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ECT Hardware Overview

A 16-bit master up-
counter & A 16-bit
modulus down-counter
,with programmable
prescaler.

8 independent timer
channels, each capable
of input capture and
output compare
functions.

4 x 8-bit pulse
accumulators which
maybe configured as 2 x
16-bit pulse
accumulators.
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TIMER STRUCTURE

PRE-SCALER
Main Clock >
PR[2:0]
$FFFE $FFFF  $0000
LT
TOF
1 2 48 163264128
) TCNT 15, 0
CLK Address Offse
tz:)————> $0004, 05
BO..coooovvnen B7|B TEN
e

PA PULSE Accumulator DATA BUS

TSCR1 - TIMER SYSTEM CONTROL REGISTER

| $0006

RST: O 0 0 0 0 0 0 0 R = Reserved

L 1- CLOCKS COUNTER ENABLE
0 - CLOCKS COUNTER DISABLE



Timer, Prescaler and Counter

REGISTERS: 16 B|T FREE RUNNING /MODUL O COUNTER

5 301 YRR BO
vrovr (| Address Offset
$0004, $0005
RST: O T 0
B s BO
2 TELG2 TOF o0 0 0 0 0 0 0 $OOOF

| p» Timer Overflow Flag

Y A Bo Writea'l toclear
PRESCALER SELECTION
3 Tscre |HOINONIINON| NONTCRE FRAISRRIRS]  so000
RST: 0 0 0 0 0 0 0 0 PR2 | PR1 | PRO |DIVIDE BY
| | | 0 0 0 1
> 0 0 1 2
— 1-TIMER RESET BY OC7 MATCH 0 1 0 4
0 - COUNTER IS FREE RUNING 0 1 1 8
1- TIMER OVERFLOW INTERRUPT ENABLE e | >
O-TIMER OVERFLOW INTERRUPT DISABLE 1 1 0 64
1 1 1 128

TCRE - ALLOWS FOR PULSE
WIDTH MODULATION FUNCTION.



TIMER OPERATION

USEFUL FOR: 1. BASISFOR ALL THE TIMING FUNCTIONS

2. PROVIDING TIME INFORMATION TO PROGRAMS
DESCRIPTION:

THE E-CLOCK DRIVES A PRESCALER, DIVIDE BY 1,
70128, WHICH IN TURN DRIVES A 16 BIT COUNTER.

WHEN THE TIMER GOES FROM $FFFF TO $0000:

-THE TIMER OVERFLOW FLAGBIT ISSET
IN ADDITION:

- AN OVERFLOW INTERRUPT MAY OCCUR



Timer Overflow Interrupt

INTERRUPT:
FOR TIMER OVERFLOW

e TOCLEARINTERRUPT WRITE1TO TOFBIT TFLG2.
DO NOT USE BIT MANIPULATION INSTRUCTIONS (SINCE RM/W OPERATION

* TIMER OVERFLOW VECTOR USED.

RESET CONDITIONS:

TCNT ISINITIALIZED TO ALL ZEROES AND Disabled

TIMER OVERFLOW INTERRUPTS ARE Disabled
TC7-TCOREGISTERSARE CLEARED

TIMER OVERFLOW FLAG ISCLEARED

PRESCALER IS1



Output Compare Function

* Provides a mechanism to output a signal at a specific time

TCNT

Compare/Capture Unit

16-Bit Free-Running Counter

COMPARE

TOCX

16-Bit Output Compare Register
(programmed by software)

Optional Local Interrupt Mask
(Enabled through software)

Action taken upon Set Pin  Clear Pin Toggle Pit
match of compare

register with counter
OR OR

Pin
Pin Control [
Logic -

PERFORM ACTION

Status Flag is set
'| OCxF upon compare match

OCxI

> ) Interrupt Request
> to CPU

* UP TO 8 separate Output Compare Functions
» Each Output Compare Function has its own Vector and Controls



Output Compare, OC7-OCO

(1 of 4)

USEEUL FOR: 1. OUTPUT WAVEFORM CONTROL (SOFTWARE CONTROLLED)
2. ELAPSED TIME INDICATOR (TO EXTERNAL CIRCUITRY)

DESCRIPTION: DURING EACH E-CLOCK CYCLE, THE OUTPUT COMPARE
REGISTERSARE COMPARED TO THE FREE-RUNNING
COUNTER.
IF THERE ISA COMPARE THEN:

1. THE INTERRUPT FLAG BIT ISSET

IN ADDITION, EITHER OR BOTH OF THE FOLLOWING MAY
OCCUR:

1. THE STATE OF THE ASSOCIATED OUTPUT PIN
MAY BE CHANGED

2. AN INTERRUPT ISGENERATED TO CPU, IF Enabled



REGISIERS

Luilputl LOImp

Al €©(2 of 4)

Address Offset

1. TC7-TCO - )
B7 B6 B5 B4 B3 B2 Bl BO
$000E
2 TFLG1 C7F C6F C5F C4aF C3F| C2F C1F COH
RST: 0 0 0 0 0 0 0 0 COMPARE/CAPTURE FLAGS
| | | | | | | | p  Write'l" to Clear Interrupt Flag
B7 B6 B5 B4 B3 B2 Bl BO
000C
3 TIE cn | co | oo | ca| ca| ca| cul| cal®
RST: 0 0 0 0 0 0 0 0 COMPARE/ CAPTURE MASK
' ' ! ! ' | ' | m O=Interrupt Request Masked
1= Interrupt Request Enabled
B7 B6 B5 B4 B3 B2 Bl BO
4. TCTL1L | OM7 OL7 | OM6 OL6 | OM5 OL5 | OM4 oOL4 | $0008
RST: O 0 0 0 0 0 0 0 OUTPUT MODE AND
| | | | | | | | - OUTPUT LEVEL (O7-0C0)
OMX | OLX | Action on OCx
B7 B6 _B5 B4 B3 B2 Bl _ BO 0 | 0 | NoAction OCx
$0009 0 1 To_ggle OCx
5 TCTL2 OM3 OL3 | OM2 OL2 | OM1 OL1 | OMO OLO 1 0 Drive OCx LO
1 1 Drive OCx HI
RST: 0 0 0 0 0 0 0 0

o



Force output compare
(3 of 4)

5. CFORC -FORCE OUTPUT COMPARE

B7 B6 BS5 B4 B3 B2 Bl BO

FOC7| FOC6| FOC5| FOC4 | FOC3| FOC2 | FOC1| FOCO| $0001

RST: O 0 0 0 0 0 0 0

PINS: 1. OC7-OCO0 (PORT T PINS 7-0)
USED TO STABLISH INITIAL TIMER PIN STATES.
NOTE: FORCE OUTPUT COMPARE DOES NOT SET OCx FLAGS.

FORCE OUTPUT COMPARE 7 MAY AFFECT ANY ORALL OUTPUT COMPARE PINS.



Output Compare, OC7-OCO @of )

INTERRUPTS: FOR OUTPUT COMPARES OC7-OCO

* TOCLEARINTERRUPT, WRITE1TO OCxF BIT IN TFLG1
DO NOT USE BIT MANIPULATION INSTRUCTIONS (SINCE RM/W OPERATION)

* OC/7/-OCO0VECTORSARE USED
RESET CONDITIONS:

* FREE RUNNING COUNTER (TCNT) INITIALIZED TO $0000 AND Disabled.

* OUTPUT COMPARE REGISTERS ARE INITIALIZED TO $0000

* OUTPUT COMPARE PINS ARE DISCONNECTED FROM OUTPUT
COMPARE FUNCTIONS

. INTERRUPTS are Disabled
. FLAG BITS ARE CLEARED

* FORCE COMPARE BITS ARE CLEARED



Output Compare, OCY

(1 of 2)

USEFUL FOR: 1. CONTROL OF MULTIPLE OUTPUT COMPARE PINS

2. CONTROL OF A SINGLE PIN BY TWO OUTPUT COMPARES
(THUS, SHORT PULSES ARE POSSIBLE).

DESCRIPTION: DURING EACH E-CLOCK CYCLE, THE OUTPUT COMPARE
REGISTER 1 1S COMPARED TO THE FREE-RUNNING
COUNTER.
IF THERE ISA COMPARE THEN:
1. THEINTERRUPT FLAG BIT ISSET

IN ADDITION, EITHER OR BOTH OF THE FOLLOWING MAY
OCCUR:

1. THESTATE OF OUTPUT PINS OC/7-OCO0O
MAY BE CHANGED

2. AN INTERRUPT MAY OCCUR

» OC7 CAN AFFECT MULTIPLE PINS (OC7-0OCO0)

« OC7 ACTION OVERRIDES ANY CONFLICTING OC7/-OCO ACTION
FOR A GIVEN PIN.



output compare /

1-TC7-16 BIT COMPARE REGISTER 7. (2 of 2)
2. TCNT - 16-BIT TIMER
TSP PP PPTRSRSURRN BO
$0004, $05
LSS I PP PP P PP POPPPPPPPR 0
3. TFLG1 - TIMER FLAG1
BT eetreeeeseeees st BO
$000E
RST: O 0 0 0 0 0 0 0
4. TIE - TIMER INTERRUPT ENABLE
BT eetteeeseeeet e BO
$000C
RST: O 0 0 0 0 0 0 0
5. OC7M - OCTMASK
B e eeeseeet e ee et BO
$0002
OC7M7 | OC7TM6 | OC7M5| OC7M4 [ OC7TM3| OC7M2 | OC7TM1| OC7MOQ
RST: O 0 0 0 0 0 0 0
6. OC7D - OCTDATA BT etreeets st s BO
$0003

RST: O 0 0 0 0 0 0 0



Output Compare 7 Flow Chart

START )/

WRITE BIT
TO FOC7

COUNTER
AND OUTPUT
COMPARE REG

MATCH
?

1ST
ECYCLE
FOR THIS
COUNTER
VALUE

OCT7E

N @ N
v Y
~(_END) ASSERT
INTERRUPT
I
_ Y Y
Y HEEEE
OC7/MO| OC7DO OC7M7 | OC7D7
0 0 0 0
| [DRIVE OCQ |_ 0 1 ce oo DRIVE OC7| 0 1
PINLOW [T 1 0 PINLOW [ ] 1 0
1 1 1 1
| [DRIVE OCO . DRIVE OC7] .
PINHIGH [™ PIN HIGH [™




Output Compare Flow Chart complete)

WRITE BIT
TO FOCx

COUNTER
AND OUTPUT

FOR THIS

G —

COMPARE REG COUNTER
MATCH VALUE OCle -
2 ‘
v -
N \ N
| @
n V Y v Y
= ASSERT
INTERRUPT
DISCONNECT YI
TOGGLE
OCx PIN [™ ] oMx | oLx oc7Mx| oc7bx
0 0 0 0
DRIVE OCX 0 1
| IDRIVE OCx 0 1 -
PINLOW | ™1 n 5 PINLOW | ™ 1 0
1 1
1 1 DRIVE OCX
ses-—— A

* FOR OCx = OC7 - OCO



Timer Toggle on Overflow

TTOV -Timer Toggle On Overflow Register
Address Offset
o] o] vorE] et e o otk o
R ST . 0t 0
TOVx-TOGGLE ON TIMER OVERFLOW
TOVx Toggles output compare pin on overflow.

Thisfeatureisapplicable only when channel is
configured for Output Compar e Function.



Timer Output Compare Exercise

; Timer lab - outputs 1 to 8 channels of PWM out of Port T

main:

loop:

org

$4000

use all channels as output compare function

disable timer, operate in wait, continue in BDM
fast clear enables

enable clear of OCn when match on all channels

disable Interrupts

; disable pull-ups, normal drive, TCNT reset by OC7
; set prescaler to divide-by-4

; set the OC7 to be an output port
; enable OC7 to set the output compare pins to high

; OC7 is the period of the PWM

OCO0 is high for 32 clocks
OCl1l s high for 64 clocks
OC2 is high for 128 clocks
OC3is high for 256 clocks
OC4 is high for 512 clocks
OC5 is high for 1024 clocks
OC6 is high for 2048 clocks

ready to go, now enable the timer

wait here



Input Capture Function

* Provides a mechanism to capturethetime at which an
TCNT
external event occurs
Rising Edges Compare/Capture Unit
Falling Edges 16-bit Free Running Counter
Any Edge
IOR jR ¢ Inhibit TICx l
ﬁ- Edge Select| C[c)ﬁ' r?tyer Edge 16-bit Input Capture Latch

& Detect \

16-bit Holding Register

—»| ICXF

Status Flag is set
upon capture

Optional Local Interrupt Mask ’ —— Interrupt Request to CPU
(Enabled through software) ICxI >

DLYCT - Delay Counter Control Register
* Up to 8 separate Input Capture function, IC7 - 1CO Bit7 6 5 4 3 9 1 0

« Each Input Capture Function hasits own Vector and Controls Addrg‘;%%fsa
Note: Delay Counter produces a Pulse at preset DLY[1:0] - Delay Counter Values
00 = Disabled

*Examples: ABS braking. Radar distance clock count if the level of the input signal is 01 = 256 M Clocks

measurement. Heart rate monitoring. the opposite of the level before thetransition. 1 = 515 Clocks
11 =1024M Clocks



Input Capture, IC7-1CO

(1 of 3)

USEFUL FOR: 1 MEASURING TIME BETWEEN EVENTS (OCCURING IN HARDWARE)

2. REACTING TO REAL-TIME EVENTS

DESCRIPTION:INPUT CAPTURE EDGE DETECTORS SENSE WHEN AN
EDGE OCCURSON THE PIN.

|F AN EDGE OCCURS, THE FOLLOWING MAY HAPPEN:

1. THE COUNTER VALUE GOESINTO THE INPUT
CAPTURE REGISTER; A STATUSFLAG ISSET.

2. AN INTERRUPT ISGENERATED TO CPU, IF Enabled.



mmput capuure, 1'v 7-10U 2 of 3)

Address Offset

L TC7-TCO | I6BITCAPTURECOMPAREREGISTER(TCY | y00 oo,
| IBITCAPTURECOMPAREREGISTER(TCD | yooiyonc
B7 B6 B5 B4 B3 B2 Bl BO
> TELG1 c7E | c6E | os5F | car | c3F | c2F | ciF | coe | $OOOE
RST: 0 0 0 0 0 0 0 0 COMPARE/CAPTURE FLAGS
| | | | | | | | B Write ‘1’ to Clear Interrupt Flag
B7 B6 B5 B4 B3 B2 Bl BO
3. TMSK1 cl cel | csl | ca | c3a | ca | cu | col $000C
RST: O 0 0 0 0 0 0 0 COMPARE/ CAPTURE MASK
| | | | | | | | - 0 = Interrupt Request Masked
1 = Interrupt Request Enabled
B7 B6 B5 B4 B3 B2 Bl BO
$000A
4. TCTL3 | EDG7B EDG7A | EDG6B EDG6A| EDG5B EDG5A | EDG4B EDG4A
RST: 0 0 0 0 0 0 0 0 Input Capture Edge
| | | | | | | | - Control (1IC7-CO)
EDGxB| EDGxA | ICx EDGE
B7 B6 B5 B4 B3 B2 Bl BO
$000B 0 0 No Edge — ICx Disakt
5. TCTL4 EDG3B EDG3A|EDG2B EDG?2A|EDG1B EDGIA | EDGOB EDGOA 0 1 Rising Edges Only
' 1 0 Falling Edges Only
RST: O 0 0 0 0 0 0 0 1 1 Any Edge




Imput capuure, 1L /-1CVU
(3 of 3)

INTERRUPTS: FOR INPUT CAPTURESIC7 —-1CO

« TOCLEARINTERRUPT, WRITE 1TO ICXFBIT IN TFLG1
DO NOT USE BIT MANIPULATION INSTRUCTIONS (SINCE RM/W OPERATION)

* |[C/-ICOVECTORS ARE USED.

RESET CONDITIONS:

* INPUT CAPTURE FUNCTIONS ARE DISCONNECTED FROM INPUT
CAPTURE PINS

 INTERRUPTS ARE DISABLED

* FLAG BITSARE CLEARED



Input Capture Flow Chart

EDGE IS
START DETECTED

(" END e EDGxB | EDGXA |
0 0
RISING
EDGE? 0 1
1 0
1 1

FALLING
ASSERT EDGE?
INTERRUPT
foy
N
Y PUT TIMER

ICxI=1? -4—————— VALUEINTICx;
SET FLAG,ICxF




|C/OC Select

TIOS- TIMER INPUT CAPTURE/OUTPUT COMPARE SELECT REGISTER

$0000

|OSx =1 SELECT OC FUNCTION

B7 B6 B5 B4 B3 B2 Bl BO
10S7 | 10S6| 10S5| 104| 10S3| 10S7 10S] 10S0
RST: O 0 0 0 0 0 0 0
I I I I I I I I
TSCR - TIMER SYSTEM CONTROL REGISTER
TEN | TSWAI| TSFRZ| TFFCA Reserved
RST. O 0

0=DO NOT STOP

pp =O0SELECT IC FUNCTION

$0006

I_ TFFCA - TIMER FAST FLAG CLEAR ENABLE

0 = TIMER FLAG CLEARING NORMALLY

1=AREAD FOR IC, A WRITE OF OC REGISTER CAUSES
CORRESPONDING CHANNEL FLAG TO CLEAR

TSBCK - TIMER STOP IN DEBUG MODE

1 =DISABLE TIMER IN DEBUG MODE

— TSWAI - TIMER STOP IN WAIT
0 = NORMAL OPERATION

1 =DISABLE TIMER IN WAIT MODE

TIMER ENABLE
1- CLOCKS COUNTER ENABLE
0 - CLOCKS COUNTER DISABLE



Timer Input Capture Lab

Write a routine to measure the period of a square wave on TC1. The routine uses the Input Capture to measure
the period from one rising edge to the next. Use software polling routine, non-Interrupt-driven. Assume system clock

is 25MHZ, set the Timer prescaler to divide by 4.

TIME1 EQU $1200 ADDRESS OF TIME1
DIFF EQU $1202 ADDRESS OF DIFFERENCE
ORG $4000 PROGRAM BEGINS HERE
1. Load X register with register block address

2.

8.

9.

Configure channel 1 for input capture (write TIOS)

. Set TCTLA to capture rising edge on channel 1.
. Disable Ch1 Interrupts in TMSK2

. Enable and start timer

. Read Timer status register into Accumulator

. Clear Timer Ch1 status flag C1F.

Wait here until C1F is set, else go to 9.

Load captured value into Accumulator D.

10. Store D to Ram in TIME1

11. Clear C1F by writing a 1 to it

12. Wait here until C1F is set, else go to 13.

13. Load captured value into Accumulator D.

14. Subtract TIME1 from D

15. Store D to Ram in DIFF location.

16. Return from subroutine



Pulse Accumulator

USEFUL FOR: 1. EVENT COUNTING
2. GATED TIME ACCUMULATION

DESCRIPTION: IF PULSE ACCUMULATION ISEnabled, THEN HCS12
RESPONDS TO EDGESON PAI BY INCREMENTING THE
8 OR 16-BIT PULSE Accumulator COUNTER.

EVENT COUNTING MODE:
INPUT EDGES ON PAI INCREMENT THE 8/16-BIT COUNTER

GATED TIME ACCUMULATION MODE:

THE 8/16-BIT COUNTER ISINCREMENTED BY AN E/64
CLOCK IF Enabled BY THE LAST EDGE ON PAI

IF THE SPECIFIED EDGE OCCURS, THEN:
1. THE PUL SE Accumulator FLAG BIT ISSET

IN ADDITION, THE FOLLOWING MAY OCCUR:
1. THE COUNTER MAY BE INCREMENTED
2. THE PUL SE Accumulator OVERFLOW BIT MAY SET
3. AN INTERRUPT ISGENERATED TO CPU, IF Enabled.



FuUulse AcCcumuiator

Gated Accumulation Mode

Event Counter Mode

Pulse accumulator is an event

counter. An event is a
prescribed external pulse

applied to the relative MCU pin.

Each pulse increments the

value of the pulse accumulator

register.

Trigger event can be configured
as a rising or a falling edge.

Register offset: $_24

R
W
RESET:

' Register offset: § 25

R
W
RESET:

BITT

pactT(15)

]

BITTY

pacni?

]

Figure 3-20 Pulse Accumulators Count Register 0 (PACNO)

Pulse accumulator is an event
length counter. Counter records the
length of a pulse applied on the
relative MCU pin.

The MCU internal bus clock is
divided by 64 and applied to the
pulse accumulator for the duration
of the external event.

Trigger event is configurable as a
logic high event or a logic low event.

1 BITO

pacnti(4} | pecntlig)

[i

aiTo

pacrtd




Pulse Accumulator Block Diagram

A TCx PINg— Delay
Logic Counter
D POLARITY Pl
A CONTROL | Edge PIN
T Detector
8/16 BIT CNTR +
A l l
R | €— SELECTED
B Q DIV by 64 CLOCK
U |« LATCH A
S
Control Reg.
\ 4
DLYCT - Delay Counter Control Register Address Offset
Bt7 6 5 4 3 2 1 0 $0029
Note 1: PTx may be used as Pulse Accumulator, 6 6 0 0 0 0|DLY1DLYO

I nput Capture or Output Compare pin.

Where PTx = PTO - PT3

Note 2: Delay Counter produces a Pulse at preset
clock count if the level of theinput signal is
the opposite of the level before the transition.

DLYJ[1:Q] - Delay Counter Values

00 = Disabled
01 = 256 M Clocks
10 = 512 M Clocks

11 =1024 M Clocks



PA Registers @of2

Pulse Accumulator Count Registers Address Offset

PACN3 BIt 7 6 5 4 3 2 1 Bit 0 $0022
Bit 7 6 5 4 3 2 1 Bit 0
PACN2 1 i $0023
0 0 0 0 0 0 0 0
PACN1 BIt 7 6 5 4 3 2 1 Bit 0 $0024
PACNO Bit 7 6 5 4 3 2 1 Bit 0 $0025
0 0 0 0 0 0 0 0

| CPAR - Input Control pulse Accumulator Register

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 PA3EN PAZEN PA1EN PADEN $0028
RESET 0 0 0 0 0 0 0 0

PAXEN - PAX Enable

Pulse Accumulator Holding Registers

PA3H Blt 7 6 5 4 3 2 1 Bit 0 $0032

PA2H Bit 7 6 5 4 3 2 1 Bit 0 $0033

PA1H a_n 7 6 5 4 3 2 1 B!t 0 $0034

PAOH Bit 7 6 5 4 3 2 1 Bit 0 $0035
0 0 0 0 0 0 0 0

PAXH - Used to latch PAx when enabled

PA3H - PAOH Registers are read only



FA REJISLElS (20f 2)

PACTL - PA Control Register Address Offset
i . $0020
Bit 7 6 5 4 2 1 Bit 0
0 | PAEN | PAMOD | PEDGE | CLK1 | CLKO | PAOVI PAI
RESET: 0 0 0 0 0 0 0

PAEN - PA Enable
1 = Pulse Accumulator Enabled
0 = Pulse Accumulator Disabled

PAOVI - PA Overflow Interrupt Enable
1 = PAO Interrupt Enabled
0 = PAO Interrupt Disabled

PAI - PA Input Interrupt Enable
1 = PAI Interrupt Enabled
0 = PAI Interrupt Disabled

Pin Action Clock Selection
PAMOD | PEDGE Pin Action CLK1 CLKO Clock Source
0 0 Falling edge 0 0 Use timer prescaler clock as timer counter clock
0 1 Rising edge 0 1 Use PACLK as input to timer counter clock
1 0 Div. by 64 clock enabled with pin high level 1 0 Use PACLK/Z256 as timer counter clock frequency
1 1 Div. by 64 clock enabled with pin low level 1 1 Use PACLK/65536 as timer counter clock frequency

PAFLG - PA Interrupt Flag Register

) ) Address Offset
Bit 7 i ] 4 2 1 Bit 0 $0021
0 0 0 0 0] PAONF PAIF
RESET: 0 0 0 0 0 0 0

PAOVF -- Pulse Accumulator Overflow Flag
Sets when PA overflows from $FF to $00

PAIF - Pulse Accumulator Input Flag
Sets when the programmed transition
is detected on PA Pin.




Pulse Accumulator

Interrupts: For Pulse Accumulator Input and Pulse Accumulator Overflow.

» Toclear Interrupt writea ‘1’ to PAIF or PAOVF bitsin TFLG2.
Do not use bit manipulation instructions (since RM/W operation).

» Pulse Accumulator or Pulse Accumulator Overflow vector used

Reset conditions:

- Pulse accumulator is disabled

- Event counter mode

- Falling edges(event counter mode) or PAI high enables
(gated time accumulation mode)

- Interrupts are disabled

- Flag bits are cleared



Pulse Accumulator Modes

* For event counting mode, PEDGE selects which
PAI edgeis used to increment the PACNT register.

* For gated accumulation mode, PEDGE selects
which PAI state isused to inhibit counting.
(i.e. PEDGE =1 _y inhibit counting when PAI = HI).

« Since gated accumulation mode will only
increment PACNT every 64 E clocks,
waveforms with gated times less than 64 E clocks
are not guaranteed to be detected.

« The measured gated time of any waveformisonly
accurate to within 64 E clocks for each counting
state on the PAI pin.



ECT Latch & Queue

Modes



M clock

PTo

P11

PT2

PT3

PT4

PTs

PTe

PTY

EC |

TIMCLK

16-bit Free-running
main imer

= 1,4 8 16

Molock ——p- Prescaler

LalCn ivioae

16-bat load register

16-bit modulus
down counter

o RESET

Comparator
~-—=| Pinloge | @ —/m/m — | | -7z --"-"-"-""-------
—==| Delay counter EDGD TCO capture/compare register L e p,n,l.[ju. ]
¥ LA
—l | TCOH hold register | PAOH hotd register |
¥ o RESET
Pin | Comparator
B in logic STttt tm- - -
| Delay counter [FRe=7 | TC1 caplurelfcompare register —— FALT ]
—l | TC1H hold register | PATH hold register |
¥ o RESET
Bin | a Comparator l
e ] in logic ettt
—=| Delay counter EOG3 w-| TCZ capturefcompare register L] PALCZ ]
| |
¥ b
—l | TC2H hold register | PAZH hold register |
Y o RESET
Bin | - Comparator
- - in logic == e === m— - - - o= -
—==| Delay counter EOGS TC3 capturefcompare register | p,n,l.cg ]
¥ ¥
—l | TC3H hold register | PiH hold register |
o g
Comparator =
- Pinlogic | @ a0 @+—m™ | t-=-=---=--===--=--—---
9 EDG4 TC4 capturefcompare register = —C:l
EDGD ML ICLAT, LATQ, BUFEN
{force latchi) ’
SH04 j‘ i :l
Comparator
- Pinlegic | @ @ e —m@8M ™ 2 | b -=-=-=- == =-=== - - - = - -
g EDGS p| TCS capturelcompare registes Write SO000 T T
EDGT —= ML to modulus counter
SH15 j
C i LATO
| Pin logic epce 1 | | weIooc il N (MDC latch enable)
w-| TCEG capturefcompare register
EnGz_ | MUX
SHZ26 j
Pin | = Comparator
e lad e | e~ o e-------——_———————
o EDGT w| TCT capturelcompare register
EDGI—p| MUX

SH37 1

Underflow

Latch Mode: LATQ=1

Modulus Down-Counter causes
IC x & PA X registersto transfel
to their corresponding holding
registers when Counter reaches
$0000, or when Down-Counter
iswritten with $0000..

Inthismode, IC registersare
transferred to their holding
register when ICLAT bit iswritt
inthe MCCTL register



M Clock
PTO

PT1

PT2

PT3

PT4

PTS5

PT6

PT7

CC 1 (Jucuc IViOUC

TIMCLK 16-bit Free-nunning 16-hit load reqgister
main timer -1, 4.8 16 i
¥ 0| RESET
Comparator l
Pnkbge | @ —— | | |-so- """ ---—-------
— = | Delay counter EDGD TCO0 capturelcompare register ] PACO |
= =
—J, [ TCOH hold register | [ PaACH howd register | =2
=T
¥ 0| RESET =
Comparator l
Pnkbge | @ —— | | |-so--""----=—------
— | Delay counter EDGT TC1 capturelcompare register =] PACT |
- — : =
—‘L [ TCiH hold regisier | [ PatH howd register | =]
=T
¥ 0| RESET =
Comparator l
Pnloge | @ —77070797/——— | | "o - mm=--- -
——==| Delay counter [ F553 TC2 capturelcompare register - PACZ |
=
—‘L [ TC2H hold register | [ PaZH howd register | =
=T
¥ ] RESET -
Comparator l
Pnloge | @ —77097/——— | | "o oo -- - -
——==| Delay counter [ Fr53 TC3 capturelcompare register - PACS |
L 2
—l [ TCHholdregister | [ PAZHholdregister | 2
=T
~t Comparator EOFERN
Pnkbge | s —/—771 | oo --mmmmmm - AT,
EDG4 TCH4 capture/compare register [quews maode)
EDGD — = ML
SHO4 T l -
- Read TC3H —
Comparator heodd reqister
Pnkge | e —/—7—71 | Vo - ----------
EDG5 TCS capture/compare regisier
EDGT —a| MU |
Fead TC2H -
SH15 heodd redgister
- Comparator
Pnkbge | e —mm——m | V- - - - -
EDGE -— m-| TCB capturelicompare register -
ML Fead TCTH -
EDGZ2 — - ek ister
SH26
Comparator - D—
Pinlbge | ppq @ —m31 020 fmmmmm-----— - - - Read TCOH '—i-
EDGT w-| TCT capturel/compare register hwold register
ML
EDG3—

Queue Mode: LATQ=0

An Input Capture x Event cause
the IC register to transfer to
corresponding Holding register
and new captured value is writte
to corresponding IC register.

This mode also causes the PA x
to transfer to it's corresponding
holding register when IC holdin
register x isread.

Modulus Down-Counter in this
mode may only be used to gener
periodic Interrupts.



Modulus Down-Counter

Binary down-counter. Full control over count start
value.

Applications in accurate event timing - used to
generate periodic flags and interrupts.

Runs independently of master timer. Clocked
directly from the bus clock through a dedicated
prescaler.

Can be set to generate flags /interrupts at a discrete
time

from activation, or set to reload the count start value
upon reaching $0000 (periodic modulus mode).

Register address:§_36-5_37 COUNT DOWN
, 10 2ERG
W 15 | 14 | 1

RESET 1 1

Parameter
Crystal Frequency
Bus Frequency
Bus Tick Time

Periodic Interrupt Time
Bus Ticks Required
Modulus Counter Prescaler

Modulus Counter Start Value

Value Units
16 MHz
8 MHz
125.0000 ns
191 us
1528.00 Ticks
4
382



ECT Interrupt Generation

e e

" Interrupt Source

Description

 ECT has thirteen discrete interrupt

Tnmer Chanmed 7-0

Acdive high lirmer channel infemuopls 7-0

vectors - No need to continually

Mcsdulusg counder

Aciive high modulus counber intemupt

poll critical status flags.

underfloe | ” d | . d
°
Pulse gxurﬂr;wmurﬂ Akl Yilgh e sooumilstor B ket ntterl’uptts a O\.I/:V e egatlon an
Pukse Accumulator A | Active high pulse accumulator & ingad Op Imisation or core use.
B .. L. » Extremely flexible. Examples of

Puise Accumutator A |, e . '

Overflow s sikioon e S ne b Interrupt usage:

Temer Dverfiow Tirmar Overfiow inlermep

CPU12
COSEERS R B pE T

o Launch routines at real-time
fixed intervals.

o Perform real-ti
measuremen

o Counting of cy
events. —

10cA
Dc2

Enhanced Capture oca

Timer (la o]
RUN IICE

]

jod

-fre




Enhanced Capture

Features on ECT module in addition to standard TIM module :-

. 16-bit buffer registers on four input capture channels.

. Four 8-bit / two 16-bit pulse accumulators.

. 16-bit modulus down-counter with 4-bit prescaler.

. Four user selectable delay counters for increa el IR -
. Main timer prescaler extended to 7-bit. WERNAL EVEN

Register offset: § 04-5 05
BIT1S 14 13 12 11 10 b a T & 5 | 3 2 1 BITD

R lerm lont [Curpil lerd bont terl icnd font lerl fcnd konl e lcng [y lerd icnk .
W 15|14 |13|2|n|lw|e|s|7|6|s5|a]|3]|2]|1]|0|Master Timer

RESET: 0 o 0 b 0 a ] a 1] ] a 1] o a 1] i)

COPY

TEO — Timar Input Captura!Cutput Compare ‘R-EI-E-EI:ET' ] Hﬂglmr offset: § 10-5_11

DATA

B|115 14 13 L3 11 r 3} 2 = 3 F
; 1ch e I : e . o ek
w | w 13 | | | [ | AN ERE R || nput Capture Register
RESET 0 T TONN TO W T

DATA

Regi ¢ § 38-§ 39 CO PY

BITI5 14 11 12 11 W@ & & T @& & 4 3 2
R [TC18[TCH4|TC13|TC12 [TC11 | TC10| TCa | TCe | TCT | TO6 | TS | T4 | TC3 | TC2

ol /DU U S [ ool . TV RN O 0] I

RESET: 0 ] ] o 0 i a 0 0 a 0 7] i 0 0 o

| Holding Register
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MCCNT - Modulus Down-Counter Count Register Address Offset
BIt 15 14 13 12 11 10 9 Bit 8 $0036, 37
Bit7 6 5 4 3 2 1 Bit0
RESET: 1 1 1 1 1 1 1 1
Modulus Down-Counter may be used to generate periodic I nterrupts.
It can also be used to latch | C and PA registersto their holding registers.
MCCTL - Modulus Down-Counter Control Register
Bit 7 6 5 4 3 2 1 Bit 0 Address Offset
MCZI MODMC | RDMCL ICLAT FLMC MCEN MCPR1 MCPRO $0026
RESET: 0 0 0 0 0 0 0 0

MCZI - Modulus Counter Interrupt Enable

MODMC - Modulus Mode Enable
1 = Counter isloaded with last value written to Modulus Count Register.
0 = Counter counts once from value written to it and will stop at $0000.

RDMCL - Read Modulus Down Counter Load
1 = Reads of Counter returns the contents of the Load Register.

FLMC - Force Load Register into Modulus Counter by writing ‘1’ to this bit
MCEN - Modulus Down-Counter Enable

1 = Modulus Counter Enabled.

0 = Modulus Counter Disabled.

MCPR[1:0] - Modulus Counter Prescaler Select

0 = Read of Counter returns current value of the present count. 00 = Div/1
01=Div/4

ICLAT - Input Capture Force Latch Action 10=Div/8

When Latch Modeis enabled, write ‘1’ to this bit causes IC3-1CO 11 = Div/16

and their corresponding Pulse Accumulators to be latched into their

associate holding registers.

MCFL G - Modulus Down-Counter Flag Register Address Offset
Bit7 3] 5 3 2 1 Bit0 $0027
MCZF 0 1] POLF3 POLF2 POLF1 POLFO
RESET: 1] 0 1] 1] 0 0 0

MCZF - Modulus Counter Underflow Interrupt Flag.
This Flag is set when Modulus Counter reaches $0000.
Write ‘1’ to clear.

POLF{3:0] - First Input Capture Polarity Status
1 = Input Capture x was caused by rising edge.
0 = Input Capture x was caused by falling edge.

Wherex =1C3 - | CO.



RESET:

CC 1 CONUOI RCYIosLCl o

ICSYS- Input Control System Register

, . Address Offset
Bit 7 B 5 4 3 2 1 Bit0 $002B
SHaT SH28 SH15 SHO4 TEMOD PACMX BUFEM LATQ
0 0 0 0 0 0 0 0

SHxy — Share Input action of Input Capture Channelsx and y

1 =The channel input ‘X’ causes the same action on the channel
‘y’. The port pin ‘x’ and the corresponding edge detector is
used to be active on the channel ‘y’.

0 = Normal operation

TFMOD — Timer Flag-setting Mode
Allows atimer Interrupt to be generated after capturing two
values in the capture and holding registers instead of generating
an Interrupt for every capture.
1 =If in Queue mode, timer flags C3F-COF are set when
alatch on the corresponding holding register occurs.
0 = C3F -COF are when avalid edge occurs on
corresponding IC timer pin.

|COVW - Input Control Overwrite Register

PACMX - 8-Bit pulse Accumulator Max Count
1 = When PA reaches the value $FF, it will not increment furth
0 = PA will overflow to $00.

Note: For PACMX = 1, when count is read as $FF,
it indicate a count of 255 or more.

BUFEN -IC Buffer Enable
1=1C & PA Holding Registers are enabled.
0=1C & PA Holding Registers are disabled.

LATQ = Input Control Latch or Queue Mode Enable
1 =Latch modeis enabled.
0 = Queue Mode is enabled.

Bit 7 6 5 4 3 2 1 Bit 0 Addéof zgffset
NOVW7 NOVWE NOVWS5 NOVWa NOVW3 NOWVW2 NOVWA1 NOVWO
RESET: 0 0 0 0 0 0 0 0

NOVWox - No Input Capture Overwrite

These contral bits prevent an overwriteto the IC x registers

until read or latched in the holding register

1=Therelated IC or Holding register will not be overwritten unless read or latched.
0 = The related Capture register will be overwritten when a new input capture or latch occurs.



ABS Application Example
If LF Wheel Measured Period > RF Wheel Measured Period,\

SENSOR 1
LF WHEEL

ENSOR 2
RF WHEEL S =0

SENSOR 3
LR WHEEL o

SENSOR 4

——<

RR WHEEL

o Timer Input Captures measure wheel rotation.

SIGNAL PTO
CONDITIONING ] IC/PA
LOGIC

PT1
SIGNAL
CONDITIONING O IC/PA
LOGIC

PT2
SIGNAL
CONDITIONING D IC/PA
LOGIC

PT3
SIGNAL
CONDITIONING D IC/PA
LOGIC

TIMER

NEOWOXI

PB1
PB2
PB3
PB4

Then

Any port pins may be use switch

brake fluid pumps on and off.

Adjust Pressureto LF Wheel

BRAKE [ »
FLUD |[—

PUMP

——| SYSTEM [—»

» Send commands to brake fluid pumps to adjust pressure.



Angle Based Engine Control

Application Example

SENSOR PIN
—— (Lszgé\léilomr\le ] I(_Ij\IAF\)FEJ']TURE H
C
SENSOR SIGNAL PIN INPUT S
='—< (LZ(C))(I;IE:ITIONING D CAPTURE 1
2
1 SPARK PLUG  ——— ElN oo
| MZI\_ (ngglchlTIONING COMPARE T
— |
oL PIN OUTPUT
l_ — Logie e L COMPARE I\E/I
F%EL IE%E%TOR
L [T o P& | [outPur | R
- Locic COMPARE
FUEL INJECTOR
m PIN
|— N glgl\';ll')Al'Ll'IONlNG ] OUTPUT
- LogiC COMPARE




TIMER FUNCTIONS CONCLUSION

Timer
Output Compare
Input Capture

Pulse Accumulator

Latch & Queue Modes



