re-initializes after reaching the COMP1
value, continues to count to the COMP2 value, and then stops.

5
LENGTH

Count Length

This bit determines whether the counter:
* counts to the compare value and then re-initializes itself to the value specified in the LOAD (or
CMPLD2) register, or
e continues counting past the compare value to the binary roll over.

0 Rollover.

1 Count until compare, then re-initialize. If counting up, a successful compare occurs when the counter
reaches a COMP1 value. If counting down, a successful compare occurs when the counter reaches a
COMP2 value. When output mode $4 is used, alternating values of COMP1 and COMP2 are used to
generate successful comparisons. For example, the counter counts until a COMP1 value is reached,
re-initializes, counts until COMP2 value is reached, re-initializes, counts until COMP1 value is
reached, and so on.

DIR

Count Direction

Table continues on the next page...
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TMRx_CTRL field descriptions (continued)

Field Description

This bit selects either the normal count direction up, or the reverse direction, down.

0 Count up.
1 Count down.
3 Co-Channel Initialization
COINIT

when it has an active compare event.

0 Co-channel counter/timers cannot force a re-initialization of this counter/timer
1 Co-channel counter/timers may force a re-initialization of this counter/timer

This bit enables another counter/timer within the module to force the re-initialization of this counter/timer

2-0 Output Mode

OUTMODE
These bits determine the mode of operation for the OFLAG output signal.

000 Asserted while counter is active

001 Clear OFLAG output on successful compare

010 Set OFLAG output on successful compare

011 Toggle OFLAG output on successful compare

100 Toggle OFLAG output using alternating compare registers
101 Set on compare, cleared on secondary source input edge
110 Set on compare, cleared on counter rollover

111 Enable gated clock output while counter is active

1. Rising edges are counted only when SCTRL[IPS] = 0. Falling edges are counted when SCTRL[IPS] = 1. If the primary

count source is IP bus clock divide by 1, only rising edges are counted regardless of the value of SCTRL[IPS].

2. IP bus clock divide by 1 cannot be used as a primary count source in edge count mode.

3. Rising edges are counted only when SCTRL[IPS] = 0. Falling edges are counted when SCTRL[IPS] = 1.

4. The primary count source must be set to one of the counter outputs.

6.5.8 Timer Channel Status and Control Register (TMRx_SCTRL)

Addresses: TMRAO_SCTRL — FOOOh base + 7h offset = FO07h
TMRA1_SCTRL — FO10h base + 7h offset = FO17h
TMRA2_SCTRL — F020h base + 7h offset = F027h
TMRAS_SCTRL — FO30h base + 7h offset = FO37h
TMRBO_SCTRL — F040h base + 7h offset = F047h
TMRB1_SCTRL — FO50h base + 7h offset = FO57h
TMRB2_SCTRL — F060h base + 7h offset = FO67h
TMRB3_SCTRL — FO70h base + 7h offset = FO77h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
INPU
Read T} o
TCF | & | TOF TOFI IEF |IEFIE| IPS T | CAPTURE_ 5 |EEOF| VAL OPS | OEN
O E MODE 2
Write = FORCE
Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
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TMRx_SCTRL field descriptions

Field Description
15 Timer Compare Flag
TCF i y o et
This bit is set when a successful compare occurs. This bit is cleared by writing a zero to this bit location.
14 Timer Compare Flag Interrupt Enable
TCFIE )
This bit (when set) enables interrupts when TCF is set.
13 Timer Overflow Flag
TOF " N .
This bit is set when the counter rolls over its maximum value $FFFF or $0000 (depending on count
direction). This bit is cleared by writing a zero to this bit location.
12 Timer Overflow Flag Interrupt Enable
TOFIE ]
This bit (when set) enables interrupts when TOF is set.
11 Input Edge Flag
|EF . wye . g .
This bit is set when a positive input transition occurs (on an input selected as a secondary count source)
while the count mode does not equal 000. This bit is cleared by writing a zero to this bit position.
NOTE: Setting the input polarity select bit (IPS) enables the detection of negative input edge transitions.
Also, the control register's secondary count source determines which external input pin is
monitored by the detection circuitry.
10 Input Edge Flag Interrupt Enable
IEFIE ) )
This bit (when set) enables interrupts when IEF is set.
9 Input Polarity Select
IPS ] ) ) )
This bit (when set) inverts the input signal polarity.
8 External Input Signal
INPUT ] ) ]
This read only bit reflects the current state of the external input pin selected via the secondary count
source after application of IPS and filtering.
7-6 Input Capture Mode
CAPTURE_ ) ] ] )
MODE These bits specify the operation of the capture register as well as the operation of the input edge flag. The
input source is the secondary count source.
00 Capture function is disabled
01 Load capture register on rising edge (when IPS=0) or falling edge (when IPS=1) of input
10 Load capture register on falling edge (when IPS=0) or rising edge (when IPS=1) of input
11 Load capture register on both edges of input
5 Master Mode
MSTR ) )
This bit (when set) enables the compare function's output to be broadcasted to the other counters/timers
in the module. This signal then can be used to re-initialize the other counters and/or force their OFLAG
signal outputs.
4 Enable External OFLAG Force
EEOF
This bit (when set) enables the compare from another counter/timer within the same module to force the
state of this counter's OFLAG output signal.
3 Forced OFLAG Value
VAL

This bit determines the value of the OFLAG output signal when software triggers a FORCE command.

Table continues on the next page...
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TMRx_SCTRL field descriptions (continued)

Field Description

2 Force OFLAG Output
FORCE

This write only bit forces the current value of VAL to be written to the OFLAG output. This bit always reads
as a zero. VAL and FORCE can be written simultaneously in a single write operation. Write to FORCE
only if the counter is disabled. Setting this bit while the counter is enabled may yield unpredictable results.

1 Output Polarity Select

OPS
This bit determines the polarity of the OFLAG output signal.

0 True polarity.
1 Inverted polarity.

0 Output Enable

OEN
This bit determines the direction of the external pin.

0 The external pin is configured as an input.

1 The OFLAG output signal is driven on the external pin. Other timer groups using this external pin as
their input see the driven value. The polarity of the signal is determined by OPS.

6.5.9 Timer Channel Comparator Load Register 1 (TMRx_CMPLD1)

Addresses: TMRAO_CMPLD1 — FOOOh base + 8h offset = FO08h
TMRA1_CMPLD1 — FO10h base + 8h offset = FO18h
TMRA2_CMPLD1 — F020h base + 8h offset = F028h
TMRA3_CMPLD1 — FO30h base + 8h offset = FO38h
TMRBO_CMPLD1 — F040h base + 8h offset = F048h
TMRB1_CMPLD1 — FO50h base + 8h offset = FO58h
TMRB2_CMPLD1 — F060h base + 8h offset = FO68h
TMRB3_CMPLD1 — FO70h base + 8h offset = FO78h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

COMPARATOR_LOAD_1
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

TMRx_CMPLD1 field descriptions

Field Description
15-0 This read/write register is the comparator 1 preload value for the COMP1 register for the corresponding
COMPARATOR_ | channel in a timer module.
LOAD_1
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6.5.10 Timer Channel Comparator Load Register 2 (TMRx_CMPLD2)

Addresses: TMRAO_CMPLD2 — FOOOh base + 9h offset = FO09h
TMRA1_CMPLD2 — FO10h base + 9h offset = FO19h
TMRA2_CMPLD2 — F020h base + 9h offset = F029h
TMRAS3_CMPLD2 — FO30h base + 9h offset = FO39h
TMRBO_CMPLD2 — F040h base + 9h offset = F049h
TMRB1_CMPLD2 — FO50h base + 9h offset = FO59h
TMRB2_CMPLD2 — F060h base + 9h offset = FO69h
TMRB3_CMPLD2 — FO70h base + 9h offset = FO79h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 0
Read
COMPARATOR_LOAD_2
Write
Rest 0 0 o0 0 O O O 0] 0 0 0 0 0
TMRx_CMPLD2 field descriptions
Field Description
15-0 This read/write register is the comparator 2 preload value for the COMP2 register for the corresponding
COMPARATOR_ | channel in a timer module.
LOAD_2
6.5.11 Timer Channel Comparator Status and Control Register
(TMRx_CSCTRL)
Addresses: TMRAO_CSCTRL — FOOOh base + Ah offset = FOOAh
TMRA1_CSCTRL — FO10h base + Ah offset = FO1Ah
TMRA2_CSCTRL — F020h base + Ah offset = FO2Ah
TMRAS3_CSCTRL — F030h base + Ah offset = FO3Ah
TMRBO_CSCTRL — F040h base + Ah offset = FO4Ah
TMRB1_CSCTRL — F050h base + Ah offset = FO5Ah
TMRB2_CSCTRL — F060h base + Ah offset = FO6Ah
TMRB3_CSCTRL — F070h base + Ah offset = FO7Ah
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 0
Read - % w0z |z
-
DBG_EN 5:) - | ROC | TCI o L |TCF2|TCF1 CL2 CL1
Write w H ,9 ,9
<
Reset 0 0 0 0 0 0 0 0 0 0 0
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TMRx_CSCTRL field descriptions

Field

Description

15-14
DBG_EN

Debug Actions Enable
These bits allow the TMR module to perform certain actions in response to the chip entering debug mode.

00 Continue with normal operation during debug mode. (default)

01 Halt TMR counter during debug mode.

10 Force TMR output to logic O (prior to consideration of SCTRL[OPS]).
11 Both halt counter and force output to 0 during debug mode.

13
FAULT

Fault Enable

The selected secondary input acts as a fault signal so that the timer OFLAG is cleared when the
secondary input is set. When the secondary input is used in this mode, there is no resynchronization of
the input so that there is a combinational path to clear the OFLAG. Fault inputs less than two clock
periods wide will not be latched. Latched faults will be cleared the next time that the counter logic sets the
OFLAG.

0 Fault function disabled.
1 Fault function enabled.

12
ALT_LOAD

Alternative Load Enable

This bit allows for an alternative method for loading the counter during modulo counting. Normally, the
counter can be loaded only with the value from the LOAD register. When this bit is set, the counter is
loaded from the LOAD register when counting up and a match with COMP1 occurs, or the counter is
loaded from the CMPLD2 register when counting down and a match with COMP2 occurs.

0 Counter can be re-initialized only with the LOAD register.
1 Counter can be re-initialized with the LOAD or CMPLD2 registers depending on count direction.

11
ROC

Reload on Capture
This bit enables the capture function to cause the counter to be reloaded from the LOAD register.

0 Do not reload the counter on a capture event.
1 Reload the counter on a capture event.

10
TCI

Triggered Count Initialization Control

This bit is used during triggered count mode, CTRL[CM] = 110, to enable the counter to be re-initialized
when a second trigger occurs while the counter is still counting. Normally, the second trigger causes the
counting to stop/pause until a third trigger occurs. With this bit set, a second trigger event causes the
counter to re-initialize and continue counting.

0 Stop counter upon receiving a second trigger event while still counting from the first trigger event.

1 Reload the counter upon receiving a second trigger event while still counting from the first trigger
event.

Counting Direction Indicator

This read-only bit is used during quadrature count mode, CTRL[CM] = 100, to read the direction of the
last count. CTRL[DIR] reverses the sense of this bit.

0 The last count was in the DOWN direction.
1 The last count was in the UP direction.

8

Reserved

This read-only bit is reserved and always has the value zero.

Table continues on the next page...
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TMRx_CSCTRL field descriptions (continued)

Field Description
7 Timer Compare 2 Interrupt Enable
TCF2EN
An interrupt is issued when both this bit and TCF2 are set.
6 Timer Compare 1 Interrupt Enable
TCF1EN
An interrupt is issued when both this bit and TCF1 are set.
5 Timer Compare 2 Interrupt Flag
TCF2

When set, this bit indicates a successful comparison of the timer and the the COMP2 register has
occurred. This bit is sticky, and will remain set until explicitly cleared by writing a zero to this bit location.

4 Timer Compare 1 Interrupt Flag

TCFA1
When set, this bit indicates a successful comparison of the timer and the the COMP1 register has

occurred. This bit is sticky, and will remain set until explicitly cleared by writing a zero to this bit location.

3-2 Compare Load Control 2
CL2
These bits control when COMP2 is preloaded with the value from CMPLD2.

00 Never preload

01 Load upon successful compare with the value in COMP1
10 Load upon successful compare with the value in COMP2
11 Reserved

1-0 Compare Load Control 1
CL1
These bits control when COMP1 is preloaded with the value from CMPLD1.

00 Never preload

01 Load upon successful compare with the value in COMP1
10 Load upon successful compare with the value in COMP2
11 Reserved

6.5.12 Timer Channel Input Filter Register (TMRx_FILT)

Input filter considerations:

» Set the FILT_PER value such that the sampling period is larger than the period of the
expected noise. In this way, a noise spike will corrupt only one sample. Choose the
FILT_CNT value to reduce the probability that noisy samples cause an incorrect
transition to be recognized. The probability of an incorrect transistion is defined as
the probability of an incorrect sample raised to the power of (FILT_CNT + 3).

* The values of FILT_PER and FILT_CNT must also be balanced against the desire
for minimal latency in recognizing input transitions. Turning on the input filter
(setting FILT_PER to a non-zero value) introduces a latency of (((FILT_CNT + 3) x
FILT_PER) + 2) IP bus clock periods.
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Addresses: TMRAO_FILT — FOOOh base + Bh offset = FOOBh

TMRA1
TMRA2
TMRAS
TMRBO
TMRB1
TMRB2

_FILT — FO10h base + Bh offset = FO1Bh
_FILT — FO20h base + Bh offset = FO2Bh
_FILT — FO30h base + Bh offset = FO3Bh
_FILT — FO40h base + Bh offset = FO4Bh
_FILT — FO50h base + Bh offset = FO5Bh
_FILT — FO60h base + Bh offset = FO6Bh

TMRB3_FILT — FO70h base + Bh offset = FO7Bh

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0
FILT_CNT FILT_PER
Write

Reset 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

TMRx_FILT field descriptions

Field Description
15-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10-8 Input Filter Sample Count
FILT_CNT ] ) . ) ] .
These bits represent the number of consecutive samples that must agree prior to the input filter accepting
an input transition. A value of 0x0 represents 3 samples. A value of 0x7 represents 10 samples. The value
of FILT_CNT affects the input latency.
7-0 Input Filter Sample Period
FILT_PER ] . o ) . . ]
These bits represent the sampling period (in IP bus clock cycles) of the TMR input signals. Each input is
sampled multiple times at the rate specified by this field. If FILT_PER is 0x00 (default), then the input filter
is bypassed. The value of FILT_PER affects the input latency.
When changing values for FILT_PER from one non-zero value to another non-zero value, write a value of
zero first to clear the filter.
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6.5.13 Timer Channel Enable Register (TMRx_ENBL)

Addresses: TMRAO_ENBL — FOOOh base + Fh offset = FOOFh
TMRBO_ENBL — F040h base + Fh offset = FO4Fh

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
ENBL
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

TMRx_ENBL field descriptions

Field Description
154 This read-only bitfield is reserved and always has the value zero.
Reserved
3-0 Timer Channel Enable
ENBL

These bits enable the prescaler (if it is being used) and counter in each channel. Multiple ENBL bits can
be set at the same time to synchronize the start of separate counters. If an ENBL bit is set, then the
corresponding channel starts its counter as soon as the CTRL[CM] field has a value other than 0. When
an ENBL bit is clear, the corresponding counter maintains its current value.

0 Timer channel is disabled.
1 Timer channel is enabled. (default)

6.6 Functional Description

6.6.1 General

The counter/timer has two basic modes of operation: it can count internal or external
events, or it can count an internal clock source while an external input signal is asserted,
thus timing the width of the external input signal.

» The counter can count the rising, falling, or both edges of the selected input pin.

» The counter can decode and count quadrature encoded input signals.
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* The counter can count up and down using dual inputs in a "count with direction"
format.

* The counter's terminal count value (modulo) is programmable.

* The value that is loaded into the counter after reaching its terminal count is
programmable.

* The counter can count repeatedly, or it can stop after completing one count cycle.

* The counter can be programmed to count to a programmed value and then
immediately reinitialize, or it can count through the compare value until the count
"rolls over" to zero.

The external inputs to each counter/timer are shareable among each of the four counter/
timers within the module. The external inputs can be used as:

e Count commands
* Timer commands
e They can trigger the current counter value to be "captured"

* They can be used to generate interrupt requests

The polarity of the external inputs are selectable.

The primary output of each timer/counter is the output signal OFLAG. The OFLAG
output signal can be:

* Set, cleared, or toggled when the counter reaches the programmed value.

* The OFLAG output signal may be output to an external pin instead of having that pin
serve as a timer input.

* The OFLAG output signal enables each counter to generate square waves, PWM, or
pulse stream outputs.

* The polarity of the OFLAG output signal is selectable.

Any counter/timer can be assigned as a master. A master's compare signal can be
broadcast to the other counter/timers within the module. The other counters can be
configured to reinitialize their counters and/or force their OFLAG output signals to
predetermined values when a master's counter/timer compare event occurs.
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6.6.2 Functional Modes

The selected external count signals are sampled at the TMR's base clock rate and then run
through a transition detector. The maximum count rate is one-half of the TMR's base
clock rate. Internal clock sources can be used to clock the counters at the TMR's base
clock rate.

If a counter is programmed to count to a specific value and then stop, the CTRL[CM]
field is cleared when the count terminates.

6.6.2.1 Stop Mode

If CTRL[CM] is set to '000', the counter is inert. No counting will occur. Stop mode will
also disable the interrupts caused by input transitions on a selected input pin.

6.6.2.2 Count Mode

If CTRL[CM] is set to '001', the counter will count the rising edges of the selected clock
source. This mode is useful for generating periodic interrupts for timing purposes, or
counting external events such as "widgets" on a conveyor belt passing a sensor. If the
selected input is inverted by setting SCTRL[IPS] (input polarity select), then the negative
edge of the selected external input signal is counted.

Example: 6.6.2.2.1 Count Pulses from External Source

// (See Processor Expert PulseAccumulator bean.)

// This example uses TMRA1l to count pulse (actually counts rising edges of the pulse)
// from an external source (TA3).

//

void Pulse Init (void)

/* TMRALl CTRL: CM=0,PCS=3,SCS=0,0NCE=0, LENGTH=0,DIR=0,Co_INIT=0,0M=0 */

setReg (TMRA1_CTRL, 0x0600) ; /* Set up mode */

/* TMRALl_SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0,IEFIE=0,IPS=0, INPUT=0,
Capture_Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0,0PS=0,0EN=0 */

setReg (TMRA1l_SCTRL, 0x00) ;

setReg (TMRA1_CNTR, 0x00) ; /* Reset counter register */
setReg (TMRA1l LOAD, 0x00) ; /* Reset load register */
setRegBitGroup (TMRA1_CTRL,CM, 0x01); /* Run counter */
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Example: 6.6.2.2.2 Generate Periodic Interrupt By Counting Internal
Clocks

// (See Processor Expert TimerInt bean.)

// This example generates an interrupt every 100ms,
// assuming the chip is operating at 60 MHz.

//

// It does this by using the IP bus clk divided by 128 as the counter clock source.
// The counter then counts to 46874 where it matches the COMP1l value.

// At that time an interrupt is generated, the counter is reloaded and

// the next COMP1 value is loaded from CMPLD1.

//

void TimerInt Init (void)

/* TMRAO_CTRL: CM=0,PCS=0,SCS=0,0NCE=0, LENGTH=1,DIR=0,Co_INIT=0,0M=0 */
setReg (TMRAO_CTRL, 0x20) ; /* Stop all functions of the timer */
/* TMRAO_SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0,IEFIE=0,IPS=0,INPUT=0,

Capture_Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0, 0PS=0, OEN=0 */
setReg (TMRAO_SCTRL, 0x00) ;

setReg (TMRAO_LOAD, 0x00) ; /* Reset load register */
setReg (TMRAO_COMP1,46874) ; /* Set up compare 1 register */
setReg (TMRAO_ CMPLD1,46874) ; /* Also set the compare preload register */

/* TMRAQ_CSCTRL: ??=0,??=0,??=0,??=0,??=0,??=0,??=0,??=0, TCF2EN=0, TCF1EN=1,
TCF2=0,TCF1=0,CL2=0,CL1=1 */

setReg (TMRAO CSCTRL, 0x41) ; /* Enable compare 1 interrupt and */

/* compare 1 preload */
setRegBitGroup (TMRAO_ CTRL, PCS, 0xF); /* Primary Count Source to IP_bus clk / 128 */
setReg (TMRAO_CNTR, 0x00) ; /* Reset counter register */

setRegBitGroup (TMRAO_ CTRL,CM, 0x01); /* Run counter */

6.6.2.3 Edge-Count Mode

If CTRL[CM] is set to '010', the counter will count both edges of the selected external
clock source. This mode is useful for counting the changes in the external environment,
such as a simple encoder wheel.

Example: 6.6.2.3.1 Count Both Edges of External Source Signal

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
168 Preliminary Freescale Semiconductor




g |

|
Chapter 6 Quad Timer (TMR)

// (See Processor Expert PulseAccumulator bean.)
// This example uses TMRA1l to count pulse (actually counts rising edges of the pulse)
// from an external source (TA3).
//
¥oid Pulse Init (void)
/* TMRA1 CTRL: CM=0,PCS=3,SCS=0,0NCE=0, LENGTH=0,DIR=0,Co INIT=0,0M=0 */
setReg (TMRA1_ CTRL, 0x0600) ; /* Set up mode */
/* TMRA1l SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0,IEFIE=0,IPS=0,INPUT=0,
Capture Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0,0PS=0, OEN=0 */
SetReg(TMRAl_SCTRL,OXOO);

setReg (TMRA1 CNTR, 0x00) ; /* Reset counter register */
setReg (TMRAL_LOAD, 0x00) ; /* Reset load register */
setRegBitGroup (TMRA1 CTRL,CM, 0x02) ; /* Run counter */

6.6.2.4 Gated-Count Mode

If CTRL[CM] is set to '011', the counter will count while the selected secondary input
signal is high. This mode is used to time the duration of external events. If the selected
input is inverted by setting SCTRL[IPS] (input polarity select), then the counter will
count while the selected secondary input is low.

Example: 6.6.2.4.1 Capture Duration of External Pulse

// (See Processor Expert PulseAccumulator bean.)

// This example uses TMRAl to determine the duration of an external pulse.

//

// The IP bus clock is used as the primary counter. If the duration of the

// external pulse is longer than 0.001 seconds one of the other IP bus clock
// dividers can be used. If the pulse duration is longer than 0.128 seconds
// an external clock source will have to be used as the primary clock source.
/7

void Pulsel Init (void)
{
/* TMRA1 CTRL: CM=0,PCS=8,SCS=1,0NCE=0, LENGTH=0,DIR=0,Co INIT=0,0M=0 */
setReg (TMRA1_ CTRL, 0x1080) ; /* Set up mode */
/* TMRA1 SCTRL: TCF=0,TCFIE=0,TOF=0, TOFIE=0,IEF=0,IEFIE=0,IPS=0, INPUT=0,
Capture_MOde:O,MSTR:O,EEOF:O,VAL:O,FORCE:0,0PS:0,0EN:O */
SetReg(TMRAl_SCTRL,OXOO);

setReg (TMRA1 CNTR, 0x00) ; /* Reset counter register */
setReg (TMRAL_LOAD, 0x00) ; /* Reset load register */
setRegBitGroup (TMRA1 CTRL,CM, 0x03) ; /* Run counter */
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6.6.2.5 Quadrature-Count Mode

If CTRL[CM] is set to '100', the counter will decode the primary and secondary external
inputs as quadrature encoded signals. Quadrature signals are usually generated by rotary
or linear sensors used to monitor movement of motor shafts or mechanical equipment.
The quadrature signals are square waves that are 90 degrees out of phase. The decoding
of quadrature signal provides both count and direction information.

This figure shows a timing diagram illustrating the basic operation of a quadrature
incremental position encoder.

puasen | [ | [ [ [
Prases [ | [ | I —
counT N EE A A

UP/DN \

Figure 6-119. Quadrature Incremental Position Encoder

Example: 6.6.2.5.1 Quadrature Count Mode Example

// (See Processor Expert PulseAccumulator bean.)

// This example uses TMRAO for counting states of a quadrature position encoder.
//

// Timer input 0 is used as the primary count source (PHASEAX).

// Timer input 1 is used as the secondary count source (PHASEB).

//
¥oid Pulse Init (void)
/* TMRAO_CTRL: CM=0,PCS=0,SCS=1,0NCE=0, LENGTH=0,DIR=0,Co INIT=0,0M=0 */
setReg (TMRCO_CTRL, 0x80) ; /* Set up mode */
/* TMRAO SCTRL: TCF=0,TCFIE=0,TOF=0, TOFIE=0,IEF=0,IEFIE=0,IPS=0, INPUT=0,
Capture Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0,0PS=0, OEN=0 */
SetReg(TMRAO_SCTRL,OXOO);

setReg (TMRAO_CNTR, 0x00) ; /* Reset counter register */
setReg (TMRAO_LOAD, 0x00) ; /* Reset load register */

setReg (TMRAO_COMP1, OXFFFF) ; /* Set up compare 1 register */
setReg (TMRAO_COMP2, 0x00) ; /* Set up compare 2 register */

/* TMRAO_CSCTRL: ??=0,?7?=0,7??=0,??=0,??=0,??=0,??=0,??=0,
TCF2EN=0, TCF1EN=0, TCF2=0, TCF1=0,CL2=0,CL1=0 */

SetReg(TMRAO_CSCTRL,OXOO);

setRegBitGroup (TMRAO_ CTRL,CM, 0x04); /* Run counter */
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6.6.2.6 Quadrature-Count Mode with Index Input

As an extension to the quadrature count mode discussed in the previous paragraph, some
rotary shafts have a HOME or INDEX indicator. This would be a third input to the timer
that is used to reset the timer's counter.

In this example, channel O is used to decode the quadrature inputs, but it doesn't actually
count. Because its upper and lower limits are both set to 0, its output is cascaded count up
and count down signals each time the quadrature inputs indicate a change in count.
Channel 1 works in cascaded count mode receiving its counting instructions from channel
0. When an input capture event occurs, channel 1 is programmed to reset its counter
value. The channel 1 counter contains the position value for the shaft.

Example: 6.6.2.6.1 Quadrature Count Mode with Index Input Example

// (See Processor Expert PulseAccumulator bean.)

// This example uses TMRAOand TMRAl for counting states of a quadrature position encoder.

//

// Timer input 0 is used as the primary count source (PHASEA).

// Timer input 1 is used as the secondary count source (PHASEB).

// Timer input 2 is used as the index input source (INDEX) .

//

void Pulse Init (void)

{
/* TMRAO CTRL: CM=0,PCS=0,SCS=1,0NCE=0,LENGTH=1,DIR=0,Co INIT=0,0M=0 */
setReg (TMRAO_CTRL, 0xAQ) ; /* Set up mode */

/* TMRAO_ SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0, IEFIE=0,IPS=0, INPUT=0,
Capture Mode=0,MSTR=0, EEOF=0,VAL=0, FORCE=0,0PS=0,0EN=0 */
setReg (TMRAO_SCTRL, 0x00) ;

setReg (TMRAO_ CNTR, 0x00) ; /* Reset counter register */
setReg (TMRAO_LOAD, 0x00) ; /* Reset load register */

setReg (TMRAO_COMP1, 0x00) ; /* Set up compare 1 register */
setReg (TMRAO_COMP2, 0x00) ; /* Set up compare 2 register */

/* TMRAO CSCTRL: ??=0,??=0,??=0,??=0,??=0,??=0,??=0,??=0,
TCF2EN=0, TCF1EN=0, TCF2=0, TCF1=0,CL2=0,CL1=0 */
setReg(TMRAO_CSCTRL,OxOO);
/* TMRA1l CTRL: CM=7,PCS=100,SCS=2,0NCE=0,LENGTH=0,DIR=0,Co INIT=0,0M=0 */
setReg (TMRA1l CTRL, 0XEAQ0) ; /* Set up capture edge */
/* TMRA1l SCTRL: Capture Mode=10 */
setReg(TMRAl_SCTRL,OXOOSO);
/* TMRA1l_CSTRL: ROC=1 */
setReg (TMRA1l CTRL, 0x0800) ; /* Set up reload on capture */
setRegBitGroup (TMRAO_ CTRL,CM, 0x04); /* Run counter */

}

6.6.2.7 Signed-Count Mode

If CTRL[CM] is set to '101', the counter counts the primary clock source while the
selected secondary source provides the selected count direction (up/down).
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Example: 6.6.2.7.1 Signed Count Mode Example

// (See Processor Expert PulseAccumulator bean.)
// This example uses TMRAO for signed mode counting.
//

// Timer input 2 is used as the primary count source.
// Timer input 1 is used to determine the count direction.

!/

void Pulse Init (void)

/* TMRAO CTRL: CM=0,PCS=2,SCS=1,0NCE=0,LENGTH=0,DIR=0,Co INIT=0,0M=0 */

setReg (TMRAO_ CTRL, 0x0480) ; /* Set up mode */

/* TMRAO_SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=1,IEF=0,IEFIE=0,IPS=0, INPUT=0,
Capture_ Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0,0PS=0, OEN=0 */

setReg (TMRAO_SCTRL, 0x1000) ;

setReg (TMRAO_CNTR, 0x00) ; /* Reset counter register */
setReg (TMRAO_LOAD, 0x00) ; /* Reset load register */
setRegBitGroup (TMRAO CTRL,CM, 0x05); /* Run counter */

6.6.2.8 Triggered-Count Mode 1

If CSCTRLI[TCI] is clear and CTRL[CM] is set to '110', the counter will begin counting
the primary clock source after a positive transition (negative edge if SCTRL[IPS]=1) of
the secondary input occurs. The counting will continue until a compare event occurs or
another positive input transition is detected. If a second input transition occurs before a
terminal count is reached, counting will stop and SCTRL[TCF] (timer compare flag) will
be set. Subsequent secondary input transitions will continue to restart and stop the
counting until a compare event occurs.

Pimary © N/ N\ / /N N N S

Secondary
Count | 12 X 13 X 14 X 15 X 16 X 17 X

timer_out

18

COMP1 =18

Figure 6-120. Triggered Count Mode 1 (CTRL[LENGTH]=0)

Example: 6.6.2.8.1 Triggered Count Mode 1 Example
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// (See Processor Expert PulseAccumulator bean.)
// This example uses TMRAl for triggered mode counting.
//

// Timer input 3 is used as the primary count source.
// Timer input 2 is used for the trigger input.

//

void Pulse Init (void)

/* TMRA1 CTRL: CM=0,PCS=3,SCS=2,0NCE=0, LENGTH=0,DIR=0,Co INIT=0,0M=0 */

setReg (TMRA1 CTRL, 0x0700) ; /* Set up mode */

/* TMRA1 SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=1,IEF=0,IEFIE=0,IPS=0, INPUT=0,
Capture_Mode:O,MSTR:O,EEOF:O,VAL:O,FORCE:0,0PS:0,0EN:O */

setReg(TMRAl_SCTRL,OxlOOO);

setReg (TMRA1 CNTR, 0x00) ; /* Reset counter register */
setReg (TMRA1_ LOAD, 0x00) ; /* Reset load register */
setReg (TMRA1 COMP1,0x0012) ; /* Set up compare 1 register */

/* TMRA1 CSCTRL: ?7?=0,??=0,??=0,7?7?=0,??=0,??=0,7??=0,??=0,
TCF2EN=0, TCF1EN=0, TCF2=0, TCF1=0,CL2=0,CL1=0 */

setReg (TMRA1 CSCTRL, 0x00) ;

setRegBitGroup (TMRA1l CTRL,CM, 0x06) ; /* Run counter */

6.6.2.9 Triggered-Count Mode 2

If CSCTRL[TCT] is set and CTRL[CM] is set to '110', the counter will begin counting the
primary clock source after a positive transition (negative edge if SCTRL[IPS]=1) of the
secondary input occurs. The counting will continue until a compare event occurs or
another positive input transition is detected. If a second input transition occurs before a
terminal count was reached, the counter will reload and continue counting. When
CSCTRL[TCT] is set, the OFLAG output mode, CTRL[OUTMODE], should probably be
set to '101" (cleared on init, set on compare) to ensure the output will be in a known state
after the second input transition and subsequent reload takes place.

Count (0_X0 X0 X0 X1 X2 X3 X4 X6 X6 X7 X8 X0 Xi X2 X3 X0 X1 X2 X3 X4 X5 X6 X7 )

Secondary

Figure 6-121. Triggered Count Mode 2 (CTRL[LENGTH]=0)

Example: 6.6.2.9.1 Triggered Count Mode 2Example
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(See Processor Expert PulseAccumulator bean.)
This example uses TMRAl for triggered mode counting.

Timer input 3 is used as the primary count source.
Timer input 2 is used for the trigger input.

id Pulse_ Init (void)

/* TMRA1 CTRL: CM=0,PCS=3,SCS=2,0NCE=0, LENGTH=0,DIR=0,Co INIT=0,0M=0 */
setReg (TMRALl_CTRL, 0x0700) ; /* Set up mode */
/* TMRA1 SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=1,IEF=0,IEFIE=0,IPS=0, INPUT=0,

Capture Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0, 0PS=0, OEN=0 */
setReg(TMRAl_SCTRL,OxlOOO);
setReg (TMRA1l CNTR, 0x00) ; /* Reset counter register */
setReg (TMRA1l LOAD, 0x00) ; /* Reset load register */
setReg (TMRA1 COMP1,0x0012) ; /* Set up compare 1 register */
/* TMRA1 CSCTRL: ?7?=0,?7?=0,7??=0,??=0,??=0,??=0,??=0,??=0,

TCF2EN=0, TCF1EN=0, TCF2=0, TCF1=0,CL2=0,CL1=0 */

setReg(TMRAl_CSCTRL,OxOO);
setRegBitGroup (TMRA1l_ CTRL,CM, 0x06); /* Run counter */

6.6.2.10 One-Shot Mode

If CTRL[CM] is set to '110', and the counter is set to reinitialize at a compare event
(CTRL[LENGTH]=1),and CTRL|OUTMODE] is set to '101' (cleared on init, set on
compare), the counter works in a one-shot mode. An external event causes the counter to
count, and when the terminal count is reached, the output is asserted. This delayed output
can be used to provide timing delays.

Primary ~ \__/" \_/ \_/ ./ ./ /L

Secondary ( s /
Count | 0 X 1 X 2 X 3 X 4 X 0 3 ( 1 2 3
timer_out s s

LOAD =0, COMP1 =4

Figure 6-122. One-Shot Mode (CTRL[LENGTH]=1)

Example: 6.6.2.10.1 One-Shot Mode Example
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// (See Processor Expert PulseAccumulator bean.)
// This example uses TMRA1l for one-shot mode counting.
//

// Timer input 3 is used as the primary count source.
// Timer input 2 is used for the trigger input.

//

void Pulse Init (void)

/* TMRAL_CTRL: CM=0,PCS=3,SCS=2,0NCE=0, LENGTH=0,DIR=0,Co_INIT=0,0M=5 */

setReg (TMRALl_CTRL, 0x0725) ; /* Set up mode */

/* TMRA1l_SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=1,IEF=0,IEFIE=0,IPS=0,INPUT=0,
Capture_Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0,OPS=0, OEN=0 */

setReg (TMRA1l_SCTRL, 0x1000) ;

setReg (TMRA1 CNTR, 0x00) ; /* Reset counter register */
setReg (TMRA1_ LOAD, 0x00) ; /* Reset load register */
setReg (TMRA1l COMP1, 0x0004) ; /* Set up compare 1 register */

/* TMRA1 CSCTRL: ?7?=0,??=0,??=0,7?7?=0,??=0,??=0,7??=0,??=0,
TCF2EN=0, TCF1EN=0, TCF2=0, TCF1=0,CL2=0,CL1=0 */

setReg (TMRA1 CSCTRL, 0x00) ;

setRegBitGroup (TMRA1l_ CTRL,CM, 0x06); /* Run counter */

6.6.2.11 Cascade-Count Mode

If CTRL[CM] is set to '111', the counter's input is connected to the output of another
selected counter. The counter will count up and down as compare events occur in the
selected source counter. This cascade or daisy-chained mode enables multiple counters to
be cascaded to yield longer counter lengths. When operating in cascade mode, a special
high-speed signal path is used between modules rather than the OFLAG output signal. If
the selected source counter is counting up and it experiences a compare event, the counter
will be incremented. If the selected source counter is counting down and it experiences a
compare event, the counter will be decremented.

Up to four counters may be cascaded to create a 64-bit wide synchronous counter. Check
the data sheet to see if there are any frequency limits for cascaded counting mode.

Whenever any counter is read within a counter module, all of the counters' values within
the module are captured in their respective hold registers. This action supports the
reading of a cascaded counter chain. First read any counter of a cascaded counter chain,
then read the hold registers of the other counters in the chain. The cascaded counter mode
is synchronous.
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Note

It is possible to connect counters together by using the other
(non-cascade) counter modes and selecting the outputs of other
counters as a clock source. In this case, the counters are
operating in a ripple mode, where higher order counters will
transition a clock later than a purely synchronous design.

Example: 6.6.2.11.1 Generate Periodic Interrupt Cascading Two Counters

// (See Processor Expert TimerInt bean.)

// This example generates an interrupt every 30 seconds,

// assuming the chip is operating at 60 MHz.

//

// To do this, counter 2 is used to count 60,000 IP bus clocks, which means it
// will compare and reload every 0.001 seconds.

// Counter 3 is cascaded and used to count the 0.001 second ticks and

// generate the desired interrupt interval.

//

void TimerInt Init (void)

// Set counter 2 to count IP_bus clocks
/* TMRA2 CTRL: CM=0,PCS=8,SCS=0,0NCE=0,LENGTH=1,DIR=0,Co_ INIT=0,0M=0 */
setReg (TMRA2_ CTRL, 0x1020) ; /* Stop all functions of the timer */
// Set counter 3 as cascaded and to count counter 2 outputs
/* TMRA3 CTRL: CM=7,PCS=6,SCS=0,0NCE=0,LENGTH=1,DIR=0,Co_ INIT=0,0M=0 */
setReg (TMRA3 CTRL, 0XEC20) ; /* Set up cascade counter mode */
/* TMRA3 SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0,IEFIE=0,IPS=0,INPUT=0,
Capture_Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0, OPS=0, OEN=0 */
setReg (TMRA3_SCTRL, 0x00) ;
/* TMRA2 SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0,IEFIE=0,IPS=0,INPUT=0,
Capture Mode=0,MSTR=0, EEOF=0,VAL=0, FORCE=0,0PS=0, OEN=0 */
setReg (TMRA2_SCTRL, 0x00) ;

setReg (TMRA3_CNTR, 0x00) ; /* Reset counter register */
setReg (TMRA2 CNTR, 0x00) ;
setReg (TMRA3 LOAD, 0x00) ; /* Reset load register */

setReg (TMRA2_LOAD, 0x00) ;
setReg (TMRA3_COMP1, 30000); /* milliseconds in 30 seconds */
setReg (TMRA3 CMPLD1,30000) ;
SetReg(TMRA2_COMP1, 60000) ;
setReg (TMRA2 CMPLD1,60000) ;
/* TMRA3_CSCTRL: ??=0,?7?=0,7??=0,??=0,??=0,??=0,??=0,??=0,

TCF2EN=0, TCF1EN=1, TCF2=0, TCF1=0,CL2=0,CL1=1 */
setReg (TMRA3 CSCTRL, 0x41) ; /* Enable compare 1 interrupt and */

/* compare 1 preload */

/* TMRA2 CSCTRL: ??=0,?7?=0,7??=0,??=0,??=0,??=0,??=0,??=0,

TCF2EN=0, TCF1EN=0, TCF2=0, TCF1=0,CL2=0,CL1=1 */
setReg (TMRA2 CSCTRL, 0x01) ; /* Enable Compare 1 preload */
setRegBitGroup (TMRA2 CTRL,CM, 0x01); /* Run counter */

// Set to cycle every milisecond
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6.6.2.12 Pulse-Output Mode

If CTRL[CM]=001, and CTRL[OUTMODE] is set to 111' (gated clock output), and
CTRL[ONCE] is set, then the counter will output a pulse stream of pulses that has the
same frequency of the selected clock source, and the number of output pulses is equal to

the compare value minus the init value. This mode is useful for driving step motor
systems.

Note
This does not work if CTRL[PCS] is set to 1000 (IP_bus/1).

Count Mode | 0 X 3
Primary
Count| 0 A X2 X5 (4 X 0 ]
timer_out
Pulse Stream Init* LOAD = 0, COMP1 = 4

Figure 6-123. Pulse Output Mode

Example: 6.6.2.12.1 Pulse Outputs Using Two Counters
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// (See Processor Expert PulseStream bean.)
// This example generates six 10ms pulses, from TAl output.
// Assuming the chip is operating at 60 MHz.

// To do this, timer 3 is used to generate a clock with a period of 10ms.

// Timer 1 is used to gate these clocks and count the number of pulses that have
// been generated.

void PulseStream Init (void)

// Select IP bus clk/16 as the clock source for Timer A3
/* TMRA3 CTRL: CM=0,PCS=0x0C,SCS=0,0NCE=0,LENGTH=1,DIR=0,Co INIT=0,OM=3 x/
setReg (TMRA3 CTRL, 0x1823) ; /* Set up mode */
/* TMRA3 SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0,IEFIE=0,IPS=0, INPUT=0,
Capture Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0,0PS=0,0EN=0 */
setReg (TMRA3_ SCTRL, 0x00) ;
setReg (TMRA3_LOAD, 0x00) ; /* Reset load register */
setReg (TMRA3_COMP1,37500) ; /* (16 * 37500 ) / 60e6 = 0.01 sec */
/* TMRA3 CSCTRL: ??=0,??=0,??=0,??=0,??=0,??=0,??=0,??=0,
TCF2EN=0, TCF1EN=0, TCF2=0, TCF1=0,CL2=0,CL1=0 */
setReg (TMRA3 CSCTRL, 0x00) ; /* Set up comparator control register */

// Timer 3 output is the clock source for this timer.
/* TMRA1 CTRL: CM=0,PCS=7,SCS=0,0NCE=1, LENGTH=1,DIR=0,Co INIT=0,0M=7 */
setReg (TMRALl CTRL, 0x0E67) ; /* Set up mode */
/* TMRA1l SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0,IEFIE=0,IPS=0,INPUT=0,
Capture Mode=0,MSTR=0, EEOF=0, VAL=0, FORCE=0,0PS=0, OEN=1 */

SetReg(TMRAl_SCTRL,OXOl);

setReg (TMRA1l CNTR, 0x00) ; /* Reset counter register */
setReg (TMRA1 LOAD, 0x00) ; /* Reset load register */

setReg (TMRA1 COMP1, 0x04) ; /* Set up compare 1 register */

// set to interrupt after the last pulse
/* TMRAl CSCTRL: ??=0,??=0,??=0,??=0,??=0,??=0,??=0,??7=0,
TCF2EN=0, TCF1EN=1, TCF2=0, TCF1=0,CL2=0,CL1=0 */

setReg (TMRA1 CSCTRL, 0x40) ; /* Set up comparator control register */
// Finally, start the counters running

setReg (TMRA3_CNTR, 0) ; /* Reset counter */

setRegBitGroup (TMRA3 CTRL,CM, 0x01) ; /* Run source clock counter */

setRegBitGroup (TMRA1l CTRL,CM, 0x01) ; /* Run counter */

}

6.6.2.13 Fixed-Frequency PWM Mode

If CTRL[CM]=001, count through roll-over (CTRL[LENGTH]=0), continuous count
(CTRL[ONCE]=0) and CTRL[OUTMODE] is '110' (set on compare, cleared on counter
roll-over), then the counter output yields a pulse-width modulated (PWM) signal with a
frequency equal to the count clock frequency divided by 65,536 and a pulse-width duty
cycle equal to the compare value divided by 65,536. This mode of operation is often used
to drive PWM amplifiers used to power motors and inverters.

Example: 6.6.2.13.1 Fixed-Frequency PWM Mode Example
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// (See Processor Expert PWM bean.)
// This example uses TMRAO for Fixed-Frequency PWM mode timing.
//

// The timer will count IP bus clocks continuously until it rolls over.
// This results in a PWM period of 65536 / 60e6 = 1092.267 usec

// Initially, an output pulse width of 25 usec is generated ( 1500 / 60e6 )
// giving a PWM ratio of 1500 / 65536 = 2.289%
// This pulse width can be changed by changing the COMP1 register value (using CMPLD1) .

void PWM1 Init (void)
setReg (TMRAO CNTR,0) ; /* Reset counter */

/* TMRAO SCTRL: TCF=0,TCFIE=0,TOF=0, TOFIE=0,IEF=0,IEFIE=0,IPS=0, INPUT=0,
Capture Mode=0,MSTR=0,EEOF=0,VVAL=0, FORCE=1,0PS=0,0EN=1 */

setReg (TMRAO_SCTRL, 0x05) ; /* Enable output */

setReg (TMRAO COMP1,1500) ; /* Store initial value to the duty-compare register */
/* TMRAO CTRL: CM=1,PCS=8,SCS=0,0NCE=0,LENGTH=0,DIR=0,Co INIT=0,0M=6 */

setReg (TMRAO_CTRL, 0x3006) ; /* Run counter */

6.6.2.14 Variable-Frequency PWM Mode

If CTRL[CM]=001, count until compare (CTRL[LENGTH]=1), continuous count
(CTRL[ONCE] = 0) and CTRL[OUTMODE] is '100' (toggle OFLAG and alternate
compare registers), then the counter output yields a pulse-width modulated (PWM) signal
whose frequency and pulse width is determined by the values programmed into the
COMP1 and COMP?2 registers, and the input clock frequency. This method of PWM
generation has the advantage of allowing almost any desired PWM frequency and/or
constant on or off periods. This mode of operation is often used to drive PWM amplifiers
used to power motors and inverters. The CMPLD1 and CMPLD?2 registers are especially
useful for this mode, as they allow the programmer time to calculate values for the next
PWM cycle while the PWM current cycle is underway.

To set up the TMR to run in variable frequency PWM mode with compare preload please
use the following setup for the specific counter you would like to use. When performing
the setup, update the TMR_CTRL register last because the counter will start counting if
the count mode is changed to any value other than 3'b000 (assuming the primary count
source is already active).

Timer Control Register (CTRL)
e CM=3'b001 (count rising edges of primary source)
e PCS=4'b1000 (IP bus clock for best granularity for waveform timing)
* SCS=Any (ignored in this mode)
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e ONCE=1'b0 (want to count repeatedly)

* LENGTH=1'd1 (want to count until compare value is reached and re-initialize
counter register)

* DIR=Any (user's choice. The compare register values must be chosen carefully to
account for things like roll-under, etc.)

e COINIT=1"D0 (user can set this if they need this function)
* OUTMODE=3'b100 (toggle OFLAG output using alternating compare registers)

Timer Status and Control Register (SCTRL)

* OEN = 1'bl (output enable to allow OFLAG output to be put on an external pin. Set
this bit as needed.)

* OPS = Any (user's choice)

* Make sure the rest of the bits are cleared for this register. We will enable interrupts in
the comparator status and control register instead of in this register.

Comparator Status and Control Register (CSCTRL)
* TCF2EN=1"b1 (allow interrupt to be issued when CSCTRL[TCF2] is set)
* TCF1EN=1'b0 (do not allow interrupt to be issued when CSCTRL[TCF1] is set)

* TCF1=1'b0 (clear timer compare 1 interrupt source flag. This is set when counter
register equals compare register 1 value and OFLAG is low)

* TCF2=1'b0 (clear timer compare 2 interrupt source flag. This is set when counter
register equals compare register 2 value and OFLAG is high)

* CL1=2'b10 (load compare register when CSCTRL[TCF2] is asserted)
* CL2=2'b01 (load compare register when CSCTRL[TCF1] is asserted)

Interrupt Service Routines

To service the CSCTRL[TCF2] interrupts generated by the timer, the interrupt controller
must be configured to enable the interrupts for the particular timer being used.
Additionally the user will need to write an interrupt service routine to do at a minimum
the following:

* Clear CSCTRL[TCF2] and CSCTRL[TCF1] flags.
e Calculate and write new values for both CMPLD1 and CMPLD?2.
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Timing
This figure contains the timing for using the compare preload feature. The compare
preload cycle begins with a compare event on COMP2 causing CSCTRL[TCF2] to be
asserted. COMPI1 is loaded with the value in the CMPLDI1 (c3) one IP bus clock later. In
addition an interrupt is asserted by the timer and the interrupt service routine is executed
during which both comparator load registers are updated with new values (c4 and c5).
When CSCTRL[TCF1] is asserted, COMP?2 is loaded with the value in CMPLD2 (c4).
And on the subsequent CSCTRL[TCF2] event, COMP1 is loaded with the value in
CMPLDI1 (c5). The cycle starts over again as an interrupt is asserted and the interrupt
service routine clears CSCTRL[TCF1] and CSCTRL|[TCF2] and calculates new values
for CMPLD1 and CMPLD2.

Compare Preload Cycle

Step 1 Step 2 Step 3 Step 4 Step 5
CMPLD2[15:0] | 2 \ﬂ:) c4 )) |
CMPLD1[15:0] | c3 | T s | |
COMP2([15:0] | 2 [ f§ ca |
COMP1[15:0] | cl )m\ )) l |

IPclkmmwm
counter[15:0] [ c21 | c2 0 [ i{§Tcan §fcai [ c3 0o [ 1§f[cai[ o [ 0 [
[ J [N {9 T
TCF1 J JE S )
R (S | SR L

Step 1-- CNTR matches COMP2 value. CSCTRL[TCF2] is asserted and an interrupt request is
generated.

Step 2-- One clock later, OFLAG toggles, CMPLD1 is copied to COMP1, LOAD is copied to
CNTR, the counter starts counting.

Step 3--The interrupt service routine clears CSCTRL[TCF1] and CSCTRL[TCF2] and the ISR
loads CMPLD1 and CMPLD2 with the values for the next cycle. The counter
continues counting until CNTR matches COMP1.

Step 4-- CSCTRL[TCF1] is asserted. One clock later, OFLAG toggles, CMPLD2 is copied to
COMP2, LOAD is copied to CNTR and the counter starts counting.

Step 5--The counter continues counting until CNTR matches COMP2.
Figure 6-124. Compare Load Timing
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Example: 6.6.2.14.1 Variable Frequency PWM Mode

// (See Processor Expert PPG [Programmable Pulse Generator] bean.)

// This example starts with an 11 msec with a 31 msec cycle.

// Assuming the chip is operating at 60 MHz, the timer use IP_bus clk/32 as its
// clock source.

// Initial pulse period: 60e6/32 clocks/sec * 31 ms = 58125 total clocks in period
// Initial pulse width: 60e6/32 clocks/sec * 11 ms = 20625 clocks in pulse

//
// Once the initial values of COMP1/CMPLD1 and COMP2/CMPLD2 are set the pulse width
// can be varied by load new values of CMPLD1 and CMPLD2 on each compare interrupt.
// (See Usage of Compare Load Registers.)
//
void PPGl_Init (void)
{
setReg (TMRAO_LOAD, 0) ; /* Clear load register */
setReg (TMRAO_CNTR, 0) ; /* Clear counter */

/* TMRAO SCTRL: TCF=0,TCFIE=0,TOF=0,TOFIE=0,IEF=0, IEFIE=0,IPS=0, INPUT=0,
Capture Mode=0,MSTR=0, EEOF=0,VAL=0, FORCE=1,0PS=0,0EN=1 */
setReg (TMRAO_SCTRL, 5) ; /* Set Status and Control Register */
// Set compare preload operation and enable an interrupt on compare2 events.
/* TMRAO CSCTRL: TCF2EN=1,TCF1lEN=0,TCF2=0,TCF1=0,CL21=0,CL20=1,CL11=1,CL10=0 */

setReg (TMRAO_CSCTRL, 0x86) ; /* Set Comparator Status and Control Register */
setReg (TMRAO_ COMP1,20625) ; /* Set the pulse width of the off time */
setReg (TMRAO CMPLD1,20625) ; /* Set the pulse width of the off time */
setReg (TMRAO_COMP2,58125-20625) ; /* Set the pulse width of the on time */
setReg (TMRAO CMPLD2,58125-20625) ; /* Set the pulse width of the on time */

/* TMRAO CTRL: CM=1,PCS=0xD,SCS=0,0NCE=0,LENGTH=1,DIR=0,Co INIT=0,0M=4 */
setRegBits (TMRAO_ CTRL, 0x3A24) ; /* Set variable PWM mode and run counter */

6.6.2.15 Usage of Compare Registers

The dual compare registers (COMP1 and COMP2) provide a bidirectional modulo count
capability. The COMP1 register is used when the counter is counting up, and the COMP2
register is used when the counter is counting down. Alternating compare mode is the only
exception.

The COMP1 register should be set to the desired maximum count value or FFFFh to
indicate the maximum unsigned value prior to roll-over, and the COMP?2 register should
be set to the minimum count value or 0000h to indicate the minimum unsigned value
prior to roll-under.

If CTRL[OUTMODE] is set to 100, the OFLAG will toggle while using alternating
compare registers. In this variable frequency PWM mode, the COMP?2 value defines the
desired pulse width of the on time, and the COMP1 register defines the off time. The
variable frequency PWM mode is defined for positive counting only.
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Use caution when changing COMP1 and COMP?2 while the counter is active. If the
counter has already passed the new value, it will count to FFFFh or 0000h, roll over, then
begin counting toward the new value. The check is: Count=CMPx, not Count > COMP1
or Count < COMP2.

The use of the CMPLD1 and CMPLD?2 registers to compare values will help to minimize
this problem.

6.6.2.16 Usage of Compare Load Registers

The CMPLD1, CMPLD?2, and CSCTRL registers offer a high degree of flexibility for
loading compare registers with user-defined values on different compare events. To
ensure correct functionality while using these registers we strongly suggest using the
following method described in this section.

The purpose of the compare load feature is to allow quicker updating of the compare
registers. In the past, a compare register could be updated using interrupts. However,
because of the latency between an interrupt event occurring and the service of that
interrupt, there was the possibility that the counter may have already counted past the
new compare value by the time the compare register was updated by the interrupt service
routine. The counter would then continue counting until it rolled over and reached the
new compare value.

To address this, the compare registers are now updated in hardware in the same way the
counter register is re-initialized to the value stored in the load register. The compare load
feature allows the user to calculate new compare values and store them in to the
comparator load registers. When a compare event occurs, the new compare values in the
comparator load registers are written to the compare registers eliminating the use of
software to do this.

The compare load feature is intended to be used in variable frequency PWM mode. The
COMP1 register determines the pulse width for the logic low part of OFLAG and
COMP2 determines the pulse width for the logic high part of OFLAG. The period of the
waveform is determined by the COMP1 and COMP?2 values and the frequency of the
primary clock source. See the following figure.
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PWM Period
Figure 6-125. Variable PWM Waveform

Should we desire to update the duty cycle or period of the above waveform, we would
need to update the COMP1 and COMP2 values using the compare load feature.

6.6.2.17 Usage of the Capture Register

The capture register stores a copy of the counter's value when an input edge (positive,
negative, or both) is detected. After a capture event occurs, no further updating of the
capture register will occur until the SCTRL[IEF] (input edge flag) is cleared by writing a
zero to the SCTRL[IEF].

6.7 Resets

6.7.1 General

The TMR module can be reset only by the RST_B signal. This forces all registers to their
reset state and clears the OFLAG signal if it is asserted. The counter will be turned off
until the settings in the control register are changed.

Table 6-127. Reset Summary

Reset Priority Source Characteristics

RST_B n/a Hardware Reset | Full System Reset
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6.8 Clocks

6.8.1 General

The timer only receives the IP bus clock (system clock) at a 1x or 2x rate, which can be

selected in the SIM.

6.9 Interrupts

6.9.1 General

The TMR module can generate 20 interrupts, Five for each of the four counters/channels.

Table 6-128. Interrupt Summary

Core Interrupt

Interrupt

Description

TMRO_COMP_IRQ_B

Compare Interrupt Request for Timer Channel 0

TMRO_COMP1_IRQ_B

Compare 1 Interrupt Request for Timer Channel 0

TMR Channel 0

TMRO_COMP2_IRQ_B

Compare 2 Interrupt Request for Timer Channel 0

TMRO_OVF_IRQ_B

Overflow Interrupt Request for Timer Channel 0

TMRO_EDGE_IRQ_B

Input Edge Interrupt Request for Timer Channel 0

TMR1_COMP_IRQ_B

Compare Interrupt Request for Timer Channel 1

TMR1_COMP1_IRQ_B

Compare 1 Interrupt Request for Timer Channel 1

TMR Channel 1

TMR1_COMP2_IRQ_B

Compare 2 Interrupt Request for Timer Channel 1

TMR1_OVF_IRQ_B

Overflow Interrupt Request for Timer Channel 1

TMR1_EDGE_IRQ_B

Input Edge Interrupt Request for Timer Channel 1

TMR2_COMP_IRQ_B

Compare Interrupt Request for Timer Channel 2

TMR2_COMP1_IRQ_B

Compare 1 Interrupt Request for Timer Channel 2

TMR Channel 2

TMR2_COMP2_IRQ_B

Compare 2 Interrupt Request for Timer Channel 2

TMR2_OVF_IRQ_B

Overflow Interrupt Request for Timer Channel 2

TMR2_EDGE_IRQ_B

Input Edge Interrupt Request for Timer Channel 2

Table continues on the next page...
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Table 6-128. Interrupt Summary (continued)

Core Interrupt Interrupt Description

TMR3_COMP_IRQ_B | Compare Interrupt Request for Timer Channel 3

TMR3_COMP1_IRQ_B | Compare 1 Interrupt Request for Timer Channel 3

TMR Channel 3 TMR3_COMP2_IRQ_B | Compare 2 Interrupt Request for Timer Channel 3

TMR3_OVF_IRQ_B | Overflow Interrupt Request for Timer Channel 3

TMR3_EDGE_IRQ_B | Input Edge Interrupt Request for Timer Channel 3

6.9.2 Description of Interrupt Operation

6.9.2.1 Timer Compare Interrupts

These interrupts are generated when a successful compare occurs between a counter and
it's compare registers while SCTRL[TCFIE] is set. These interrupts are cleared by writing
a zero to the appropriate SCTRL[TCF].

When a timer compare interrupt is set in TMR_SCTRL and the Compare Load registers
are available, one of the following two interrupts will also be asserted.

6.9.2.1.1 Timer Compare 1 Interrupts (Available with Compare Load
Feature)

These interrupts are generated when a successful compare occurs between a counter and
its COMPI register while CSCTRL[TCFI1EN] is set. These interrupts are cleared by
writing a zero to the appropriate CSCTRL[TCF1].

6.9.2.1.2 Timer Compare 2 Interrupts (Available with Compare Load
Feature)

These interrupts are generated when a successful compare occurs between a counter and
its COMP2 register while CSCTRL[TCF2EN] is set. These interrupts are cleared by
writing a zero to the appropriate CSCTRL[TCF2].

6.9.2.2 Timer Overflow Interrupts

These interrupts are generated when a counter rolls over its maximum value while
SCTRL[TOFIE] is set. These interrupts are cleared by writing zero to the appropriate
SCTRL[TOF].
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6.9.2.3 Timer Input Edge Interrupts

These interrupts are generated by a transition of the input signal (either positive or
negative depending on IPS setting) while SCTRL[IEFIE] is set. These interrupts are
cleared by writing a zero to the appropriate SCTRL[IEF].
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Chapter 7
Enhanced Flex Pulse Width Modulator (eFlexPWM)

7.1 Introduction

The pulse width modulator (PWM) module contains PWM submodules, each of which is
set up to control a single half-bridge power stage. Fault channel support is provided.

This PWM module can generate various switching patterns, including highly
sophisticated waveforms. It can be used to control all known motor types and is ideal for
controlling different Switched Mode Power Supplies (SMPS) topologies as well.

7.1.1 Features

* 16 bits of resolution for center, edge aligned, and asymmetrical PWMs
* Fractional delay for enhanced resolution of the PWM period and edge placement
* PWM outputs that can operate as complementary pairs or independent channels
* Ability to accept signed numbers for PWM generation
* Independent control of both edges of each PWM output
* Support for synchronization to external hardware or other PWM
* Double buffered PWM registers
e Integral reload rates from 1 to 16
» Half cycle reload capability

e Multiple output trigger events can be generated per PWM cycle via hardware

* Support for double switching PWM outputs

 Fault inputs can be assigned to control multiple PWM outputs

e Programmable filters for fault inputs

* Independently programmable PWM output polarity

* Independent top and bottom deadtime insertion

e Each complementary pair can operate with its own PWM frequency and deadtime
values

* Individual software control for each PWM output
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* All outputs can be programmed to change simultaneously via a FORCE_OUT event
* PWMX pin can optionally output a third PWM signal from each submodule
* Channels not used for PWM generation can be used for buffered output compare
functions
* Channels not used for PWM generation can be used for input capture functions
* Enhanced dual edge capture functionality
» The option to supply the source for each complementary PWM signal pair from any
of the following:
* Crossbar module outputs
e External ADC input, taking into account values set in ADC high and low limit
registers

7.1.1.1 Inter-Module Connections

On the MC56F825x/MC56F824x, all external control signals can be configured for a
wide range of inter-module connections via the crossbar. Connections can be arbitrarily
made to ADC inputs, a comparator output, GPIOs, timers, or a DAC. For more details,
refer to the crossbar switch module's chapter and the device's data sheet.

The external control signals are FAULT[n], PWM[n]_EXT_SYNC, EXT_FORCE,
PWM[n]_EXTA and PWM|n]_EXTB, EXT_CLK, and PWM[n]_OUT_TRIGx, where n
canbe 0, 1, 2, or 3 and x can be 0 or 1. The "n" represents the submodule number of the
PWM peripheral, which has four submodules. Each submodule is a pulse width
modulator in its own right.

7.1.1.2 Submodules and Fault Channel

The MC56F825x/MC56F824x's eFlexPWM module contains four submodules and has
one fault channel, fault channel zero, which accommodates four distinct fault inputs.

The following table identifies PWM feature support that varies by submodule (SM).
Table 7-1. PWM Submodule Feature Support

Submodule(s) Fractional Delay Input Capture Functions
SMO, SM1, SM2 Yes No
SM3 No Yes (FIFO depth is 1)
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7.1.2 Modes of Operation

Be careful when using this module in some operating modes.

CAUTION
Some applications (such as three-phase AC motors) require
regular software updates for proper operation. Failure to
provide regular software updates could result in destroying the
hardware setup.

To accommodate this situation, PWM outputs are placed in their inactive states in stop
mode, and they can optionally be placed in inactive states in wait and debug (EOnCE)
modes. PWM outputs are reactivated (assuming they were active beforehand) when these
modes are exited.

Table 7-2. Modes When PWM Operation is Restricted

Mode Description
Stop PWM outputs are inactive.
Wait PWM outputs are driven or inactive as a function of CTRL2[WAITEN].
Debug CPU gnd peri.pherfal clocks cont.inue to run, but the CPU may stall for periods of time. PWM outputs
are driven or inactive as a function of CTRL2[DBGEN].

7.1.3 Block Diagram
The following figure is a block diagram of the PWM.
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7.1.3.1 PWM Submodule
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Figure 7-2. PWM Submodule Block Diagram

7.2 Signal Descriptions

The PWM has pins named PWM[n]A, PWM[n]B, PWM[n]X, FAULT[n],
PWM[n]_EXT_SYNC, EXT_FORCE, PWM[n]_EXTA, and PWM[n]_EXTB. The
PWM also has an on-chip input called EXT_CLK and output signals called
PWM[n]_OUT_TRIGx.

7.2.1 PWM Signals and Crossbar Module

On the MC56F825x/MC56F824x, some PWM signals are fed to or from the crossbar
switch module or are connected to other modules by the crossbar switch.
e The FAULT[n] input pins are fed from the crossbar module. They are not assigned
directly to package pins.
e The PWM[n]_EXT_SYNC input signals are fed from the crossbar module.
e The EXT_FORCE signal is fed from the crossbar module.
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* For the possible connections and muxing of the PWM[n]_EXTA and
PWM[n]_EXTB signals, refer to the crossbar switch module's chapter.

e The PWM[n]_OUT_TRIGO and PWM[n]_OUT_TRIG]1 output triggers are fed into
the crossbar module. For some PWM submodules, OR logic placed between the

PWM and crossbar ORs the signals together.

Refer to the crossbar switch module's chapter and the device's data sheet for details.

7.2.2 PWM[n]A and PWM[n]B - External PWM Pair

These pins are the output pins of the PWM channels. They can be independent PWM
signals or a complementary pair. When not needed as an output, they can be used as
inputs to the input capture circuitry.

7.2.3 PWM[n]X - Auxiliary PWM signal

These pins are the auxiliary output pins of the PWM channels. They can be independent
PWM signals. When not needed as an output, they can be used as inputs to the input
capture circuitry or used to detect the polarity of the current flowing through the
complementary circuit at deadtime correction.

7.2.4 FAULTIn] - Fault inputs

These are input pins for disabling selected PWM outputs.

7.2.5 PWM[n]_EXT_SYNC - External Synchronization Signal

These input signals allow a source external to the PWM to initialize the PWM counter. In
this manner, the PWM can be synchronized to external circuitry.

7.2.6 EXT_FORCE - External Output Force Signal

This input signal allows a source external to the PWM to force an update of the PWM
outputs. In this manner, the PWM can be synchronized to external circuitry.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

194 Preliminary Freescale Semiconductor




Chapter 7 Enhanced Flex Pulse Width Modulator (eFlexPWM)

7.2.7 PWM[n]_EXTA and PWM[n]_EXTB - Alternate PWM Control
Signals

These pins allow an alternate source to control the PWMA and PWMB outputs.
Typically, either the EXTA or EXTB input (depending on the state of MCTRL[IPOL]) is
used for the generation of a complementary pair. Typical control signals include ADC
conversion high/low limits, TMR outputs, GPIO inputs, and comparator outputs.

On the MC56F825x/MC56F824x:

* PWMO_EXTA to PWM3_EXTA are connected to crossbar outputs XBAR_OUT12
to XBAR_OUTIS.

* PWMO_EXTB connects to ADC sample O's high/low limit flag. This flag is cleared
when the ADC conversion result is higher than the value programmed into the ADC
High Limit Register 0, and the flag is set when the ADC conversion result is lower
than the value programmed into the ADC Low Limit Register 0.

* PWMI_EXTB connects to ADC sample 1's high/low limit flag. This flag is cleared
when the ADC conversion result is higher than the value programmed into the ADC
High Limit Register 1, and the flag is set when the ADC conversion result is lower
than the value programmed into the ADC Low Limit Register 1.

* PWM?2_EXTB connects to ADC sample 2's high/low limit flag. This flag is cleared
when the ADC conversion result is higher than the value programmed into the ADC
High Limit Register 2, and the flag is set when the ADC conversion result is lower
than the value programmed into the ADC Low Limit Register 2.

* PWM3_EXTB is connected to ground.

7.2.8 PWM[n]_OUT_TRIGO and PWM[n]_OUT_TRIG1 - Output
Triggers

These outputs allow the PWM submodules to control timing of ADC conversions. See
the description of the Output Trigger Control Register for information about how to
enable these outputs and how the compare registers match up to the output triggers.

7.2.9 EXT_CLK - External Clock Signal

This on-chip input signal allows an on-chip source external to the PWM (typically a
timer) to control the PWM clocking. In this manner, the PWM can be synchronized to the
on-chip source. This signal must be generated synchronously to the PWM's clock because
it is not resynchronized in the PWM.
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memory Map and Registers

7.3 Memory Map and Registers

Register details appear in these groups:

1. Register descriptions for submodules 0, 1, and 2 appear together, as a single group.
Each of these submodules has an identical register set.
2. Submodule 3's register descriptions appear separately because its registers vary from
those of submodules O, 1, and 2.
3. The final set of configuration registers, based at an offset of COh, applies to the entire

PWM peripheral. Some of these registers contain bitfields for configuring an

individual submodule, while other registers affect all submodules at once. This final
register set also includes fault channel registers.

The base address of submodule O is the same as the base address for the PWM module as
a whole. The base address of submodule 1 is equal to the base address of submodule 0
plus the offset 30h. The base address of submodule 2 is equal to the base address of
submodule 1 plus an additional 30h offset, and so on for the base address of submodule 3.
Submodule register names contain SM0, SM1, SM2, or SM3 to designate the applicable

submodule.

Address  Register
offset (hex) name

0 PWM_SMOCNT
1 PWM_SMOINIT
5 PWM_
SMOCTRL2
3 PWM_
SMOCTRL
4 Reserved
5 PWM_
SMOVALO
PWM_
6 SMOFRACVAL

1

15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R CNT
w
R
INIT
w
R | | = !
Z | Z2 | |o |o z z a
w | u _
o|E |3 %5%5 X |INIT_SEL o FORCE SEL |5 @ | CLK SEL
g 12222
= ]
wia | = a & = v i
R w | 4 Q Z
LDFQ 3|2 g =
W T | Q a
R
w
R
w
R
FRACVALT
w
15 14 13 12 1
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Address
offset (hex)

7

10

11

12

13

14

15

Register
name

PWM_
SMOVALA1

PWM_

SMOFRACVAL
2

PWM_
SMOVAL2

PWM_

SMOFRACVAL
3

PWM_
SMOVAL3

PWM_

SMOFRACVAL
4

PWM_
SMOVAL4

PWM

SMOFRACVAL
5

PWM_
SMOVAL5

PWM_
SMOFRCTRL

PWM_

SMOOCTRL

PWM_SMOSTS

PWM_
SMOINTEN

Reserved

PWM_
SMOTCTRL

= P =PV 2V P I 2T P =D =T

Chapter 7 Enhanced Flex Pulse Width Modulator (eFlexPWM)

14 13 12 1 10 9 8 | 7 5 4 2 1 0
VAL1
0
FRACVAL2
VAL2
0
FRACVAL3
VAL3
0
FRACVAL4
VAL4
FRACVALS5

FRAC_PU

Z Z1z|°
295
(@]
o o w
PWMAFS | PWMBFS | PWMXFS

OUT_TRIG_EN
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Address
offset (hex)

16

17

18

19

30

31

32

33

35

36

37

38

39

3A

3B

3C

3D

Register
name

PWM_
SMODISMAP

PWM_
SMODTCNTO

PWM_
SMODTCNTH1

Reserved

PWM_SM1CNT

PWM_SM1INIT

PWM_
SM1CTRL2

PWM_
SM1CTRL

PWM

SM1VALO

PWM_
SM1FRACVAL
1

PWM

SM1VALA1

PWM_
SM1FRACVAL
2

PWM

SM1VAL2

PWM_
SM1FRACVAL
3

PWM

SM1VAL3

PWM_
SM1FRACVAL
4

PWM

SM1VAL4

= P =PV 2V P I =T

)

=

=P =PV PP IV PP 2DV 2T =T

15 14 13 12 1 10 9 8 7 5 3 2 1 0
DISX DISB DISA
DTCNTO
DTCNT1
INIT
| | = '
Z | Z | o o |u Z z o
L
o |E |4 IS5 X | nTseEL| & FORCE_SEL |3 @ | CLK_SEL
@< | Z |2=2=| 2 @ |FORC Lz
o=z | =2 |& = el = o
o
TR DT S 1o |2
LDFQ 3|32 PRSC Q W
T L =) g
-
VALO
0
FRACVALT
VALA
0
FRACVAL2
VAL2
0
FRACVAL3
VAL3
0
FRACVAL4
VAL4
15 14 13 12 11 10 9 8 | 7 6 5 3 2 1 0

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

198

Preliminary

Freescale Semiconductor



) 4

Address
offset (hex)

3E

40

41

a2

43

45

46

47

48

60

61

62

63

Register
name
PWM_

SM1FRACVAL
5

PWM_
SM1VAL5

PWM_
SM1FRCTRL

PWM_
SM10CTRL

PWM_SM1STS

PWM_
SM1INTEN

PWM_
SM1TCTRL

PWM_
SM1DISMAP

PWM_
SM1DTCNTO

PWM_
SM1DTCNT1

PWM_SM2CNT

PWM_SM2INIT

PWM_
SM2CTRL2

PWM_
SM2CTRL

S T s T

)

=

v}

Chapter 7 Enhanced Flex Pulse Width Modulator (eFlexPWM)

FRACVALS5

VAL5

o]
o
®)
<<
o
TR

FRAC45_EN

FRAC23_EN

FRAC1_EN

PWMAFS

PWMBFS | PWMXFS

CMPF

CMPIE

OUT_TRIG_EN

DISA

DTCNTO

DTCNT1

INIT

DBGEN
WAITEN
INDEP
PWM23

INIT

INIT_SEL

FORC

FRCEN

FORCE_SEL

RELOAD
SEL

CLK_SEL

LDFQ

FULL |PWMX_INIT

15 14 13

MC56F825x/4x Reference Manual, Rev.

-
u—ry
-
o
©

o

PRSC

2,10/2010

~(LDMOD

o| DBLEN

Freescale Semiconductor

Preliminary

199



wemory Map and Registers

Address
offset (hex)

Register
name

PWM_

65
SM2VALO

PWM_

66 SM2FRACVAL
1

PWM_
SM2VALA1

PWM_

68 SM2FRACVAL
2

PWM_
SM2VAL2

PWM_

6A SM2FRACVAL
3

PWM_
SM2VAL3

PWM_

6C SM2FRACVAL
4

PWM_
SM2VAL4

PWM_

6E SM2FRACVAL
5

PWM_
SM2VAL5

PWM_
SM2FRCTRL

70

PWM_
SM20CTRL

7

72 PWM_SM2STS

PWM_
SM2INTEN

73

=P =PV VTP I VTP IV IV I =T

15 14 13 12 1 10 9 8 | 7 3 2 1 0
VALO
0
FRACVAL1
VAL1
0
FRACVAL2
VAL2
0
FRACVAL3
VAL3
0
FRACVAL4
VAL4
0
FRACVALS5
VAL5
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Address
offset (hex)

75

76

77

78

90

91

92

93

95

97

99

9B

9D

9F

Al

A2

Register
name

PWM_
SM2TCTRL

PWM_
SM2DISMAP

PWM_
SM2DTCNTO

PWM_
SM2DTCNT1

PWM_SM3CNT

PWM_SMSINIT

PWM_
SM3CTRL2

PWM_
SM3CTRL

PWM

SM3VALO

PWM

SM3VALA1

PWM

SM3VAL2

PWM

SM3VAL3

PWM

SM3VAL4

PWM

SM3VAL5

PWM_
SM30OCTRL

PWM_SM3STS

Chapter 7 Enhanced Flex Pulse Width Modulator (eFlexPWM)

15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
OUT_TRIG_EN
w
R
DISA
w
R
DTCNTO
w
R
DTCNT1
w
R
w
R
INIT
w
R | | = '
Z | Z2 | |o |o =z z o)
L
o |E |4 IS5 X | nTseEL| & FORCE_SEL |3 @ | CLK_SEL
QL |z |[=2=2= 2 @ |FORC o @
wWhao |2 |= @ |& = Ll e s
R wo| o DT 0 ol8|0 |3
LDFQ 2| = PRSC = -
w T | Q a
R
VALO
w
R
VALA1
w
R
VAL2
w
R
VAL3
w
R
VAL4
w
R
VAL5
w
R 0
S19|3
5313 |3 PWMAFS | PWMBFS | PWMXFS
o o o
w
: 2 5|8 |x |8
w S|oc|Oo|OC |O
10 9 8 | 7 6 5 4 3 2 1 0
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Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PWM R 0 L LI_J LI_J LLJ LLJ I.I_J LI_J
A3 - o |RIE| = o | = Q | = o CMPIE
< < m m | X | X
SM3INTEN W o SIS13185 135138
R 0
PWM_
AS SM3TCTRL W OUT_TRIG_EN
R
PWM_
A6 SMADISMAP |y DISX DISB DISA
R 0
PWM_
A7 SM3DTCNTO DTCNTO
RI o
PWM_
A8 SM3DTCNT1 DTCNTA
< < =
PWM._ R CA1CNT CAOCNT = - o | <
AA SM3CAPTCTR CFAWM (235 @ | EDGA1 EDGAO }, E
LA W 8 % % <
w = O
PWM_ R EDGCNTA
AB SM3CAPTCOM EDGCMPA
PA W
o o e
PWM_ R CB1CNT CBOCNT 2 T o | m
AC  SM3CAPTCTR CFBWM (§ Z| @ | EDGB1 | EDGBO | & | 2
ew 5 |2 z | <
L = O
PWM_ R EDGCNTB
AD SM3CAPTCOM EDGCMPB
PB w
< x 5
PWM_ R CX1CNT CXOCNT o 2 o | x
AE  SM3CAPTCTR CFXWM (& | @ | EDGX1 | EDGX0 | & | 2
LX W (05 % % <
1| = O
PWM_ R EDGCNTX
AF SM3CAPTCOM EDGCMPX
PX w
. PWM._ R CAPTVALO
SM3CVALO W
. PWM._ R CAPTVAL1
SM3CVAL1 W
o PWM._ R CAPTVAL2
SM3CVAL2 W
o PWM._ R CAPTVALS
SM3CVAL3 W
. PWM._ R CAPTVAL4
SM3CVAL4 W

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
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Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
o PWM._ R CAPTVAL5
SM3CVAL5 w
R
Co PWM_OUTEN PWMA_EN PWMB_EN PWMX_EN
W
R
c1 PWM_MASK MASKB MASKX
W
(2] To] ™ To] [s2] To] (o2 To]
R EIEIEIE|E|E|E B
PWM_ = ) D ) - - = D
% swoour 3(818/18/1%/121/28]8
i > > > = > > > >
175} »n %) %) ) ) 7] »n
R
c3 DTF;VF\:&EL SM3SEL23|SM3SEL45/SM2SEL23|SM2SEL45[SM1SEL23|SM1SEL45{SMOSEL23|SM0SEL45
W
R I
C4 PWM_MCTRL IPOL RUN LDOK
w CLDOK
R
c5 PWM_MCTRL2 MONPLL
W
R
C6 PWM_FCTRL FLVL FAUTO FSAFE FIE
W
R
c7 PWM_FSTS FFULL FFLAG
W
R|
cs8 PWM_FFILT ('7) FILT_CNT FILT_PER
W| &
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

7.3.1 PWM SMx Counter Register (PWM_SMnCNT)

This read-only register displays the state of the signed 16-bit submodule counter. This
register is not byte accessible.

Addresses: PWM_SMOCNT — F300h base + Oh offset = F300h
PWM_SM1CNT — F300h base + 30h offset = F330h
PWM_SM2CNT — F300h base + 60h offset = F360h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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PWM_SMnCNT field descriptions

Field Description

15-0 Counter Register Bits
CNT

7.3.2 PWM SMx Initial Count Register (PWM_SMnINIT)

The 16-bit signed value in this buffered, read/write register defines the initial count value
for the PWM in PWM clock periods. This is the value loaded into the submodule counter
when local sync, master sync, or master reload is asserted (based on the value of
CTRL2[INIT_SEL]) or when CTRL2[FORCE] is asserted and force init 1s enabled. For
PWM operation, the buffered contents of this register are loaded into the counter at the
start of every PWM cycle. This register is not byte accessible.

NOTE
The INIT register is buffered. The value written does not take
effect until MCTRL[LDOK] is set and the next PWM load
cycle begins or CTRL[LDMOD] is set. This register cannot be
written when MCTRL[LDOK] is set. Reading INIT reads the
value in a buffer and not necessarily the value the PWM
generator is currently using.

Addresses: PWM_SMOINIT — F300h base + 1h offset = F301h
PWM_SM1INIT — F300h base + 31h offset = F331h
PWM_SM2INIT — F300h base + 61h offset = F361h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SMnINIT field descriptions

Field Description

15-0 Initial Count Register Bits
INIT
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7.3.3 PWM SMx Control 2 Register (PWM_SMnCTRL2)

Addresses: PWM_SMOCTRL2 — F300h base + 2h offset = F302h
PWM_SM1CTRL2 — F300h base + 32h offset = F332h
PWM_SM2CTRL2 — F300h base + 62h offset = F362h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
'_
Read | - z a | o Z - a
§ E |8 |g EI1SE él INIT_SEL § FORCE_SEL § o | CLK_SEL
wite| & | £ | 2 [ET |27 | £ L |FORCE m
o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_SMnCTRL2 field descriptions
Field Description
15 Debug Enable
DBGEN ) ] ) o )
When set to one, the PWM will continue to run while the chip is in debug mode. If the device enters debug
mode and this bit is zero, then the PWM outputs will be disabled until debug mode is exited. At that point
the PWM pins will resume operation as programmed in the PWM registers.
For certain types of motors (such as 3-phase AC), it is imperative that this bit be left in its default state (in
which the PWM is disabled in debug mode). Failure to do so could result in damage to the motor or
inverter. For other types of motors (example: DC motors), this bit might safely be set to one, enabling the
PWM in debug mode. The key point is PWM parameter updates will not occur in debug mode. Any motors
requiring such updates should be disabled during debug mode. If in doubt, leave this bit set to zero.
14 WAIT Enable
WAITEN
When set to one, the PWM will continue to run while the chip is in WAIT mode. In this mode, the
peripheral clock continues to run but the CPU clock does not. If the device enters WAIT mode and this bit
is zero, then the PWM outputs will be disabled until WAIT mode is exited. At that point the PWM pins will
resume operation as programmed in the PWM registers.
For certain types of motors (such as 3-phase AC), it is imperative that this bit be left in its default state (in
which the PWM is disabled in WAIT mode). Failure to do so could result in damage to the motor or
inverter. For other types of motors (example: DC motors), this bit might safely be set to one, enabling the
PWM in WAIT mode. The key point is PWM parameter updates will not occur in this mode. Any motors
requiring such updates should be disabled during WAIT mode. If in doubt, leave this bit set to zero.
13 Independent or Complementary Pair Operation
INDEP
This bit determines if the PWMA and PWMB channels will be independent PWMs or a complementary
PWM pair.
0 PWMA and PWMB form a complementary PWM pair.
1 PWMA and PWMB outputs are independent PWMs.
12 PWM23 Initial Value
PWM23_INIT
This read/write bit determines the initial value for PWM23 and the value to which it is forced when
FORCE_INIT.
11 PWMA45 Initial Value
PWM45_INIT

Table continues on the next page...
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PWM_SMnCTRL2 field descriptions (continued)

Field Description
This read/write bit determines the initial value for PWM45 and the value to which it is forced when
FORCE_INIT.
10 PWMX Initial Value
PWMX_INIT
This read/write bit determines the initial value for PWMX and the value to which it is forced when
FORCE_INIT.
9-8 Initialization Control Select
INIT_SEL
These read/write bits control the source of the INIT signal which goes to the counter.
00 Local sync (PWMX) causes initialization.
01 Master reload from submodule 0 causes initialization. This setting should not be used in submodule
0 as it will force the INIT signal to logic 0.
10 Master sync from submodule 0 causes initialization. This setting should not be used in submodule 0
as it will force the INIT signal to logic 0.
11 EXT_SYNC causes initialization.
7 Force Initialization Enable
FRCEN
This bit allows the CTRL2[FORCE] signal to initialize the counter without regard to the signal selected by
CTRL2[INIT_SEL]. This is a software controlled initialization.
0 Initialization from a FORCE_OUT event is disabled.
1 Initialization from a FORCE_OUT event is enabled.
6 Force Initialization
FORCE
If CTRL2[FORCE_SEL] is set to 000, writing a 1 to this bit results in a FORCE_OUT event. This causes
the following actions to be taken:
¢ The PWMA and PWMB output pins will assume values based on DTSRCSEL[SMxSEL23] and
DTSRCSEL[SMxSELA45].
* If CTRL2[FRCEN] is set, the counter value will be initialized with the INIT register value.
5-3 This read/write bit determines the source of the FORCE OUTPUT signal for this submodule.
FORCE_SEL
000 The local force signal, CTRL2[FORCE], from this submodule is used to force updates.
001 The master force signal from submodule 0 is used to force updates. This setting should not be
used in submodule 0 as it will hold the FORCE OUTPUT signal to logic 0.
010 The local reload signal from this submodule is used to force updates.
011 The master reload signal from submoduleO is used to force updates. This setting should not be
used in submoduleO as it will hold the FORCE OUTPUT signal to logic 0.
100 The local sync signal from this submodule is used to force updates.
101 The master sync signal from submoduleO is used to force updates. This setting should not be used
in submodule0 as it will hold the FORCE OUTPUT signal to logic 0.
110 The external force signal, EXT_FORCE, from outside the PWM module causes updates.
111 reserved
2 Reload Source Select
RELOAD_SEL

This read/write bit determines the source of the RELOAD signal for this submodule. When this bit is set,
MCTRL[LDOK][O]] for submodule 0 should be used since the local MCTRL[LDOK] will be ignored.

0 The local RELOAD signal is used to reload registers.

1 The master RELOAD signal (from submodule 0) is used to reload registers. This setting should not be
used in submodule 0 as it will force the RELOAD signal to logic 0.

Table continues on the next page...
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PWM_SMnCTRL2 field descriptions (continued)

Field Description

1-0 Clock Source Select
CLK_SEL
These read/write bits determine the source of the clock signal for this submodule.

00 The IPBus clock is used as the clock for the local prescaler and counter.
01 EXT_CLK s used as the clock for the local prescaler and counter.

10 Submodule 0’s clock (AUX_CLK) is used as the source clock for the local prescaler and counter.
This setting should not be used in submodule 0 as it will force the clock to logic 0.

11 reserved

7.3.4 PWM SMx Control Register (PWM_SMnCTRL)

Addresses: PWM_SMOCTRL — F300h base + 3h offset = F303h
PWM_SM1CTRL — F300h base + 33h offset = F333h
PWM_SM2CTRL — F300h base + 63h offset = F363h

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 2 1 0
Read DT 0 0 8 0 E
LDFQ HALF | FULL PRSC S |

Write S a
Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

PWM_SMnCTRL field descriptions

Field Description
15-12 0000 Every PWM Opportunity
LDFQ 0001 Every 2 PWM Opportunities

0010 Every 3 PWM Opportunities
0011 Every 4 PWM Opportunities
0100 Every 5 PWM Opportunities
0101 Every 6 PWM Opportunities
0110 Every 7 PWM Opportunities
0111 Every 8 PWM Opportunities
1000 Every 9 PWM Opportunities
1001 Every 10 PWM Opportunities
1010 Every 11 PWM Opportunities
1011 Every 12 PWM Opportunities
1100 Every 13 PWM Opportunities
1101 Every 14 PWM Opportunities
1110 Every 15 PWM Opportunities
1111 Every 16 PWM Opportunities

11 Half Cycle Reload
HALF

This read/write bit enables half-cycle reloads. A half cycle is defined by when the submodule counter
matches the VALO register and does not have to be half way through the PWM cycle.

Table continues on the next page...
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PWM_SMnCTRL field descriptions (continued)

Field Description
0 Half-cycle reloads disabled.
1 Half-cycle reloads enabled.
10 Full Cycle Reload
FULL
This read/write bit enables full-cycle reloads. A full cycle is defined by when the submodule counter
matches the VALT1 register. Either CTRL[HALF] or CTRL[FULL] must be set in order to move the buffered
data into the registers used by the PWM generators. If both CTRL[HALF] and CTRL[FULL] are set, then
reloads can occur twice per cycle.
0 Full-cycle reloads disabled.
1 Full-cycle reloads enabled.
9-8 Deadtime
DT
These read only bits reflect the sampled values of the PWMX input at the end of each deadtime.
Sampling occurs at the end of deadtime 0 for DT[0] and the end of deadtime 1 for DT[1]. Reset clears
these bits.
7 This read-only bit is reserved and always has the value zero.
Reserved
6-4 Prescaler
PRSC o o )
These buffered read/write bits select the divide ratio of the PWM clock frequency selected by
CTRL2[CLK_SEL].
Reading CTRL[PRSC] reads the buffered values and not necessarily the values currently in effect.
CTRL[PRSC] takes effect at the beginning of the next PWM cycle and only when the load okay bit,
MCTRL[LDOK], is set or CTRL[LDMOD] is set. This field cannot be written when MCTRL[LDOK] is set.
In the bitfield-setting descriptions, f. is the clock input to the PWM peripheral clock input, which appears
in the upper left corner of Figure 7-2. This clock is also known as the IPBus clock or simply as the
peripheral clock.
000 PWM clock frequency = fclk
001 PWM clock frequency = fclk/2
010 PWM clock frequency = fclk/4
011 PWM clock frequency = fclk/8
100 PWM clock frequency = fclk/16
101 PWM clock frequency = fclk/32
110 PWM clock frequency = fclk/64
111 PWM clock frequency = fclk/128
3 This read-only bit is reserved and always has the value zero.
Reserved
2 Load Mode Select
LDMOD
This read/write bit selects the timing of loading the buffered registers for this submodule.
0 Buffered registers of this submodule are loaded and take effect at the next PWM reload if
MCTRL[LDOK] is set.
1 Buffered registers of this submodule are loaded and take effect immediately upon MCTRL[LDOK]
being set.
1 This read-only bit is reserved and always has the value zero.
Reserved

Table continues on the next page...
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PWM_SMnCTRL field descriptions (continued)

Field Description

0 Double Switching Enable

DBLEN
This read/write bit enables the double switching PWM behavior.

0 Double switching disabled.
1 Double switching enabled.

7.3.5 PWM SMx Value Register 0 (PWM_SMnVALO)

Addresses: PWM_SMOVALO — F300h base + 5h offset = F305h
PWM_SM1VALO — F300h base + 35h offset = F335h
PWM_SM2VALO — F300h base + 65h offset = F365h
Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SMnVALDO field descriptions

Field Description

15-0 Value Register 0

VALO
The 16-bit signed value in this buffered, read/write register defines the mid-cycle reload point for the PWM

in PWM clock periods. This value also defines when the PWMX signal is set and the local sync signal is
reset. This register is not byte accessible.

NOTE: The VALO register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VALO cannot be written when
MCTRL[LDOK] is set. Reading VALO reads the value in a buffer. It is not necessarily the value
the PWM generator is currently using.

7.3.6 PWM SMx Fractional Value Register 1 (PWM_SMnFRACVAL1)

Addresses: PWM_SMOFRACVAL1 — F300h base + 6h offset = F306h
PWM_SM1FRACVAL1 — F300h base + 36h offset = F336h
PWM_SM2FRACVAL1 — F300h base + 66h offset = F366h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

FRACVAL1
Write

Reset 0 0 0 0 0
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PWM_SMnFRACVAL1 field descriptions

Field Description
15-11 Fractional Value 1 Register
FRACVALT1

These bits act as a fractional addition to the value in the VAL1 register which controls the PWM period

width. The PWM period is computed in terms of IPBus clock cycles. This fractional portion is accumulated

at the end of every cycle until an additional whole IPBus cycle is reached. At this time the value being
used for VAL1 is temporarily incremented and the PWM cycle is extended by one clock period to
compensate for the accumulated fractional values.

NOTE: The FRACVALI1 register is buffered. The value written does not take effect until MCTRL[LDOK]
is set and the next PWM load cycle begins or CTRL[LDMOD] is set. FRACVAL1 cannot be
written when MCTRL[LDOK] is set. Reading FRACVAL1 reads the value in a buffer and not
necessarily the value the PWM generator is currently using.

10-0 This read-only bitfield is reserved and always has the value zero.
Reserved

7.3.7 PWM SMx Value Register 1 (PWM_SMnVAL1)

Addresses: PWM_SMOVAL1 — F300h base + 7h offset = F307h
PWM_SM1VAL1 — F300h base + 37h offset = F337h
PWM_SM2VAL1 — F300h base + 67h offset = F367h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
VAL1
Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
PWM_SMnVALA1 field descriptions
Field Description
15-0 Value Register 1
VAL1 o ) ] ] ) ]
The 16-bit signed value written to this buffered, read/write register defines the modulo count value
(maximum count) for the submodule counter. Upon reaching this count value, the counter reloads itself
with the contents of the INIT register and asserts the local sync signal while resetting PWMX. This register
is not byte accessible.
NOTE: The VAL1 register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL1 cannot be written when
MCTRL[LDOK] is set. Reading VAL1 reads the value in a buffer. It is not necessarily the value
the PWM generator is currently using.
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7.3.8 PWM SMx Fractional Value Register 2 (PWM_SMnFRACVAL2)

Addresses: PWM_SMOFRACVAL2 — F300h base + 8h offset = F308h
PWM_SM1FRACVAL2 — F300h base + 38h offset = F338h
PWM_SM2FRACVAL2 — F300h base + 68h offset = F368h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

FRACVAL2
Write

Reset 0 0 0 0 0

PWM_SMnFRACVAL2 field descriptions

Field Description

15-11 Fractional Value 2

FRACVAL2
These bits act as a fractional addition to the value in the VAL2 register which controls the PWMA turn on

timing. It is also used to control the fractional addition to the turn off delay of PWMB when
MCTRL[IPOLXx]=0 in complementary mode, CTRL2[INDEP]=0.

NOTE: The FRACVALZ2 register is buffered. The value written does not take effect until MCTRL[LDOK]
is set and the next PWM load cycle begins or CTRL[LDMOD] is set. FRACVAL2 cannot be
written when MCTRL[LDOK] is set. Reading FRACVAL2 reads the value in a buffer and not
necessarily the value the PWM generator is currently using.

NOTE: FRCTRL[FRAC23_EN] should be set to 0 when the values of VAL2 and VALS3 cause the high or
low time of the PWM output to be 3 cycles or less.

10-0 This read-only bitfield is reserved and always has the value zero.
Reserved

7.3.9 PWM SMx Value Register 2 (PWM_SMnVAL2)

Addresses: PWM_SMOVAL2 — F300h base + 9h offset = F309h
PWM_SM1VAL2 — F300h base + 39h offset = F339h
PWM_SM2VAL2 — F300h base + 69h offset = F369h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SMnVAL2 field descriptions

Field Description

15-0 Value Register 2

VAL2
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PWM_SMnVAL2 field descriptions (continued)

Field Description

The 16-bit signed value in this buffered, read/write register defines the count value to set PWM23 high.
This register is not byte accessible.

NOTE: The VAL2 register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL2 cannot be written when
MCTRLI[LDOK] is set. Reading VAL2 reads the value in a buffer and not necessarily the value
the PWM generator is currently using.

7.3.10 PWM SMx Fractional Value Register 3 (PWM_SMnFRACVAL3)

Addresses: PWM_SMOFRACVALS3 - F300h base + Ah offset = F30Ah
PWM_SM1FRACVAL3 — F300h base + 3Ah offset = F33Ah
PWM_SM2FRACVALS3 — F300h base + 6Ah offset = F36Ah

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

FRACVAL3
Write

Reset 0 0 0 0 0

PWM_SMnFRACVALS field descriptions

Field Description

15-11 Fractional Value 3 Register

FRACVAL3
These bits act as a fractional addition to the value in the VALS register which controls the PWMA turn off

timing. It is also used to control the fractional addition to the turn on delay of PWMB when
MCTRL[IPOLXx]=0 in complementary mode, CTRL2[INDEP]=0.

NOTE: The FRACVALS register is buffered. The value written does not take effect until MCTRL[LDOK]
is set and the next PWM load cycle begins or CTRL[LDMOD] is set. FRACVALS3 cannot be
written when MCTRL[LDOK] is set. Reading FRACVALS reads the value in a buffer and not
necessarily the value the PWM generator is currently using.

NOTE: FRCTRL[FRAC23_EN] should be set to 0 when the values of VAL2 and VALS cause the high or
low time of the PWM output to be 3 cycles or less.

10-0 This read-only bitfield is reserved and always has the value zero.
Reserved
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7.3.11 PWM SMx Value Register 3 (PWM_SMnVAL3)

Addresses: PWM_SMOVAL3 — F300h base + Bh offset = F30Bh
PWM_SM1VALS3 — F300h base + 3Bh offset = F33Bh
PWM_SM2VAL3 — F300h base + 6Bh offset = F36Bh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SMnVALS field descriptions

Field Description

15-0 Value Register 3

VAL3
The 16-bit signed value in this buffered, read/write register defines the count value to set PWM23 low.

This register is not byte accessible.

NOTE: The VALS register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL3 cannot be written when
MCTRL[LDOK] is set. Reading VALS reads the value in a buffer and not necessarily the value

the PWM generator is currently using.

7.3.12 PWM SMx Fractional Value Register 4 (PWM_SMnFRACVAL4)

Addresses: PWM_SMOFRACVAL4 — F300h base + Ch offset = F30Ch
PWM_SM1FRACVAL4 — F300h base + 3Ch offset = F33Ch
PWM_SM2FRACVAL4 — F300h base + 6Ch offset = F36Ch

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

FRACVAL4
Write

Reset 0 0 0 0 0

PWM_SMnFRACVALA4 field descriptions

Field Description

15—-11 Fractional Value 4

FRACVAL4
These bits act as a fractional addition to the value in the VAL4 register which controls the PWMB turn on

timing. It is also used to control the fractional addition to the turn off delay of PWMA when
MCTRL[IPOLx]=1 in complementary mode, CTRL2[INDEP]=0.

NOTE: The FRACVALA4 register is buffered. The value written does not take effect until MCTRL[LDOK]

is set and the next PWM load cycle begins or CTRL[LDMOD] is set. FRACVAL4 cannot be

Table continues on the next page...
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PWM_SMnFRACVALA4 field descriptions (continued)

Field Description

written when MCTRL[LDOK] is set. Reading FRACVALA4 reads the value in a buffer and not
necessarily the value the PWM generator is currently using.

NOTE: FRCTRL[FRAC45_EN] should be set to 0 when the values of VAL4 and VALS5 cause the high or
low time of the PWM output to be 3 cycles or less.

10-0 This read-only bitfield is reserved and always has the value zero.
Reserved

7.3.13 PWM SMx Value Register 4 (PWM_SMnVAL4)

Addresses: PWM_SMOVAL4 — F300h base + Dh offset = F30Dh
PWM_SM1VAL4 — F300h base + 3Dh offset = F33Dh
PWM_SM2VAL4 — F300h base + 6Dh offset = F36Dh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SMnVALA4 field descriptions

Field Description

15-0 Value Register 4
VAL4 . ]
The 16-bit signed value in this buffered, read/write register defines the count value to set PWM45 high.
This register is not byte accessible.

NOTE: The VAL4 register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL4 cannot be written when
MCTRL[LDOK] is set. Reading VAL4 reads the value in a buffer and not necessarily the value
the PWM generator is currently using.

7.3.14 PWM SMx Fractional Value Register 5 (PWM_SMnFRACVALS5)

Addresses: PWM_SMOFRACVALS5 — F300h base + Eh offset = F30Eh
PWM_SM1FRACVALS5 — F300h base + 3Eh offset = F33Eh
PWM_SM2FRACVALS5 — F300h base + 6Eh offset = F36Eh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

FRACVAL5
Write

Reset 0 0 0 0 0
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PWM_SMnFRACVALS5 field descriptions

Field Description

15-11 Fractional Value 5

FRACVALS
These bits act as a fractional addition to the value in the VALS5 register which controls the PWMB turn off

timing. It is also used to control the fractional addition to the turn on delay of PWMa when
MCTRL[IPOLx]=1 in complementary mode, CTRL2[INDEP]=0

NOTE: The FRACVALS register is buffered. The value written does not take effect until MCTRL[LDOK]
is set and the next PWM load cycle begins or CTRL[LDMOD] is set. FRACVALS5 cannot be
written when MCTRL[LDOK] is set. Reading FRACVALS5 reads the value in a buffer and not
necessarily the value the PWM generator is currently using.

NOTE: FRCTRL[FRAC45_EN] should be set to 0 when the values of VAL4 and VAL5 cause the high or
low time of the PWM output to be 3 cycles or less.

10-0 This read-only bitfield is reserved and always has the value zero.
Reserved

7.3.15 PWM SMx Value Register 5 (PWM_SMnVALY5)

Addresses: PWM_SMOVAL5 — F300h base + Fh offset = F30Fh
PWM_SM1VAL5 — F300h base + 3Fh offset = F33Fh
PWM_SM2VALS5 — F300h base + 6Fh offset = F36Fh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SMnVALS5 field descriptions

Field Description

15-0 Value Register 5

VAL5
The 16-bit signed value in this buffered, read/write register defines the count value to set PWM45 low.

This register is not byte accessible.

NOTE: The VALS register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL5 cannot be written when
MCTRL[LDOK] is set. Reading VALS5 reads the value in a buffer and not necessarily the value
the PWM generator is currently using.
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7.3.16 PWM SMx Fractional Control Register (PWM_SMnFRCTRL)

Addresses: PWM_SMOFRCTRL — F300h base + 10h offset = F310h
PWM_SM1FRCTRL — F300h base + 40h offset = F340h
PWM_SM2FRCTRL — F300h base + 70h offset = F370h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 0 = 0 = 0
S5 Z
o L, w m
QI 2 & e
I o O 2
o < < o
. TR o o o
Write - T

Reset * 0 0 0 0 0 0 0 0 0 0

* Notes:
* RESERVED bitfield:Resets to 0, but may be 0 or 1 when read

o
o
o
o

PWM_SMnFRCTRL field descriptions

Field Description
15 This bit is reserved.
Reserved This bit resets to 0. When read, its value may be 0 or 1.
149 This read-only bitfield is reserved and always has the value zero.
Reserved
8 Fractional Delay Circuit Power Up
FRAC_PU

This bit is used to power up the fractional delay analog block. The fractional delay block requires 25 ps to
power up after the first FRAC_PU bit in any submodule is set. The fractional delay block powers down
only when the FRAC_PU bits in all submodules are 0. The fractional delay logic can be used only when
the IPBus clock is running at 60 MHz. When the logic is turned off, fractional placement is disabled.

0 Turn off fractional delay logic.
1 Power up fractional delay logic.

7-5 This read-only bitfield is reserved and always has the value zero.
Reserved
4 Fractional Cycle Placement Enable for PWMB
FRAC45_EN

This bit is used to enable the fractional cycle edge placement of PWMB using the FRACVAL4 and
FRACVALS registers. When the function is disabled, the fractional cycle edge placement of PWMB is
bypassed.

NOTE: The FRAC45_EN bit is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. FRAC45_EN cannot be written
when MCTRL[LDOK] is set. Reading FRAC45_EN reads the value in a buffer and not
necessarily the value the PWM generator is currently using.

0 Bypass fractional cycle placement for PWMB.
1 Enable fractional cycle placement for PWMB.

Table continues on the next page...
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PWM_SMnFRCTRL field descriptions (continued)

Field Description
3 This read-only bit is reserved and always has the value zero.
Reserved
2 Fractional Cycle Placement Enable for PWMA
FRAC23_EN

This bit is used to enable the fractional cycle edge placement of PWMA using the FRACVAL2 and

FRACVALS registers. When the function is disabled, the fractional cycle edge placement of PWMA is

bypassed.

NOTE: The FRAC23_EN bit is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. FRAC23_EN cannot be written
when MCTRL[LDOK] is set. Reading FRAC23_EN reads the value in a buffer and not
necessarily the value the PWM generator is currently using.

0 Bypass fractional cycle placement for PWMA.

1 Enable fractional cycle placement for PWMA.

1 Fractional Cycle PWM Period Enable
FRAC1_EN

This bit is used to enable the fractional cycle length of the PWM period using the FRACVAL1 register.

When the function is disabled, the fractional cycle length of the PWM period is bypassed.

NOTE: The FRAC1_EN bit is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. FRAC1_EN cannot be written
when MCTRL[LDOK] is set. Reading FRAC1_EN reads the value in a buffer and not necessarily
the value the PWM generator is currently using.

0 Bypass fractional cycle length for the PWM period.

1 Enable fractional cycle length for the PWM period.

0 This read-only bit is reserved and always has the value zero.
Reserved

1. Resets to 0, but may be 0 or 1 when read

7.3.17 PWM SMx Output Control Register (PWM_SMnOCTRL)

Addresses: PWM_SMOOCTRL - F300h base + 11h offset = F311h
PWM_SM10CTRL — F300h base + 41h offset = F341h
PWM_SM20CTRL — F300h base + 71h offset = F371h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
POLA |POLB | POLX PWMAFS PWMBFS PWMXFS
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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PWM_SMnOCTRL field descriptions

Field Description
15 PWMA Input
PWMA_IN ] ] ] ) ] ) )
This read only bit shows the logic value currently being driven into the PWMA input.
14 PWMB Input
PWMB_IN ] ) ) ] ] ] )
This read only bit shows the logic value currently being driven into the PWMB input.
13 PWMX Input
PWMX_IN ) ] ) ) ] ) )
This read only bit shows the logic value currently being driven into the PWMX input.
12—-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10 PWMA Output Polarity
POLA o ]
This bit inverts the PWMA output polarity.
0 PWMA output not inverted. A high level on the PWMA pin represents the "on" or "active" state.
1 PWMA output inverted. A low level on the PWMA pin represents the "on" or "active" state.
9 PWMB Output Polarity
POLB
This bit inverts the PWMB output polarity.
0 PWMB output not inverted. A high level on the PWMB pin represents the "on" or "active" state.
1 PWMB output inverted. A low level on the PWMB pin represents the "on" or "active" state.
8 PWMX Output Polarity
POLX
This bit inverts the PWMX output polarity.
0 PWMX output not inverted. A high level on the PWMX pin represents the "on" or "active" state.
1 PWMX output inverted. A low level on the PWMX pin represents the "on" or "active" state.
7-6 This read-only bitfield is reserved and always has the value zero.
Reserved
54 PWMA Fault State
PWMAFS ) ) ] -
These bits determine the fault state for the PWMA output during fault conditions and STOP mode. It may
also define the output state during WAIT and DEBUG modes depending on the settings of
CTRL2[WAITEN] and CTRL2[DBGEN].
00 Outputis forced to logic 0 state prior to consideration of output polarity control.
01 Output is forced to logic 1 state prior to consideration of output polarity control.
10 Output is tristated.
11 Output is tristated.
3-2 PWMB Fault State
PWMBFS

These bits determine the fault state for the PWMB output during fault conditions and STOP mode. It may
also define the output state during WAIT and DEBUG modes depending on the settings of
CTRL2[WAITEN] and CTRL2[DBGEN].

00 Outputis forced to logic 0 state prior to consideration of output polarity control.
01 Outputis forced to logic 1 state prior to consideration of output polarity control.
10 Output is tristated.
11 Output is tristated.

Table continues on the next page...
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PWM_SMnOCTRL field descriptions (continued)

Field

Description

1-0
PWMXFS

PWMX Fault State

These bits determine the fault state for the PWMX output during fault conditions and STOP mode. It may
also define the output state during WAIT and DEBUG modes depending on the settings of
CTRL2[WAITEN] and CTRL2[DBGEN].

00 Outputis forced to logic 0 state prior to consideration of output polarity control.
01 Outputis forced to logic 1 state prior to consideration of output polarity control.
10 Output is tristated.
11 Output is tristated.

7.3.18 PWM SMx Status Register (PWM_SMnSTS)

Addresses: PWM_SMOSTS — F300h base + 12h offset = F312h
PWM_SM1STS — F300h base + 42h offset = F342h
PWM_SM2STS — F300h base + 72h offset = F372h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 RUF
REF CMPF
Write
Reset 0 0 0 0 0 0 0 0 0
PWM_SMnSTS field descriptions
Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14 Registers Updated Flag
RUF
This read only flag is set when one of the INIT, VALx, FRACVALXx, or CTRL[PRSC] registers has been
written resulting in non-coherent data in the set of double buffered registers. Clear this bit by a proper
reload sequence consisting of a reload signal while MCTRL[LDOK] = 1. Reset clears this bit.
0 No register update has occurred since last reload.
1 Atleast one of the double buffered registers has been updated since the last reload.
13 Reload Error Flag
REF ] ] ] ] ]
This read/write flag is set when a reload cycle occurs while MCTRL[LDOK] is 0 and the double buffered
registers are in a non-coherent state (STS[RUF] = 1). Clear this bit by writing a logic one to this location.
Reset clears this bit.
0 No reload error occurred.
1 Reload signal occurred with non-coherent data and MCTRL[LDOK] = 0.
12 Reload Flag
RF

Table continues on the next page...
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PWM_SMnSTS field descriptions (continued)

Field Description
This read/write flag is set at the beginning of every reload cycle regardless of the state of MCTRL[LDOK].
Clear this bit by writing a logic one to this location. Reset clears this bit.
0 No new reload cycle since last STS[RF] clearing
1 New reload cycle since last STS[RF] clearing
11-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7-6 This read-only bitfield is reserved and always has the value zero.
Reserved
5-0 Compare Flags
CMPF
These bits are set when the submodule counter value matches the value of one of the VALX registers.
Clear these bits by writing a 1 to a bit position.
0 No compare event has occurred for a particular VALx value.
1 A compare event has occurred for a particular VALXx value.

7.3.19 PWM SMx Interrupt Enable Register (PWM_SMnINTEN)

Addresses: PWM_SMOINTEN — F300h base + 13h offset = F313h
PWM_SM1INTEN — F300h base + 43h offset = F343h
PWM_SM2INTEN — F300h base + 73h offset = F373h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
REIE CMPIE
Write
Reset 0 0 0 0 0 0 0 0 0
PWM_SMnINTEN field descriptions
Field Description
15-14 This read-only bitfield is reserved and always has the value zero.
Reserved
13 Reload Error Interrupt Enable
REIE
This read/write bit enables the reload error flag, STS[REF], to generate CPU interrupt requests. Reset
clears this bit.
0 STS[REF] CPU interrupt requests disabled
1 STS[REF] CPU interrupt requests enabled
12 Reload Interrupt Enable
RIE
This read/write bit enables the reload flag, STS[RF], to generate CPU interrupt requests. Reset clears this
bit.
Table continues on the next page...
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PWM_SMnINTEN field descriptions (continued)

Field Description

0 STS[RF] CPU interrupt requests disabled
1 STS[RF] CPU interrupt requests enabled

11-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7-6 This read-only bitfield is reserved and always has the value zero.
Reserved
5-0 Compare Interrupt Enables
CMPIE

These bits enable the STS[CMPF] flags to cause a compare interrupt request to the CPU.

0 The corresponding STS[CMPF] bit will not cause an interrupt request.

1 The corresponding STS[CMPF] bit will cause an interrupt request.

7.3.20 PWM SMx Output Trigger Control Register (PWM_SMnTCTRL)

Addresses: PWM_SMOTCTRL — F300h base + 15h offset = F315h
PWM_SM1TCTRL - F300h base + 45h offset = F345h
PWM_SM2TCTRL — F300h base + 75h offset = F375h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_SMnTCTRL field descriptions

Field Description
156 This read-only bitfield is reserved and always has the value zero.
Reserved
5-0 Output Trigger Enables
OUT_TRIG_EN

These bits enable the generation of OUT_TRIGO0 and OUT_TRIG1 outputs based on the counter value
matching the value in one or more of the VALO-5 registers. VALO, VAL2, and VAL4 are used to generate
OUT_TRIGO and VAL1, VAL3, and VALS5 are used to generate OUT_TRIG1. The OUT_TRIGx signals are
only asserted as long as the counter value matches the VALXx value, therefore up to six triggers can be
generated (three each on OUT_TRIGO and OUT_TRIG1) per PWM cycle per submodule.

0 OUT_TRIGx will not set when the counter value matches the VALX value.

1  OUT_TRIGXx will set when the counter value matches the VALX value.
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7.3.21 PWM SMx Fault Disable Mapping Register
(PWM_SMnDISMAP)

This register determines which PWM pins are disabled by the fault protection inputs.
Reset sets all of the bits in the fault disable mapping register.

Addresses: PWM_SMODISMAP — F300h base + 16h offset = F316h
PWM_SM1DISMAP — F300h base + 46h offset = F346h
PWM_SM2DISMAP — F300h base + 76h offset = F376h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 1 1 1 1
DISX DISB DISA
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PWM_SMnDISMAP field descriptions
Field Description
15 This read-only bit is reserved and always has the value one.
Reserved
14 This read-only bit is reserved and always has the value one.
Reserved
13 This read-only bit is reserved and always has the value one.
Reserved
12 This read-only bit is reserved and always has the value one.
Reserved
11-8 PWMX Fault Disable Mask
DISX
Each of the four bit of this read/write field is one-to-one associated with the four FAULTX inputs. The
PWMX output will be turned off if there is a logic 1 on a FAULTx input and a 1 in the corresponding bit of
this field. A reset sets all bits in this field.
7-4 PWMB Fault Disable Mask
DISB
Each of the four bit of this read/write field is one-to-one associated with the four FAULTX inputs. The
PWMB output will be turned off if there is a logic 1 on a FAULTx input and a 1 in the corresponding bit of
this field. A reset sets all bits in this field.
30 PWMA Fault Disable Mask
DISA
Each of the four bit of this read/write field is one-to-one associated with the four FAULTx inputs. The
PWMA output will be turned off if there is a logic 1 on a FAULTx input and a 1 in the corresponding bit of
this field. A reset sets all bits in this field.
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7.3.22 PWM SMx Deadtime Count Register 0 (PWM_SMnDTCNTO)

Deadtime operation is only applicable to complementary channel operation. The 11-bit
values written to these registers are in terms of IPBus clock cycles regardless of the
setting of CTRL[PRSC] and/or CTRL2[CLK_SEL]. Reset sets the deadtime count
registers to a default value of OxO7FF, selecting a deadtime of 2047 IPBus clock cycles.
These registers are not byte accessible.

Addresses: PWM_SMODTCNTO — F300h base + 17h offset = F317h
PWM_SM1DTCNTO — F300h base + 47h offset = F347h
PWM_SM2DTCNTO — F300h base + 77h offset = F377h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
DTCNTO
Write
Reset 0 0 0 0 0 1 1 1] 1 1 1 1 1 1 ] ]

PWM_SMnDTCNTO field descriptions

Field Description
15-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10-0 Deadtime Count Register 0
DTCNTO
The DTCNTO field is used to control the deadtime during 0 to 1 transitions of the PWMA output (assuming
normal polarity).

7.3.23 PWM SMx Deadtime Count Register 1 (PWM_SMnDTCNT1)

Deadtime operation is only applicable to complementary channel operation. The 11-bit
values written to these registers are in terms of IPBus clock cycles regardless of the
setting of CTRL[PRSC] and/or CTRL2[CLK_SEL]. Reset sets the deadtime count
registers to a default value of OxO7FF, selecting a deadtime of 2047 IPBus clock cycles.
These registers are not byte accessible.
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Addresses: PWM_SMODTCNT1 — F300h base + 18h offset = F318h

PWM_SM1DTCNT1 — F300h base + 48h offset = F348h
PWM_SM2DTCNT1 — F300h base + 78h offset = F378h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
DTCNTH
Write
Reset 0 0 0 0 0 1 1 1 | 1 1 1 1 1 1 1 1

PWM_SMnDTCNT1 field descriptions

Field Description
15-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10-0 Deadtime Count Register 1
DTCNT1
The DTCNT1 field is used to control the deadtime during 0 to 1 transitions of the complementary PWMB
output.

7.3.24 PWM SM3 Counter Register (PWM_SM3CNT)

This read-only register displays the state of the signed 16-bit submodule counter. This
register is not byte accessible.

Address: PWM_SM3CNT — F300h base + 90h offset = F390h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_SM3CNT field descriptions

Field Description

15-0 Counter Register Bits
CNT
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7.3.25 PWM SMa3 Initial Count Register (PWM_SMS3INIT)

The 16-bit signed value in this buffered, read/write register defines the initial count value
for the PWM in PWM clock periods. This is the value loaded into the submodule counter
when local sync, master sync, or master reload is asserted (based on the value of
CTRL2[INIT_SEL]) or when CTRL2[FORCE] is asserted and force init is enabled. For
PWM operation, the buffered contents of this register are loaded into the counter at the
start of every PWM cycle. This register is not byte accessible.

NOTE

The INIT register is buffered. The value written does not take
effect until MCTRL[LDOK] is set and the next PWM load
cycle begins or CTRL[LDMODY] is set. This register cannot be
written when MCTRL[LDOK] is set. Reading INIT reads the
value in a buffer and not necessarily the value the PWM
generator is currently using.

Address: PWM_SMSINIT — F300h base + 91h offset = F391h
Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0

Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SMSINIT field descriptions

Field Description

15-0 Initial Count Register Bits
INIT

7.3.26 PWM SMS3 Control 2 Register (PWM_SM3CTRL2)

Address: PWM_SM3CTRL2 — F300h base + 92h offset = F392h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
'_
Read | - z e | o = - a
z Z
o | £ | B |2E|SE él INIT_SEL § FORCE SEL |3 | CLK SEL
wite| & | S | 2 [ET |27 | 2 L |FORCE m
o
Rese¢t 0 0 o0 o0 o0 O O O] 0 0 o0 o0 O0 O0 0 0
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PWM_SM3CTRL2 field descriptions

Field Description
15 Debug Enable
DBGEN ] ] ) o ]
When set to one, the PWM will continue to run while the chip is in debug mode. If the device enters debug
mode and this bit is zero, then the PWM outputs will be disabled until debug mode is exited. At that point
the PWM pins will resume operation as programmed in the PWM registers.
For certain types of motors (such as 3-phase AC), it is imperative that this bit be left in its default state (in
which the PWM is disabled in debug mode). Failure to do so could result in damage to the motor or
inverter. For other types of motors (example: DC motors), this bit might safely be set to one, enabling the
PWM in debug mode. The key point is PWM parameter updates will not occur in debug mode. Any motors
requiring such updates should be disabled during debug mode. If in doubt, leave this bit set to zero.
14 WAIT Enable
WAITEN
When set to one, the PWM will continue to run while the chip is in WAIT mode. In this mode, the
peripheral clock continues to run but the CPU clock does not. If the device enters WAIT mode and this bit
is zero, then the PWM outputs will be disabled until WAIT mode is exited. At that point the PWM pins will
resume operation as programmed in the PWM registers.
For certain types of motors (such as 3-phase AC), it is imperative that this bit be left in its default state (in
which the PWM is disabled in WAIT mode). Failure to do so could result in damage to the motor or
inverter. For other types of motors (example: DC motors), this bit might safely be set to one, enabling the
PWM in WAIT mode. The key point is PWM parameter updates will not occur in this mode. Any motors
requiring such updates should be disabled during WAIT mode. If in doubt, leave this bit set to zero.
13 Independent or Complementary Pair Operation
INDEP
This bit determines if the PWMA and PWMB channels will be independent PWMs or a complementary
PWM pair.
0 PWMA and PWMB form a complementary PWM pair.
1 PWMA and PWMB outputs are independent PWMs.
12 PWM23 Initial Value
PWM23_INIT
This read/write bit determines the initial value for PWM23 and the value to which it is forced when
FORCE_INIT.
11 PWM45 Initial Value
PWM45_INIT
This read/write bit determines the initial value for PWM45 and the value to which it is forced when
FORCE_INIT.
10 PWMX Initial Value
PWMX_INIT
This read/write bit determines the initial value for PWMX and the value to which it is forced when
FORCE_INIT.
9-8 Initialization Control Select
INIT_SEL

These read/write bits control the source of the INIT signal which goes to the counter.

00 Local sync (PWMX) causes initialization.

01 Master reload from submodule 0 causes initialization. This setting should not be used in submodule
0 as it will force the INIT signal to logic 0.

10 Master sync from submodule O causes initialization. This setting should not be used in submodule 0
as it will force the INIT signal to logic 0.

11 EXT_SYNC causes initialization.

Table continues on the next page...
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PWM_SM3CTRL2 field descriptions (continued)

Field Description
7 Force Initialization Enable
FRCEN
This bit allows the CTRL2[FORCE] signal to initialize the counter without regard to the signal selected by
CTRL2[INIT_SEL]. This is a software controlled initialization.
0 Initialization from a FORCE_OUT event is disabled.
1 Initialization from a FORCE_OUT event is enabled.
6 Force Initialization
FORCE
If CTRL2[FORCE_SEL] is set to 000, writing a 1 to this bit results in a FORCE_OUT event. This causes
the following actions to be taken:
* The PWMA and PWMB output pins will assume values based on DTSRCSEL[SMxSEL23] and
DTSRCSEL[SMxSELA45].
¢ If CTRL2[FRCEN] is set, the counter value will be initialized with the INIT register value.
5-3 This read/write bit determines the source of the FORCE OUTPUT signal for this submodule.
FORCE_SEL
000 The local force signal, CTRL2[FORCE], from this submodule is used to force updates.
001 The master force signal from submodule 0 is used to force updates. This setting should not be
used in submodule 0 as it will hold the FORCE OUTPUT signal to logic 0.
010 The local reload signal from this submodule is used to force updates.
011 The master reload signal from submoduleO0 is used to force updates. This setting should not be
used in submodule0 as it will hold the FORCE OUTPUT signal to logic 0.
100 The local sync signal from this submodule is used to force updates.
101 The master sync signal from submoduleO is used to force updates. This setting should not be used
in submoduleO as it will hold the FORCE OUTPUT signal to logic 0.
110 The external force signal, EXT_FORCE, from outside the PWM module causes updates.
111 reserved
2 Reload Source Select
RELOAD_SEL
This read/write bit determines the source of the RELOAD signal for this submodule. When this bit is set,
MCTRL[LDOK][O]] for submodule 0 should be used since the local MCTRL[LDOK] will be ignored.
0 The local RELOAD signal is used to reload registers.
1 The master RELOAD signal (from submodule 0) is used to reload registers. This setting should not be
used in submodule 0 as it will force the RELOAD signal to logic 0.
1-0 Clock Source Select
CLK_SEL

These read/write bits determine the source of the clock signal for this submodule.

00 The IPBus clock is used as the clock for the local prescaler and counter.
01 EXT_CLK is used as the clock for the local prescaler and counter.

10 Submodule 0’s clock (AUX_CLK) is used as the source clock for the local prescaler and counter.
This setting should not be used in submodule 0 as it will force the clock to logic 0.

11 reserved
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7.3.27 PWM SMS3 Control Register (PWM_SM3CTRL)

Address: PWM_SM3CTRL — F300h base + 93h offset = F393h

Bit 15

14 13 12 1 10 9 8 | 7 6 5 4

Read

Write

DT 0 0

LDFQ HALF | FULL

Reset 0

.U
X
wn
(@)
o | LDMOD |~
o | DBLEN |o

PWM_SM3CTRL field descriptions

Field

Description

15-12
LDFQ

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101

Every PWM Opportunity
Every 2 PWM Opportunities
Every 3 PWM Opportunities
Every 4 PWM Opportunities
Every 5 PWM Opportunities
Every 6 PWM Opportunities
Every 7 PWM Opportunities
Every 8 PWM Opportunities
Every 9 PWM Opportunities
Every 10 PWM Opportunities
Every 11 PWM Opportunities
Every 12 PWM Opportunities
Every 13 PWM Opportunities
Every 14 PWM Opportunities
1110 Every 15 PWM Opportunities
1111 Every 16 PWM Opportunities

11
HALF

Half Cycle Reload

This read/write bit enables half-cycle reloads. A half cycle is defined by when the submodule counter
matches the VALO register and does not have to be half way through the PWM cycle.

0 Half-cycle reloads disabled.
1 Half-cycle reloads enabled.

10
FULL

Full Cycle Reload

This read/write bit enables full-cycle reloads. A full cycle is defined by when the submodule counter
matches the VAL1 register. Either CTRL[HALF] or CTRL[FULL] must be set in order to move the buffered
data into the registers used by the PWM generators. If both CTRL[HALF] and CTRL[FULL] are set, then
reloads can occur twice per cycle.

0 Full-cycle reloads disabled.
1 Full-cycle reloads enabled.

Deadtime

Table continues on the next page...
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PWM_SMS3CTRL field descriptions (continued)

Field Description
These read only bits reflect the sampled values of the PWMX input at the end of each deadtime.
Sampling occurs at the end of deadtime 0 for DT[0] and the end of deadtime 1 for DT[1]. Reset clears
these bits.
7 This read-only bit is reserved and always has the value zero.
Reserved
6—4 Prescaler
PRSC
These buffered read/write bits select the divide ratio of the PWM clock frequency selected by
CTRL2[CLK_SEL].
Reading CTRL[PRSC] reads the buffered values and not necessarily the values currently in effect.
CTRL[PRSC] takes effect at the beginning of the next PWM cycle and only when the load okay bit,
MCTRL[LDOK], is set or CTRL[LDMOD] is set. This field cannot be written when MCTRL[LDOK] is set.
000 PWM clock frequency = fclk
001 PWM clock frequency = fclk/2
010 PWM clock frequency = fclk/4
011 PWM clock frequency = fclk/8
100 PWM clock frequency = fclk/16
101  PWM clock frequency = fclk/32
110 PWM clock frequency = fclk/64
111 PWM clock frequency = fclk/128
3 This read-only bit is reserved and always has the value zero.
Reserved
2 Load Mode Select
LDMOD ] o o ] ] ]
This read/write bit selects the timing of loading the buffered registers for this submodule.
0 Buffered registers of this submodule are loaded and take effect at the next PWM reload if
MCTRL[LDOK] is set.
1 Buffered registers of this submodule are loaded and take effect immediately upon MCTRL[LDOK]
being set.
1 This read-only bit is reserved and always has the value zero.
Reserved
0 Double Switching Enable
DBLEN

This read/write bit enables the double switching PWM behavior.

0 Double switching disabled.
1 Double switching enabled.
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7.3.28 PWM SM3 Value Register 0 (PWM_SM3VALO)

Address: PWM_SM3VALO — F300h base + 95h offset = F395h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read
VALO
Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
PWM_SM3VALDO field descriptions

Field Description

15-0 Value Register 0

VALO

The 16-bit signed value in this buffered, read/write register defines the mid-cycle reload point for the PWM
in PWM clock periods. This value also defines when the PWMX signal is set and the local sync signal is
reset. This register is not byte accessible.

NOTE: The VALO register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VALO cannot be written when
MCTRL[LDOK] is set. Reading VALO reads the value in a buffer. It is not necessarily the value
the PWM generator is currently using.

7.3.29 PWM SM3 Value Register 1 (PWM_SM3VAL1)

Address: PWM_SM3VAL1 — F300h base + 97h offset = F397h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
VALA1
Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
PWM_SM3VALI1 field descriptions

Field Description

15-0 Value Register 1

VALA1

The 16-bit signed value written to this buffered, read/write register defines the modulo count value
(maximum count) for the submodule counter. Upon reaching this count value, the counter reloads itself

with the contents of the INIT register and asserts the local sync signal while resetting PWMX. This register
is not byte accessible.

NOTE: The VAL1 register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL1 cannot be written when
MCTRL[LDOK] is set. Reading VAL1 reads the value in a buffer. It is not necessarily the value
the PWM generator is currently using.
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7.3.30 PWM SM3 Value Register 2 (PWM_SM3VAL2)

Address: PWM_SM3VAL2 — F300h base + 99h offset = F399h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1
Read

Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SM3VAL2 field descriptions

Field Description

15-0 Value Register 2
VAL2

The 16-bit signed value in this buffered, read/write register defines the count value to set PWM23 high.
This register is not byte accessible.

NOTE: The VAL2 register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL2 cannot be written when
MCTRL[LDOK] is set. Reading VALZ2 reads the value in a buffer and not necessarily the value
the PWM generator is currently using.

7.3.31 PWM SM3 Value Register 3 (PWM_SM3VALS3)

Address: PWM_SM3VAL3 — F300h base + 9Bh offset = F39Bh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2
Read

Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SM3VALS3 field descriptions

Field Description

15-0 Value Register 3
VAL3

The 16-bit signed value in this buffered, read/write register defines the count value to set PWM23 low.
This register is not byte accessible.

NOTE: The VALS register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL3 cannot be written when
MCTRL[LDOK] is set. Reading VAL3 reads the value in a buffer and not necessarily the value
the PWM generator is currently using.
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7.3.32 PWM SM3 Value Register 4 (PWM_SM3VAL4)

Address: PWM_SM3VAL4 — F300h base + 9Dh offset = F39Dh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1
Read

Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SM3VALA4 field descriptions

Field Description

15-0 Value Register 4
VAL4

The 16-bit signed value in this buffered, read/write register defines the count value to set PWM45 high.
This register is not byte accessible.

NOTE: The VAL4 register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL4 cannot be written when
MCTRL[LDOK] is set. Reading VAL4 reads the value in a buffer and not necessarily the value
the PWM generator is currently using.

7.3.33 PWM SM3 Value Register 5 (PWM_SM3VALDS5)

Address: PWM_SM3VALS5 — F300h base + 9Fh offset = F39Fh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2
Read

Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

PWM_SM3VALS field descriptions

Field Description

15-0 Value Register 5
VAL5

The 16-bit signed value in this buffered, read/write register defines the count value to set PWM45 low.
This register is not byte accessible.

NOTE: The VALS register is buffered. The value written does not take effect until MCTRL[LDOK] is set
and the next PWM load cycle begins or CTRL[LDMOD] is set. VAL5 cannot be written when
MCTRL[LDOK] is set. Reading VAL5 reads the value in a buffer and not necessarily the value
the PWM generator is currently using.
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7.3.34 PWM SMS3 Output Control Register (PWM_SM3OCTRL)

Address: PWM_SM3OCTRL — F300h base + A1h offset = F3A1h

Bit 15 14 13 12 " 10 9 8 | 7 6 5 4 3 2 1 0
0
POLA|POLB | POLX PWMAFS PWMBFS PWMXFS
0 0 0 0 0 0 0 0

PWM_SM3OCTRL field descriptions

Field Description
15 PWMA Input
PWMA_IN ) ) ) )
This read only bit shows the logic value currently being driven into the PWMA input.
14 PWMB Input
PWMB_IN ) ) ) )
This read only bit shows the logic value currently being driven into the PWMB input.
13 PWMX Input
PWMX_IN ] ) ] )
This read only bit shows the logic value currently being driven into the PWMX input.
12—-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10 PWMA Output Polarity
POLA )
This bit inverts the PWMA output polarity.
0 PWMA output not inverted. A high level on the PWMA pin represents the "on" or "active" state.
1 PWMA output inverted. A low level on the PWMA pin represents the "on" or "active" state.
9 PWMB Output Polarity
POLB
This bit inverts the PWMB output polarity.
0 PWMB output not inverted. A high level on the PWMB pin represents the "on" or "active" state.
1 PWMB output inverted. A low level on the PWMB pin represents the "on" or "active" state.
8 PWMX Output Polarity
POLX
This bit inverts the PWMX output polarity.
0 PWMX output not inverted. A high level on the PWMX pin represents the "on" or "active" state.
1 PWMX output inverted. A low level on the PWMX pin represents the "on" or "active" state.
7-6 This read-only bitfield is reserved and always has the value zero.
Reserved
5-4 PWMA Fault State
PWMAFS

Table continues on the next page...
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PWM_SM3OCTRL field descriptions (continued)

Field

Description

These bits determine the fault state for the PWMA output during fault conditions and STOP mode. It may
also define the output state during WAIT and DEBUG modes depending on the settings of
CTRL2[WAITEN] and CTRL2[DBGEN].

00 Output is forced to logic 0 state prior to consideration of output polarity control.
01 Output is forced to logic 1 state prior to consideration of output polarity control.
10 Output is tristated.
11 Output is tristated.

3-2
PWMBFS

PWMB Fault State

These bits determine the fault state for the PWMB output during fault conditions and STOP mode. It may
also define the output state during WAIT and DEBUG modes depending on the settings of
CTRL2[WAITEN] and CTRL2[DBGEN].

00 Outputis forced to logic 0 state prior to consideration of output polarity control.
01 Output is forced to logic 1 state prior to consideration of output polarity control.
10 Output is tristated.
11 Output is tristated.

1-0
PWMXFS

PWMX Fault State

These bits determine the fault state for the PWMX output during fault conditions and STOP mode. It may
also define the output state during WAIT and DEBUG modes depending on the settings of
CTRL2[WAITEN] and CTRL2[DBGEN].

00 Output is forced to logic 0 state prior to consideration of output polarity control.
01 Outputis forced to logic 1 state prior to consideration of output polarity control.
10 Output is tristated.
11 Output is tristated.

7.3.35 PWM SM3 Status Register (PWM_SM3STS)

Address: PWM_SM3STS — F300h base + A2h offset = F3A2h

Bt 15 14 13 12 11 10 9 8 7 6 5 2 1 0
Read 0 RUF
REF | RF | CFA1|CFAO|CFB1|CFBO|CFX1|CFX0 CMPF
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_SMS3STS field descriptions

Field Description
15 This read-only bit is reserved and always has the value zero.
Reserved
14 Registers Updated Flag
RUF

Table continues on the next page...
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PWM_SMS3STS field descriptions (continued)

Field Description
This read only flag is set when one of the INIT, VALx, FRACVALX, or CTRL[PRSC] registers has been
written resulting in non-coherent data in the set of double buffered registers. Clear this bit by a proper
reload sequence consisting of a reload signal while MCTRL[LDOK] = 1. Reset clears this bit.
0 No register update has occurred since last reload.
1 Atleast one of the double buffered registers has been updated since the last reload.
13 Reload Error Flag
REF
This read/write flag is set when a reload cycle occurs while MCTRL[LDOK] is 0 and the double buffered
registers are in a non-coherent state (STS[RUF] = 1). Clear this bit by writing a logic one to this location.
Reset clears this bit.
0 No reload error occurred.
1 Reload signal occurred with non-coherent data and MCTRL[LDOK] = 0.
12 Reload Flag
RF . . . . .
This read/write flag is set at the beginning of every reload cycle regardless of the state of MCTRL[LDOK].
Clear this bit by writing a logic one to this location. Reset clears this bit.
0 No new reload cycle since last STS[RF] clearing
1 New reload cycle since last STS[RF] clearing
11 Capture Flag A1
CFA1
This bit is set when a capture event occurs on the Capture A1 circuit. This bit is cleared by writing a one
to this bit position. Reset clears this bit.
10 Capture Flag AO
CFAO0
This bit is set when a capture event occurs on the Capture AO circuit. This bit is cleared by writing a one
to this bit position. Reset clears this bit.
9 Capture Flag B1
CFB1
This bit is set when a capture event occurs on the Capture B1 circuit. This bit is cleared by writing a one
to this bit position. Reset clears this bit.
8 Capture Flag BO
CFBO
This bit is set when a capture event occurs on the Capture BO circuit. This bit is cleared by writing a one
to this bit position. Reset clears this bit.
7 Capture Flag X1
CFX1
This bit is set when a capture event occurs on the Capture X1 circuit. This bit is cleared by writing a one
to this bit position. Reset clears this bit.
6 Capture Flag X0
CFX0 S o iy
This bit is set when a capture event occurs on the Capture XO circuit. This bit is cleared by writing a one
to this bit position. Reset clears this bit.
5-0 Compare Flags
CMPF

These bits are set when the submodule counter value matches the value of one of the VALX registers.
Clear these bits by writing a 1 to a bit position.

0 No compare event has occurred for a particular VALx value.
1 A compare event has occurred for a particular VALXx value.
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7.3.36 PWM SM3 Interrupt Enable Register (PWM_SM3INTEN)

Address: PWM_SMS3INTEN — F300h base + A3h offset = F3A3h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 w T}
REIE | RIE Cé“ Céo' o 3 C)é“ C)éo' CMPIE
Write (@) (@)
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_SMS3INTEN field descriptions
Field Description
15-14 This read-only bitfield is reserved and always has the value zero.
Reserved
13 Reload Error Interrupt Enable
REIE
This read/write bit enables the reload error flag, STS[REF], to generate CPU interrupt requests. Reset
clears this bit.
0 STS[REF] CPU interrupt requests disabled
1 STS[REF] CPU interrupt requests enabled
12 Reload Interrupt Enable
RIE
This read/write bit enables the reload flag, STS[RF], to generate CPU interrupt requests. Reset clears this
bit.
0 STS[RF] CPU interrupt requests disabled
1 STS[RF] CPU interrupt requests enabled
11 Capture A 1 Interrupt Enable
CA1IE
This bit allows the STS[CFAT1] flag to create an interrupt request to the CPU.
0 Interrupt request disabled for STS[CFA1].
1 Interrupt request enabled for STS[CFAT1].
10 Capture A 0 Interrupt Enable
CAOIE
This bit allows the STS[CFAQ] flag to create an interrupt request to the CPU.
0 Interrupt request disabled for STS[CFAOQ].
1 Interrupt request enabled for STS[CFAO].
9 Capture B 1 Interrupt Enable
CB1IE
This bit allows the STS[CFB1] flag to create an interrupt request to the CPU.
0 Interrupt request disabled for STS[CFB1].
1 Interrupt request enabled for STS[CFB1].
8 Capture B 0 Interrupt Enable
CBOIE
This bit allows the STS[CFBO] flag to create an interrupt request to the CPU.
Table continues on the next page...
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PWM_SMSINTEN field descriptions (continued)

Field Description
0 Interrupt request disabled for STS[CFBO].
1 Interrupt request enabled for STS[CFBO].

7 Capture X 1 Interrupt Enable

CX1IE
This bit allows the STS[CFX1] flag to create an interrupt request to the CPU.

0 Interrupt request disabled for STS[CFX1].
1 Interrupt request enabled for STS[CFX1].

6 Capture X 0 Interrupt Enable

CXOIE
This bit allows the STS[CFXO0] flag to create an interrupt request to the CPU.

0 Interrupt request disabled for STS[CFXO].
1 Interrupt request enabled for STS[CFXO].

5-0 Compare Interrupt Enables

CMPIE
These bits enable the STS[CMPF] flags to cause a compare interrupt request to the CPU.

0 The corresponding STS[CMPF] bit will not cause an interrupt request.
1 The corresponding STS[CMPF] bit will cause an interrupt request.

7.3.37 PWM SMS3 Output Trigger Control Register (PWM_SM3TCTRL)

Address: PWM_SM3TCTRL — F300h base + A5h offset = F3A5h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_SM3TCTRL field descriptions

Field Description
156 This read-only bitfield is reserved and always has the value zero.
Reserved
5-0 Output Trigger Enables
OUT_TRIG_EN

These bits enable the generation of OUT_TRIGO0 and OUT_TRIG1 outputs based on the counter value
matching the value in one or more of the VALO-5 registers. VALO, VAL2, and VAL4 are used to generate
OUT_TRIGO and VALT1, VAL3, and VALS5 are used to generate OUT_TRIG1. The OUT_TRIGx signals are
only asserted as long as the counter value matches the VALXx value, therefore up to six triggers can be
generated (three each on OUT_TRIGO and OUT_TRIG1) per PWM cycle per submodule.

0 OUT_TRIGx will not set when the counter value matches the VALX value.
1  OUT_TRIGXx will set when the counter value matches the VALX value.
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7.3.38 PWM SM3 Fault Disable Mapping Register (PWM_SM3DISMAP)

This register determines which PWM pins are disabled by the fault protection inputs.
Reset sets all of the bits in the fault disable mapping register.

Address: PWM_SM3DISMAP — F300h base + A6h offset = F3A6h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 1 1 1 1
DISX DISB DISA
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PWM_SM3DISMAP field descriptions
Field Description
15 This read-only bit is reserved and always has the value one.
Reserved
14 This read-only bit is reserved and always has the value one.
Reserved
13 This read-only bit is reserved and always has the value one.
Reserved
12 This read-only bit is reserved and always has the value one.
Reserved
11-8 PWMX Fault Disable Mask
DISX
Each of the four bit of this read/write field is one-to-one associated with the four FAULTx inputs. The
PWMX output will be turned off if there is a logic 1 on a FAULTx input and a 1 in the corresponding bit of
this field. A reset sets all bits in this field.
7-4 PWMB Fault Disable Mask
DISB
Each of the four bit of this read/write field is one-to-one associated with the four FAULTX inputs. The
PWMB output will be turned off if there is a logic 1 on a FAULTx input and a 1 in the corresponding bit of
this field. A reset sets all bits in this field.
3-0 PWMA Fault Disable Mask
DISA
Each of the four bit of this read/write field is one-to-one associated with the four FAULTX inputs. The
PWMA output will be turned off if there is a logic 1 on a FAULTx input and a 1 in the corresponding bit of
this field. A reset sets all bits in this field.
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7.3.39 PWM SM3 Deadtime Count Register 0 (PWM_SM3DTCNTO)

Deadtime operation is only applicable to complementary channel operation. The 11-bit
values written to these registers are in terms of IPBus clock cycles regardless of the
setting of CTRL[PRSC] and/or CTRL2[CLK_SEL]. Reset sets the deadtime count
registers to a default value of OxO7FF, selecting a deadtime of 2047 IPBus clock cycles.
These registers are not byte accessible.

Address: PWM_SM3DTCNTO — F300h base + A7h offset = F3A7h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
DTCNTO
Write
Reset 0 0 0 0 0 1 1 1] 1 1 1 1 1 1 ] ]

PWM_SM3DTCNTO field descriptions

Field Description
15-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10-0 Deadtime Count Register 0
DTCNTO
The DTCNTO field is used to control the deadtime during 0 to 1 transitions of the PWMA output (assuming
normal polarity).

7.3.40 PWM SM3 Deadtime Count Register 1 (PWM_SM3DTCNT1)

Deadtime operation is only applicable to complementary channel operation. The 11-bit
values written to these registers are in terms of IPBus clock cycles regardless of the
setting of CTRL[PRSC] and/or CTRL2[CLK_SEL]. Reset sets the deadtime count
registers to a default value of OxO7FF, selecting a deadtime of 2047 IPBus clock cycles.
These registers are not byte accessible.

Address: PWM_SM3DTCNT1 — F300h base + A8h offset = F3A8h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
DTCNTH
Write
Reset 0 0 0 0 0 1 1 1 | 1 1 1 1 1 1 1 1
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PWM_SM3DTCNT1 field descriptions

Field Description
15-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10-0 Deadtime Count Register 1
DTCNT1
The DTCNT1 field is used to control the deadtime during 0 to 1 transitions of the complementary PWMB
output.

7.3.41 PWM SM3 Capture Control A Register
(PWM_SM3CAPTCTRLA)

Address: PWM_SM3CAPTCTRLA — F300h base + AAh offset = F3AAh

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read CA1CNT CAOCNT < =
E_ |INP Q |
CFAWM 58 SELA EDGA1 EDGAO % E
Write 8 I <
L o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_SM3CAPTCTRLA field descriptions
Field Description
15-13 Capture A1 FIFO Word Count
CA1CNT
This field reflects the number of words in the Capture A1 FIFO. (FIFO depth is 1)
12-10 Capture A0 FIFO Word Count
CAOCNT
This field reflects the number of words in the Capture A0 FIFO. (FIFO depth is 1)
9-8 Capture A FIFOs Water Mark
CFAWM
This field represents the water mark level for capture A FIFOs. The capture flags, STS[CFA1] and
STS[CFAQ], are not set until the word count of the corresponding FIFO is greater than this water mark
level. (FIFO depth is 1)
7 Edge Counter A Enable
EDGCNTA_EN
This bit enables the edge counter which counts rising and falling edges on the PWMA input signal.
0 Edge counter disabled and held in reset
1 Edge counter enabled
6 Input Select A
INP_SELA
This bit selects between the raw PWMA input signal and the output of the edge counter/compare circuitry
as the source for the input capture circuit.
Table continues on the next page...
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PWM_SM3CAPTCTRLA field descriptions (continued)

Field

Description

0 Raw PWMA input signal selected as source.

1 Output of edge counter/compare selected as source.NOTE:When this bitfield is set to 1, the internal
edge counter is enabled and the rising and/or falling edges specified by the CAPTCTRLA[EDGAO]
and CAPTCTRLA[EDGAT1] fields are ignored. The software must still place a value other than 00 in
either or both of the CAPTCTLRA[EDGAO] and CAPTCTRLA[EDGA1] fields to enable one or both of
the capture registers.

5-4
EDGA1

Edge A 1

These bits control the input capture 1 circuitry by determining which input edges cause a capture event.

00 Disabled

01 Capture falling edges
10 Capture rising edges
11 Capture any edge

3-2
EDGAO

Edge AO

These bits control the input capture 0 circuitry by determining which input edges cause a capture event.

00 Disabled

01 Capture falling edges
10 Capture rising edges
11 Capture any edge

1
ONESHOTA

One Shot Mode A

This bit selects between free running and one shot mode for the input capture circuitry.

0 Free running mode is selected. If both capture circuits are enabled, then capture circuit 0 is armed
first after CAPTCTRLA[ARMA] is set. Once a capture occurs, capture circuit 0 is disarmed and
capture circuit 1 is armed. After capture circuit 1 performs a capture, it is disarmed and capture circuit
0 is re-armed. The process continues indefinitely.If only one of the capture circuits is enabled, then
captures continue indefinitely on the enabled capture circuit.

1 One shot mode is selected. If both capture circuits are enabled, then capture circuit 0 is armed first
after CAPTCTRLA[ARMA] is set. Once a capture occurs, capture circuit 0 is disarmed and capture
circuit 1 is armed. After capture circuit 1 performs a capture, it is disarmed and CAPTCTRLA[ARMA]
is cleared. No further captures will be performed until CAPTCTRLA[ARMA] is set again.If only one of
the capture circuits is enabled, then a single capture will occur on the enabled capture circuit and
CAPTCTRLA[ARMA] is then cleared.

ARMA

Arm A

Setting this bit high starts the input capture process. This bit can be cleared at any time to disable input
capture operation. This bit is self-cleared when in one shot mode and one or more of the enabled capture
circuits has had a capture event.

0 Input capture operation is disabled.
1 Input capture operation as specified by CAPTCTRLA[EDGAX] is enabled.
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7.3.42 PWM SMS3 Capture Compare A Register

(PWM_SM3CAPTCOMPA)

Address: PWM_SM3CAPTCOMPA — F300h base + ABh offset = F3ABh

Bit 15

14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
Write

EDGCNTA

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_SM3CAPTCOMPA field descriptions
Field Description
15-8 Edge Counter A
EDGCNTA
This read-only field contains the edge counter value for the PWMA input capture circuitry.
7-0 Edge Compare A
EDGCMPA
This read/write field is the compare value associated with the edge counter for the PWMA input capture
circuitry.

7.3.43 PWM SM3 Capture Control B Register
(PWM_SM3CAPTCTRLB)

Address: PWM_SM3CAPTCTRLB — F300h base + ACh offset = FSACh

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Read CB1CNT CBOCNT o =
5~ | INP 2 | £
CFBWM 55 = EDGB1 EDGBO % E
. 0] SELB 4 T
Write a =4
w o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_SM3CAPTCTRLB field descriptions
Field Description
15-13 Capture B1 FIFO Word Count
CB1CNT
This field reflects the number of words in the Capture B1 FIFO. (FIFO depth is 1)
12-10 Capture BO FIFO Word Count
CBOCNT
This field reflects the number of words in the Capture BO FIFO. (FIFO depth is 1)
9-8 Capture B FIFOs Water Mark
CFBWM
Table continues on the next page...
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PWM_SM3CAPTCTRLB field descriptions (continued)

Field Description

This field represents the water mark level for capture B FIFOs. The capture flags, STS[CFB1] and
STS[CFBO0], won’t be set until the word count of the corresponding FIFO is greater than this water mark
level. (FIFO depth is 1)

7 Edge Counter B Enable

EDGCNTB_EN
This bit enables the edge counter which counts rising and falling edges on the PWMB input signal.

0 Edge counter disabled and held in reset
1 Edge counter enabled

6 Input Select B

INP_SELB
This bit selects between the raw PWMB input signal and the output of the edge counter/compare circuitry

as the source for the input capture circuit.

0 Raw PWMB input signal selected as source.

1 Output of edge counter/compare selected as source.NOTE:When this bitfield is set to 1, the internal
edge counter is enabled and the rising and/or falling edges specified by the CAPTCTRLB[EDGBO]
and CAPTCTRLB[EDGB1] fields are ignored. The software must still place a value other than 00 in
either or both of the CAPTCTLRB[EDGBO] and/or CAPTCTRLB[EDGB1] fields in order to enable one
or both of the capture registers.

54 Edge B 1

EDGB1
These bits control the input capture 1 circuitry by determining which input edges cause a capture event.

00 Disabled
01 Capture falling edges

10 Capture rising edges
11 Capture any edge

3-2 Edge B O

EDGBO
These bits control the input capture 0 circuitry by determining which input edges cause a capture event.

00 Disabled
01 Capture falling edges

10 Capture rising edges
11 Capture any edge

1 One Shot Mode B

ONESHOTB
This bit selects between free running and one shot mode for the input capture circuitry.

0 Free running mode is selected. If both capture circuits are enabled, then capture circuit O is armed
first after CAPTCTRLB[ARMB] is set. Once a capture occurs, capture circuit 0 is disarmed and
capture circuit 1 is armed. After capture circuit 1 performs a capture, it is disarmed and capture circuit
0 is re-armed. The process continues indefinitely.If only one of the capture circuits is enabled, then
captures continue indefinitely on the enabled capture circuit.

1 One shot mode is selected. If both capture circuits are enabled, then capture circuit 0 is armed first
after CAPTCTRLB[ARMB] is set. Once a capture occurs, capture circuit O is disarmed and capture
circuit 1 is armed. After capture circuit 1 performs a capture, it is disarmed and CAPTCTRLB[ARMB]
is cleared. No further captures will be performed until CAPTCTRLB[ARMB] is set again.If only one of
the capture circuits is enabled, then a single capture will occur on the enabled capture circuit and
CAPTCTRLB[ARMB] is then cleared.

Table continues on the next page...
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PWM_SM3CAPTCTRLB field descriptions (continued)

Field

Description

ARMB

Arm B

Setting this bit high starts the input capture process. This bit can be cleared at any time to disable input
capture operation. This bit is self-cleared when in one shot mode and one or more of the enabled capture
circuits has had a capture event.

0 Input capture operation is disabled.
1 Input capture operation as specified by CAPTCTRLB[EDGBX] is enabled.

7.3.44 PWM SM3 Capture Compare B Register
(PWM_SM3CAPTCOMPB)

Address: PWM_SM3CAPTCOMPB — F300h base + ADh offset = F3ADh

Bit 15

14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
Write

EDGCNTB

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_SM3CAPTCOMPB field descriptions
Field Description
15-8 Edge Counter B
EDGCNTB
This read-only field contains the edge counter value for the PWMB input capture circuitry.
7-0 Edge Compare B
EDGCMPB

This read/write field is the compare value associated with the edge counter for the PWMB input capture
circuitry.

7.3.45 PWM SM3 Capture Control X Register
(PWM_SM3CAPTCTRLX)

Address: PWM_SM3CAPTCTRLX — F300h base + AEh offset = F3AEh

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read CX1CNT CXOCNT < a

S _ | INP_ Q| %

. CFXWM 8 T | SELX EDGX1 EDGXO0 & o

Write o =z <
| (@)

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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PWM_SM3CAPTCTRLX field descriptions

Field Description
15-13 Capture X1 FIFO Word Count
CX1CNT
This field reflects the number of words in the Capture X1 FIFO. (FIFO depth is 1)
12-10 Capture X0 FIFO Word Count
CXOCNT
This field reflects the number of words in the Capture X0 FIFO. (FIFO depth is 1)
9-8 Capture X FIFOs Water Mark
CFXWM

This field represents the water mark level for capture X FIFOs. The capture flags, STS[CFX1] and
STS[CFXO0], won’t be set until the word count of the corresponding FIFO is greater than this water mark
level. (FIFO depth is 1)

7 Edge Counter X Enable

EDGCNTX_EN o ] o ] ) )
This bit enables the edge counter which counts rising and falling edges on the PWMX input signal.

0 Edge counter disabled and held in reset
1 Edge counter enabled

6 Input Select X

INP_SELX
This bit selects between the raw PWMX input signal and the output of the edge counter/compare circuitry

as the source for the input capture circuit.

0 Raw PWMX input signal selected as source.

1 Output of edge counter/compare selected as source.NOTE:When this bitfield is set to 1, the internal
edge counter is enabled and the rising and/or falling edges specified by the CAPTCTRLX[EDGXO0]
and CAPTCTRLX[EDGX1] fields are ignored. The software must still place a value other than 00 in
either or both of the CAPTCTLRX[EDGXO0] and/or CAPTCTRLX[EDGX1] fields in order to enable one
or both of the capture registers.

54 Edge X 1
EDGX1

These bits control the input capture 1 circuitry by determining which input edges cause a capture event.

00 Disabled

01 Capture falling edges
10 Capture rising edges
11 Capture any edge

3-2 Edge X 0
EDGXO0

These bits control the input capture 0 circuitry by determining which input edges cause a capture event.

00 Disabled

01 Capture falling edges
10 Capture rising edges
11 Capture any edge

1 One Shot Mode Aux
ONESHOTX

This bit selects between free running and one shot mode for the input capture circuitry.

0 Free running mode is selected. If both capture circuits are enabled, then capture circuit O is armed
first after the ARMX bit is set. Once a capture occurs, capture circuit 0 is disarmed and capture circuit
1 is armed. After capture circuit 1 performs a capture, it is disarmed and capture circuit 0 is re-armed.

Table continues on the next page...
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PWM_SM3CAPTCTRLX field descriptions (continued)

Field

Description

The process continues indefinitely.If only one of the capture circuits is enabled, then captures
continue indefinitely on the enabled capture circuit.

1 One shot mode is selected. If both capture circuits are enabled, then capture circuit 0 is armed first
after the ARMX bit is set. Once a capture occurs, capture circuit 0 is disarmed and capture circuit 1 is
armed. After capture circuit 1 performs a capture, it is disarmed and the ARMX bit is cleared. No
further captures will be performed until the ARMX bit is set again.If only one of the capture circuits is
enabled, then a single capture will occur on the enabled capture circuit and the ARMX bit is then
cleared.

ARMX

Arm X

Setting this bit high starts the input capture process. This bit can be cleared at any time to disable input
capture operation. This bit is self-cleared when in one shot mode and one or more of the enabled capture
circuits has had a capture event.

0 Input capture operation is disabled.
1 Input capture operation as specified by CAPTCTRLX[EDGXX] is enabled.

7.3.46 PWM SM3 Capture Compare X Register
(PWM_SM3CAPTCOMPX)

Address: PWM_SM3CAPTCOMPX — F300h base + AFh offset = F3AFh

Bit 15

13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
Write

EDGCNTX

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_SM3CAPTCOMPX field descriptions
Field Description
15-8 Edge Counter X
EDGCNTX
This read-only field contains the edge counter value for the PWMX input capture circuitry.
7-0 Edge Compare X
EDGCMPX
This read/write field is the compare value associated with the edge counter for the PWMX input capture
circuitry.
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7.3.47 PWM SM3 Capture Value 0 Register (PWM_SM3CVALO)

Address: PWM_SM3CVALO — F300h base + BOh offset = F3B0Oh

Bit 15 14 13 12 11 10 9 8 | 7 6 5

Read

CAPTVALO

Write
Reset 0 0 0

PWM_SM3CVALDO field descriptions

Field Description
15-0 This read-only register stores the value captured from the submodule counter. Exactly when this capture
CAPTVALO occurs is defined by CAPTCTRLX[EDGXO]. This register is not byte accessible.

7.3.48 PWM SM3 Capture Value 1 Register (PWM_SM3CVAL1)

Address: PWM_SM3CVAL1 — F300h base + B2h offset = F3B2h
9 8 | 7
CAPTVAL1

Bt 15 14 13 12 11 10
Read

Write
Reset 0 0 0 0 0

PWM_SM3CVALA1 field descriptions

Field Description
15-0 This read-only register stores the value captured from the submodule counter. Exactly when this capture
CAPTVALI1 occurs is defined by CAPTCTRLX[EDGX1]. This register is not byte accessible.

7.3.49 PWM SM3 Capture Value 2 Register (PWM_SM3CVAL2)

Address: PWM_SM3CVAL2 — F300h base + B4h offset = F3B4h

Bit 15 14 13 12 11 10 9 8 | 7 6 5

Read
Write
Reset 0 0 0

CAPTVAL2
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PWM_SM3CVAL2 field descriptions

Field Description

15-0 This read-only register stores the value captured from the submodule counter. Exactly when this capture
CAPTVAL2 occurs is defined by CAPTCTRLA[EDGAQO]. This register is not byte accessible.

7.3.50 PWM SM3 Capture Value 3 Register (PWM_SM3CVAL3)

Address: PWM_SM3CVALS — F300h base + B6h offset = F3B6h

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read CAPTVAL3

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_SM3CVALS field descriptions

Field Description

15-0 This read-only register stores the value captured from the submodule counter. Exactly when this capture
CAPTVALS occurs is defined by CAPTCTRLA[EDGAA1]. This register is not byte accessible.

7.3.51 PWM SM3 Capture Value 4 Register (PWM_SM3CVAL4)

Address: PWM_SM3CVAL4 — F300h base + B8h offset = F3B8h

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read CAPTVAL4

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_SM3CVALA field descriptions

Field Description

15-0 This read-only register stores the value captured from the submodule counter. Exactly when this capture

CAPTVAL4 occurs is defined by CAPTCTRLB[EDGBO]. This register is not byte accessible.
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7.3.52 PWM SM3 Capture Value 5 Register (PWM_SM3CVALDS5)

Address: PWM_SM3CVAL5 — F300h base + BAh offset = F3BAh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read CAPTVALS
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_SM3CVALS field descriptions

Field Description

15-0 This read-only register stores the value captured from the submodule counter. Exactly when this capture
CAPTVALS5S occurs is defined by CAPTCTRLB[EDGBH1]. This register is not byte accessible.

7.3.53 Output Enable Register (PWM_OUTEN)

Address: PWM_OUTEN — F300h base + COh offset = F3C0Oh

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0
PWMA_EN PWMB_EN PWMX_EN
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_OUTEN field descriptions

Field Description
15-12 This read-only bitfield is reserved and always has the value zero.
Reserved
11-8 PWMA Output Enables
PWMA_EN

These bits enable the PWMA outputs of each submodule. These bits should be set to 0 (output disabled)
when a PWMA pin is being used for input capture.

0 PWMA output disabled.
1 PWMA output enabled.

7-4 PWMB Output Enables

PWMB_EN
These bits enable the PWMB outputs of each submodule. These bits should be set to 0 (output disabled)

when a PWMB pin is being used for input capture.

0 PWMB output disabled.

1  PWMB output enabled.

Table continues on the next page...
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PWM_OUTEN field descriptions (continued)

Field

Description

3-0
PWMX_EN

PWMX_EN - PWMX Output Enables

These bits enable the PWMX outputs of each submodule. These bits should be set to 0 (output disabled)
when a PWMX pin is being used for input capture or deadtime correction.

0 PWMX output disabled.
1 PWMX output enabled.

7.3.54 Mask Register (PWM_MASK)

MASK is double buffered and does not take effect until a FORCE_OUT event occurs
within the appropriate submodule. Reading MASK reads the buffered values and not
necessarily the values currently in effect.

Address: PWM_MASK — F300h base + C1h offset = F3C1h

Bit 15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0
MASKA MASKB MASKX
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_MASK field descriptions
Field Description
15-12 This read-only bitfield is reserved and always has the value zero.
Reserved
11-8 PWMA Masks
MASKA
These bits mask the PWMA outputs of each submodule forcing the output to logic 0 prior to consideration
of the output polarity.
0 PWA output normal.
1 PWA output masked.
7-4 PWMB Masks
MASKB
These bits mask the PWMB outputs of each submodule forcing the output to logic 0 prior to consideration
of the output polarity.
0 PWMB output normal.
1 PWMB output masked.
3-0 PWMX Masks
MASKX
These bits mask the PWMX outputs of each submodule forcing the output to logic 0 prior to consideration
of the output polarity.
0 PWM output normal.
1 PWM output masked.
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7.3.55 Software Controlled Output Register (PWM_SWCOUT)

These bits are

double buffered and do not take effect until a FORCE_OUT event occurs

within the appropriate submodule. Reading these bits reads the buffered value and not
necessarily the value currently in effect.

Address: PWM_SWCOUT - F300h base + C2h offset = F3C2h

Bit 15 14

e

13 12 11 10 9 8 |

Read

Write

Reset 0 0

o | SM30UT23 |~
o | SM30UT45 | o
o | SM20UT23 | o
o | SM20UT45 | »~
o| SM10UT23 |
o | SM10UT45 |~
o | SMOOUT23

o | SMOOUT45 | o

PWM_SWCOUT field descriptions

Field

Description

15-8
Reserved

This read-only bitfield is reserved and always has the value zero.

7
SM30UT23

Submodule 3 Software Controlled Output 23

This bit is only used when DTSRCSEL[SM3SEL23] is set to 0b10. It allows software control of which
signal is supplied to the deadtime generator of that submodule.

0 Alogic 0 is supplied to the deadtime generator of submodule 3 instead of PWM23.
1 Alogic 1 is supplied to the deadtime generator of submodule 3 instead of PWM23.

6
SM30UT45

Submodule 3 Software Controlled Output 45

This bit is only used when DTSRCSEL[SM3SEL45] is set to b10. It allows software control of which signal
is supplied to the deadtime generator of that submodule.

0 Alogic 0 is supplied to the deadtime generator of submodule 3 instead of PWM45.
1 Alogic 1 is supplied to the deadtime generator of submodule 3 instead of PWM45.

5
SM20UT23

Submodule 2 Software Controlled Output 23

This bit is only used when DTSRCSEL[SM2SEL23] is set to b10. It allows software control of which signal
is supplied to the deadtime generator of that submodule.

0 Alogic 0 is supplied to the deadtime generator of submodule 2 instead of PWM23.
1 Alogic 1 is supplied to the deadtime generator of submodule 2 instead of PWM23.

4
SM20UT45

Submodule 2 Software Controlled Output 45

This bit is only used when DTSRCSEL[SM2SEL45] is set to b10. It allows software control of which signal
is supplied to the deadtime generator of that submodule.

0 Alogic 0 is supplied to the deadtime generator of submodule 2 instead of PWM45.

1 Alogic 1 is supplied to the deadtime generator of submodule 2 instead of PWM45.

Table continues on the next page...
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PWM_SWCOUT field descriptions (continued)

Field Description
3 Submodule 1 Software Controlled Output 23
SM10UT23
This bit is only used when DTSRCSEL[SM1SEL23] is set to b10. It allows software control of which signal
is supplied to the deadtime generator of that submodule.
0 Alogic 0 is supplied to the deadtime generator of submodule 1 instead of PWM23.
1 Alogic 1 is supplied to the deadtime generator of submodule 1 instead of PWM23.
2 Submodule 1 Software Controlled Output 45
SM10UT45
This bit is only used when DTSRCSEL[SM1SEL45] is set to b10. It allows software control of which signal
is supplied to the deadtime generator of that submodule.
0 Alogic 0 is supplied to the deadtime generator of submodule 1 instead of PWM45.
1 Alogic 1 is supplied to the deadtime generator of submodule 1 instead of PWM45.
1 Submodule 0 Software Controlled Output 23
SM0OUT23 o ] S
This bit is only used when DTSRCSEL[SMOSEL23] is set to b10. It allows software control of which signal
is supplied to the deadtime generator of that submodule.
0 Alogic 0 is supplied to the deadtime generator of submodule 0 instead of PWM23.
1 Alogic 1 is supplied to the deadtime generator of submodule 0 instead of PWM23.
0 Submodule 0 Software Controlled Output 45
SMOOUT45

This bit is only used when DTSRCSEL[SMOSEL45] is set to b10. It allows software control of which signal
is supplied to the deadtime generator of that submodule.

0 Alogic 0 is supplied to the deadtime generator of submodule 0 instead of PWM45.
1 Alogic 1 is supplied to the deadtime generator of submodule 0 instead of PWM45.

7.3.56 Deadtime Source Select Register (PWM_DTSRCSEL)

The deadtime source select bits are double buffered and do not take effect until a
FORCE_OUT event occurs within the appropriate submodule. Reading the these bits
reads the buffered value and not necessarily the value currently in effect.

Address: PWM_DTSRCSEL — F300h base + C3h offset = F3C3h

Bt 15 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Read
SM3SEL23 | SM3SEL45 | SM2SEL23 | SM2SEL45 | SM1SEL23 | SM1SEL45 | SMOSEL23 | SMOSEL45
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_DTSRCSEL field descriptions
Field Description
15-14 Submodule 3 PWM23 Control Select
SM3SEL23
Table continues on the next page...
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PWM_DTSRCSEL field descriptions (continued)

Field

Description

This field selects possible over-rides to the generated SM3PWM23 signal that will be passed to the
deadtime logic upon the occurrence of a FORCE_OUT event in that submodule.

00 Generated SM3PWMZ23 signal is used by the deadtime logic.

01 Inverted generated SM3PWM23 signal is used by the deadtime logic.
10 SWCOUT[SM30UT23] is used by the deadtime logic.

11 PWMS3_EXTA signal is used by the deadtime logic.

13-12
SM3SEL45

Submodule 3 PWM45 Control Select

This field selects possible over-rides to the generated SM3PWM45 signal that will be passed to the
deadtime logic upon the occurrence of a FORCE_OUT event in that submodule.

00 Generated SM3PWM45 signal is used by the deadtime logic.

01 Inverted generated SM3PWMA45 signal is used by the deadtime logic.
10 SWCOUT[SM30UT45] is used by the deadtime logic.

11 PWMS3_EXTB signal is used by the deadtime logic.

11-10
SM2SEL23

Submodule 2 PWM23 Control Select

This field selects possible over-rides to the generated SM2PWM23 signal that will be passed to the
deadtime logic upon the occurrence of a FORCE_OUT event in that submodule.

00 Generated SM2PWMZ23 signal is used by the deadtime logic.

01 Inverted generated SM2PWM23 signal is used by the deadtime logic.
10 SWCOUT[SM20UT23] is used by the deadtime logic.

11 PWM2_EXTA signal is used by the deadtime logic.

9-8
SM2SEL45

Submodule 2 PWM45 Control Select

This field selects possible over-rides to the generated SM2PWMA45 signal that will be passed to the
deadtime logic upon the occurrence of a FORCE_OUT event in that sudeadtime logic upon the
occurrence of a FORCE_OUT event in that submodule.

00 Generated SM2PWM45 signal is used by the deadtime logic.

01 Inverted generated SM2PWM45 signal is used by the deadtime logic.
10 SWCOUT[SM20UT45] is used by the deadtime logic.

11 PWM2_EXTB signal is used by the deadtime logic.

7-6
SM1SEL23

Submodule 1 PWM23 Control Select

This field selects possible over-rides to the generated SM1PWM23 signal that will be passed to the
deadtime logic upon the occurrence of a FORCE_OUT event in that submodule.

00 Generated SM1PWM23 signal is used by the deadtime logic.

01 Inverted generated SM1PWM23 signal is used by the deadtime logic.
10 SWCOUT[SM10UT23] is used by the deadtime logic.

11 PWM1_EXTA signal is used by the deadtime logic.

5-4
SM1SEL45

Submodule 1 PWM45 Control Select

This field selects possible over-rides to the generated SM1PWM45 signal that will be passed to the
deadtime logic upon the occurrence of a FORCE_OUT event in that submodule.

00 Generated SM1PWM45 signal is used by the deadtime logic.
01 Inverted generated SM1PWM45 signal is used by the deadtime logic.

Table continues on the next page...
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PWM_DTSRCSEL field descriptions (continued)

Field Description

10 SWCOUT[SM10UT45] is used by the deadtime logic.
11 PWM1_EXTB signal is used by the deadtime logic.

3-2 Submodule 0 PWM23 Control Select

SMOSEL23 o ] ] ] )
This field selects possible over-rides to the generated SMOPWM23 signal that will be passed to the

deadtime logic upon the occurrence of a FORCE_OUT event in that submodule.

00 Generated SMOPWMZ23 signal is used by the deadtime logic.

01 Inverted generated SMOPWM23 signal is used by the deadtime logic.
10 SWCOUT[SMOOUT23] is used by the deadtime logic.

11 PWMO_EXTA signal is used by the deadtime logic.

1-0 Submodule 0 PWM45 Control Select

SMOSEL45
This field selects possible over-rides to the generated SMOPWMA45 signal that will be passed to the

deadtime logic upon the occurrence of a FORCE_OUT event in that submodule.

00 Generated SMOPWMA45 signal is used by the deadtime logic.
01 Inverted generated SMOPWMA45 signal is used by the deadtime logic.
10 SWCOUT[SMOOUT45] is used by the deadtime logic.

11 PWMO_EXTB signal is used by the deadtime logic.

7.3.57 Master Control Register (PWM_MCTRL)

Address: PWM_MCTRL — F300h base + C4h offset = F3C4h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read
IPOL RUN

Write

Reset 0 0 0 0 0 0 0

PWM_MCTRL field descriptions

Field Description

15-12 Current Polarity

IPOL
This buffered read/write bit is used to select between PWM23 and PWM45 as the source for the

generation of the complementary PWM pair output. MCTRL[IPOL] is ignored in independent mode.
MCTRLJ[IPOL] does not take effect until a FORCE_OUT event takes place in the appropriate submodule.
Reading MCTRLJ[IPOL] reads the buffered value and not necessarily the value currently in effect.

0 PWM23 is used to generate complementary PWM pair.
1 PWM45 is used to generate complementary PWM pair.

11-8 Run

RUN
This read/write bit enables the clocks to the PWM generator. When this bit equals zero, the submodule

counter is reset. A reset clears this field.

Table continues on the next page...
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PWM_MCTRL field descriptions (continued)

Field Description

NOTE: For proper initialization of MCTRL[LDOK] and MCTRL[RUN], see the description of PWM
initialization.

0 PWM generator disabled.
1 PWM generator enabled.

7-4 Clear Load Okay

CLDOK
This write only bit is used to clear MCTRL[LDOK]. Write a 1 to this location to clear the corresponding

MCTRL[LDOK]. If a reload occurs with MCTRL[LDOK] set at the same time that MCTRL[CLDOK] is
written, then the reload will not be performed and MCTRL[LDOK] will be cleared. This bit is self clearing
and always reads as a 0.

3-0 Load Okay

This read/set field loads CTRL[PRSC] and the INIT, FRACVALX, and VALXx registers of the corresponding
submodule into a set of buffers. The buffered prescaler divisor, submodule counter modulus value, and
PWM pulse width take effect at the next PWM reload if CTRL[LDMOD] is clear or immediately if
CTRL[LDMOD] is set. Set MCTRL[LDOK] by reading it when it is logic zero and then writing a logic one to
it. The VALx, FRACVALX, INIT, and CTRL[PRSC] registers of the corresponding submodule cannot be
written while MCTRL[LDOK] is set. MCTRL[LDOK] is automatically cleared after the new values are
loaded, or can be manually cleared before a reload by writing a logic 1 to MCTRL[CLDOK]. This bit
cannot be written with a zero. Reset clears this field.

NOTE: For proper initialization of MCTRL[LDOK] and MCTRL[RUN], see the description of PWM
initialization.

0 Do not load new values.
1 Load prescaler, modulus, and PWM values.

7.3.58 Master Control 2 Register (PWM_MCTRL?2)

Address: PWM_MCTRL2 — F300h base + C5h offset = F3C5h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_MCTRL2 field descriptions

Field Description
15-2 This read-only bitfield is reserved and always has the value zero.
Reserved
1-0 Monitor PLL State
MONPLL

These bits are used to control disabling of the fractional delay block when the chip PLL is unlocked and/or
missing its input reference. The fractional delay block requires a continuous 120 MHz clock from the PLL.
If this clock turns off when the fractional delay block is being used, then the outputs of the fractional delay

block can be stuck high or low even if the PLL restarts. When this control bit is set, PLL problems cause

Table continues on the next page...
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PWM_MCTRL2 field descriptions (continued)

Field Description

the fractional delay block to be disabled until the PLL returns to a locked state. When the PLL is receiving
a proper reference and is locked, the fractional delay block requires a 25 ps startup time, just as if the
FRCTRL[FRAC_PU] bits (one per submodule) had been turned off and turned on again.

If PLL monitoring is disabled, software should manually clear and then set the FRCTRL[FRAC_PU] bits
when the PLL loses its reference or becomes unlocked. This sequence causes the fractional delay block
to be disabled and restarted.

If the fractional delay block is not being used, the value of these bits does not matter.

00 Not locked. Do not monitor PLL operation. Resetting of the fractional delay block in case of PLL
losing lock will be controlled by software.

01 Not locked. Monitor PLL operation to automatically disable the fractional delay block when the PLL
encounters problems.

10 Locked. Do not monitor PLL operation. Resetting of the fractional delay block in case of PLL losing
lock will be controlled by software. These bits are write protected until the next reset.

11 Locked. Monitor PLL operation to automatically disable the fractional delay block when the PLL
encounters problems. These bits are write protected until the next reset.

7.3.59 Fault Control Register (PWM_FCTRL)

Address: PWM_FCTRL — F300h base + C6h offset = F3C6h

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
FLVL FAUTO FSAFE FIE
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWM_FCTRL field descriptions

Field Description

15-12 Fault Level
FLVL

These read/write bits select the active logic level of the individual fault inputs. A reset clears this field.

0 Alogic 0 on the fault input indicates a fault condition.
1 Alogic 1 on the fault input indicates a fault condition.

11-8 Automatic Fault Clearing

FAUTO
These read/write bits select automatic or manual clearing of faults. A reset clears this field.

0 Manual fault clearing. PWM outputs disabled by this fault are not enabled until FSTS[FFLAGX] is clear
at the start of a half cycle or full cycle depending the state of FSTS[FFULL]. This is further controlled
by FCTRL[FSAFE].

1 Automatic fault clearing. PWM outputs disabled by this fault are enabled when FSTS[FFPINX] is clear
at the start of a half cycle or full cycle depending on the state of FSTS[FFULL] without regard to the
state of FSTS[FFLAGX].

Table continues on the next page...
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PWM_FCTRL field descriptions (continued)

Field Description

7-4 Fault Safety Mode
FSAFE

These read/write bits select the safety mode during manual fault clearing. A reset clears this field.

FSTS[FFPINx] may indicate a fault condition still exists even though the actual fault signal at the FAULTXx
pin is clear due to the fault filter latency.

0 Normal mode. PWM outputs disabled by this fault are not enabled until FSTS[FFLAGX] is clear at the
start of a half cycle or full cycle depending on the state of FSTS[FFULL] without regard to the state of
FSTS[FFPINXx]. The PWM outputs disabled by this fault input will not be re-enabled until the actual
FAULTX input signal de-asserts since the fault input will combinationally disable the PWM outputs (as
programmed in DISMAP).

1 Safe mode. PWM outputs disabled by this fault are not enabled until FSTS[FFLAGX] is clear and
FSTS[FFPINX] is clear at the start of a half cycle or full cycle depending on the state of FSTS[FFULL].

3-0 Fault Interrupt Enables

FIE
This read/write bit enables CPU interrupt requests generated by the FAULTX pins. A reset clears this field.

0 FAULTx CPU interrupt requests disabled.
1 FAULTx CPU interrupt requests enabled.

7.3.60 Fault Status Register (PWM_FSTS)

Address: PWM_FSTS — F300h base + C7h offset = F3C7h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
FFULL FFLAG
Write
Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1

PWM_FSTS field descriptions

Field Description
15-13 This read-only bitfield is reserved and always has the value zero.
Reserved
12 Fault Test
FTEST

These read/write bit is used to simulate a fault condition. Setting this bit will cause a simulated fault to be
sent into all of the fault filters. The condition will propagate to the fault flags and possibly the PWM outputs
depending on the DISMAP settings. Clearing this bit removes the simulated fault condition.

0 No fault.

1 Cause a simulated fault.
11-8 Filtered Fault Pins
FFPIN

These read-only bits reflect the current state of the filtered FAULTX pins converted to high polarity. A logic
1 indicates a fault condition exists on the filtered FAULTX pin. A reset has no effect on this field.

Table continues on the next page...
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PWM_FSTS field descriptions (continued)

Field Description
7-4 Full Cycle
FFULL
These read/write bits are used to control the timing for re-enabling the PWM outputs after a fault
condition. These bits apply to both automatic and manual clearing of a fault condition.
0 PWM outputs are re-enabled at the start of a full or half cycle.
1 PWM outputs are re-enabled only at the start of a full cycle.
3-0 Fault Flags
FFLAG
These read-only flag is set within two CPU cycles after a transition to active on the FAULTx pin. Clear this
bit by writing a logic one to it. A reset clears this field.
0 No fault on the FAULTX pin.
1 Fault on the FAULTX pin.

7.3.61 Fault Filter Register (PWM_FFILT)

Address: PWM_FFI

LT — F300h base + C8h offset = F3C8h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read | 0
('7, FILT_CNT FILT_PER
Write | &
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PWM_FFILT field descriptions
Field Description
15 Fault Glitch Stretch Enable
GSTR
This bit is used to enable the fault glitch stretching logic. This logic ensures that narrow fault glitches are
stretched to be at least 2 IPBus clock cycles wide. In some cases a narrow fault input can cause problems
due to the short PWM output shutdown/re-activation time. The stretching logic ensures that a glitch on the
fault input, when the fault filter is disabled, will be registered in the fault flags.
0 Fault input glitch stretching is disabled.
1 Input fault signals will be stretched to at least 2 IPBus clock cycles.
14-11 This read-only bitfield is reserved and always has the value zero.
Reserved
10-8 Fault Filter Count
FILT_CNT ) ) ] ) ) )
These bits represent the number of consecutive samples that must agree prior to the input filter accepting
an input transition. A value of 0 represents 3 samples. A value of 7 represents 10 samples. The value of
FFILT[FILT_CNT] affects the input latency
7-0 Fault Filter Period
FILT_PER

Table continues on the next page...
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PWM_FFILT field descriptions (continued)

Field Description

These bits represent the sampling period (in IPBus clock cycles) of the fault pin input filter. Each input is
sampled multiple times at the rate specified by this field. If FFILT[FILT_PER] is 0x00 (default), then the
input filter is bypassed. The value of FFILT[FILT_PER] affects the input latency.

7.4 Functional Description

7.4.1 PWM Capabilities

This section describes some capabilities of the PWM module.

7.4.1.1 Center Aligned PWMs

Each submodule has its own timer that is capable of generating PWM signals on two
output pins. The edges of each of these signals are controlled independently as shown in
Figure 7-208.
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/ A / /
VAL3
G4 R4 B4 W
VALO (30000) — — — /. :_:+____ 4:_5____ _i_:k____ :L%__
VAL4 o — — —
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Figure 7-208. Center Aligned Example
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The submodule timers only count in the up direction and then reset to the INIT value.
Instead of having a single value that determines pulse width, there are two values that
must be specified: the turn on edge and the turn off edge. This double action edge
generation not only gives the user control over the pulse width, but over the relative
alignment of the signal as well. As a result, there is no need to support separate PWM
alignment modes since the PWM alignment mode is inherently a function of the turn on
and turn off edge values.

Figure 7-208 also illustrates an additional enhancement to the PWM generation process.
When the counter resets, it is reloaded with a user specified value, which may or may not
be zero. If the value chosen happens to be the 2's complement of the modulus value, then
the PWM generator operates in "signed" mode. This means that if each PWM's turn on
and turn off edge values are also the same number but only different in their sign, the
"on" portion of the output signal will be centered around a count value of zero. Therefore,
only one PWM value needs to be calculated in software and then this value and its
negative are provided to the submodule as the turn off and turn on edges respectively.
This technique will result in a pulse width that always consists of an odd number of timer
counts. If all PWM signal edge calculations follow this same convention, then the signals
will be center aligned with respect to each other, which is the goal. Of course, center
alignment between the signals is not restricted to symmetry around the zero count value,
as any other number would also work. However, centering on zero provides the greatest
range in signed mode and also simplifies the calculations.

7.4.1.2 Edge Aligned PWMs

When the turn on edge for each pulse is specified to be the INIT value, then edge aligned
operation results, as the following figure shows. Therefore, only the turn off edge value
needs to be periodically updated to change the pulse width.
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Figure 7-209. Edge Aligned Example (INIT=VAL2=VAL4)

With edge aligned PWMs, another example of the benefits of signed mode can be seen. A
common way to drive an H-bridge is to use a technique called "bipolar" PWMs where a
50% duty cycle results in zero volts on the load. Duty cycles less than 50% result in
negative load voltages and duty cycles greater than 50% generate positive load voltages.
If the module is set to signed mode operation (the INIT and VAL1 values are the same
number with opposite signs), then there is a direct proportionality between the PWM turn
off edge value and the motor voltage, INCLUDING the sign. So once again, signed mode
of operation simplifies the software interface to the PWM module since no offset
calculations are required to translate the output variable control algorithm to the voltage
on an H-Bridge load.

7.4.1.3 Phase Shifted PWMs

In the previous sections, the benefits of signed mode of operation were discussed in the
context of simplifying the required software calculations by eliminating the requirement
to bias up signed variables before applying them to the module. However, if numerical
biases are applied to the turn on and turn off edges of different PWM signal, the signals
will be phase shifted with respect to each other, as the following figure shows. This
results in certain advantages when applied to a power stage. For example, when operating
a multi-phase inverter at a low modulation index, all of the PWM switching edges from
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the different phases occur at nearly the same time. This can be troublesome from a noise
standpoint, especially if ADC readings of the inverter must be scheduled near those
times. Phase shifting the PWM signals can open up timing windows between the
switching edges to allow a signal to be sampled by the ADC. However, phase shifting
does NOT affect the duty cycle so average load voltage is not affected.
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Figure 7-210. Phase Shifted Outputs Example

An additional benefit of phase shifted PWMs appears in Figure 7-211. In this case, an H-
Bridge circuit is driven by 4 PWM signals to control the voltage waveform on the
primary of a transformer. Both left and right side PWMs are configured to always
generate a square wave with 50% duty cycle. This works out nicely for the H-Bridge
since no narrow pulse widths are generated reducing the high frequency switching
requirements of the transistors. Notice that the square wave on the right side of the H-
Bridge is phase shifted compared to the left side of the H-Bridge. As a result, the
transformer primary sees the bottom waveform across its terminals. The RMS value of
this waveform is directly controlled by the amount of phase shift of the square waves.
Regardless of the phase shift, no DC component appears in the load voltage as long as the
duty cycle of each square wave remains at 50% making this technique ideally suited for
transformer loads. As a result, this topology is frequently used in industrial welders to
adjust the amount of energy delivered to the weld arc.
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Figure 7-211. Phase Shifted PWMs Applied to a Transformer Primary

7.4.1.4 Double Switching PWMs

Double switching PWM output is supported to aid in single shunt current measurement
and three phase reconstruction. This method support two independent rising edges and
two independent falling edges per PWM cycle. The VAL2 and VALS3 registers are used
to generate the even channel (labelled as PWMA in the figure) while VAL4 and VALS
are used to generate the odd channel. The two channels are combined using XOR logic
(force out logic) as the following figure shows. The DBLPWM signal can be run through
the deadtime insertion logic.
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Figure 7-212. Double Switching Output Example

7.4.1.5 ADC Triggering

In cases where the timing of the ADC triggering is critical, it must be scheduled as a
hardware event instead of software activated. With this PWM module, multiple ADC
triggers can be generated in hardware per PWM cycle without the requirement of another
timer module. Figure 7-213 shows how this is accomplished. When specifying
complementary mode of operation, only two edge comparators are required to generate
the output PWM signals for a given submodule. This means that the other comparators
are free to perform other functions. In this example, the software does not need to quickly
respond after the first conversion to set up other conversions that must occur in the same
PWM cycle.
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VALLI (50100) / /
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Figure 7-213. Multiple Output Trigger Generation in Hardware

Because each submodule has its own timer, it is possible for each submodule to run at a
different frequency. One of the options possible with this PWM module is to have one or
more submodules running at a lower frequency, but still synchronized to the timer in
submoduleQ. Figure 7-214 shows how this feature can be used to schedule ADC triggers
over multiple PWM cycles. A suggested use for this configuration would be to use the
lower-frequency submodule to control the sampling frequency of the software control
algorithm where multiple ADC triggers can now be scheduled over the entire sampling
period. In Figure 7-214 , all submodule comparators are shown being used for ADC
trigger generation.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
Freescale Semiconductor Preliminary 265




runctional Description

Submodule0 counter (PWM generation)

Submodulel counter

VALS
VAL4

VAL3 /
|
VAL2 '

|
|
VALI |
|
|
|

VALO

e A AT

Figure 7-214. Multiple Output Triggers Over Several PWM Cycles

Reload

7.4.1.6 Enhanced Capture Capabilities (E-Capture)

When a PWM pin is not being used for PWM generation, it can be used to perform input
captures. Recall that for PWM generation BOTH edges of the PWM signal are specified
via separate compare register values. When programmed for input capture, both of these
registers work on the same pin to capture multiple edges, toggling from one to the other
in either a free running or one-shot fashion. By simply programming the desired edge of
each capture circuit, period and pulse width of an input signal can easily be measured
without the requirement to re-arm the circuit. In addition, each edge of the input signal
can clock an 8 bit counter where the counter output is compared to a user specified value
(EDGCMP). When the counter output equals EDGCMP, the value of the submodule
timer is captured and the counter is automatically reset. This feature allows the module to
count a specified number of edge events and then perform a capture and interrupt. The
following figure illustrates some of the functionality of the E-Capture circuit.
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Capture on CVALO ——p»
Capture on CVAL1 —P»
Capture on CVALO ——p»
Capture on CVAL1 —P»
Set capt0 to falling edge
Capture on CVLAO —P»
Capture on CVAL1 —P»
Capture on CVLAO —P»
Capture on CVAL1 —P»

Set to free run mode
Switch mux to input pin ——p

Enable edge counter
Set to one-shot mode ——p»
Re-arm capture circuit ——pp

Set edge count value to 5 ——»

Set capt0 to rising edge
Set capt1 to falling edge

Set CVAL1 to rising edge

Capture occurs after 5 edges —
Set CVALDO to rising edge

Capture occurs after 5 edges ——pp

Figure 7-215. Capture Capabilities of the E-Capture Circuit

When a submodule is being used for PWM generation, its timer counts up to the modulus
value used to specify the PWM frequency and then is re-initialized. Therefore, using this
timer for input captures on one of the other pins (e.g, PWMX) has limited utility since it
does not count through all of the numbers and the timer reset represents a discontinuity in
the 16 bit number range. However, when measuring a signal that is synchronous to the
PWM frequency, the timer modulus range is perfectly suited for the application. Consider
the following figure as an example. In this application the output of a PWM power stage
1s connected to the PWMX pin that is configured for free running input captures.
Specifically, the CVALO capture circuitry is programmed for rising edges and the
CVALI capture circuitry is set for falling edges. This will result in new load pulse width
data being acquired every PWM cycle. To calculate the pulse width, simply subtract the
CVALDO register value from the CVALI register value. This measurement is extremely
beneficial when performing dead-time distortion correction on a half bridge circuit
driving an inductive load. Also, these values can be directly compared to the VALX
registers responsible for generating the PWM outputs to obtain a measurement of system
propagation delays. For details, refer to the separate discussion of deadtime distortion
correction.
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Figure 7-216. Output Pulse Width Measurement Possible with the E-Capture Circuit

7.4.1.7 Synchronous Switching of Multiple Outputs

Before the PWM signals are routed to the output pins, they are processed by a hardware
block that permits all submodule outputs to be switched synchronously. This feature can
be extremely useful in commutated motor applications where the next commutation state
can be laid in ahead of time and then immediately switched to the outputs when the
appropriate condition or time is reached. Not only do all the changes occur synchronously
on all submodule outputs, but they occur IMMEDIATELY after the trigger event occurs
eliminating any interrupt latency.

The synchronous output switching is accomplished via a signal called FORCE_OUT.
This signal originates from the local FORCE bit within the submodule, from submodule0,
or from external to the PWM module and, in most cases, is supplied from an external
timer channel configured for output compare. In a typical application, software sets up
the desired states of the output pins in preparation for the next FORCE_OUT event. This
selection lays dormant until the FORCE_OUT signal transitions and then all outputs are
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switched simultaneously. The signal switching is performed upstream from the deadtime
generator so that any abrupt changes that might occur do not violate deadtime on the
power stage when in complementary mode.

Figure 7-217 shows a popular application that can benefit from this feature. On a
brushless DC motor it is desirable on many cases to spin the motor without need of hall-
effect sensor feedback. Instead, the back EMF of the motor phases is monitored and this
information is used to schedule the next commutation event. The top waveforms of
Figure 7-217 are a simplistic representation of these back EMF signals. Timer compare
events (represented by the long vertical lines in the diagram) are scheduled based on the
zero crossings of the back-EMF waveforms. The PWM module is configured via
software ahead of time with the next state of the PWM pins in anticipation of the
compare event. When it happens, the output compare of the timer drives the
FORCE_OUT signal which immediately changes the state of the PWM pins to the next
commutation state with no software latency.
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Figure 7-217. Sensorless BLDC Commutation Using the Force Out Function

7.4.2 Functional Details

This section describes the implementation of various sections of the PWM in greater

detail.

7.4.21

PWM Clocking

Figure 7-218 shows the logic used to generate the main counter clock. Each submodule

can select between three clock signals: the IPBus clock, EXT_CLK, and AUX_CLK. The
EXT_CLK is generated by an on-chip resource such as a Timer module and goes to all of
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the submodules. The AUX_CLK signal is broadcast from submodule0 and can be
selected as the clock source by other submodules so that the 8-bit prescaler and
MCTRL[RUN] from submoduleO can control all of the submodules.

PSRC | INIT value )j
IPBus clock 0 l Submodule
) RUN ~ Clock . W/
EXT_CLK —1 8 bit 16 bit counter ]~
AUX_CLKinput — {5 7| prescaler
(from submodO0) Init I
reserved 3 i
CLK_SEL AUX_CLK output

» (from submodO only)

Figure 7-218. Clocking Block Diagram for Each PWM Submodule

To permit lower PWM frequencies, the prescaler produces the PWM clock frequency by
dividing the IPBus clock frequency by 1-128. The prescaler bits, CTRL[PRSC], select
the prescaler divisor. This prescaler is buffered and will not be used by the PWM
generator until MCTRL[LDOK] is set and a new PWM reload cycle begins or
CTRL[LDMOD] is set.

7.4.2.2 Register Reload Logic

The register reload logic is used to determine when the outer set of registers for all double
buffered register pairs will be transferred to the inner set of registers. The register reload
event can be scheduled to occur every "n" PWM cycles using CTRL[LDFQ] and
CTRLI[FULL]. A half cycle reload option is also supported (CTRL[HALF]) where the
reload can take place in the middle of a PWM cycle. The half cycle point is defined by
the VALDO register and does not have to be exactly in the middle of the PWM cycle.

As illustrated in Figure 7-219 the reload signal from submodule0 can be broadcast as the
Master Reload signal allowing the reload logic from submoduleQ to control the reload of
registers in other submodules.
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RELOAD_SEL —
LDOK — | Reload p Reload opportunity
Logic (to on-chip trigger unit)
Mod Compare ——p» Local Reload - y
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Half Compare —p»-| PWM —» Register Reload
cycles)
—» Master Reload
Master Reload (from submodO only)

Figure 7-219. Register Reload Logic

7.4.2.3 Counter Synchronization

In the following figure, the 16 bit counter will count up until its output equals VALI1
which is used to specify the counter modulus value. The resulting compare causes a
rising edge to occur on the Local Sync signal which is one of four possible sources used
to cause the 16 bit counter to be initialized with INIT. If Local Sync is selected as the
counter initialization signal, then VALI1 within the submodule effectively controls the
timer period (and thus the PWM frequency generated by that submodule) and everything
works on a local level.

| VALl |

ey L
W/ 16 bit P> Mod Compare

comparator
Submodule Clock 16 bit counter f————-
FORCE_OUT - T Ar
FRCEN _|
Local Sync Processing <
Logic
0
Master Reload —— 1 | Init
p Master Sync
Master Sync ———p{2 (from submodO
3

EXT _SYNC ——p» only)
INIT_SELJ

Figure 7-220. Submodule Timer Synchronization
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The Master Sync signal originates as the Local Sync from submoduleO. If configured to
do so, the timer period of any submodule can be locked to the period of the timer in
submodule(. The VALI register and associated comparator of the other submodules can
then be freed up for other functions such as PWM generation, input captures, output
compares, or output triggers.

The EXT_SYNC signal originates on chip or off chip depending on the system
architecture. This signal may be selected as the source for counter initialization so that an
external source can control the period of all submodules.

If the Master Reload signal is selected as the source for counter initialization, then the
period of the counter will be locked to the register reload frequency of submodule0. Since
the reload frequency is usually commensurate to the sampling frequency of the software
control algorithm, the submodule counter period will therefore equal the sampling period.
As a result, this timer can be used to generate output compares or output triggers over the
entire sampling period which may consist of several PWM cycles. The Master Reload
signal can only originate from submoduleO.

The counter can optionally initialize upon the assertion of the FORCE_OUT signal
assuming that CTRL2[FRCEN] is set. As indicated by the preceding figure, this
constitutes a second init input into the counter which will cause the counter to initialize
regardless of which signal is selected as the counter init signal. The FORCE_OUT signal
is provided mainly for commutated applications. When PWM signals are commutated on
an inverter controlling a brushless DC motor, it is necessary to restart the PWM cycle at
the beginning of the commutation interval. This action effectively resynchronizes the
PWM waveform to the commutation timing. Otherwise, the average voltage applied to a
motor winding integrated over the entire commutation interval will be a function of the
timing between the asynchronous commutation event with respect to the PWM cycle.
The effect is more critical at higher motor speeds where each commutation interval may
consist of only a few PWM cycles. If the counter is not initialized at the start of each
commutation interval, the result will be an oscillation caused by the beating between the
PWM frequency and the commutation frequency.

7.4.2.4 PWM Generation

Figure 7-221 illustrates how PWM generation is accomplished in each submodule. In
each case, two comparators and associated VALX registers are utilized for each PWM
output signal. One comparator and VALX register are used to control the turn-on edge,
while a second comparator and VALX register control the turn-off edge.
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Figure 7-221. PWM Generation Hardware

The generation of the Local Sync signal is performed exactly the same way as the other
PWM signals in the submodule. While comparator O causes a rising edge of the Local
Sync signal, comparator 1 generates a falling edge. Comparator 1 is also hardwired to the
reload logic to generate the full cycle reload indicator.

If VALI is controlling the modulus of the counter and VALDO is half of the VAL1 register
minus the INIT value, then the half cycle reload pulse will occur exactly half way
through the timer count period and the Local Sync will have a 50% duty cycle. On the
other hand, if the VAL1 and VALO registers are not required for register reloading or
counter initialization, they can be used to modulate the duty cycle of the Local Sync
signal, effectively turning it into an auxiliary PWM signal (PWMX) assuming that the
PWMX pin is not being used for another function such as input capture or deadtime
distortion correction. Including the Local Sync signal, each submodule is capable of
generating three PWM signals where software has complete control over each edge of
each of the signals.
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If the comparators and edge value registers are not required for PWM generation, they
can also be used for other functions such as output compares, generating output triggers,
or generating interrupts at timed intervals.

The 16-bit comparators shown in Figure 7-221 are "equal to or greater than," not just
"equal to," comparators. In addition, if both the set and reset of the flip-flop are asserted,
then the flop output goes to 0.

7.4.2.5 Output Compare Capabilities

By using the VALKX registers in conjunction with the submodule timer and 16 bit
comparators, buffered output compare functionality can be achieved with no additional
hardware required. Specifically, the following output compare functions are possible:

* An output compare sets the output high
* An output compare sets the output low
* An output compare generates an interrupt

* An output compare generates an output trigger

In PWM generation, an output compare is initiated by programming a VALX register for
a timer compare which in turn causes the output of the D flip-flop to either set or reset.
For example, if an output compare is desired on the PWMA signal that sets it high, VAL2
would be programmed with the counter value where the output compare should take
place. However, to prevent the D flip-flop from being reset again after the compare has
occurred, the VALS3 register must be programmed to a value outside of the modulus
range of the counter. Therefore, a compare that would result in resetting the D flip-flop
output would never occur. Conversely, if an output compare is desired on the PWMA
signal that sets it low, the VAL3 register is programmed with the appropriate count value
and the VAL2 register is programmed with a value outside the counter modulus range.
Regardless of whether a high compare or low compare is programmed, an interrupt or
output trigger can be generated when the compare event occurs.

7.4.2.6 Force Out Logic

For each submodule, software can select between seven signal sources for the
FORCE_OUT signal: local CTRL2[FORCE], the Master Force signal from submodule0,
the local Reload signal, the Master Reload signal from submodule0, the Local Sync
signal, the Master Sync signal from submoduleQ, or the EXT_FORCE signal from on- or
off-chip depending on the chip architecture. The local signals are used when the user
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simply wants to change the signals on the output pins of the submodule without regard
for synchronization with other submodules. However, if it is required that all signals on
all submodule outputs change at the same time, the Master signals or EXT_FORCE
signal should be selected.

Figure 7-222 illustrates the Force logic. The SEL23 and SEL45 fields each choose from
one of four signals that can be supplied to the submodule outputs: the PWM signal, the
inverted PWM signal, a binary level specified by software via the OUT23 and OUT45
bits, or the EXTA or EXTB alternate external control signals. The selection can be
determined ahead of time and, when a FORCE_OUT event occurs, these values are
presented to the signal selection mux that immediately switches the requested signal to
the output of the mux for further processing downstream.

p Master Force

(from submodO
only)
PWM23 0
from generation h/w [E 1
ouT23—2 s = PWM23
EXTA 3 to Deadtime
logic
Mastr Fore 1) SEL2
aste
- D Q
Local Reload 2 DBLPWM
Master Reload 3 . jD_>
Local Sync 4 |FORCE_OUT from generation h/w
Master Sync ——— 5 PWM45 0
EXT_FORCE 6 ! - g PWM45
Reserved 7 OUT45 2
’ EXTB 3
FORCE_SEL
SEL45 \
— D Q

Figure 7-222. Force Out Logic

The local CTRL2[FORCE] signal of submodule0 can be broadcast as the Master Force
signal to other submodules. This feature allows the CTRL2[FORCE] of submodule0 to
synchronously update all of the submodule outputs at the same time. The EXT_FORCE
signal originates from outside the PWM module from a source such as a timer or digital
comparators in the Analog-to-Digital Converter.
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7.4.2.7 Independent or Complementary Channel Operation

Writing a logic one to CTRL2[INDEP] configures the pair of PWM outputs as two
independent PWM channels. Each PWM output is controlled by its own VALX pair
operating independently of the other output.

Writing a logic zero to CTRL2[INDEP] configures the PWM output as a pair of
complementary channels. The PWM pins are paired as shown in Figure 7-223 in
complementary channel operation. Which signal is connected to the output pin (PWM?23
or PWMA45) is determined by MCTRL[IPOL].

VAL2 VAL3
~/ ~
PWM23 Generation 0
p PWM23
PWMA45 Generation 1
N 7N Do > PWM45
VAL4 VALS5

IPOL
Figure 7-223. Complementary Channel Pair

The complementary channel operation is for driving top and bottom transistors in a motor
drive circuit, such as the one in Figure 7-224.

—o—9—o
|
PWM PWM PWM
AAdA A0 l\ Al l\ A2 l\
—e
AC —— TO
INPUTS —e | T MOTOR
AA l PWM PWM pwM|!
BO [N Bl |N_ B2 |N_
L o909

Figure 7-224. Typical 3 Phase AC Motor Drive

Complementary operation allows the use of the deadtime insertion feature.
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7.4.2.8 Deadtime Insertion Logic

The following figure shows the deadtime insertion logic of each submodule which is used
to create non-overlapping complementary signals when not in independent mode.

DTCNTO
PWM23
—>
from Force *
Out logic
9 —
rnsing | start d
detgct counter | zero PWM23
DBLPWM
to Output
—— DBLEN logic
fallin Zero
o edge |Start | down _>} PWM45
counter
detect
- .
IPOL ?
—>
PWM45
DTCNT1 INDEP

Figure 7-225. Deadtime Insertion Logic

While in the complementary mode, a PWM pair can be used to drive top/bottom
transistors, as shown in the figure. When the top PWM channel is active, the bottom
PWM channel is inactive, and vice versa.

Note

To avoid short circuiting the DC bus and endangering the
transistor, there must be no overlap of conducting intervals
between top and bottom transistor. But the transistor's
characteristics may make its switching-off time longer than
switching-on time. To avoid the conducting overlap of top and
bottom transistors, deadtime needs to be inserted in the
switching period, as illustrated in the following figure.
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The deadtime generators automatically insert software-selectable activation delays into
the pair of PWM outputs. The deadtime registers (DTCNTO and DTCNT1) specify the
number of IPBus clock cycles to use for deadtime delay. Every time the deadtime
generator inputs change state, deadtime is inserted. Deadtime forces both PWM outputs
in the pair to the inactive state.

When deadtime is inserted in complementary PWM signals connected to an inverter
driving an inductive load, the PWM waveform on the inverter output will have a different
duty cycle than what appears on the output pins of the PWM module. This results in a
distortion in the voltage applied to the load. A method of correcting this, adding to or
subtracting from the PWM value used, is discussed next.

VALI ($0100)

VAL3

VALO ($0000)

VAL2

INIT ($FF00) /:
PWMA J

no deadtime

PWMB

PWMA

) DTCNT1 |

I_l\‘r

with deadtime

|

DTCNTO !

PWMB '
|

Figure 7-226. Deadtime Insertion
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7.4.2.8.1 Top/Bottom Correction

In complementary mode, either the top or the bottom transistor controls the output
voltage. However, deadtime has to be inserted to avoid overlap of conducting interval
between the top and bottom transistor. Both transistors in complementary mode are off
during deadtime, allowing the output voltage to be determined by the current status of
load and introduce distortion in the output voltage. See the following figure. On AC
induction motors running open-loop, the distortion typically manifests itself as poor low-
speed performance, such as torque ripple and rough operation.

DESIRED
LOAD VOLTAGE —— ———
DEADTIME
PWM TO TOP
TRANSISTOR %J l\
POSITIVE
CURRENT
—
-
NEGATIVE
CURRENT
PWM TO BOTTOM
TRANSISTOR | - AJ N
POSITIVE CURRENT
LOAD VOLTAGE
| |
NEGATIVE CURRENT =
LOAD VOLTAGE

Figure 7-227. Deadtime Distortion

During deadtime, load inductance distorts output voltage by keeping current flowing
through the diodes. This deadtime current flow creates a load voltage that varies with
current direction. With a positive current flow, the load voltage during deadtime is equal
to the bottom supply, putting the top transistor in control. With a negative current flow,
the load voltage during deadtime is equal to the top supply putting the bottom transistor
in control.

Remembering that the original PWM pulse widths where shortened by deadtime
insertion, the averaged sinusoidal output will be less than the desired value. However,
when deadtime is inserted, it creates a distortion in the motor current waveform. This
distortion is aggravated by dissimilar turn-on and turn-off delays of each of the
transistors. By giving the PWM module information on which transistor is controlling at
a given time this distortion can be corrected.

For a typical circuit in complementary channel operation, only one of the transistors will
be effective in controlling the output voltage at any given time. This depends on the
direction of the motor current for that pair, as the preceding figure shows. To correct
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distortion one of two different factors must be added to the desired PWM value,
depending on whether the top or bottom transistor is controlling the output voltage.
Therefore, the software is responsible for calculating both compensated PWM values
prior to placing them in the VALX registers. Either the VAL2/VALS3 or the VAL4/VALS
register pair controls the pulse width at any given time. For a given PWM pair, whether
the VAL2/VAL3 or VAL4/VALS pair is active depends on either:

 The state of the current status pin, PWMX, for that driver
e The state of the odd/even correction bit, MCTRL[IPOL], for that driver

To correct deadtime distortion, software can decrease or increase the value in the
appropriate VALX register.

* In edge-aligned operation, decreasing or increasing the PWM value by a correction
value equal to the deadtime typically compensates for deadtime distortion.

* In center-aligned operation, decreasing or increasing the PWM value by a correction
value equal to one-half the deadtime typically compensates for deadtime distortion.

7.4.2.8.2 Manual Correction

To detect the current status, the voltage on each PWMX pin is sampled twice in a PWM
period, at the end of each deadtime. The value is stored in CTRL[DT]. CTRL[DT] is a
timing marker especially indicating when to toggle between PWM value registers.
Software can then set MCTRL[IPOL] to switch between VAL2/VAL3 and VAL4/VAL5

register pairs according to CTRL[DT] values.

|
PWMA
Jt\\‘ POSITIVE D Q DTO
CURRENT
> PWMA —b LK
e e e e W
NEGATIVE
CURRENT
PWMBJ I PWMX b o} {DTi
N VOLTAGE PWMB —pCLK
SENSOR

Figure 7-228. Current-status Sense Scheme for Deadtime Correction
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Both D flip-flops latch low, CTRL[DT] = 00, during deadtime periods if current is large
and flowing out of the complementary circuit. See the preceding figure. Both D flip-flops
latch the high, CTRL[DT] = 11, during deadtime periods if current is also large and
flowing into the complementary circuit.

However, under low-current, the output voltage of the complementary circuit during
deadtime is somewhere between the high and low levels. The current cannot free-wheel
through the opposition anti-body diode, regardless of polarity, giving additional distortion
when the current crosses zero. Sampled results will be CTRL[DT] = b10. Thus, the
best time to change one PWM value register to another is just before the current
Zero crossing.

T B T B V+
DEADTIME
PWM TO TOP
TRANSISTOR _’J
POSITIVE
CURRENT
—
-
NEGATIVE
CURRENT
PWM TO BOTTOM
TRANSISTOR > INC
LOAD VOLTAGE WITH

HIGH POSITIVE CURRENT

LOAD VOLTAGE WITH -
LOW POSITIVE CURRENT \l—ﬁ
LOAD VOLTAGE WITH
HIGH NEGATIVE CURRENT

LOAD VOLTAGE WITH
LOW NEGATIVE CURRENT

T = DEADTIME INTERVAL BEFORE ASSERTION OF TOP PWM
B = DEADTIME INTERVAL BEFORE ASSERTION OF BOTTOM PWM

Figure 7-229. Output Voltage Waveforms

7.4.2.9 Fractional Delay Logic

For applications requiring greater resolution than a single IPBus clock period, the
fractional delay logic can achieve fine resolution on the rising and falling edges of the
PWMA and PWMB outputs. Use the PWM_SMn_FRCTRL registers (where nis O, 1, or
2) to enable the fractional delay logic where needed (and only where needed). The
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FRACVALX registers act as a fractional clock cycle addition to the turn on and turn off
count specified by the VAL2, VAL3, VALA4, or VALS registers. The FRACVALI1
register acts as a fractional increase in the PWM period as defined by VALI.

As an example, assume the following conditions:
INIT = 0x0000

VAL = 0x000F

VAL?2 = 0x0000

VAL3 = 0x0007

FRACVAL3 = 0x00

These settings would cause the PWM output to have a 50% duty cycle: it would be high
from a count value of 0x0 to the count value of 0x7, at which point it would go low until
the counter reaches the maximum value of OxF. If FRACVAL3 were changed to a value
of 0xb800, then the time the PWM output is active would be:

8 cycles + (23/32) cycle = 8.719 cycles
for a high duty cycle of:
(8.719 cycles / 16 cycles) x 100% = 54.49%

Another case involves fine tuning the PWM period using the FRACVALI register. If you
want a period of 100.25 clock cycles, program VALI with 0x0064 and FRACVALI1 with
0x4000. In this case, the fractional value accumulates so that every 4 PWM cycles are 1
clock cycle longer (101 instead of 100). The rising and falling edges of the PWM outputs
also use the accumulated fraction to delay their edges and maintain a consistent spacing
of 100.25 cycles between corresponding edges from one cycle to the next.

NOTE
The FRCTRL[FRAC23_EN] bit should be set to O when the
values of VAL2 and VAL3 cause the high or low time of the
PWM output to be 3 cycles or less. Similarly, the
FRCTRL[FRAC45_EN] bit should be set to O when the values
of VAL4 and VALS cause the high or low time of the PWM
output to be 3 cycles or less.
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7.4.2.10 Output Logic

The following figure shows the output logic of each submodule including how each
PWM output has individual fault disabling, polarity control, and output enable. This
allows for maximum flexibility when interfacing to the external circuitry.

The PWM?23 and PWM45 signals which are output from the deadtime logic (refer to the
figure) are positive true signals. In other words, a high level on these signals should result
in the corresponding transistor in the PWM inverter being turned ON. The voltage level
required at the PWM output pin to turn the transistor ON or OFF is a function of the logic
between the pin and the transistor. Therefore, it is imperative that the user program
OCTRL[POLA] and OCTRL[POLB] before enabling the output pins. A fault condition
can result in the PWM output being tristated, forced to a logic 1, or forced to a logic 0
depending on the values programmed into the OCTRL[PWMXxFS] fields.

PWMAFS[1]

Disable }LQ
PWMA \i

PWMAFS[0]—— 1 PWMA_EN

PWMA output

__|Fractional
PWM23 Delay 2-3 0 ’_O

MASKA FPOLA

from Deadtime

logic
MASKB  poLB
Fractional
PWM45 —pglay 4-5 0 PWMB output
PWMBFS[0]—— 1) PWMB_EN __

PWMB 4
Disable
PWMBFS[1]

Figure 7-230. Fractional Delay and Output Logic Section

7.4.2.11 E-Capture

Commensurate with the idea of controlling both edges of an output signal, the Enhanced
Capture (E-Capture) logic is designed to measure both edges of an input signal. As a
result, when a submodule pin is configured for input capture, the CVALX registers
associated with that pin are used to record the edge values.
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The following figure is a block diagram of the E-Capture circuit. Upon entering the pin
input, the signal is split into two paths. One goes straight to a mux input where software
can select to pass the signal directly to the capture logic for processing. The other path
connects the signal to an 8 bit counter which counts both the rising and falling edges of
the signal. The output of this counter is compared to an 8 bit value that is specified by the
user (EDGCMPx) and when the two values are equal, the comparator generates a pulse
that resets the counter. This pulse is also supplied to the mux input where software can
select it to be processed by the capture logic. This feature permits the E-Capture circuit to
count up to 256 edge events before initiating a capture event. this feature is useful for
dividing down high frequency signals for capture processing so that capture interrupts
don't overwhelm the CPU. Also, this feature can be used to simply generate an interrupt

n..n

after "'n" events have been counted.

INP_SELj CIEO
Pin Input L
e Circuito | CFO D—»Im
> Capture
N4 <reset |-> A
i =
cgualtter EDGCNT = 5 EDGO
- S m| ©
s
_4 r >
= Arming
EDGCNT_EN S Logic
EDGCMP
Submodule 2| —
This logic is repeated for Timer o=t EDGlI
PWMA, PWMB, and PWMX ' @)
inputs. Rl
Capture
- o Int
EDGx bits Circuit 1 } "
00 - Disabled r
01 - Capture falling edges CIE1

10 - Capture rising edges
11 - Capture any edge

Figure 7-231. Enhanced Capture (E-Capture) Logic

Based on the mode selection, the mux selects either the pin input or the compare output
from the count/compare circuit to be processed by the capture logic. The selected signal
1s routed to two separate capture circuits which work in tandem to capture sequential
edges of the signal. The type of edge to be captured by each circuit is determined by
CAPTCTRLX[EDGx1] and CAPTCTRLx[EDGxO0], whose functionality is listed in the
preceding figure. Also, controlling the operation of the capture circuits is the arming
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logic which allows captures to be performed in a free running (continuous) or one shot
fashion. In free running mode, the capture sequences will be performed indefinitely. If
both capture circuits are enabled, they will work together in a ping-pong style where a
capture event from one circuit leads to the arming of the other and vice versa. In one shot
mode, only one capture sequence will be performed. If both capture circuits are enabled,
capture circuit 0 is first armed and when a capture event occurs, capture circuit 1 is
armed. Once the second capture occurs, further captures are disabled until another
capture sequence 1s initiated. Both capture circuits are also capable of generating an
interrupt to the CPU.

7.4.2.12 Fault Protection

Fault protection can control any combination of PWM output pins. Faults are generated
by a logic one on any of the FAULTX pins. This polarity can be changed via
FCTRL[FLVL]. Each FAULTX pin can be mapped arbitrarily to any of the PWM
outputs. When fault protection hardware disables PWM outputs, the PWM generator
continues to run, only the output pins are forced to logic 0, logic 1, or tristated depending
the values of OCTRL[PWMxFS].

The fault decoder disables PWM pins selected by the fault logic and the disable mapping
register (DISMAP). The following figure shows an example of the fault disable logic.
Each bank of bits in DISMAP control the mapping for a single PWM pin. Refer to the
following table.

The fault protection is enabled even when the PWM module is not enabled; therefore, a
fault will be latched in and must be cleared in order to prevent an interrupt when the
PWM is enabled.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
286 Preliminary Freescale Semiconductor




Chapter 7 Enhanced Flex Pulse Width Modulator (eFlexPWM)

[DISA3[DISA2]DISA 1]DISA(]

FAULTO - )
FAULTI »D_\
FAULT2 -
FAULT?3 -
Wait Mode } DISABLE
WAITEN 0 PWMA
Debug Mode
DBGEN o
Stop Mode
Figure 7-232. Fault Decoder for PWMA
Table 7-209. Fault Mapping
PWM Pin Controlling Register Bits
PWMA DISMAP[DISA]
PWMB DISMAP[DISB]
PWMX DISMAP[DISX]

7.4.2.12.1 Fault Pin Filter

Each fault pin has a programmable filter that can be bypassed. The sampling period of the
filter can be adjusted with FFILT[FILT_PER]. The number of consecutive samples that
must agree before an input transition is recognized can be adjusted using
FFILT[FILT_CNT]. Setting FFILT[FILT_PER] to all O disables the input filter for a
given FAULTX pin.

Upon detecting a logic 0 on the filtered FAULTX pin (or a logic 1 if FCTRL[FLVLX] is
set), the corresponding FSTS[FFPINX] and fault flag, FSTS[FFLAGXx], bits are set.
FSTS[FFPINx] remains set as long as the filtered FAULTX pin is zero. Clear
FSTS[FFLAGx] by writing a logic 1 to FSTS[FFLAGx].

If the FIEx, FAULTX pin interrupt enable bit is set, FSTS[FFLAGXx] generates a CPU
interrupt request. The interrupt request latch remains set until:

* Software clears FSTS[FFLAGx] by writing a logic one to the bit
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 Software clears the FIEx bit by writing a logic zero to it

e A reset occurs

Even with the filter enabled, there is a combinational path from the FAULTX inputs to the
PWM pins. This logic is also capable of holding a fault condition in the event of loss of
clock to the PWM module.

7.4.2.12.2 Automatic Fault Clearing

Setting an automatic clearing mode bit, FCTRL[FAUTOx], configures faults from the
FAULTX pin for automatic clearing.

When FCTRL[FAUTOX] is set, disabled PWM pins are enabled when the FAULTX pin
returns to logic one and a new PWM full or half cycle begins. See the following figure. If
FSTS[FFULLXx] is set, then the disabled PWM pins are enabled only at the start of a full
cycle and not at the half cycle. Clearing FSTS[FFLAGXx] does not affect disabled PWM
pins when FCTRL[FAUTOX] is set.

Half
Cycle
COUNT /l/l/l/l/l/l
‘ —L
FFPINx BIT | |
OUTPUTS | ENABLED | DISABLED |ENABL [DISABLE| ENABLED |

Figure 7-233. Automatic Fault Clearing

7.4.2.12.3 Manual Fault Clearing

Clearing the automatic clearing mode bit, FCTRL[FAUTOx], configures faults from the
FAULTX pin for manual clearing:

e If the fault safety mode bits, FCTRL[FSAFEXx], are clear, then PWM pins disabled
by the FAULTX pins are enabled when:
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 Software clears the corresponding FSTS[FFLAGx] flag

* The pins are enabled when the next PWM full or half cycle begins regardless of
the logic level detected by the filter at the FAULTX pin. See the first following
figure. If FSTS[FFULLX] is set, then the disabled PWM pins are enabled only at
the start of a full cycle and not at the half cycle.

* If the fault safety mode bits, FCTRL[FSAFEXx], are set, then PWM pins disabled by
the FAULTX pins are enabled when:

» Software clears the corresponding FSTS[FFLAGXx] flag

 The filter detects a logic one on the FAULTX pin at the start of the next PWM
full or half cycle boundary. See the second following figure. If FSTS[FFULLX]
is set, then the disabled PWM pins are enabled only at the start of a full cycle
and not at the half cycle.

FFPINX BIT ] |

OUTPUTS | ENABLED | DISABLED | ENABLED
FFLAGx]
CLEARED

Figure 7-234. Manual Fault Clearing (FCTRL[FSAFE]=0)

FEPINX BIT | |
OUTPUTS [ ENABLED | DISABLED | ENABLED
FFLAGx 4
CLEARED

Figure 7-235. Manual Fault Clearing (FCTRL[FSAFE]=1)
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Note

Fault protection also applies during software output control
when the SEL23 and SELA45 fields are set to select OUT23 and
OUT45 bits or EXTA and EXTB. Fault clearing still occurs at
half PWM cycle boundaries while the PWM generator is
engaged, MCTRL[RUN] equals one. But the OUTX bits can
control the PWM pins while the PWM generator is off,
MCTRL[RUN] equals zero. Thus, fault clearing occurs at
IPBus cycles while the PWM generator is off and at the start of
PWM cycles when the generator is engaged.

7.4.2.12.4 Fault Testing
FSTS[FTEST] is used to simulate a fault condition on each of the fault inputs.

7.4.3 PWM Generator Loading

7.4.3.1 Load Enable

MCTRL[LDOK] enables loading of the following PWM generator parameters:
* The prescaler divisor—from CTRL[PRSC]
e The PWM period and pulse width—from the INIT and VALX registers

MCTRL[LDOK] allows software to finish calculating all of these PWM parameters so
they can be synchronously updated. The CTRL[PRSC], INIT, and VALX registers are
loaded by software into a set of outer buffers. When MCTRL[LDOK] is set, these values
are transferred to an inner set of registers at the beginning of the next PWM reload cycle
to be used by the PWM generator. These values can be transfered to the inner set of
registers immediately upon setting MCTRL[LDOK] if CTRL[LDMOD)] is set. Set
MCTRL[LDOK] by reading it when it is a logic zero and then writing a logic one to it.
After loading, MCTRL[LDOK] is automatically cleared.

7.4.3.2 Load Frequency

CTRLI[LDFQ] selects an integral loading frequency of one to 16 PWM reload
opportunities. CTRL[LDFQ)] takes effect at every PWM reload opportunity, regardless
the state of MCTRL[LDOK]. CTRL[HALF] and CTRL[FULL] control reload timing. If
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CTRL[FULL] is set, a reload opportunity occurs at the end of every PWM cycle when
the count equals VALI1. If CTRL[HALF] is set, a reload opportunity occurs at the half
cycle when the count equals VALO. If both CTRL[HALF] and CTRL[FULL] are set, a
reload opportunity occurs twice per PWM cycle when the count equals VAL1 and when
it equals VALO.

TS R

CRZ?Ongde Every two to every four | toevery
Frequency opportunities opportunities | opportunity

Figure 7-236. Full Cycle Reload Frequency Change

“f K Rt

Change
Reload  Every two I to every four to every
Frequency opportunities | opportunities | opportunity

Figure 7-237. Half Cycle Reload Frequency Change

Counter |
| | |
N A N &
|
Change ! ! |
Reload Everytwo ! to every four ' to every to every two
Frequency opportunities! opportunities ' opportunity! opportunities

Figure 7-238. Full and Half Cycle Reload Frequency Change

7.4.3.3 Reload Flag

At every reload opportunity the PWM Reload Flag (STS[RF]) is set. Setting STS[RF]
happens even if an actual reload is prevented by MCTRL[LDOK]. If the PWM reload
interrupt enable bit, INTEN[RIE], is set, the STS[RF] flag generates CPU interrupt
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requests allowing software to calculate new PWM parameters in real time. When
INTENTIRIE] is not set, reloads still occur at the selected reload rate without generating
CPU interrupt requests.

WRITE 1 TO RF }
RESET
T_ CLR

D Q CPU INTERRUPT
PWM RELOAD [ [ [ pCLK RIE > REQUEST

Figure 7-239. PWMF Reload Interrupt Request

7.4.3.4 Reload Errors

Whenever one of the VALX, FRACVALX, or CTRL[PRSC] registers is updated, the
STS[RUF] flag is set to indicate that the data is not coherent. STS[RUF] will be cleared
by a successful reload which consists of the reload signal while MCTRL[LDOK] is set. If
STS[RUF] is set and MCTRL[LDOK] is clear when the reload signal occurs, a reload
error has taken place and STS[REF] is set. If STS[RUF] is clear when a reload signal
asserts, then the data is coherent and no error will be flagged.

7.4.3.5 Initialization
Initialize all registers and set MCTRL[LDOK] before setting MCTRL[RUN].
Note

Even if MCTRL[LDOK] is not set, setting MCTRL[RUN] also
sets the STS[RF] flag. To prevent a CPU interrupt request, clear
INTENI[RIE] before setting MCTRL[RUN].

The PWM generator uses the last values loaded if MCTRL[RUN] is cleared and then set
while MCTRL[LDOK] equals zero.

When MCTRL|[RUN] is cleared:
* The STS[RF] flag and pending CPU interrupt requests are not cleared

* All fault circuitry remains active
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» Software/external output control remains active

* Deadtime insertion continues during software/external output control

7.5 Resets

All PWM registers are reset to their default values upon any system reset.

The reset forces all registers to their reset states and tri-states the PWM outputs.

7.6

Interrupts

Each of the submodules within the eFlexPWM module can generate an interrupt from

several sources. The fault logic can also generate interrupts. The interrupt service routine
(ISR) must check the related interrupt enables and interrupt flags to determine the actual
cause of the interrupt.

Table 7-210. Interrupt Summary

Core Interrupt

Interrupt Flag

Interrupt Enable

Name

Description

Submodule 0 compare

Compare event has oc-

terrupt

PWM_CMPO SMOSTS[CMPF] SMOINTEN[CMPIE] )
interrupt curred
PWM_RELOADO SMOSTS[RF] SMOINTEN[RIE] Submodule 0 reload in- | Reload event has oc-
terrupt curred
PWM_CMP1 SM1STS[CMPF] SMAINTEN[CMPIE] | SuPmodule 1 compare | Compare event has oc-
interrupt curred
PWM_RELOAD1 SM1STS[RF] SM1INTEN[RIE] Submodule 1 reload in- | Reload event has oc-
terrupt curred
PWM_CMP2 SM2STS[CMPF] SM2INTEN[CMPIE] | Submedule 2 compare | Compare event has oc-
interrupt curred
PWM_RELOAD2 SM2STS[RF] SM2INTEN[RIE] Submodule 2 reload in- | Reload event has oc-

curred

Submodule 3 compare

Compare event has oc-

SM3STS[CFX0]

SMBINTEN[CFXOIE

PWM_CMP3 SM3STS[CMPF] SMS3INTEN[CMPIE] )
interrupt curred
SM3STS[CFAT1], SMSINTEN[CFAT1IE],
SM3STS[CFAO], SMSINTEN[CFAOIE],
PWM CAP3 SM3STS[CFB1], SM3INTENI[CFB1IE], Submodule 3 input | Input capture event has
B SM3STS[CFBO], SM3INTEN[CFBOIE], capture interrupt occurred
SM3STS[CFX1], SMSINTEN[CFX1IE],

Table continues on the next page...
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Table 7-210. Interrupt Summary (continued)
Core Interrupt Interrupt Flag Interrupt Enable Name Description
PWM_RELOAD3 SM3STS[RF] SM3INTEN[RIE] Submodule 3 reload in- | Reload event has oc-
terrupt curred
SMOSTS|[REF] SMOINTEN[REIE] | Submodule O reload er-
ror interrupt
SM1STS[REF] SM1INTEN(REIE] S“bm(r’gr“i'rft;r:jﬁad er
PWM_RERR Reloadcirrr:)erdhas oc-
SM2STS[REF] SM2INTEN[REIE] | Submodule 2 reload er-
ror interrupt
SM3STS[REF] SM3INTEN[REIE] | Submodule 3 reload er-
ror interrupt
PWM_FAULT FSTSIFFLAG] FCTRLIFIE] Fault input interrupt Fault condition has
- been detected
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Crossbar Switch (XBAR)

8.1 Introduction

8.1.1 Overview

The crossbar switch module implements an array of 30 outputs and 22 inputs of
combinational digital multiplexes. All 30 multiplexes share the same 22 inputs in the
same order, but each multiplex has its own independent select field. The module's
registers control the select field for each multiplex.

This module is designed to provide a flexible crossbar switching matrix that allows any
input (typically from external GPIO or internal module outputs) to be connected to any
output (typically to external GPIO or internal module inputs) under user control. This is
used to allow user configuration of data paths between internal modules and between
internal modules and GPIO.

8.1.2 Features
The crossbar switch (XBAR) module's design includes these distinctive features:

 Capability for generic inter-module connections between on-chip peripherals
including ADCs, DAC, comparators, timers, PWM module, and GPIO pins

* No synchronization delay between input and output
* 30 identical 22-input multiplexes with individual select fields

e Register write protection input signal
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8.1.3 Block Diagram
The following figure is a block diagram of the XBAR module.

=BAR_IMO Py 0
“BAR_IMT & . 1
. =BAR_OUTD
L]
#BAR_IN2 & 21
#BEEL: CODED
*—_
- . 1
. #BAR_OUT1
]
» 21
#BSEL: CODE1

#BAR_DOUTZY

1

L I
w ' N |

#BEEL: CODE2Y

Figure 8-1. Crossbar Switch Module Block Diagram

8.2 Memory Map and Registers

Address  Register
offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

R 0 0
0 XB_XBCO CODE[2n+1] CODE[2n]
w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
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Address
offset (hex)

1

Register
name

XB_XBC1

XB_XBC2

XB_XBC3

XB_XBC4

XB_XBC5

XB_XBC6

XB_XBC7

XB_XBC8

XB_XBC9

XB_XBC10

XB_XBC11

XB_XBC12

XB_XBC13

XB_XBC14

Chapter 8 Crossbar Switch (XBAR)

=P =PV PPV I VTP IV VTP DI 2TV 2P =T

15 14 13 12 1 10 9 4 3 2 0
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]
CODE[2n+1] CODE[2n]

12 1 10 9 4 3 2 0
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8.2.1 Crossbar Control Register n (XB_XBCn)

Addresses: F100h base + Oh offset + (1d x n), where n = 0d to 14d

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 0
CODE[2n+1] CODE[2n]
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

XB_XBCn field descriptions

Field Description
15-13 This read-only bitfield is reserved and always has the value zero.
Reserved
12-8 Input (XBAR_INX) to be muxed to XBAR_OUT[2n+1] (refer to Functional Description section for input/
CODE[2n+1] | output assignment)
7-5 This read-only bitfield is reserved and always has the value zero.
Reserved
4-0 Input (XBAR_INXx) to be muxed to XBAR_OUT[2n] (refer to Functional Description section for input/output

CODE[2n] assignment)

8.3 Functional Description

The crossbar switch module provides a generic mechanism for making connections
between on-chip peripherals and between peripheral and pins. It provides a purely
combinational path from input to output. The module groups 30 identical multiplexors
with 22 shared inputs. All crossbar control registers that are used to select one of the 22
input signals to output are write protected. Control of the write protection setting is in the
SIM_PROT register.

In functional mode, the value of each output XBAR_OUT[n] is XBAR_IN[CODEn].

The signal assignments of the crossbar switch's inputs and outputs follow.

Table 8-18. Crossbar Switch Input Encoding

XBAR_INn Encode Input from Function
XBAR_INO 00h Logic zero Vss
XBAR_IN1 01h Logic one Vpp
XBAR_IN2 02h XB_IN2 Package pin
XBAR_IN3 03h XB_IN3 Package pin

Table continues on the next page...
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Table 8-18. Crossbar Switch Input Encoding (continued)

XBAR_INNn Encode Input from Function
XBAR_IN4 04h XB_IN4 Package pin
XBAR_IN5 05h XB_IN5 Package pin
XBAR_ING 06h XB_IN6 Package pin
XBAR_IN7 07h XB_IN7 Package pin
XBAR_IN8 08h Unused
XBAR_IN9 09h CMPA_OUT Comparator A Output
XBAR_IN10 OAh CMPB_OUT Comparator B Output
XBAR_IN11 0Bh CMPC_OUT Comparator C Output
XBAR_IN12 0Ch TBO Quad Timer BO Output
XBAR_IN13 0Dh TB1 Quad Timer B1 Output
XBAR_IN14 OEh TB2 Quad Timer B2 Output
XBAR_IN15 OFh TB3 Quad Timer B3 Output
XBAR_IN16 10h PWMO_TRIG_COMB PWM_OUT_TRIGO[0] or PWM_OUT_TRIG1[0]
XBAR_IN17 11h PWM1_TRIG_COMB PWM_OUT_TRIGO[1] or PWM_OUT_TRIG1[1]
XBAR_IN18 12h PWM2_TRIG_COMB PWM_OUT_TRIGO[2] or PWM_OUT_TRIG1[2]
XBAR_IN19 13h PWM012_TRIG_COMB PWMO—TR'GTDC\:/\(/),\/'\I"Z%%EVY&MT;'G—COMB or
XBAR_IN20 14h PWMB3_TRIGO PWMB3_OUT_TRIG[O]
XBAR_IN21 15h PWMB3_TRIG1 PWM3_OUT_TRIG[1]
Table 8-19. Crossbar Switch Output

XBAR_OUTn Output to Function

XBAR_OUTO XB_OUTO Package pin

XBAR_OUTH1 XB_OUTH1 Package pin

XBAR_OUT2 XB_OUT2 Package pin

XBAR_OUT3 XB_OUT3 Package pin

XBAR_OUT4 XB_OUT4 Package pin

XBAR_OUT5 XB_OUT5 Package pin

XBAR_OUT6 ADCA ADCA Trigger

XBAR_OUT?7 ADCB ADCB Trigger

XBAR_OUTS8 DAC 12-bit DAC SYNC_IN

XBAR_OUT9 CMPA Comparator A Window/Sample

XBAR_OUT10 CMPB Comparator B Window/Sample

XBAR_OUT11 CMPC Comparator C Window/Sample

XBAR_OUT12 PWMO EXTA eFlexPWM submodule 0 Alternate Control signal

Table continues on the next page...
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Table 8-19. Crossbar Switch Output (continued)

XBAR_OUTn Output to Function

XBAR_OUT13 PWM1 EXTA eFlexPWM submodule 1 Alternate Control signal
XBAR_OUT14 PWM2 EXTA eFlexPWM submodule 2 Alternate Control signal
XBAR_OUT15 PWM3 EXTA eFlexPWM submodule 3 Alternate Control signal
XBAR_OUT16 PWMO EXT_SYNC eFlexPWM submodule 0 External Synchronization signal
XBAR_OUT17 PWM1 EXT_SYNC eFlexPWM submodule 1 External Synchronization signal
XBAR_OUT18 PWM2 EXT_SYNC eFlexPWM submodule 2 External Synchronization signal
XBAR_OUT19 PWM3 EXT_SYNC eFlexPWM submodule 3 External Synchronization signal
XBAR_OUT20 PWM EXT_CLK eFlexPWM External Clock signal
XBAR_OUT21 PWM FAULTO eFlexPWM module FAULTO
XBAR_OUT22 PWM FAULTA eFlexPWM module FAULT1
XBAR_OUT23 PWM FAULT2 eFlexPWM module FAULT2
XBAR_OUT24 PWM FAULT3 eFlexPWM module FAULT3
XBAR_OUT25 PWM FORCE eFlexPWM External Output Force signal
XBAR_OUT26 TBO Quad Timer BO Input when SIM_GPS3[12] is set
XBAR_OUT27 TB1 Quad Timer B1 Input when SIM_GPS3[13] is set
XBAR_OUT28 B2 Quad Timer B2 Input when SIM_GPS3[14] is set
XBAR_OUT29 TB3 Quad Timer B3 Input when SIM_GPS3[15] is set

8.4 Clocks and Resets

The crossbar module runs at standard system bus speeds and assumes reset states as
defined in the device's data sheet. Reset occurs whenever any source of system reset
occurs (POR, external reset, COP reset, and so on).

8.5

Interrupts

The XBAR module does not generate interrupts.
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Chapter 9
General-Purpose Input/Output (GPIO)

9.1 Overview

The general-purpose input/output (GPIO) module allows direct read or write access to pin
values or the ability to assign a pin to be used as an external interrupt. GPIO pins are
multiplexed with other peripherals on the package. The device's data sheet specifies the
assigned GPIO ports and the multiplexed pin package.

A GPIO pin can be configured in different operation modes:
* As GPIO input with, or without, pullup
* As GPIO output with push-pull mode or open-drain mode
 As a peripheral pin when multiplexed with another module

GPIOs are placed on the device in groups of one to sixteen bits, called ports and
designated as A, B, C, and so on. Refer to the device's data sheet for the specific
definition of each of the GPIO ports on the chip.

9.1.1 Features
The GPIO module's design includes these features:

* Individual control for each pin to be in either peripheral mode or GPIO mode

* Individual direction control for each pin in GPIO mode

* Individual pull-up enable control for each pin in either peripheral mode or GPIO
mode

* Individual selection of output push-pull mode or open-drain mode for each pin

* Individual output drive strength control (high-power mode or low-power mode) for
each pin

* Ability to monitor each pin's logic values when pin is in either GPIO mode or
peripheral mode by using raw data (RDATA) register
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* Each pin has the ability to generate an interrupt with programmable rising or falling
edge and software interrupt
* 5 V tolerance

9.1.2 Modes of Operation

The GPIO module can operate in two major modes:

* Peripheral mode: The peripheral module controls the pin. However, if the pin is not
configured as analog input, then output drive strength, push-pull or open-drain
output, and pullup enable are still controlled by GPIO registers.

* GPIO mode: The GPIO module controls the pin. Any data output and input can be
written to or read from GPIO data registers. GPIO pins can generate the edge
interrupt and insert the software interrupt.

9.2 Memory Map and Registers

Each GPIO register contains up to 16 bits, each of which performs an identical function
for one of the GPIO pins controlled by that GPIO port. The only difference that arises is
with regard to initial operating conditions at reset; some GPIO modes are on by default,
and some are not. Some pullup resistors may be enabled, while others are not. Refer to
the device's data sheet for the reset state of each register.

For simplicity, this section shows each GPIO port's registers with the same width of 16
bits, corresponding to 16 pins. The actual number of pins per port (and therefore the
number of usable control bits per port register) is as follows:

e Port A: 8

e Port B: 8

e Port C: 16

e Port D: 5

e Port E: 8

e PortF: 9

Any register bit for which no corresponding port pin exists is reserved. For example, bits
15-8 of every GPIOA register are reserved.
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Address
offset (hex)

0

Chapter 9 General-Purpose Input/Output (GPIO)

NOTE
The reset value of these registers may differ depending on the
reset function of specific pins. Refer to the device's data sheet.

Register

name 15 14 13 12 N 10 9 8 | 7 6 5 4 3 2 1 0
R

GPIOA_PUR PU
W
R

GPIOA_DR D
W
R

GPIOA_DDR DD
W
R

GPIOA_PER PE
W
R

GPIOA_IAR 1A
W
R

GPIOA_IENR IEN
W
R

GPIOA_IPOLR IPOL
W
R P

GPIOA_IPR
w
R

GPIOA_IESR IES
W
R

GPIOA

- PPMODE

PPMODE w

GPIOA_ R RAW_DATA
R

GPIOA_DRIVE DRIVE
W
R

GPIOB_PUR PU
W
R

GPIOB_DR D
W
R

GPIOB_DDR DD
W
R

GPIOB_PER PE
W

15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
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Address
offset (hex)

4

Register
name

GPIOB_IAR

GPIOB_IENR

GPIOB_IPOLR

GPIOB_IPR

GPIOB_IESR

GPIOB_
PPMODE

GPIOB_
RAWDATA

GPIOB_DRIVE

GPIOC_PUR

GPIOC_DR

GPIOC_DDR

GPIOC_PER

GPIOC_IAR

GPIOC_IENR

GPIOC_IPOLR

GPIOC_IPR

GPIOC_IESR

=P =PV VTP I PP I 2P P I gV s P 2DV 2DV 2P =T

IA

IEN

IPOL

P

IES

PPMODE

RAW_DATA

DRIVE

PU

DD

PE

IA

IEN

IPOL
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Address
offset (hex)

9

Register
name

GPIOC_
PPMODE

GPIOC_
RAWDATA

GPIOC_DRIVE

GPIOD_PUR

GPIOD_DR

GPIOD_DDR

GPIOD_PER

GPIOD_IAR

GPIOD_IENR

GPIOD_IPOLR

GPIOD_IPR

GPIOD_IESR

GPIOD_
PPMODE

GPIOD_
RAWDATA

GPIOD_DRIVE

GPIOE_PUR

GPIOE_DR

=P =PV PP I PP I PP I VTP 2DV 2DV 2D =T

Chapter 9 General-Purpose Input/Output (GPIO)

15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0

PPMODE

RAW_DATA

DRIVE

IEN

IPOL

|

IES

PPMODE

RAW_DATA

DRIVE

15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
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Address
offset (hex)

2

Register
name

GPIOE_DDR

GPIOE_PER

GPIOE_IAR

GPIOE_IENR

GPIOE_IPOLR

GPIOE_IPR

GPIOE_IESR

GPIOE_
PPMODE

GPIOE_
RAWDATA

GPIOE_DRIVE

GPIOF_PUR

GPIOF_DR

GPIOF_DDR

GPIOF_PER

GPIOF_IAR

GPIOF_IENR

GPIOF_IPOLR

=PIV VTPV sI PP I VTP I VTP IV 2V 2D =T

DD

PE

IA

IEN

IPOL

P

IES

PPMODE

RAW_DATA

DRIVE

PU

DD

PE

1A

IEN

IPOL
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Chapter 9 General-Purpose Input/Output (GPIO)
Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R P
7 GPIOF_IPR
W
R
8 GPIOF_IESR IES
W
R
GPIOF
9 . PPMODE
PPMODE W
A GPIOF_ R RAW_DATA
R
B GPIOF_DRIVE DRIVE
W
15 14 13 12 11 1098|76543210

9.2.1 GPIO Pullup Enable Register (GPIOx_PUR)

This register is for internal pullup enabling and disabling. If the pin is configured as an
output, this register is not used. This register is read and write. Unimplemented bits read
as 0.

The pullup is intended only to drive an undriven input pin to a known state. It is
characteristically a very weak pullup.

Addresses: GPIOA_PUR — F140h base + Oh offset = F140h
GPIOB_PUR - F150h base + 0Oh offset = F150h
GPIOC_PUR — F160h base + Oh offset = F160h
GPIOD_PUR - F170h base + Oh offset = F170h
GPIOE_PUR - F180h base + 0Oh offset = F180h
GPIOF_PUR — F190h base + Oh offset = F190h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1

GPIOx_PUR field descriptions

Field Description

15-0 Pullup Enable Bits
PU

0 Pullup is disabled
1 Pullup is enabled
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9.2.2 GPIO Data Register (GPIOx_DR)

This register holds data that comes either from the pin or the data bus. In other words, the

register is the data interface between the pin and the data bus.

Data written to this register appears on the pins if the pins are configured as GPIO output.
Data read from this register is the same as the read state on the pins if those pins are

configured as GPIO input.

Addresses: GPIOA_DR — F140h base + 1h offset = F141h
GPIOB_DR - F150h base + 1h offset = F151h
GPIOC_DR - F160h base + 1h offset = F161h
GPIOD_DR - F170h base + 1h offset = F171h
GPIOE_DR — F180h base + 1h offset = F181h
GPIOF_DR — F190h base + 1h offset = F191h

Bit 15 14 13 12 11 10 9 8 | 7 6 5

Read
Write

Reset 0 0 0 0 0 0 0

GPIOx_DR field descriptions

Field Description

15-0 Data Bits

9.2.3 GPIO Data Direction Register (GPIOx_DDR)

This read/write register configures the state of the pin as either input or output when the
pin is configured as GPIO (the corresponding bit in the GPIO peripheral enable register is
set to zero). When the register is set to zero, the pin is an input. When the register is set to

one, the pin is an output.

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

308 Preliminary

Freescale Semiconductor



Chapter 9 General-Purpose Input/Output (GPIO)

Addresses: GPIOA_DDR — F140h base + 2h offset = F142h
GPIOB_DDR — F150h base + 2h offset = F152h
GPIOC_DDR — F160h base + 2h offset = F162h
GPIOD_DDR - F170h base + 2h offset = F172h
GPIOE_DDR - F180h base + 2h offset = F182h
GPIOF_DDR — F190h base + 2h offset = F192h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

GPIOx_DDR field descriptions

Field Description

15-0 Data Direction Bits
DD
0 Pinisaninput

1 Pinis an output

9.2.4 GPIO Peripheral Enable Register (GPIOx_PER)

This read/write register determines the configuration of the GPIO pins.

When the Peripheral Enable bitfield value in this register is one, the GPIO module is
configured for peripheral mode. In this mode, a peripheral controls the GPIO pin where
the data transfer direction depends on the function of the peripheral.

When the Peripheral Enable bitfield value is zero, the pin is configured for GPIO mode.
In this mode, the corresponding GPIO Data Direction register controls the data flow.

If write protection (via the SIM PROT register) is implemented on an individual chip,
then this register value cannot be changed after the write protect signal has been asserted.

NOTE
The reset value of the GPIOD_PER register differs from the
value of the other GPIOx_PER registers. The reset value of the
GPIOD_PER register is 0x001F.
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Addresses: GPIOA_PER — F140h base + 3h offset = F143h
GPIOB_PER - F150h base + 3h offset = F153h
GPIOC_PER — F160h base + 3h offset = F163h
GPIOD_PER - F170h base + 3h offset = F173h
GPIOE_PER - F180h base + 3h offset = F183h
GPIOF_PER — F190h base + 3h offset = F193h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

GPIOx_PER field descriptions

Field Description

15-0 Peripheral Enable Bits
PE

0 Pinis for GPIO (GPIO mode)
1 Pinis for peripheral (peripheral mode)

9.2.5 GPIO Interrupt Assert Register (GPIOx_IAR)

This read and write register is only for software testing, but it also provides a software
interrupt capability. When the bit is set to one, an interrupt is asserted. The interrupt is
generated continually until this bit is cleared. Clear the bits in the register by writing
Zeros.

Addresses: GPIOA_IAR — F140h base + 4h offset = F144h
GPIOB_IAR - F150h base + 4h offset = F154h
GPIOC_IAR — F160h base + 4h offset = F164h
GPIOD_IAR — F170h base + 4h offset = F174h
GPIOE_IAR — F180h base + 4h offset = F184h
GPIOF_IAR — F190h base + 4h offset = F194h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

GPIOx_IAR field descriptions

Field Description

15-0 Interrupt Assert Bits

IA
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GPIOx_IAR field descriptions (continued)

Field Description

0 Deassert software interrupt
1 Assert software interrupt

9.2.6 GPIO Interrupt Enable Register (GPIOx_IENR)

This register enables or disables the edge interrupt from each GPIO pin. Set a bit to 1 to
enable the interrupt for the associated GPIO pin. The interrupt is recorded in the
corresponding GPIO Interrupt Pending register.

Addresses: GPIOA_IENR — F140h base + 5h offset = F145h
GPIOB_IENR — F150h base + 5h offset = F155h
GPIOC_IENR - F160h base + 5h offset = F165h
GPIOD_IENR - F170h base + 5h offset = F175h
GPIOE_IENR — F180h base + 5h offset = F185h
GPIOF_IENR — F190h base + 5h offset = F195h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

GPIOx_IENR field descriptions

Field Description

15-0 Interrupt Enable Bits
IEN
0 External Interrupt is disabled

1 External Interrupt is enabled

9.2.7 GPIO Interrupt Polarity Register (GPIOx_IPOLR)

This read/write register is used for polarity detection caused by any external interrupts.
The interrupt at the pin is active low when this register is set to one (falling edge causes
the interrupt). The interrupt seen at the pin is active high when this register is set to zero
(rising edge causes the interrupt).
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Addresses: GPIOA_IPOLR — F140h base + 6h offset = F146h
GPIOB_IPOLR — F150h base + 6h offset = F156h
GPIOC_IPOLR — F160h base + 6h offset = F166h
GPIOD_IPOLR - F170h base + 6h offset = F176h
GPIOE_IPOLR — F180h base + 6h offset = F186h
GPIOF_IPOLR - F190h base + 6h offset = F196h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

GPIOx_IPOLR field descriptions

Field Description

15-0 Interrupt Polarity Bits
IPOL
0 Interrupt occurred on rising edge

1 Interrupt occurred on falling edge

9.2.8 GPIO Interrupt Pending Register (GPIOx_IPR)

This read-only register is used to record any incoming interrupts. The user can read this
register to determine which pin has caused the interrupt. This register can be cleared by
writing ones into the GPIO Interrupt Edge Sensitive register if the interrupt is caused by a
pin, or by writing zeros into the GPIO Interrupt Assert register if the interrupt is caused
by software.

Addresses: GPIOA_IPR — F140h base + 7h offset = F147h
GPIOB_IPR — F150h base + 7h offset = F157h
GPIOC_IPR - F160h base + 7h offset = F167h
GPIOD_IPR — F170h base + 7h offset = F177h
GPIOE_IPR — F180h base + 7h offset = F187h
GPIOF_IPR — F190h base + 7h offset = F197h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MC56F825x/4x Reference Manual, Rev. 2, 10/2010

312 Preliminary Freescale Semiconductor




|
Chapter 9 General-Purpose Input/Output (GPIO)

GPIOx_IPR field descriptions

Field Description

15-0 Interrupt Pending Bits
P
0 No Interrupt

1 Interrupt occurred

9.2.9 GPIO Interrupt Edge Sensitive Register (GPIOx_IESR)

When an edge is detected by the edge detector circuit and the GPIO Interrupt Enable
register's field is set to one, this register's field records the interrupt. This read/write
register clears the corresponding Interrupt Pending bit by writing one to the appropriate
Interrupt Edge Sensitive bit. Writing zero to an Interrupt Edge Sensitive bit is ignored.

Addresses: GPIOA_IESR — F140h base + 8h offset = F148h
GPIOB_IESR — F150h base + 8h offset = F158h
GPIOC_IESR - F160h base + 8h offset = F168h
GPIOD_IESR — F170h base + 8h offset = F178h
GPIOE_IESR - F180h base + 8h offset = F188h
GPIOF_IESR — F190h base + 8h offset = F198h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

GPIOx_IESR field descriptions

Field Description

15-0 Interrupt Edge-Sensitive Bits
IES
0 No edge detected if read; no effect if writing

1 An edge detected if read; clear corresponding Interrupt Pending bit if writing

9.2.10 GPIO Push-Pull Mode Register (GPIOx_PPMODE)

This register can be used to explicitly set each output driver to either push-pull or open-
drain mode. If write protection (via the SIM PROT register) is implemented on an
individual device, then this register value cannot be changed after the write protect signal
is asserted.
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NOTE
Open-drain mode can be used to tri-state any pin on the GPIO

port without switching that pin to input mode. This capability is
useful for some applications, including a keypad interface.

Addresses: GPIOA_PPMODE - F140h base + 9h offset = F149h
GPIOB_PPMODE — F150h base + 9h offset = F159h
GPIOC_PPMODE - F160h base + 9h offset = F169h
GPIOD_PPMODE - F170h base + 9h offset = F179h
GPIOE_PPMODE — F180h base + 9h offset = F189h
GPIOF_PPMODE - F190h base + 9h offset = F199h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
PPMODE
Write

Reset 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1

GPIOx_PPMODE field descriptions

Field Description

15-0 Push-Pull Mode Bits
PPMODE

0 Open Drain Mode
1 Push-Pull Mode

9.2.11 GPIO Raw Data Register (GPIOx_RAWDATA)

This read-only register gives the DSP direct access to the logic values on each GPIO pin,
even when pins are not in GPIO mode. Values are not clocked and are subject to change
at any time. Read several times to ensure a stable value.

Addresses: GPIOA_RAWDATA — F140h base + Ah offset = F14Ah
GPIOB_RAWDATA — F150h base + Ah offset = F15Ah
GPIOC_RAWDATA — F160h base + Ah offset = F16Ah
GPIOD_RAWDATA — F170h base + Ah offset = F17Ah
GPIOE_RAWDATA — F180h base + Ah offset = F18Ah
GPIOF_RAWDATA — F190h base + Ah offset = F19Ah

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read RAW_DATA
Write
Reset  x* x* X* x* X* X* X* X* X* X* X* X* X* X* X* X*
* Notes:

¢ x = Undefined at reset.
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GPIOx_RAWDATA field descriptions

Field Description

15-0 Raw Data Bits
RAW_DATA

9.2.12 GPIO Drive Strength Control Register (GPIOx_DRIVE)

This register can be used to explicitly set the drive strength of each output driver. If write
protection (via the SIM PROT register) is implemented on an individual device, then this
register value cannot be changed after the write protect signal is asserted.

Addresses: GPIOA_DRIVE — F140h base + Bh offset = F14Bh
GPIOB_DRIVE - F150h base + Bh offset = F15Bh
GPIOC_DRIVE - F160h base + Bh offset = F16Bh
GPIOD_DRIVE - F170h base + Bh offset = F17Bh
GPIOE_DRIVE — F180h base + Bh offset = F18Bh
GPIOF_DRIVE - F190h base + Bh offset = F19Bh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
DRIVE
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

GPIOx_DRIVE field descriptions

Field Description

15-0 Drive Strength Selector Bits
DRIVE
0 Low drive strength: 4 mA

1 High drive strength: 8 mA

9.3 Functional Description
The following block diagram illustrates the logic associated with just one of the bits in
each GPIO port. Each GPIO pin can be configured as:

* An input, with or without pullup functions

* An edge interrupt

* An output with push-pull or open-drain mode
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The GPIO’s pullup is configured by writing the pullup enable register. When the pin is
configured for a peripheral function, the pullups are controlled by the pullup enable
register and the direction is specified by the peripheral used. If the pin is set to be an
output, the pullup is disabled.

A pin may have several peripheral functions, one of which may be an analog function. To
access its analog function, the pin must be in peripheral mode with an analog input
enabled. Selecting between an analog peripheral or a digital peripheral is controlled by
the GPIO Peripheral Select Register (GPSn) in the SIM module. When the GPIO is in
peripheral mode and its analog peripheral function is selected, the digital output buffer
and pullup are disabled. The digital input buffer is also disconnected from the pin so that
the digital input is not responding to analog voltages on the pin.
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Figure 9-85. Bit View of the GPIO Logic with a Multiplex of Analog Input

9.4 Interrupts
The GPIO module has two types of interrupts:

1. Software interrupt
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Write ones to the interrupt assert register to generate the software interrupt. The
interrupt pending register records the value of the interrupt assert register. Clear the
the interrupt pending register by writing zeroes to the the interrupt assert register.

NOTE
When a software interrupt is asserted, the interrupt polarity
register, interrupt edge sensitive register, and the interrupt
enable register must be zero to guarantee that the interrupt
registered in the interrupt pending register is due only to the
interrupt assert register.

2. Hardware interrupt from the pin

When a GPIO pin is used as an external interrupt source, its IEN bit in the interrupt
enable register is set to 1 and the interrupt assert register must be set to 0. The
interrupt polarity register must be set to 1 for a falling edge interrupt and to O for a
rising edge interrupt. When the signal at the pin transitions from high to low or low
to high, the value is seen at the interrupt edge sensitive register and recorded by the
interrupt pending register.

The interrupt signals in each port are ORed together, presenting only a single interrupt
per port to the interrupt controller. The interrupt service routine must then check the
contents of the interrupt pending register to determine which pin(s) caused the interrupt.
External interrupt sources do not need to remain asserted because the detection
mechanism is edge sensitive.

9.5 Clocks and Resets

The GPIO module runs at standard system bus speeds and assumes reset states as defined
in the device data sheet. Reset occurs whenever any source of system reset occurs (POR,
external reset, COP reset, and so on).
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Chapter 10
Inter-Integrated Circuit (12C)

10.1 Introduction

The inter-integrated circuit (IZC, 12C, or IIC) module provides a method of
communication between a number of devices. The interface is designed to operate up to
100 kbit/s with maximum bus loading and timing. The device is capable of operating at
higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are
limited by a maximum bus capacitance of 400 pF. The 12C module also complies with
the System Management Bus (SMBus) Specification, version 2.

10.1.1 Features

The I12C module has these distinctive features:

« Compatible with The I>?C-Bus Specification

* Multimaster operation

* Software programmable for one of 64 different serial clock frequencies
 Software-selectable acknowledge bit

* Interrupt-driven byte-by-byte data transfer

* Arbitration-lost interrupt with automatic mode switching from master to slave
* Calling address identification interrupt

e START and STOP signal generation and detection

» Repeated START signal generation and detection

* Acknowledge bit generation and detection

* Bus busy detection

* General call recognition

* 10-bit address extension

* Support for System Management Bus (SMBus) Specification, version 2
* Programmable glitch input filter

* Low power mode wakeup on slave address match
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10.1.2 Modes of Operation
To summarize the I2C module's operation in various low power modes:

* Run mode: This is the basic mode of operation. To conserve power in this mode,
disable the module.

* Wait mode: The module continues to operate when the core is in wait mode and can
provide a wakeup interrupt.

* Stop mode: The module is inactive in stop mode for reduced power consumption,
except that address matching is enabled in stop mode. The STOP instruction does not
affect the I2C module's register states.

10.1.3 Block Diagram
The following figure is a block diagram of the I2C module.
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Module Enable Address Write/Read
Interrupt
ADDR_DECODE A DATA_MUX
A
Y
\ A A A /
Y Y Y Y Y \ Y Y Y Y
CTRL_REG |[FREQ_REG| ADDR_REG | STATUS_REG | DATA_REG
| X i
y
: Input
- Sync
In/Out
A START <—>| Data 3
STOP Shit
Y Arbitration > Register
Control
Clock < = l—
Control - Address
| < Compare -—
‘V Y
SCL SDA

Figure 10-1. I12C Functional Block Diagram

10.2 Signal Descriptions

This section describes each user-accessible pin signal.

10.2.1 Serial Clock Line (SCL)

The bidirectional SCL is the serial clock line of the I2C system.

10.2.2 Serial Data Line (SDA)

The bidirectional SDA is the serial data line of the I2C system.
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10.3 Memory Map and Registers

This section describes in detail all I2C registers accessible to the end user.

Address
offset (hex)

0

Register
name

12CO_ADDR

12C0_FREQDIV

12C0_CR1

12C0_SR

12C0_DATA

12C0_CR2

12CO_FILT

12C0_SMB_
CSR

12C0_ADDR2

12C0_SLTH

12C0_SLT2

12C1_ADDR

12C1_FREQDIV

12C1_CR1

AD[7:1]

AD[10:8]

=P =P IV 2 VT £ VT I =T

ALERTEN
SHTF2
SHTF2IE

o

SSLT[15:8]

SSLT[7:0]

AD[7:1]

MULT ICR

TX

= P 2P =P DIV IV =D

IICEN
IICIE
MST

RSTA

w| TXAK
-~| WUEN

~
o
(3}
=Y
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Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
3 12C1_SR
w
R
4 [2C1_DATA
w
R
5 12C1_CR2 AD[10:8]
w
R
6 12C1_FILT
w
R Z w
. 12C1_SMB_ E E S
CSR i |
W 3 DB
R 0
8 12C1_ADDR2
W [ |
R
9 12C1_SLT1 SSLT[15:8]
w
R
A 12C1_SLT2 SSLT[7:0]
w

10.3.1 12C Address Register 1 (12Cx_ADDR)
This register contains the slave address to be used by the I2C module.

Addresses: 12C0_ADDR — F210h base + 0Oh offset = F210h
12C1_ADDR — F220h base + Oh offset = F220h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12Cx_ADDR field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
71 Address
ADI[7:1]

Table continues on the next page...
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12Cx_ADDR field descriptions (continued)

Field Description

Contains the slave address used by the 12C module when it is addressed as a slave. This field is used in
the 7-bit address scheme and the lower seven bits in the 10-bit address scheme.

0 This read-only bit is reserved and always has the value zero.
Reserved

10.3.2 12C Frequency Divider register (12Cx_FREQDIV)

Addresses: 12C0_FREQDIV — F210h base + 1h offset = F211h
12C1_FREQDIV — F220h base + 1h offset = F221h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

MULT ICR
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12Cx_FREQDIV field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7-6 The MULT bits define the multiplier factor mul. This factor is used along with the SCL divider to generate
MULT the 12C baud rate.
00 mul=1
01 mul=2
10 mul=4
11 Reserved
5-0 Clock rate
ICR

Prescales the bus clock for bit rate selection. This field and the MULT field determine the 12C baud rate,
the SDA hold time, the SCL start hold time, and the SCL stop hold time. See 12C Divider and Hold Values
for a list of values corresponding to each ICR setting.

The SCL divider multiplied by multiplier factor (mul) determines the 12C baud rate.

I2C baud rate = bus speed (Hz)/(mul x SCL divider)

The SDA hold time is the delay from the falling edge of SCL (I2C clock) to the changing of SDA (12C
data).

SDA hold time = bus period (s) x mul x SDA hold value

The SCL start hold time is the delay from the falling edge of SDA (12C data) while SCL is high (start
condition) to the falling edge of SCL (12C clock).

SCL start hold time = bus period (s) x mul x SCL start hold value

Table continues on the next page...
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12Cx_FREQDIV field descriptions (continued)

Field Description

The SCL stop hold time is the delay from the rising edge of SCL (12C clock) to the rising edge of SDA (12C
data) while SCL is high (stop condition).

SCL stop hold time = bus period (s) x mul x SCL stop hold value

10.3.3 12C Control Register 1 (I12Cx_CR1)

Addresses: 12C0_CR1 — F210h base + 2h offset = F212h
12C1_CR1 — F220h base + 2h offset = F222h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Read > « 0
8 IICIE | MST | TX § Wli E
Write = - RSTA
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12Cx_CR1 field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7 I2C enable

IICEN
Enables 12C module operation.
0 Disabled
1 Enabled

6 12C interrupt enable

IICIE
Enables 12C interrupt requests.
0 Disabled
1 Enabled

5 Master mode select

MST
When the MST bit is changed from a 0 to a 1, a START signal is generated on the bus and master mode
is selected. When this bit changes from a 1 to a 0, a STOP signal is generated and the mode of operation
changes from master to slave.
0 Slave mode
1 Master mode

4 Transmit mode select
TX

Selects the direction of master and slave transfers. In master mode this bit must be set according to the
type of transfer required. Therefore, for address cycles, this bit is always set. When addressed as a slave

this bit must be set by software according to the SRW bit in the status register.

Table continues on the next page...
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12Cx_CR1 field descriptions (continued)

Field Description
0 Receive
1 Transmit
3 Transmit acknowledge enable
TXAK

Specifies the value driven onto the SDA during data acknowledge cycles for both master and slave
receivers. The value of the FACK bit affects NACK/ACK generation.

0 An acknowledge signal is sent to the bus on the following (if FACK is cleared) or current (if FACK is
set) receiving byte.

1 No acknowledge signal is sent to the bus on the following (if FACK is cleared) or current (if FACK is
set) receiving data byte.NOTE:SCL is held low until TXAK is written.

2 Repeat START
RSTA

Writing a one to this bit generates a repeated START condition provided it is the current master. This bit
will always be read as zero. Attempting a repeat at the wrong time results in loss of arbitration.

1 Wakeup enable
WUEN
I12C module can wake the core from stop mode when slave address matching occurs.

0 Normal operation. No interrupt generated when address matching in stop mode.
1 Enables the wakeup function in stop mode.

0 This read-only bit is reserved and always has the value zero.
Reserved

10.3.4 12C Status Register (I2Cx_SR)

Addresses: 12C0_SR — F210h base + 3h offset = F213h
12C1_SR — F220h base + 3h offset = F223h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset O 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

I2Cx_SR field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7 Transfer complete flag

TCF
This bit sets on the completion of a byte and acknowledge bit transfer. This bit is only valid during or
immediately following a transfer to or from the 12C module. The TCF bit is cleared by reading the 12C data
register in receive mode or by writing to the 12C data register in transmit mode.

Table continues on the next page...
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12Cx_SR field descriptions (continued)

Field Description
0 Transfer in progress
1 Transfer complete
6 Addressed as a slave
IAAS
The IAAS bit is set when one of the following conditions is met:
¢ The calling address matches the programmed slave address
e GCAEN is set and a general call is received
* SIICAEN is set and the calling address matches the second programmed slave address
e ALERTEN is set and an SMBus alert response address is received
This bit sets before the ACK bit does. The CPU needs to check the SRW bit and set TX/RX accordingly.
Writing the 12C Control Register 1 with any value clears this bit.
0 Not addressed
1 Addressed as a slave
5 Bus busy
BUSY
Indicates the status of the bus regardless of slave or master mode. This bit is set when a START signal is
detected and cleared when a STOP signal is detected.
0 Busisidle
1 Busis busy
4 Arbitration lost
ARBL
This bit is set by hardware when the arbitration procedure is lost. The ARBL bit must be cleared by
software, by writing a one to it.
0 Standard bus operation.
1 Loss of arbitration.
3 This read-only bit is reserved and always has the value zero.
Reserved
2 Slave read/write
SRW o
When addressed as a slave, SRW indicates the value of the R/W command bit of the calling address sent
to the master.
0 Slave receive, master writing to slave
1 Slave transmit, master reading from slave
1 Interrupt flag
IICIF

The IICIF bit sets when an interrupt is pending. This bit must be cleared by software, by writing a one to it
in the interrupt routine. One of the following events can set the IICIF bit:
* One byte transfer including ACK/NACK bit completes if FACK = 0
¢ One byte transfer excluding ACK/NACK bit completes if FACK = 1. An ACK or NACK is sent on the
bus by writing 0 or 1 to TXAK after this bit is set in receive mode
* Match of slave address to calling address including primary slave address, general call address,
alert response address, and second slave address.
* Arbitration lost
* In SMBus mode, any timeouts except SCL and SDA high timeouts

0 No interrupt pending
1 Interrupt pending

Table continues on the next page...
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12Cx_SR field descriptions (continued)

Field Description

0 Receive acknowledge
RXAK
0 Acknowledge signal was received after the completion of one byte of data transmission on the bus

1 No acknowledge signal detected

10.3.5 12C Data I/O register (12Cx_DATA)

Addresses: [2C0_DATA — F210h base + 4h offset = F214h
I12C1_DATA — F220h base + 4h offset = F224h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12Cx_DATA field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7-0 Data
DATA

In master transmit mode, when data is written to this register, a data transfer is initiated. The most
significant bit is sent first. In master receive mode, reading this register initiates receiving of the next byte
of data.

NOTE: When transitioning out of master receive mode, switch the 12C mode before reading the Data
register to prevent an inadvertent initiation of a master receive data transfer.

In slave mode, the same functions are available after an address match occurs.

The CR1[TX] bit must correctly reflect the desired direction of transfer in master and slave modes for the
transmission to begin. For example, if the 12C module is configured for master transmit but a master
receive is desired, then reading the Data register does not initiate the receive.

Reading the Data register returns the last byte received while the 12C module is configured in master
receive or slave receive modes. The Data register does not reflect every byte that is transmitted on the
I12C bus, and neither can software verify that a byte has been written to the Data register correctly by
reading it back.

In master transmit mode, the first byte of data written to the Data register following assertion of MST (start
bit) or assertion of RSTA (repeated start bit) is used for the address transfer and must comprise of the

calling address (in bit 7-1) concatenated with the required R/W bit (in position bit 0).
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10.3.6 12C Control Register 2 (12Cx_CR2)

Addresses: 12C0_CR2 — F210h base + 5h offset = F215h
12C1_CR2 — F220h base + 5h offset = F225h

Bit 15 14 13 12 1 10 9 8 | 7 6 2 1 0
Read P 0 0 0

| g ADTEX AD[10:8]
Write &
Rest 0 ©0 o0 o0 O O O oO0]o0o o o o0 o0 o0 o0 o

12Cx_CR2 field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7 General call address enable
GCAEN
Enables general call address.
0 Disabled
1 Enabled
6 Address extension
ADEXT
Controls the number of bits used for the slave address.
0 7-bit address scheme
1 10-bit address scheme
5 This read-only bit is reserved and always has the value zero.
Reserved
4 This read-only bit is reserved and always has the value zero.
Reserved
3 This read-only bit is reserved and always has the value zero.
Reserved
2-0 Slave address
AD[10:8]

Contains the upper three bits of the slave address in the 10-bit address scheme. This field is only valid

when the ADEXT bit is set.
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10.3.7 12C Programmable Input Glitch Filter register (12Cx_FILT)
Addresses: 12C0_FILT — F210h base + 6h offset = F216h
12C1_FILT — F220h base + 6h offset = F226h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Cx_FILT field descriptions

Field Description

15-8 This read-only bitfield is reserved and always has the value zero.
Reserved

7-3 This read-only bitfield is reserved and always has the value zero.
Reserved

2-0 I12C programmabile filter factor

FLT
Controls the width of the glitch (in terms of bus clock cycles) that the filter must absorb. In other words,

the filter does not allow to pass any glitch whose size is less than or equal to this width setting.

0x0 No filter/bypass
0x1-7  Filter glitches up to width of n bus clock cycles, where n=1-7

10.3.8 12C SMBus Control and Status Register (12Cx_SMB_CSR)

NOTE
A master assumes that the bus is free when detecting the clock
and data signals being high for greater than high time out
period. However, SHTFI rises in bus transmission process with
idle bus state.

NOTE
When TCKSEL is set, there is no meaning to monitor SHTF1
since the bus speed is too high to match the protocol of SMBus.
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Addresses: 12C0_SMB_CSR - F210h base + 7h offset = F217h
12C1_SMB_CSR — F220h base + 7h offset = F227h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 Z = 1 SHTF w
Ho| o 1 sHTF| @

FACK| o S @ |SLTF L

: w | 2135 2 | K
Write 3:' D = )
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12Cx_SMB_CSR field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7 Fast NACK/ACK enable
FACK

For SMBus packet error checking, the CPU must be able to issue an ACK or NACK according to the
result of receiving data byte.

0 An ACK or NACK is sent on the following receiving data byte

1 Writing 0 to TXAK after receiving a data byte generates an ACK. Writing 1 to TXAK after receiving a
data byte generates a NACK.

6 SMBus alert response address enable
ALERTEN
Enables SMBus alert response address.
0 Disabled
1 Enabled
5 Second 12C address enable
SIICAEN
Enables SMBus device default address
0 Disabled
1 Enabled
4 Timeout counter clock select
TCKSEL
Selects the clock source of the timeout counter.
0 Bus clock /64 frequency
1 Bus clock frequency
3 SCL low timeout flag
SLTF
This bit is set when the SLT register (consisting of the SLT1 and SLT2 registers) is loaded with a non-zero
value (LoValue) and an SCL low timeout occurs. Software clears this bit by writing a logic 1 to it.
NOTE: The low timeout function is disabled when the SLT register's value is zero.
0 No low timeout occurs
1 Low timeout occurs
2 SCL high timeout flag 1
SHTF1

Table continues on the next page...
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12Cx_SMB_CSR field descriptions (continued)

Field Description

This read-only bit sets when SCL and SDA are held high more than clock x LoValue / 512, which
indicates the bus is free. This bit is cleared automatically.

0 No SCL high and SDA high timeout occurs
1 SCL high and SDA high timeout occurs

2 SCL high timeout flag 2
SHTF2

This bit sets when SCL is held high and SDA is held low more than clock x LoValue/512. Software clears
this bit by writing a 1 to it.

0 No SCL high and SDA low TIMEOUT occurs
1 SCL high and SDA low TIMEOUT occurs

0 SHTF2 interrupt enable
SHTF2IE
Enables SCL high and SDA low timeout interrupt.
0 Disabled
1 Enabled

10.3.9 12C Address Register 2 (12Cx_ADDR2)

Addresses: 12C0_ADDR2 — F210h base + 8h offset = F218h
12C1_ADDR2 — F220h base + 8h offset = F228h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1
Read 0
SAD
Write
Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0

12Cx_ADDR2 field descriptions

Field Description

15-8 This read-only bitfield is reserved and always has the value zero.
Reserved

7-1 SMBus address

SAD

Contains the slave address used by the SMBus. This field is used on the device default address or other
related addresses.

0 This read-only bit is reserved and always has the value zero.
Reserved
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10.3.10 12C SCL Low Timeout register High (12Cx_SLT1)

Addresses: 12C0_SLT1 — F210h base + 9h offset = F219h
12C1_SLT1 — F220h base + 9h offset = F229h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12Cx_SLT1 field descriptions

Field Description
15-8 This read-only bitfield is reserved and always has the value zero.
Reserved
7-0 Most significant byte of SCL low timeout value that determines the timeout period of SCL low.
SSLT[15:8]

10.3.11 12C SCL Low Timeout register Low (12Cx_SLT2)

Addresses: 12C0_SLT2 — F210h base + Ah offset = F21Ah
12C1_SLT2 — F220h base + Ah offset = F22Ah

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read

SSLT[7:0]

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Cx_SLT2 field descriptions

Field Description

15-8 This read-only bitfield is reserved and always has the value zero.
Reserved

7-0 Least significant byte of SCL low timeout value that determines the timeout period of SCL low.
SSLT[7:0]

10.4 Functional Description

This section provides a comprehensive functional description of the I2C module.
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10.4.1 12C Protocol

The I2C bus system uses a serial data line (SDA) and a serial clock line (SCL) for data

transfers. All devices connected to it must have open drain or open collector outputs. A
logic AND function is exercised on both lines with external pull-up resistors. The value
of these resistors depends on the system.

Normally, a standard instance of communication is composed of four parts:

1. START signal
2. Slave address transmission

3. Data transfer
4. STOP signal

The STOP signal should not be confused with the CPU STOP instruction. The following
figure illustrates 12C bus system communication.

Start Signal Calling Address Read/ Ack Data Byte No Stop
Write  Bit Ack Signal
Bit

| | | | | | | | |
T\ [

< ‘¢
< >

Start Calling Address Read/ Ack Repeated New Calling Address Read/ NO stop
Signal Write  Bit tart Wrte. A%k signal
Signal Bit

Figure 10-35. 12C Bus Transmission Signals
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10.4.1.1 START Signal

The bus is free when no master device is engaging the bus (both SCL and SDA are high).
When the bus is free, a master may initiate communication by sending a START signal.
A START signal is defined as a high-to-low transition of SDA while SCL is high. This
signal denotes the beginning of a new data transfer (each data transfer might contain
several bytes of data) and brings all slaves out of their idle states.

10.4.1.2 Slave Address Transmission

Immediately after the START signal, the first byte of a data transfer is the slave address
transmitted by the master. This address is a 7-bit calling address followed by an R/W bit.
The R/W bit tells the slave the desired direction of data transfer.

¢ |1 = Read transfer: The slave transmits data to the master
e (0 = Write transfer: The master transmits data to the slave

Only the slave with a calling address that matches the one transmitted by the master
responds by sending an acknowledge bit. The slave sends the acknowledge bit by pulling
SDA low at the ninth clock.

No two slaves in the system may have the same address. If the I2C module is the master,
1t must not transmit an address that is equal to its own slave address. The [2C module
cannot be master and slave at the same time. However, if arbitration is lost during an
address cycle, the I2C module reverts to slave mode and operates correctly even if it is
being addressed by another master.

10.4.1.3 Data Transfers

When successful slave addressing is achieved, data transfer can proceed on a byte-by-
byte basis in the direction specified by the R/W bit sent by the calling master.

All transfers that follow an address cycle are referred to as data transfers, even if they
carry subaddress information for the slave device.

Each data byte is 8 bits long. Data may be changed only while SCL is low. Data must be

held stable while SCL is high. There is one clock pulse on SCL for each data bit, and the
MSB is transferred first. Each data byte is followed by a ninth (acknowledge) bit, which
is signaled from the receiving device by pulling SDA low at the ninth clock. In summary,
one complete data transfer needs nine clock pulses.
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If the slave receiver does not acknowledge the master in the ninth bit, the slave must
leave SDA high. The master interprets the failed acknowledgement as an unsuccessful
data transfer.

If the master receiver does not acknowledge the slave transmitter after a data byte
transmission, the slave interprets it as an end to data transfer and releases the SDA line.

In the case of a failed acknowledgement by either the slave or master, the data transfer is
aborted and the master does one of two things:

» Relinquishes the bus by generating a STOP signal.

* Commences a new call by generating a repeated START signal.

10.4.1.4 STOP Signal

The master can terminate the communication by generating a STOP signal to free the
bus. A STOP signal is defined as a low-to-high transition of SDA while SCL is asserted.

The master can generate a STOP signal even if the slave has generated an
acknowledgement, at which point the slave must release the bus.

10.4.1.5 Repeated START Signal

The master may generate a START signal followed by a calling command without
generating a STOP signal first. This action is called a repeated START. The master uses
a repeated START to communicate with another slave or with the same slave in a
different mode (transmit/receive mode) without releasing the bus.

10.4.1.6 Arbitration Procedure

The I2C bus is a true multimaster bus that allows more than one master to be connected
on it.

If two or more masters try to control the bus at the same time, a clock synchronization
procedure determines the bus clock. The bus clock's low period is equal to the longest
clock low period, and the high period is equal to the shortest one among the masters.

The relative priority of the contending masters is determined by a data arbitration
procedure. A bus master loses arbitration if it transmits logic level 1 while another master
transmits logic level 0. The losing masters immediately switch to slave receive mode and
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stop driving SDA output. In this case, the transition from master to slave mode does not
generate a STOP condition. Meanwhile, hardware sets a status bit to indicate the loss of
arbitration.

10.4.1.7 Clock Synchronization

Because wire AND logic is performed on SCL, a high-to-low transition on SCL affects
all devices connected on the bus. The devices start counting their low period and, after a
device's clock has gone low, that device holds SCL low until the clock reaches its high
state. However, the change of low to high in this device clock might not change the state
of SCL if another device clock is still within its low period. Therefore, the synchronized
clock SCL is held low by the device with the longest low period. Devices with shorter
low periods enter a high wait state during this time (see the following diagram). When all
applicable devices have counted off their low period, the synchronized clock SCL is
released and pulled high. Afterward there is no difference between the device clocks and
the state of SCL, and all devices start counting their high periods. The first device to
complete its high period pulls SCL low again.

| | Delay | Start Counting High Period
)

w
()
—

\
\

sCL2 ‘ — — A
\

Rl

Internal Counter Reset

Figure 10-36. 12C Clock Synchronization

10.4.1.8 Handshaking

The clock synchronization mechanism can be used as a handshake in data transfers. A
slave device may hold SCL low after completing a single byte transfer (9 bits). In this
case, it halts the bus clock and forces the master clock into wait states until the slave
releases SCL.
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10.4.1.9 12C Divider and Hold Values
Table 10-37. 12C Divider and Hold Values

ICR SCL Di- | SDA Hold | SCL Hold | SCL Hold ICR SCL Di- | SDA Hold | SCL Hold | SCL Hold

e | VT T Ve | Ve | | ™0 | coske) | | Vawe | Value
00 20 7 6 11 20 160 17 78 81
01 22 7 7 12 21 192 17 94 97
02 24 8 8 13 22 224 33 110 113
03 26 8 9 14 23 256 33 126 129
04 28 9 10 15 24 288 49 142 145
05 30 9 11 16 25 320 49 158 161
06 34 10 13 18 26 384 65 190 193
07 40 10 16 21 27 480 65 238 241
08 28 7 10 15 28 320 33 158 161
09 32 7 12 17 29 384 33 190 193
0A 36 9 14 19 2A 448 65 222 225
0B 40 9 16 21 2B 512 65 254 257
oC 44 11 18 23 2C 576 97 286 289
oD 48 11 20 25 2D 640 97 318 321
OE 56 13 24 29 2E 768 129 382 385
OF 68 13 30 35 2F 960 129 478 481
10 48 9 18 25 30 640 65 318 321
11 56 9 22 29 31 768 65 382 385
12 64 13 26 33 32 896 129 446 449
13 72 13 30 37 33 1024 129 510 513
14 80 17 34 4 34 1152 193 574 577
15 88 17 38 45 35 1280 193 638 641
16 104 21 46 53 36 1536 257 766 769
17 128 21 58 65 37 1920 257 958 961
18 80 9 38 M1 38 1280 129 638 641
19 96 9 46 49 39 1536 129 766 769
1A 112 17 54 57 3A 1792 257 894 897
1B 128 17 62 65 3B 2048 257 1022 1025
1C 144 25 70 73 3C 2304 385 1150 1153
1D 160 25 78 81 3D 2560 385 1278 1281
1E 192 33 94 97 3E 3072 513 1534 1537
1F 240 33 118 121 3F 3840 513 1918 1921

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
338 Preliminary Freescale Semiconductor



Chapter 10 Inter-Integrated Circuit (12C)

10.4.2 10-bit Address

For 10-bit addressing, 0x11110 is used for the first 5 bits of the first address byte.
Various combinations of read/write formats are possible within a transfer that includes
10-bit addressing.

10.4.2.1 Master-Transmitter Addresses a Slave-Receiver

The transfer direction is not changed. When a 10-bit address follows a START condition,
each slave compares the first seven bits of the first byte of the slave address (11110XX)
with its own address and tests whether the eighth bit (R/W direction bit) is 0. It is
possible that more than one device finds a match and generates an acknowledge (A1).
Each slave that finds a match compares the eight bits of the second byte of the slave
address with its own address, but only one slave finds a match and generate an
acknowledge (A2). The matching slave remains addressed by the master until it receives
a STOP condition (P) or a repeated START condition (Sr) followed by a different slave
address.

Table 10-38. Master-Transmitter Addresses Slave-Receiver with a 10-bit

Address
S Slave R/W A1 Slave A2 Data A Data A/A P
ad- 0 ad-
dress dress
first 7 second
bits byte
11110 AD[8:1]
+
AD10
+ AD9

After the master-transmitter has sent the first byte of the 10-bit address, the slave-receiver
sees an I2C interrupt. User software must ensure that for this interrupt, the contents of the
Data register are ignored and not treated as valid data.

10.4.2.2 Master-Receiver Addresses a Slave-Transmitter

The transfer direction is changed after the second R/W bit. Up to and including
acknowledge bit A2, the procedure is the same as that described for a master-transmitter
addressing a slave-receiver. After the repeated START condition (Sr), a matching slave
remembers that it was addressed before. This slave then checks whether the first seven

MC56F825x/4x Reference Manual, Rev. 2, 10/2010
Freescale Semiconductor Preliminary 339




runctional Description

bits of the first byte of the slave address following Sr are the same as they were after the
START condition (S), and it tests whether the eighth (R/W) bit is 1. If there is a match,
the slave considers that it has been addressed as a transmitter and generates acknowledge
A3. The slave-transmitter remains addressed until it receives a STOP condition (P) or a
repeated START condition (Sr) followed by a different slave address.

After a repeated START condition (Sr), all other slave devices also compare the first
seven bits of the first byte of the slave address with their own addresses and test the
eighth (R/W) bit. However, none of them are addressed because R/W = 1 (for 10-bit
devices), or the 11110XX slave address (for 7-bit devices) does not match.

Table 10-39. Master-Receiver Addresses a Slave-Transmitter with a 10-bit

Address
S Slave |RMW | A1 | Slave | A2 | Sr | Slave |RW | A3 | Data | A Data | A P
address 0 address address 1
first 7 second first 7
bits byte bits
11110 ADI[8:1] 11110
+ AD10 + AD10
+ AD9 + AD9

After the master-receiver has sent the first byte of the 10-bit address, the slave-transmitter
sees an [2C interrupt. User software must ensure that for this interrupt, the contents of the
Data register are ignored and not treated as valid data.

10.4.3 Address Matching

All received addresses can be requested in 7-bit or 10-bit address format. The Address
Register 1, which contains the 12C primary slave address, always participates in the
address matching process. If the GCAEN bit is set, general call participates the address
matching process. If the ALERTEN bit is set, alert response participates the address
matching process. If the SIICAEN bit is set, the Address Register 2 participates in the
address matching process.

When the 12C module responds to one of these addresses, it acts as a slave-receiver and
the IAAS bit is set after the address cycle. Software must read the Data register after the
first byte transfer to determine that the address is matched.

10.4.4 System Management Bus Specification

SMBus provides a control bus for system and power management related tasks. A system
may use SMBus to pass messages to and from devices instead of tripping individual
control lines. Removing the individual control lines reduces pin count. Accepting
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messages ensures future expandability.with system management bus, a device can
provide manufacturer information, tell the system what its model/part number is, save its
state for a suspend event, report different types of errors, accept control parameters, and
return its status.

10.4.4.1 Timeouts

The TrveouT MIN Parameter allows a master or slave to conclude that a defective device
is holding the clock low indefinitely or a master is intentionally trying to drive devices
off the bus. It is highly recommended that a slave device release the bus (stop driving the
bus and let SCL and SDA float high) when it detects any single clock held low longer
than Trvpout Min- Devices that have detected this condition must reset their
communication and be able to receive a new START condition within the timeframe of

TTIMEOUT MAX-

SMBus defines a clock low timeout, Trpgout, of 35 ms, specifies Tp ow.sgxT as the
cumulative clock low extend time for a slave device, and specifies T ow-mexT as the
cumulative clock low extend time for a master device.

10.4.4.1.1 SCL Low Timeout

If the SCL line is held low by a slave device on the bus, no further communication is
possible. Furthermore, the master cannot force the SCL line high to correct the error
condition. To solve this problem, the SMBus protocol specifies that devices participating
in a transfer must detect any clock cycle held low longer than a timeout value condition.
Devices that have detected the timeout condition must reset the communication. When
the I2C module is an active master, if it detects that SMBCLK low has exceeded the
value of TrpvpouT MIN, it must generate a stop condition within or after the current data
byte in the transfer process. When the I2C module is a slave, if it detects the

TrmveEoUT MIN condition, it resets its communication and is then able to receive a new
START condition.

10.4.4.1.2 SCL High Timeout

When the I2C module has determined that the SMBCLK and SMBDAT signals have
been high for at least Tyiga.max, it assumes that the bus is idle. A HIGH timeout can
occur in two ways:

1. HIGH timeout detected after a STOP condition appears on the bus
2. HIGH timeout detected after a START condition, but before a STOP condition
appears on the bus
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Any master detecting either scenario can assume the bus is free when SHTF1 rises. A
HIGH timeout occurs in scenario 2 if a master ever detects that both the BUSY bit is high
and SHTF]1 is high.

When the SMBDAT signal is low and the SMBCLK signal is high for a period of time,
the other kind of timeout occurs. The time period must be defined in software. SHTF2 is
used as the flag when the time limit is reached. This flag is also an interrupt resource, so
it also triggers IICIF.

10.4.4.1.3 CSMBCLK TIMEOUT MEXT and CSMBCLK TIMEOUT SEXT

The following figure illustrates the definition of the timeout intervals Ty ow.sgxT and
TLow-MexT- When in master mode, the I2C module must not cumulatively extend its
clock cycles for a period greater than Ty ow.mexT Within a byte, where each byte is
defined as START-to-ACK, ACK-to-ACK, or ACK-to-STOP. When CSMBCLK
TIMEOUT MEXT occurs, SMBus MEXT rises and also triggers the SLTF.

Sto
Start T Low:sext P

ClkAck T ClkAck T
LOW:MEXT | LOW:MEXT LOW:MEXT

o] il i
o | \/ \ I

Figure 10-37. Timeout measurement intervals

T

A master is allowed to abort the transaction in progress to any slave that violates the
TrLow:sexT OF TtiMeouT MIN Specifications. To abort the transaction, the master issues a
STOP condition at the conclusion of the byte transfer in progress. When a slave, the 12C
module must not cumulatively extend its clock cycles for a period greater than
TLow:sgxt during any message from the initial START to the STOP. When CSMBCLK
TIMEOUT SEXT occurs, SEXT rises and also triggers SLTF.

NOTE
CSMBCLK TIMEOUT SEXT and CSMBCLK TIMEOUT
MEXT are optional functions that are implemented in the
second step.
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10.4.4.1.4 FAST ACK and NACK

To improve reliability and communication robustness, implementation of packet error
checking (PEC) by SMBus devices is optional for SMBus devices but required for
devices participating in and only during the address resolution protocol (ARP) process.
The PEC is a CRC-8 error checking byte, calculated on all the message bytes. The PEC is
appended to the message by the device that supplied the last data byte. If the PEC is
present but not correct, a NACK is issued by the receiver. Otherwise an ACK is issued.
In order to calculate the CRC-8 by software, this module can hold the SCL line low after
receiving the eighth SCL (8th bit) if this byte is a data byte. So software can determine
whether an ACK or NACK should be sent to the bus by setting or clearing the TXAK bit
if the FACK (fast ACK/NACK enable) bit is enabled.

SMBus requires a device always to acknowledge its own address, as a mechanism to
detect the presence of a removable device (such as a battery or docking station) on the
bus. In addition to indicating a slave device busy condition, SMBus uses the NACK
mechanism to indicate the reception of an invalid command or invalid data. Because such
a condition may occur on the last byte of the transfer, SMBus devices are required to
have the ability to generate the not acknowledge after the transfer of each byte and before
the completion of the transaction. This requirement is important because SMBus does not
provide any other resend signaling. This difference in the use of the NACK signaling has
implications on the specific implementation of the SMBus port, especially in devices that
handle critical system data such as the SMBus host and the SBS components.

NOTE

In the last byte of master receive slave transmit mode, the
master must send a NACK to the bus, so FACK must be
switched off before the last byte transmits.

10.4.5 Resets

The I12C module is disabled after a reset. The I2C module cannot cause a core reset.

10.4.6 Interrupts

The I12C module generates an interrupt when any of the events in the following table
occur, provided that the IICIE bit is set. The interrupt is driven by the IICIF bit (of the
I2C Status Register) and masked with the IICIE bit (of the I2C Control Register 1). The
IICIF bit must be cleared (by software) by writing 1 to it in the interrupt routine. The
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SMBus timeouts interrupt is driven by SLTF and masked with the IICIE bit. The SLTF
bit must be cleared by software by writing 1 to it in the interrupt routine. You can
determine the interrupt type by reading the Status Register.

NOTE
In master receive mode, the FACK bit must be set to zero
before the last byte transfer.

Table 10-40. Interrupt Summary

Interrupt Source Status Flag Local Enable
Complete 1-byte transfer TCF IICIF IICIE
Match of received calling address IAAS IICIF IICIE
Arbitration lost ARBL IICIF IICIE
SMBus SCL low timeout interrupt flag SLTF IICIF IICIE
SMBus SCL high SDA low timeout interrupt flag SHTF2 IICIF IICIE & SHTF2IE
Wakeup from stop interrupt IAAS IICIF IICIE & WUEN

10.4.6.1 Byte Transfer Interrupt

The transfer complete flag (TCF) bit is set at the falling edge of the ninth clock to
indicate the completion of a byte and acknowledgement transfer. When FACK is enabled,
TCEF is then set at the falling edge of 8th clock to indicate the completion of byte.

10.4.6.2 Address Detect Interrupt

When the calling address matches the programmed slave address (I2C Address Register)
or when the GCAEN bit is set and a general call is received, the IAAS bit in the Status
Register is set. The CPU is interrupted, provided the IICIE bit is set. The CPU must
check the SRW bit and set its Tx mode accordingly.

10.4.6.3 EXxit from Low-Power/Stop Modes

The slave receive input detect circuit and address matching feature are still active on low
power modes (wait and stop). An asynchronous input matching slave address or general
call address brings the CPU out of low power/stop mode if the interrupt is not masked.
Therefore, TCF and IAAS both can trigger this interrupt.
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10.4.6.4 Arbitration Lost Interrupt

The I2C is a true multimaster bus that allows more than one master to be connected on it.
If two or more masters try to control the bus at the same time, the relative priority of the
contending masters is determined by a data arbitration procedure. The [2C module asserts
the arbitration-lost interrupt when it loses the data arbitration process and the ARBL bit
in the Status Register is set.

Arbitration is lost in the following circumstances:

1. SDA is sampled as low when the master drives high during an address or data
transmit cycle.

2. SDA is sampled as low when the master drives high during the acknowledge bit of a
data receive cycle.

3. A START cycle is attempted when the bus is busy.
4. A repeated START cycle is requested in slave mode.
5. A STOP condition is detected when the master did not request it.

The ARBL bit must be cleared (by software) by writing 1 to it.

10.4.6.5 Timeout Interrupt in SMBus

When the IICIE bit is set, the [2C module asserts a timeout interrupt (outputs SLTF and
SHTF2) upon detection of any of the mentioned timeout conditions, with one exception.
The SCL high and SDA high TIMEOUT mechanism must not be used to influence the
timeout interrupt output, because this timeout indicates an idle condition on the bus.
SHTF1 rises when it matches the SCL high and SDA high TIMEOUT and falls
automatically just to indicate the bus status. The SHTF2's timeout period is the same as
that of SHTF1, which is short compared to that of SLTF, so another control bit,
SHTF2IE, is added to enable or disable it.

10.4.6.6 Programmable Input Glitch Filter

An I2C glitch filter has been added outside legacy I2C modules but within the 12C
package. This filter can absorb glitches on the I2C clock and data lines for the I12C
module. The width of the glitch to absorb can be specified in terms of the number of
(half) bus clock cycles. A single Programmable Input Glitch Filter control register is
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provided. Effectively, any down-up-down or up-down-up transition on the data line that
occurs within the number of clock cycles programmed in this register is ignored by the
I2C module. The programmer must only specify the size of the glitch (in terms of bus
clock cycles) for the filter to absorb and not pass.

SCL, SDA
Noise internal signals
suppress [———>
»| circuits
SCL, SDA
external signals
— > DFF DFF }----- DFF DFF

Figure 10-38. Programmable input glitch filter diagram

10.4.6.7 Address Matching Wakeup

When a primary or general call address match occurs when the I2C module is in slave
receive mode, the MCU wakes from low power mode with no peripheral bus running.
After the address matching IAAS bit is set, an interrupt is sent at the end of address
matching to wake the core. The IAAS bit must be cleared after the clock recovery.

NOTE
After the system recovers and is in run mode, restart the [2C
module if necessary. The SCL line is not held low until the 12C
module resets after address matching.

10.5 Initialization/Application Information

Module Initialization (Slave)

1. Write: Control Register 2
* to enable or disable general call
* to select 10-bit or 7-bit addressing mode

2. Write: Address Register 1 to set the slave address

3. Write: Control Register 1 to enable the I2C module and interrupts

4. Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data

5. Initialize RAM variables used to achieve the routine shown in the following figure

Module Initialization (Master)
1. Write: Frequency Divider register to set the I12C baud rate (example provided in this
chapter)
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Write: Control Register 1 to enable the I2C module and interrupts

Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data

Initialize RAM variables used to achieve the routine shown in the following figure

Write: Control Register 1 to enable TX

Write: Control Register 1 to enable MST (master mode)

Write: Data register with the address of the target slave (the LSB of this byte

determines whether the communication 1s master receive or transmit)

Nownkwn

The routine shown in the following figure can handle both master and slave 12C
operations. For slave operation, an incoming I2C message that contains the proper
address begins [2C communication. For master operation, communication must be
initiated by writing the Data register.
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Last byte
transmitted?,

master Rx)%

address cycle

Clear IICIF

Last byte
to be read?

last byte to be

Master

N
W

Clear ARBL

see note 1

N (write)

Arbitration

Address transfer

lost?

N Data transfer
see note 2

ACK from

Write next Generate stop
byte to Data reg Set TXACK signal (MST=0) Set TX mode receiver?
N
Write data Transmit Read data from
to Data reg next byte Data reg
and store
Switch to Switch to
Rx mode Set Rx mode Rx mode
Dummy read Generate stop Reagia(ti:tlfrom Dummy read Dummy read
from Data reg signal (MST=0) and stor?—,\ from Data reg from Data reg

Notes:

RTI

1. If general call is enabled, check to determine if the received address was a general call address (0x00).
If the received address was a general call address, the general call must be handled by user software.

2. When 10-bit addressing addresses a slave, the slave sees an interrupt following the first byte of the extended address.
Ensure that for this interrupt, the contents of the Data register are ignored and not treated as a valid data transfer.

Figure 10-39. Typical I12C Interrupt Routine
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See typical 12C
routine flow chart

v

Clear IICIF

Y

Master

W

Arbitration
lost?

Last byte
to be read?

Clear ARBL

Last byte
transmitted?,

last byte to be
| Data transfer
Address transfer see note 2
see note 1
Y End of Read data from
address cycle Data reg and
master Rx)? soft CRC
N N (write)

Clear IICIF Set TXACK Generate stop Rgz?ad:;; 2:;“ ACK from

signal (MST=0 iver?

clear FACK ignal (( ) oft CRC receiver?
Clear IICIF
Write next Set TXAK to §$po€§£ R;z?adrzg’;?dm Transmit

byte to Dat:

yte to Data reg proper value Clear IICIF soft CRC next byte

Switch to Set TXAK to Switch to

Rx mode Clear lICIF Set Tx mode proper value Rx mode

Dummy read Generate stop Reasla(:l:t:afrom Write data Reelisiacti:tre;from Dummy read
from Data reg signal (MST=0) 9 to Data reg 9 from Data reg
and store and store

RTI

Notes:
1. If general call or SIICAEN is enabled, check to determine if the received address was a general call address (0x00) or SMBus

device default address. If either, they must be handled by user software.
2. In master receive, complete the second data read after the ninth SCL cycle.

Figure 10-40. Typical I12C SMBus Interrupt Routine
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Chapter 11
Queued Serial Communications Interface (QSCI)

11.1 Introduction

The SCI allows asynchronous serial communications with peripheral devices.

11.1.1 Features

* Full-duplex or single-wire operation

Standard mark/space non-return-to-zero (NRZ) format

13-bit integer and 3 bit fractional baud rate selection

Programmable 8-bit or 9-bit data format

Separately enabled transmitter and receiver

 Separate receiver and transmitter DSC core interrupt requests
* Programmable polarity for transmitter and receiver

* Two receiver wake-up methods: idle line or address mark

* Interrupt-driven operation with seven flags:

* Transmitter empty

e Transmitter idle

 Receiver full

* Receiver overrun

e Noise error
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* Framing error

e Parity error

» Receiver framing error detection

* Hardware parity checking

¢ 1/16 bit-time noise detection

11.1.2 SCI Block Diagram
The following figure shows the SCI block diagram.

SCI Data
Register/FIFO

{} RIDLE
Receive Shift CAF REIE I— ) RERR

RXD . t
PIN Register g Fr{]eer:iZt
RE
P Rwu | [—_FE
LIN Receive
Auto Baud | and Wakeup |- LOOP 1 _NF
‘ 00“";' \_TRsrc
- .- -Rate Reload 2R
‘ M _RORF RDRF/OR
L [{omee ot
Data Format | POL
, Control -
Peripheral Baud-Rate ﬁ i
Bus Clock =1  Generator PT
TE
Transmit f
r/16 1 Control LOOP TEIE [ TDRE
SBK TDRE Interrupt
Request

TXD
PIN =

Transmit
Shift Register TIDLE
Interrupt
ﬁ TIE I—} Request
SCI Data
Register/FIFO

Figure 11-1. SCI Block Diagram
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11.2 External Signal Descriptions
Table 11-1. Signal Properties

Name 1/0 Type Function Reset State
TXD Output Transmit Data Pin 1
RXD Input Receive Data Pin —

11.2.1 TXD —Transmit Data

The Transmit Data Pin (TXD) is the SCI transmitter pin. TXD is available for general

purpose I/0O when it is not configured for transmitter operation, such as when
CTRLI[TE] =0.

11.2.2 RXD —Receiver Data

The Receiver Data Pin (RXD) is the SCI receiver pin. RXD is available for general-

purpose I/0 when it is not configured for receiver operation, such as when CTRLI1[RE] =
0.

11.3 Memory Map and Registers

Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
0 QSCI0_RATE SBR FRAC_SBR
w
Ria |z |Q v w w | w o)
1 QSCI0_CTRL 8S|=|% |M|Z |POL|PE|PT | TNE| | | TE|RE| = |SBK
Wi o 0] o = = o o T
R TFCNT RFCNT zZ 0|4 0
2 QSCI0_CTRL2 TFWM RFWM | o 2
L Z
w w 3

3 QSCIO_STAT
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Address  Register

offset (hex) name 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0
4 QSCI0_DATA RECEIVE_TRANSMIT_DATA
w
R
0 QSCI1_RATE SBR FRAC_SBR
w
R | a = (&) % w w L =)
1 QSCI1_CTRL1 8 = E,g M| < |POL|PE | PT| @ |THIE| @ | 0 | TE|RE| = |SBK
Wi o @] o = = o o T
R TFCNT RFCNT z 0|4 0
2 QSCli_CTRL2 TFWM RFWM | o e
w L Z
L 3
R
3 QSCI1_STAT
W
R
4 QSCIH_DATA
W

15 14 13 12 L 10 9 8 | 7 6 5 4 3 2 1 0

11.3.1 QSCI Baud Rate Register (QSCIx_RATE)
Read: anytime
Write: anytime

Addresses: QSCIO_RATE — F1EOh base + Oh offset = F1EOh
QSCI1_RATE - F1FOh base + Oh offset = F1FOh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
SBR FRAC_SBR
Write
Reset 0 0 0 0 0 0 1 0 | 0 0 0 0 0 0 0 0

QSCIx_RATE field descriptions

Field Description
15-3 SCI Baud Rate divider, a value from 1 to 8191
SBR
Refer to the description of the FRAC_SBR bitfield.
2-0 Fractional SCI Baud Rate divider, a value from 0 to 7 that is divided by 8
FRAC_SBR

The SBR and FRAC_SBR fields combine to form the divider to determine the baud rate of the SCI. SBR
represents the integer portion of the baud rate divider, and FRAC_SBR represents the fractional portion.

Table continues on the next page...
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QSCIx_RATE field descriptions (continued)

Field Description

The FRAC_SBR field can only be used when SBR is greater than 1. Therefore, the value of the divider
can be 1.000 or (with fractional values) in the range from 2.000 to 8191.875. The formula for calculating
the baud rate is:

Baud rate = peripheral bus clock / (16 * (SBR + (FRAC_SBR / 8)))

NOTE: The baud rate generator is disabled until CTRL1[TE] or CTRL1[RE] is set for the first time after
reset. The baud rate generator is disabled when RATE[SBR] and RATE[FRAC_SBR] = 0.

NOTE: If CTRL2[LINMODE] is set, the value of this register is automatically adjusted to match the data
rate of the LIN master device. Reading this register yields the auto-baud value set.

11.3.2 QSCI Control Register 1 (QSCIix_CTRL1)
Read: anytime
Write: anytime

Addresses: QSCIO_CTRL1 — F1EOh base + 1h offset = F1E1h
QSCI1_CTRL1 — F1F0h base + 1h offset = F1F1h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read | o w
Q | SWAI RSR M X POL | PE PT | TEIE | TIIE | RFIE | REIE | TE RE | RWU | SBK
. le) C <
Write | 3 =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
QSCIx_CTRL1 field descriptions
Field Description
15 Loop Select
LOOP
This bit enables loop operation. In loop operation the RXD pin is disconnected from the SCI, and the
transmitter output goes into the receiver input. Both the transmitter and the receiver must be enabled to
use the internal loop function as opposed to single wire operation, which requires only one or the other to
be enabled.
The receiver input is determined by CTRL1[RSRC]. The transmitter output is controlled by CTRL1[TE]. If
CTRLA1[TE] is set and CTRL1[LOOP]=1, the transmitter output appears on the TXD pin. If CTRL1[TE] is
clear and CTRL1[LOOP]=1, the TXD pin is high-impedance.
0 Normal operation, regardless of the value of RSRC
1 When RSRC = 0: Loop mode with internal TXD fed back to RXD
1 When RSRC = 1: Single-wire mode with TXD output fed back to RXD
14 Stop in Wait Mode
SWAI
This bit disables the SCI in wait mode

Table continues on the next page...
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QSCIx_CTRL1 field descriptions (continued)

Field Description
0 SCl enabled in wait mode
1 SCl disabled in wait mode
13 Receiver Source
RSRC
When CTRL1[LOOP]=1, CTRL1[RSRC] determines the internal feedback path for the receiver.
0 Receiver input internally connected to transmitter output
1 Receiver input connected to TXD pin
12 Data Format Mode
M
This bit determines whether data characters are eight or nine bits long.
0 One start bit, eight data bits, one stop bit
1 One start bit, nine data bits, one stop bit
11 Wake-up Condition
WAKE
This bit determines which condition wakes the SCI: a one (address mark) in the most significant bit
position of a received data character or an idle condition on the RXD pin.
0 Idle line wake-up
1 Address mark wake-up
10 Polarity
POL
This bit determines whether to invert the data as it goes from the transmitter to the TXD pin and from the
RXD pin to the receiver. All bits (start, data, and stop) are inverted as they leave the transmit shift register
and before they enter the receive shift register.
NOTE: Itis recommended that CTRL1[POL] be toggled only when CTRL1[TE]=0 and CTRL1[RE]=0.
0 Don'tinvert transmit and receive data bits (normal mode)
1 Invert transmit and receive data bits (inverted mode)
9 Parity Enable
PE . . . . . . . e .
This bit enables the parity function. When enabled, the parity function replaces the most significant bit of
the data character with a parity bit.
0 Parity function disabled
1 Parity function enabled
8 Parity Type
PT
This bit determines whether the SCI generates and checks for even parity or odd parity of the data bits.
With even parity, an even number of ones clears the parity bit and an odd number of ones sets the parity
bit. With odd parity, an odd number of ones clears the parity bit and an even number of ones sets the
parity bit.
0 Even parity
1 Odd parity
7 Transmitter Empty Interrupt Enable
TEIE
This bit enables the transmit data register empty flag, STAT[TDRE], to generate interrupt requests.

Table continues on the next page...
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QSCIx_CTRL1 field descriptions (continued)

Field

Description

0 STAT[TDRE] interrupt requests disabled
1 STAT[TDRE] interrupt requests enabled

TIE

Transmitter Idle Interrupt Enable

This bit enables the transmitter idle flag, STAT[TIDLE], to generate interrupt requests.

0 STAT[TIDLE] interrupt requests disabled
1 STATI[TIDLE] interrupt requests enabled

RFIE

Receiver Full Interrupt Enable

This bit enables the receive data register full flag, STAT[RDRF], or the overrun flag, STAT[OR], to
generate interrupt requests.

0 STAT[RDRF] and STAT[ORY] interrupt requests disabled
1 STAT[RDRF] and STAT[OR] interrupt requests enabled

REIE

Receive Error Interrupt Enable

This bit enables the receive error flags (STAT[NF], STAT[PF], STAT[FE], and STAT[ORY]) to generate
interrupt requests.

0 Error interrupt requests disabled
1 Errorinterrupt requests enabled

Transmitter Enable

This bit enables the SCI transmitter and configures the TXD pin as the SCI transmitter output. CTRL1[TE]
can be used to queue an idle preamble.

0 Transmitter disabled
1 Transmitter enabled

Receiver Enable

This bit enables the SCI receiver.

0 Receiver disabled
1 Receiver enabled

RWU

Receiver Wake-up

This bit enables the wake-up function and inhibits further receiver interrupt requests. Normally, hardware
wakes the receiver by automatically clearing CTRL1[RWU].

0 Normal operation
1 Standby state

SBK

Send Break

Toggling this bit sends one break character (10 or 11 zeroes). As long as this bit is set, the transmitter
sends zeroes.

0 No break characters
1 Transmit break characters
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11.3.3 QSCI Control Register 2 (QSCIx_CTRL2)
Read: anytime
Write: anytime

Addresses: QSCIO_CTRL2 — F1EOh base + 2h offset = F1E2h
QSCI1_CTRL2 — F1FOh base + 2h offset = F1F2h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
1N]
Read E 0 al 0
RFWM | o 2
Write T Z
Reset 0 0 0 0 0 0 0 0

QSCIx_CTRL2 field descriptions

Field Description

15-13 Transmit FIFO Count
TFCNT

These read only bits show how many words are used in the TX FIFO. Writes to DATA cause
CTRL2[TFCNT] to increment. As words are pulled for transmission, CTRL2[TFCNT] decrements.
Attempts to write new data to DATA are ignored when CTRL2[TFCNT] indicates the FIFO is full (4 words).

000 O wordsin Tx FIFO
001 1 wordin Tx FIFO
010 2 words in Tx FIFO
011 3 words in Tx FIFO
100 4 words in Tx FIFO
101 Reserved

110 Reserved

111 Reserved

12—-11 Transmit FIFO Empty Water Mark
TFWM

These bits set the TX FIFO word count level at which STAT[TDRE] is set. If CTRL2[FIFO_EN] is clear
(FIFO disabled), then this field is forced to 00 and STAT[TDRE] is set when there is no word in the
transmit buffer.

00 TDRE is set when 0 words are in the FIFO

01 TDRE is set when 1 or fewer words are in the FIFO
10 TDRE is set when 2 or fewer words are in the FIFO
11  TDRE is set when 3 or fewer words are in the FIFO

10-8 Receive FIFO Count

RFCNT
These read only bits show how many words are used in the RX FIFO. As words are received,

CTRL2[RFCNT] is incremented. As words are read from DATA the value of CTRL2[RFCNT] decrements.
There is one word time to read DATA between when STAT[RDRF] is set (interrupt asserted), due to the
RX FIFO being full, and when an overflow condition is flagged.

Table continues on the next page...
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QSCIx_CTRL2 field descriptions (continued)

Field Description

000 0 words in RX FIFO

001 1 wordin RX FIFO

010 2 words in RX FIFO

011 3 words in RX FIFO

100 4 words in RX FIFO

101 Reserved

110 Reserved

111 Reserved

7-6 Receive FIFO Full Water Mark
RFWM

These bits set the RX FIFO word count level at which STAT[RDRF] is set. If CTRL2[FIFO_EN] is clear

(FIFO disabled), then this field is forced to 00 and STAT[RDRF] is set if there is a word in the receive

buffer.

00 RDREF is set when at least 1 word is in the FIFO

01 RDREF is set when at least 2 words are in the FIFO

10 RDRF is set when at least 3 words are in the FIFO

11 RDRF is set when at least 4 words are in the FIFO

5 FIFO Enable
FIFO_EN o o

This read/write bit enables the 4-word-deep TX and RX FIFOs. Change this bit only when the SCl is idle.

0 FIFOs are disabled.

1 FIFOs are enabled.

4 This read-only bit is reserved and always has the value zero.
Reserved

3 Enable LIN Slave Mode
LINMODE

This bit should be used only in Local Interconnect Network (LIN) applications.

NOTE: During initialization, the RATE register should be loaded to a value that is within 15% of the

actual master data rate; otherwise, 0x00 data might be misinterpreted as a break.

NOTE: If the first character following a break is not the LIN sync character (0x55), the RATE register is

not adjusted and STAT[LSE] is set.

0 The LIN auto baud feature is disabled and the RATE register maintains whatever value the processor
writes to it.

1 Enable LIN slave functionality. This includes a search for the break character followed by a sync
character (0x55) from the master LIN device. When the break is detected (11 consecutive samples of
zero), the subsequent sync character is used to measure the baud rate of the transmitting master,
and the RATE register is automatically reloaded with the value needed to "match" that baud rate.

2-0 This read-only bitfield is reserved and always has the value zero.
Reserved

11.3.4 QSCI Status Register (QSCIx_STAT)

Read: anytime
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Write: this register is not writable

Addresses: QSCIO_STAT — F1EOh base + 3h offset = F1E3h
QSCI1_STAT - F1FOh base + 3h offset = F1F3h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read | TDRE TIEDL RDRF REL OR | NF FE PF 0 0 LSE 0 RAF

Write

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

QSCIx_STAT field descriptions

Field Description

15 Transmit Data Register Empty Flag

TDRE
This bit is set when the TX FIFO word count (CTRL2[TFCNT]) falls to the watermark level

(CTRL2[TXWM]). Clear TDRE by reading STAT with TDRE set and then writing to the SCI data register
until CTRL2[TFCNT] is above CTRL2[TFWM]. If CTRL2[FIFO_EN] or CTRL2[TDE] is set, then you can
clear TDRE by writing to the SCI data register without first reading STAT with TDRE set.

0 TX FIFO word count is above watermark
1 TXFIFO word count is at or below watermark

14 Transmitter Idle Flag

TIDLE
This bit is set when the TX FIFO is empty and no data, preamble, or break character is being transmitted.

When TIDLE is set, the TXD pin becomes idle (1). Clear TIDLE by reading STAT with TIDLE set and then
writing to the SCI data register. TIDLE is not generated when a data character, a preamble, or a break is
queued and ready to be sent.

0 Transmission in progress
1 No transmission in progress

13 Receive Data Register Full Flag

RDRF
This bit is set when the RX FIFO word count (CTRL2[RFCNT]) rises above the watermark

(CTRL2[RXWM)]). Clear RDRF by reading STAT with RDRF set and then reading the SCI data register
until CTRL2[RFCNT] is no longer above CTRL2[RFWM]. If CTRL2[FIFO_EN] or CTRL2[RDE] is set, then
you can clear RDRF by reading the SCI data register without first reading STAT with RDRF set.

NOTE: When you are using the CodeWarrior debugger, RDRF may be erased when a breakpoint is
reached. If a memory window that includes the SCI registers is open when a breakpoint is
reached, these memory addresses are read to update the memory window. If RDRF is set at this
time, these reads satisfy the requirements for clearing RDRF because the status register is read
with RDRF set and then the data register is read, which causes RDRF to clear.

0 RXFIFO word count is at or below watermark
1 RX FIFO word count is above watermark

12 Receiver Idle Line Flag

RIDLE
This bit is set when 10 consecutive ones (if CTRL1[M]=0) or 11 consecutive ones (if CTRL1[M]=1) appear

on the receiver input. The RIDLE flag is cleared by reading STAT with RIDLE set and then reading the
SCI data register. Once RIDLE is cleared, a valid frame must be received before an idle condition can set
RIDLE.

NOTE: When the receiver wake-up bit (CTRL1[RWU)) is set, an idle line condition does not set RIDLE.

Table continues on the next page...
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QSCIx_STAT field descriptions (continued)

Field

Description

0 Receiver input is either active now or has never become active since RIDLE was last cleared
1 Receiver input has become idle (after receiving a valid frame)

11
OR

Overrun Flag

This bit is set when software fails to read the SCI data register when the RX FIFO is full before the receive
shift register receives the next frame. The data in the shift register is lost, but the data already in the SCI
data register/FIFO is not affected. Clear OR by reading STAT with OR set and then writing the SCI status
register with any value.

0 No overrun
1 Overrun

10
NF

Noise Flag

This bit is set when the SCI detects noise on the receiver input. NF is set during the same cycle as RDRF
but is not set in the case of an overrun. Clear NF by reading STAT and then writing the SCI status register
with any value.

0 No noise
1 Noise

Framing Error Flag

This bit is set when a 0 is accepted as the stop bit. FE is set during the same cycle as RDRF but is not set
in the case of an overrun. Clear FE by reading STAT with FE set and then writing the SCI status register
with any value.

0 No framing error
1 Framing error

Parity Error Flag

This bit is set when the parity enable bit (CTRL1[PE]) is set and the parity of the received data does not
match its parity bit. Clear PF by reading STAT and then writing the SCI status register with any value.

0 No parity error
1 Parity error

7-5
Reserved

This read-only bitfield is reserved and always has the value zero.

4
Reserved

This read-only bit is reserved and always has the value zero.

3
LSE

LIN Sync Error

This bit is active only when CTRL2[LINMODE] is set. When LSE is set, a Receive Error interrupt occurs if
CTRL1[REIE] is set.

LSE is set when a LIN sync search detects a non-sync character (anything other than 0x55). When set,
this bit indicates either that a protocol error was detected from the Master LIN device or there is a gross
mismatch in data rates. This bit is cleared by reading STAT with LSE set and then writing the SCI status
register with any value.

0 No error occurred since CTRL2[LINMODE] was enabled or the bit was last cleared

1 A sync error prevented loading of the RATE register with a revised value after the break was
detected.

Table continues on the next page...
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QSCIx_STAT field descriptions (continued)

Field Description
2-1 This read-only bitfield is reserved and always has the value zero.
Reserved
0 Receiver Active Flag
RAF

This bit is set when the receiver detects a 0 during the RT1 time period of the start bit search. RAF is
cleared when the receiver detects false start bits (usually from noise or baud rate mismatch) or when the
receiver detects a preamble.

0 No reception in progress
1 Reception in progress

11.3.5 QSCI Data Register (QSCIx_DATA)

Read: anytime. Reading accesses the SCI receive data register.

Write: anytime. Writing accesses the SCI transmit data register.

Addresses: QSCIO_DATA — F1EOh base + 4h offset = F1E4h
QSCI1_DATA — F1FOh base + 4h offset = F1F4h

Bit 15 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0
RECEIVE_TRANSMIT_DATA
Write
Reset 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
QSCIx_DATA field descriptions
Field Description
15-9 This read-only bitfield is reserved and always has the value zero.
Reserved
8-0 RECEIVE_DATA: Received data (when reading this register)
RECEIVE_ . . " . .
TRANSMIT TRANSMIT_DATA: Data to be transmitted (when writing this register)

DATA If STAT[TDRE] is set, writes to the transmit data field are ignored unless STAT has been read with
STAT[TDRE] set. However, when CTRL2[FIFO_EN] or CTRL2[TDE] are set, you can write to the SCI
data register without first reading STAT with STAT[TDRE] set.

If STAT[RDRF] is set, reads from the receive data field are ignored unless STAT has been read with
STAT[RDRF] set. However, when CTRL2[FIFO_EN] or CTRL2[RDE] are set, you can read from the SCI
data register without first reading STAT with STAT[RDRF] set.
NOTE: When the data format is configured for 8-bit data, bits 7 to 0 contain the data.
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11.4 Functional Description

The SCI block diagram shows the structure of the SCI module. The SCI allows full
duplex, asynchronous, NRZ serial communication between the DSP and remote devices,
including other DSPs. The SCI transmitter and receiver operate independently, although
they use the same baud rate generator. The DSC core monitors the status of the SCI,
writes the data to be transmitted, and processes received data.

When initializing the SCI, be sure to set the proper peripheral enable bits in the GPIO as
well as any pullup enables.

11.4.1 Data Frame Format

The SCI uses the standard NRZ mark/space data frame format illustrated in the following
figure.

8-Bit Data Format Parity or

Bit M in CTRL1 Clear Data Bit Next
Start St