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EXTERNAL DMA MODE
I/O DATA TRANSFER SYNCHRONIZED BY TIMER

Pierre Guillemin

INTRODUCTION

ST9 provides a powerful features allowing DMA transfers between 1/O port and Register file or memory
spaces (Program/Data memory). Furthermore DMA operations on 1/O port can be done under handshake
control and with swap mode capability.

The DMA transfer between external 1/0O port and memory fields (Register file, Program memory, Data
memory) is possible with the help of the two Timer DMA channels (COMPARE 0 and CAPTURE 0) and
only one byte transferis performed at any request (instead of two bytes when DMA takes place between
Register file/Memory spaces and Compare/Capture register ).

Three Timer DMA external modes on I/O port are possible:
- COMPARE 0 channel external mode allowing only output data transfer.

- CAPTURE 0 channel external mode allowing bidirectional data transfer. (The direction of the data
transfer is set by a bit in the 1/O port control register.)

- CAPTURE 0 channel external mode synchronized by a COMPARE 0 event.

For these three modes, the synchronization is accomplished by an internal synchronization signal or by a
Timer On-Chip Event signal (ie. COMPARE 0 or OVERFLOW/UNDERFLOW event).

To enable such transfers, user has to program:

- the Timerin CAPTURE or COMPARE or both DMA mode

- two Timer control bits (DCTS and DCTD ) in Interrupt/DMA Control Register IDCR

- the Timer On-Chip Event and the handshake /DMA control register of the relevant I/O port.

Please refer to the note for a better understanding of the internal connection between ST9 TIMER and I/O
port.

Note: On ST9030, the On-Chip Event of TIMER 1 controls the handshake function with I/O Port 5, the On-Chip Event of Timer 0 is
connected to the internal trigger of the A/D converter.

On ST9020, the On-Chip Eventof TIMER 0 controls the handshake function with I/0O Port 5.

On ST9050, the On-Chip Eventof TIMER 0 controls the handshake function with 1/O Port 4, the On-Chip Event output of Timer 1
controls thehandshake function with I/O Port 5, the On-Chip Event of Timer 3 is connected to the internal trigger of the A/D Converter.

Furthermore, the Timer's output signals TOOUTA and TLOUTA may be software connected respecively to the same
Timer's input signals TOINA and T1INA.
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DMA ON I/O PORT

TIMER DMA EXTERNAL MODE CONTROL BITS

To program the Timer and I/O portin DMA external mode, user has to set:
- two control bits in Timer Interrupt/DMA Control Register (IDCR)
- two bits in the I/O Connection Register (IOCR)

- the Timer On-Chip Event and four control bit in the handshake/DMA Control Register (HDCTL) of the
relevant 1/O port.

TIMER CONTROL BITS

DMA transfer configuration bits

Two bits located in the Timer Interrupt/DMA Control Register (IDCR) select the source or the destination of
the DMA transfer.

IDCR R243 (F3h) or R247 (F7h)

Interrupt/DMA Control Register

Page 9or 13 Read/Write
Reset value: 10100111b (A7h)

7 0

DCTS|DCTD

b5 =DCTS: DMA Capture Transfer Source. This bit selects the source of the DMA operation related to
the channel associated to CAPTURE 0.

DCTS ="0": The DMA transfer source is the Capture 0 register
DCTS =“1": The DMA transfer source is the I/O port

b4 = DCTD: DMA Compare Transfer Destination. This bit selects the destination of the DMA operation re-
lated to the channel associated to the COMPARE 0.

DCTD ="“0" The DMA transfer destination is the COMPARE 0 register
DCTD ="1" The DMA transfer destination is the 1/O port

OEV, CEV: Timer On-Chip Event

These two bits, located in the output control registers (OACR and OBCR ), select the event source strobing
the data transfer on 1/O port.

OACR R252 (FCh)

Output A Control Register

Page 8(10, 12, 14) Read/Write
Reset value: xxxxxx0xb

7 0

CEV

bl =CEV : On-Chip Event on COMPARE 0
CEV = “1": On-Chip Event on successful COMPARE 0 event
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DMA ON 1/O PORT

TIMER CONTROL BITS (Continued)

OBCR R253 (FDh)
Output B Control Register

Page 8(10,12,14) Read/Write
Reset value: xxxxxx0xb

7 0

OEV

bl =OEV: On-Chip Eventon OVERFLOW/UNDERFLOW
OEV ="“1": On-Chip Event on OVERFLOW/UNDERFLOW event

SC1, SC2: Timer I/O Connection bits

These two bits, located in the 1/0 Connection Register (IOCR), select (or not) an on-chip connection be-
tween input A and output B of the same Timer.

IOCR R248 (F8h)
I/0O Connection Register

Page 9or 13 Read/Write
Reset value: xxxxxx00b

7 0

SC1 | SCO

b1l =SC1: Select connection odd.
Selects if connection between TxOUTA and TxINA for odd timer (x = 1 or 3) is done on-chip or externally.

SC1 =“0" TxOUTA and TxINA unconnected
SC1 =“1"TxOUTA and TxINA connected

b0 =SCO: Select connection even.
Selects if connection between TxOUTA and TxINA for even timer (x = 0 or 2) is done on-chip or externally.

SCO0 =“0" TXxOUTA and TxINA unconnected
SCO0 =“1" TxOUTA and TxINA connected
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DMA ON I/O PORT

I/O PORT CONTROL BITS

Apart from the three bits used for handshake programing, four bits located in theHandshake/DMA Control
Register (HDCTL) of the relevant 1/O port are used to control the DMA mode.

HDCTL

Handshake/DMA Control Register

R255 (FFh) Page 2 Handshake on Port 3
R251 (FBh) Page 2 Handshake on Port 2
R247 (F7h) Page 3 Handshake on Port 5
R243 (F3h) Page 3 Handshake on Port 4

Read/Write
Reset value: FFh

7 0

DEN | DD | DST | DCH 1

b4 = DEN: DMA enable bit
DEN =0: enable the DMA mode on I/O port
DEN =1: disable the DMA mode on I/O port

b3 = DD: DMA DATA Direction bit

DD sets the DMA direction for the DMA transfer on CAPTURE 0 channel
DD = 0: output data on 1/O port
DD = 1:input data from I/O port

b2 = DST: DMA strobe bit

DST bit selects I/0 port strobe from internal synchronisation signal or from Timer On-Chip Event.
DST =0: Internal synchronization strobe
DST =1: Timer On-Chip Event strobe

bl = DCH: DMA channel mode

DCH bit selects the DMA channel from CAPTURE 0 or COMPARE 0
DCH =0: CAPTURE 0 DMA channel
DCH = 1: COMPARE 0 DMA channel

431 Lyy S36S-THOMSON
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DMA ON I/O PORT

TIMER DMA TRANSFER ON COMPARE 0 CHANNEL

Principle

This mode, enabled when DCTD (DMA Compare Transaction Destination) bitis equal to “1”, allows output
transfer from Register File/memory to an 1/O port at fixed period. In this mode, DMA direction transfer al-
ways outputs Data on I/O port. A one byte output DMA transfer is done on a COMPARE 0 request caused
by a COMPARE 0 event or a software COMPARE 0 request (by writing “1” in the CMO bit in Timer Flag
Register).

The data strobe is made by an internal synchronization signal on COMPARE 0 event or by a Timer OVER-
FLOW/UNDERFLOW On-Chip Event.

Figure 1 shows the principle of COMPARE 0 channel external mode.

Programmation

To program Timer in DMA transfer mode on COMPARE 0 channel, user has to:

- program the Timerin COMPARE 0 channel DMA mode

- select the I/O port as destination for DMA transfer by setting the DCTD bit in IDCR

- select the data strobe mode by programming the on chip event (internal data synchronization,
Timer on chip event data strobe)

- Program the relevant 1/O port by clearing the DEN bit to enable DMA mode, choose the data
strobe mode (DST bit) and select the COMPARE 0 DMA channel (DCH bit).

- start DMA transfer by enabling the Timer count.
Such a programmation is shown in appendix A.

Figure 1. Timer DMA Transfer on COMPARE 0 Channel Principle

COMPO E On Chip Event
OVF/UDF
Internal
synchronization
TIMER 1 .
DST 0 ! /
COMPO | \
COMPO [ ) o
eeent | 4 00— TT—m—=—=- I E .
| 7]
16 ol 1
Register file . < !
or Data memory ! | P5.0
! O
|
or Program memory ! bort 5 |
| O
10 P51
1
Master latches|
and :
DMA tabl Slave latches | | P5.7
able
1 C
SWAP mode 1
capability 1
VR001594
O
Lyg SGS-THOMSON 5/31
7‘: RIEREELECTRONICS



DMA ON I/O PORT

TIMER DMA TRANSFER ON CAPTURE 0 CHANNEL

Principle

This mode, enabled when DCTS (DMA Capture Transaction Source) bit is equal to “1”, allows bidirectional
transfer from register file/memory to/from 1/0O port. In this mode, the DMA transfer direction is set by the
DMA direction bit in HDCTL register. The DMA transfer is done on a CAPTURE 0 request caused by an
external CAPTURE event or by a software CAPTURE 0 request (by writing “1” in the CPO bit in Timer Flag
Register). The data strobe is either an internal synchronization signal on CAPTURE 0 event or a Timer

COMPARE 0 or OVERFLOW/UNDERFLOW On-Chip Event.
Figure 2 shows the principle of CAPTURE 0 channel external mode

Programmation
To program Timer in DMA transfer mode on CAPTURE 0 channel, user has to:
program the Timerin CAPTURE 0 channel DMA mode

select the 1/O port as destination for DMA transfer by setting the DCTS bit (in IDCR)

select the data strobe mode by programming the On-Chip Event (internal data synchronization or

Timer On-Chip Event strobe)

program the relevant 1/O port by clearing the DEN bit to enable DMA mode, set the DMA transfer direc-
tion (DD bit), choose the Data strobe mode (DST bit) and select the CAPTURE 0 DMA channel (DCH

bit).

start DMA transfer by enabling the Timer count.
Such a programmation is shown in appendixB.

Figure 2. Timer DMA Transfer on CAPTURE 0 Channel Principle
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DMA ON 1/O PORT

DMA SEQUENCER: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL

Principle

This mode, using two DMA channels, allows bidirectional DMA Data transfer between I/O port and register
file/memory spaces at variable throughput. This Timer DMA transfer mode uses the CAPTURE 0 channel
to provide bidirectional transfer on each CAPTURE 0 event. This Capture 0 event is triggered by the COM-
PARE 0 channel by an output toggle on COMPARE 0 internally fed back to CAPTURE 0. Like in the pre-
vious mode, the data strobe is made by an internal synchronization signal on CAPTURE event or by a
Timer COMPARE 0 or OVERFLOW/UNDERFLOW On-Chip Event.

Figure 3 shows the principle of CAPTURE 0 synchronized by COMPARE 0 event.

Programmation
To program Timer in DMA transfer on CAPTURE 0 synchronized by COMPARE channel, the user has to:

program the timer in CAPTURE 0 channel DMA external mode and in COMPARE 0 DMA
mode with an output toggle action on TLOUTA

select I/O port as destination for DMA transfer by setting the DCTS bit in IDCR

select the data strobe mode by programming the On-Chip Event (internal synchronization or Timer
On-Chip Event strobe)

program the relevant I/O port by clearing the DEN bit to enable DMA mode, set the DMA transfer des-
tination (DD bit), choose the Data strobe mode (DST bit) and select the Capture 0 DMA channel (DCH bit)
internally connect the timer 1 output A (TLOUTA) on the timer input A (T1INA) by setting SC1 bit in
I/O Control Register (IOCR)

start the DMA transfer by enabling the Timer count.

Such a programmation is shown in appendix C.
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DMA ON I/O PORT

Figure 3. Timer DMA Transfer on CAPTURE 0 Channel Principle
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DMA ON I/O PORT

DATA OUTPUT SYNCHRONIZATION ON I/O PORT

Data Output During an Instruction Execution

The basic structure of an 1/0O pin shows that an 1/O port is driven by an output slave latch and by an output
master latch as shown in the following Figure.

Figure 4. Basic Structure of an I/O Port Pin
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DMA ON I/O PORT

DATA OUTPUT SYNCHRONIZATION ON I/O PORT (Continued)

The data present on the internal data bus is copied in the output master latch during the execution of each
instruction. The data stored into the output master latch is copied into the output slave latch (driving the I/O
pin ) at the end of each instruction. In input Mode data present on the I/O pin is sampled into the input data
latch at the beginning of the execution of each instruction.

Figure 5 shows the timing of such a transfer.

Figure 5. Data Output During an Instruction Execution
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DMA ON I/O PORT

DATA OUTPUT SYNCHRONIZATION ON I/O PORT (Continued)

Data Output when Using Regular DMA Mode

In regular DMA mode, an internal synchronization signal, (depending on the DMA channel used: CAP-
TURE 0 channel or COMPARE 0 channel), is used to strobe the data on I/O port. In this mode, the data
present on the internal data bus is copied into the output master latch during the DMA machine cycle. The
data stored into the output master latch is copied into the output slave latch driving I/O pin at the end of the
DMA machine cycle.

Figure 6 shows the timing of such a transfer.

Figure 6. Data Output with Regular DMA Mode
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DMA ON I/O PORT

DATA OUTPUT SYNCHRONIZATION ON I/O PORT (Continued)

Data Output with DMA “On-Chip Event” Mode

In this mode, the data synchronization on I/O port is done by the Timer On-Chip Event signal (COMPARE
0 On-Chip Event, OVERFLOW/UNDERFLOW On-Chip Event ).

The data present in the output master latch is copied into the output slave latch driving the I/O pin whenthe
On-Chip Event occurs. The data present on the internal data bus is copied into the output master latch during
the following DMA machine cycle.

Figure 7 shows the timing of such a transfer.

Figure 7. Data Output with DMA “On-Chip Event” mode
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DMA ON I/O PORT

APPENDIX A: COMPARE 0 CHANNEL IN EXTERNAL MODE

The following examples details how to program the Timer in order to generate the waveform shown on Figure 8 .

Figure 8. Timing Waveform Example: COMPARE 0 Channel
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To generate this specific waveform, the Timer is programmed to output data by a COMPARE 0 channel
DMA transfer between a patterntable located in program memory (DMA _TABLE_OUT) and I/O port5 (see
TIMER_1 subroutine). A COMPARE 0 interrupt (DMA end of block interrupt) clears the successful COM-

PARE 0 flag and restarts the DMA transfer (see COMPARE 0 interrupt routine). I/O port 5 is configured in
output in DMA mode (see INIT_IO subroutine).

Nz 56S-THOMSON 13/31
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DMA ON I/O PORT

APPENDIX A: COMPARE 0 CHANNEL IN EXTERNAL MODE (Continued)

titte “DMA between program memory and /O port 5 with TIMER 1 COMPARE 0 channel”

;This program is a small example of using Timer 1 DMA external mode on I/O port
;The timer is programmed in COMPAREO DMA channel EXT mode

;*INTERRUPT VECTOR ADDRESSES*

CORE_IT_VECT = 00h ; Core interrupts vectors
T1_IT_VECT = 10h ; Timer 1 interruts vectors
CAPT_IT_VECT = 4 ; Capture event interrupt address
COMP_IT_VECT = 6 ; COMPARE event interrupt address
T1_LEVEL = 4 ; Timer 1 priority level

LG_DMA = 8 ; length of DMA

; Define the DMA pointer register
; DMA transfer from program memory

AD_DMA_BR = 48h ; DMA address base register
LG_DMA_BR = 4ch ; DMA counter base register
CMP_AD_DMA = RR#AD_DMA_BR+2 ; Compare DMA address register ptr
CMP_LG_DMA = RR#LG_DMA_BR+2 ; Compare DMA counter register ptr

; Define global references
.global RESET_START, TIMER_1, INIT_IO, COMPAREO, DMA_TABLE_OUT

skkkkkkkkkkkkkkkkkkkk
1

*Group number names*

vkkkkkkkkkkkkkkkkkkkk
’

BKC = 12

BKD = 13

BKE = 14

BKF = 15

BK_F = BKF * 2 ; group F: page registers

;* Start Timer 1 macro *

.macro START_T1

spp #T1D_PG ; select Timer O page
or T_TCR#( cen | ccl ) ; counter enable bit, clear counter

.endm;******************

*START of PROGRAM*

skkkkkkkkkkkkkkkkkk

START_PROG = 110h ; start address program
skkkkkkkkkkkkkkkhkhk

*STACK Declaration*

skkkkkkkkkkkkkkkkkkk

SSTACK = (BKE *16 ) - 1 ; System stack address group D C
USTACK = (BKC *16 ) -1 ; User stack address group B
14/31 Lyy S36S-THOMSON
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DMA ON 1/O PORT

APPENDIX A: COMPARE 0 CHANNEL IN EXTERNAL MODE (Continued)

E*Declaration of the interrupt vectors table*

text ; start of program
.org CORE_IT_VECT ; Core interrupt vector
= kkkkkkkkkkkkkkkkkkkkk
.word RESET_START ; power on interrupt vector
.word DIVO ; divided by O subroutine trap vector
.word TOP_LEVEL_IT ; Top level interrupt vector
.org T1_IT_VECT ; Timer 1 interrupt vectors
.org T1 IT VECT + 6 ; unused addres
.word COMPAREOQ ; Timer 1 compare O interrupt

;* Output data table to Port 5 *

.org 100h
DMA_TABLE_OUT: .byte 01lh, 02h, 04h, 08h
.byte 10h, 20h, 40h, 80h ; output DMA table

*Start of main module*

.org START_PROG ; start of code

RESET_START:

Id MODER,#11100000b ; CLOCK MODE REGISTER
; internal stack
; no prescaling
; external clock divided by 2

Id CICR,#10001111b ; CENTRAL INTERRUPT CONTROL REGISTER
; priority level = 7
; Nested Arbitration mode
; disable interrupt
. enable counters

. At reset, Global Counter Enable bit is active.

Id SSPLR#SSTACK + 1 ; load system stack pointer

Id USPLR,#USTACK + 1 ; load user stack pointer

call TIMER_1 ; Timer 1 initialization in DMA mode
call INIT_IO ; Port 5 init. DMA mode

START_T1 ; Start Timer 1

ei ; enable all interrupts

;MAIN PROGRAMM

loop {
wri
}

Nz 56S-THOMSON 15/31
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DMA ON I/O PORT

APPENDIX A: COMPARE 0 CHANNEL IN EXTERNAL MODE (Continued)

skkkkkkkkkkkkkkkkkk
1

;initialize TIMER 1

skkkkkkkkkkkkkkkkkk
i

proc TIMER_1 {

srp #BK_F ; select working register
spp #T1D_PG ; select timer 1 register page
Id t_ter,#( ccmpO | udc ) ; count up
; clear on compare O
Id t_tmr,#0 ; Disable output B

; Disable output A
; Internal clock
; Countinuous mode

clr t_icr ; No action on input pins
clr t_prsr ; No prescaling
Id t_oacr,#( ou_nop | c1_nop | cO_nop ); No action on OUTPUTO
Id t_obcer,#( ¢cO_nop | c1_nop | ou_nop ); No action on OUTPUT1
clr t_flagr
spp #T1C_PG ; Timer 1 Control page register
Id t1_dcpr,#LG_DMA_BR ; DMA counter register base address
Id tl_dapr,#AD_DMA_BR ; DMA address register base address
Id t1_ivr, #T1_IT_VECT
Id tl_idcr,#( T1_LEVEL | dctd ); DMA compare transaction
ldw CMP_LG_DMA#LG_DMA ; Compare DMA counter init.
ldw CMP_AD_DMA#DMA_TABLE_OUT ; Compare DMA addres init.
spp #T1D_PG ; Timer 1 Data page
Id t_idmr,#( gtien | cmOi | cmOd ); Compare O INT and DMA
ldw t_regOr,#0 ; reg O
ldw t_cmpOr,#3ch ; 15 us
}
16/31 Lyy S36S-THOMSON
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DMA ON 1/O PORT

APPENDIX A: COMPARE 0 CHANNEL IN EXTERNAL MODE (Continued)

COMPARE 0 INTERRUPT ROUTINE
DMA Interrupt End of block

1
i
i
’

iret

COMPAREQ:
begin [ PPR, RPOR, RP1R ] { ; save page pointer
; save register pointer pair
spp #T1D_PG ; Timer 1 data register page
srp #BK_F ; select group F
and t_flagr,#~( cmO | ocmO ) ; reset successful compare 0
; reset overrun on compare 0
ldw CMP_LG_DMA#LG_DMA
Idw CMP_AD_DMA#DMA_TABLE_OUT
or t_idmr,#cmO0d ; restart DMA compare 0 channel
}

; return from interrupt

Spp

I/O port initialization

proc INIT_IO [ PPR ]
;programmation Port 5 in OUTPUT in DMA mode

#P5C_PG ; Port 5 control register page
; Port 5 in DMA mode
; Port 5 Handshake disabled
; DMA on Compare 0 channel

76543210

P5COR,#00000000b
P5C1R,#11111111b
P5C2R,#00000000b
P5DR,#0

HDC5R,#( hsdis | den | ddw | decmO )
init P5

‘y_l SGS-THOMSON
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DMA ON I/O PORT

APPENDIX A: COMPARE 0 CHANNEL IN EXTERNAL MODE (Continued)

SECTION CODE FOR THE CORE INTERRUPT ROUTINE

DIVO:  jx DIVO ; debug loop
ret

TOP_LEVEL_IT:

jx TOP_LEVEL_IT ; debug loop
iret

INTERRUPT H

INTERRUPT H

OUTINE FOR ZERC

OUTINE FOR TOP_
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DMA ON I/O PORT

APPENDIX B: CAPTURE 0 CHANNEL IN EXTERNAL MODE

The goal of the following example is to generate the following waveform synchronized by an external clock
signal.

Figure 9. Timing Waveform Example: CAPTURE 0 Channel in External Mode
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In this mode the Timer is programmed in CAPTURE 0 DMA external mode in order to output data located
in program memory to 1/0 port 5. The data is output on Port5 on eachrising and falling edge of the external
input clock (see the Timer initialization routine TIMER_1). ACAPTURE 0 interrupt (DMA end of block inter-
rupt) resets the successful CAPTURE 0 flag and restartsthe DMA transfer. /O Port 5 is programmed in
output in DMA mode and T1INA ininput mode (see INIT_IO subroutine).
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DMA ON I/O PORT

APPENDIX B: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued)

titte  “DMA between program memory and /O port 5 with timer 1 CAPTURE 0 channel”
;This program is a small example of using Timer 1 DMA external mode on I/O port

;The timer is programmed in CAPTUREO DMA channel EXT mode

;*INTERRUPT VECTOR ADDRESSES*

CORE_IT_VECT = 00h ; Core interrupts vectors
T1_IT_VECT = 10h ; Timer 1 interruts vectors
CAPT_IT_VECT = 4 ; CAPTURE event interrupt addres
COMP_IT_VECT = 6 ; COMPARE event interrupt addres
T1_LEVEL = 4 ; Timer 1 priority level

LG_DMA = 8 ; length of DMA

; Define the DMA pointer register

; DMA transfer from program memory

AD_DMA _ BR = 48h ; DMA address base register
LG_DMA_BR = 4ch ; DMA counter base register
CPT_AD_DMA = RR#AD_DMA_BR ; Capture DMA address register pointer
CPT_LG_DMA = RR#LG_DMA_BR ; Capture DMA counter register pointer

; Define global references
.global CAPTUREO, TIMER_1, INIT_IO, RESET_START, DMA_TABLE_OUT

skkkkkkkkkkkkkkkkkkkk
1

;*Group number names*
skkkkkkkkkkkhkhkkhkhx

BKC = 12
BKD = 13
BKE = 14
BKF = 15
BK_F = BKF * 2 ; group F: page registers

;* Start Timer 1 macro *

.macro START_T1
spp #T1D_PG ; select Timer O page

or T_TCR#( cen | ccl ) ; counter enable bit, clear counter

.endm

20/31 Lyy S36S-THOMSON
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DMA ON 1/O PORT

APPENDIX B: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued)

skkkkkkkkkkkkkkkkkk

*START of PROGRAM*

skkkkkkkkkkkkkkkkkk
’

START_PROG = 110h ; start address program
skkkkkkkkkkkkkkkkkhk

;*STACK Declaration*

skkkkkkkkkkkkkkkkkkk
1

SSTACK = (BKE *16 ) -1 ; System stack address group D C
USTACK = (BKC *16 ) -1 ; User stack address group B

;*Declaration of the interrupt vectors table*

text ; Start of program
.org CORE_IT_VECT ; Core interrupt vector

= kkkkkkkdkkkkkkkkkkkkk
.word RESET_START ; Power on interrupt vector
.word DIVO ; Divided by O trap vector
.word TOP_LEVEL_IT ; Top level interrupt vector
.org T1 IT_VECT ; Timer 1 interrupt vectors
.org T1_IT_VECT + CAPT_IT_VECT ; Unused address
.word CAPTUREO ; Timer 1 capture O interrupt

;* Output data table to Port 5 *

.org 100h
DMA_TABLE_OUT: .byte 01h, 02h, 04h, 08h
.byte 10h, 20h, 40h, 80h ; Output DMA table

*Start of main module*

.org START_PROG ; Start of code
RESET_START:

Id MODER,#11100000b ; CLOCK MODE REGISTER
; internal stack
; no prescaling
; external clock divided by 2

Id CICR,#10001111b ; CENTRAL INTERRUPT CONTROL REGISTER
; prionty level = 7

Nested Arbitration mode

disable interrupt

enable counters

At reset, Global Counter Enable

bit is active.
Id SSPLR#SSTACK + 1 ; load system stack pointer
Id USPLR,#USTACK + 1 ; load user stack pointer
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APPENDIX B: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued)

cal  TIMER_1
call INIT_IO
START_T1
ei

;MAIN PROGRAMM
loop {

; wfi
}

skkkkkkkkkkkkkkkkkk
’

;initialize TIMER 1

skkkkkkkkkkkkkkkkkk
1

; Timer 1 initialization in DMA mode
; Port 5 init. DMA mode
; Start Timer 1

; enable all interrupts

proc TIMER_1 {
srp #BK_F ; select working register
spp #T1D_PG ; select timer 1 register page
Id t_ter,#( ccpO | udc ) ; count up
; Clear on capture 0
Id t_tmr,#rmO ; Disable output B
; Disable output A
; Internal clock
; Countinuous mode
; Capture on REGO
Id t_icr,#( ab_ti | exa_rf ) ; TLINA trigger, T1INB I/O
; T1INA rising/faling edge sensttive
clr t_prsr ; No prescaling
Id t_oacr,#( ou_nop | c1_nop | cO_nop ); No action on OUTPUTO
Id t_obcr,#( ou_nop | c1_nop | cO_nop ); No action on COMPARE 0
; on OUTPUT1
clr t_flagr
spp #T1C_PG ; Timer 1 Control page register
Id t1_dcpr,#LG_DMA_BR ; DMA counter register base address
Id tl_dapr,#AD_DMA_BR ; DMA address register base address
Id tl_ivr#T1_IT_VECT
Id t1_ider,#( T1_LEVEL | dcts ) ; DMA capture transaction source
ldw CPT_LG_DMA#LG_DMA ; Capture DMA counter init.
ldw CPT_AD_DMA#DMA _TABLE_OUT ; Capture DMA addres init.
spp #T1D_PG ; Timer 1 Data page
Id t_idmr,#( gtien | cpOi | cpOd ) ; Capture 0 INT and DMA
}
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APPENDIX B: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued)

CAPTURE 0 INTERRUPT ROUTINE
DMA Interrupt End of block

1
i
’
1

CAPTUREQ:
begin [ PPR, RPOR, RP1R ] { ; save page pointer
; save register pointer pair
spp #T1D_PG ; Timer 1 data register page
srp #BK_F ; select group F
and t_flagr,#~( cpO | ocpO ) ; reset successful capture 0
; reset overrun on capture 0
Idw CPT_LG_DMA#LG_DMA
Idw CPT_AD_DMA#DMA_TABLE_OUT
or t_idmr,#cp0d ; restart DMA capture 0 channel
}
iret ; return from interrupt
5 IO port initialization
proc INIT_IO [ PPR ] {
;programmation Port 5 in OUTPUT in DMA mode
spp #P5C_PG ; Port 5 control register page
; Port 5 in DMA mode
; Port 5 Handshake disbled
; DMA on Capture 0 channel
; DMA direction = output
; 76543210
Id P5COR,#00000000b
Id P5C1R,#11111111b
Id P5C2R,#00000000b
Id P5DR,#0
Id HDC5R,#( hsdis | den | ddw | dcpO )
et end init P5

; programmation P3.4 ( T1INA ) in INPUT, TRISTATE, TTL
spp #P3C_PG

Id P3COR,#00010000b
Id P3C1R,#00000000b
Id P3C2R,#00010000b
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APPENDIX B: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued)

; SECTION CODE FOR THE CORE INTERRUPT ROUTINE
INTERRUPT ROUTINE FOR ZERO DIVISION
DIVO:
X DIVO ; debug loop
ret
INTERRUPT ROUTINE FOR TOP_LEVEL_IT
TOP_LEVEL_IT:
X TOP_LEVEL_IT ; debug loop
iret
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL

This example output data on the CAPTURE 0 channel in external mode is synchronized by a COMPARE 0
data transfer to provide the following waveform.

Figure 10. Timing Waveform Example: DMA Channel
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued)

The DMA transfer uses two data tables located in program memory : DMA_TABLE_OUT, a list of data to
be outputon I/O Port5 and DMA_TIME_TABLE, a list of the time value to be loaded in the COMPARE 0
register. In this mode the Timer is programmed on CAPTURE mode with DMA transfer on CAPTURE 0 and
COMPARE 0 event. TLOUTA, toggled on each COMPARE 0 event, and T1INA are connected together in
order to synchronize the data transfer on the 1/0 port (see TIMER_1 subroutine). A COMPARE 0 interrupt
(end of DMA interrupt) resets the successful CAPTURE 0 and COMPARE 0 flag and restarts the two DMA
transfers (see COMPARE 0 interrupt routine). I/0O Port 5 is programmed in output in DMA mode, T1INA in
input mode and TLOUTA in alternate function.
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued)

titte “DMA between program memory /O port 5 with timer 1 DMA channel synchronization”

;This program is a small example of using Timer 1 DMA external mode on I/O port
;The timer is programmed in COMPARE 0 and CAPTURE 0 DMA mode with DMA channel
;Synchronization

E*INTERRUPT VECTOR ADDRESSES*

CORE_IT_VECT = 00h ; Core interrupts vectors

T1 IT VECT = 10h ; Timer 1 interruts vectors
COMP_IT_VECT = 6 ; COMPARE event interrupt addres
T1_LEVEL = 4 ; Timer 1 priority level

LG_DMA = 10 ; Length of DMA

; Define the DMA pointer register
; DMA transfer from program memory

AD_DMA_BR = 48h ; DMA address base register
LG_DMA_BR = 4ch ; DMA counter base register
CPT_AD_DMA = RR#AD_DMA_BR ; Capture DMA address register pointer
CPT_LG_DMA = RR#LG_DMA_BR ; Capture DMA counter register pointer
CMP_AD_DMA = RR#AD_DMA _BR+2 ; Compare DMA address register pointer
CMP_LG_DMA = RR#LG_DMA BR+2 ; Compare DMA counter register pointer

; Define global references

.global TIMER_1, INIT_IO, RESET_START, DMA_TABLE_OUT
.global DMA_TIME_TABLE, COMPAREO
skkkkkkkkkkkkkkkhkhikkk

*Group number names*

skkkkkkkkkkkkkkkkhkkk
’

BKC = 12

BKD = 13

BKE = 14

BKF = 15

BK_F = BKF * 2 ; group F: page registers

;* Start Timer 1 macro *

.macro START_T1
spp #T1D_PG ; select Timer O page
or T_TCR#( cen | ccl ) ; counter enable bit, clear counter

.endm

skkkkkkkkkkkkkkkkkk

*START of PROGRAM*

skkkkkkkkkkkkkkkkkk

START_PROG = 200h ; start address program

rkkkkkkkkkkkkkkkkkkk

;*STACK Declaration*

vkkkkkkkkkkkkkkkkkkk
’

SSTACK
USTACK

( BKE * 16 ) - 1; System stack address group D C
( BKC * 16 ) - 1; User stack address group B

‘y_l SGS-THOMSON
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued)

E*Declaration of the interrupt vectors table*

K%

Kk
’

text

1

.org CORE_IT_VECT

.word RESET_START
.word DIVO
.word TOP_LEVEL_IT

org T1_IT_VECT

.org T1_IT_VECT + COMP_IT_VECT
.word COMPAREQ

;* Output data table on Port 5 *

.org 100h

.byte 00h, 01h, 02h, 04h, 08h
.byte 10h, 20h, 40h, 80h, 00h

DMA_TABLE_OUT:

;* Compare 0 channel DMA time table *

.word 6000h, 7000h, 8000h, 9000h, 1000h

;*Start of main module*

org START_PROG
RESET_START:

Id MODER,#11100000b
Id CICR,#10001111b ;
Id SSPLR#SSTACK + 1
Id USPLR,#USTACK + 1
call INIT_IO ;
call TIMER_1
START_T1
ei
;MAIN PROGRAMM
loop {
Wi

}
; END OF MAIN PROGRAM

; Port 5 init.

; start of program

; Core interrupt vector

= kkkkkkkkkkkkkkkkkkkkk
i

; power on interrupt vector
; divided by O interrupt vector
; Top level interrupt vector

; Timer 1 interrupt vectors

)

; unused addresses
; Timer 1 compare O interrupt

; Output DMA table

DMA_TIME_TABLE: .word 1000h, 2000h, 3000h, 4000h, 5000h

; Compare 0 Time Table

; Start of code

; CLOCK MODE REGISTER
; internal stack
; no prescaling
; external clock divided by 2

CENTRAL INTERRUPT CONTROL REGISTER
; priority level = 7
; Nested Arbitration mode

; disable interrupt
;. enable counters
; At reset, Global Counter Enable
; bit is active.

; load system stack pointer

; load user stack pointer

DMA mode
; Timer 1 initialization in DMA mode
; Start Timer 1

; enable all interrupts
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued)

skkkkkkkkkkkkkkkkkk
1

;initialize TIMER 1

skkkkkkkkkkkkkkkkkk
’

proc TIMER_1 {

srp #BK_F ; select working register

spp #T1D_PG ; select timer 1 register page
Id t_ter,#udc ; count up

Id t_tmr#( 0e0 | rm0 ) ; Disable output B

; Enable output A
; Internal clock

; Countinuous mode
; Capture on REGO

Id t_icr#( ab_ti | exa_rf ) ; TLINA trigger, T1INB I/O
; T1INA rising and faling edge sensitive
clr t_prsr ; No prescaling
Id t_oacr,#( ou_nop | c1_nop | cO_tog ); Toggle on Compare O event on TIOUTA
Id t_obcr,#( ou_nop | c1_nop | cO_nop ); No action on COMPARE 0 on T10UTB
clr t_flagr
spp #T1C_PG ; Timer 1 Control page register
Id t1_dcpr,#LG_DMA_BR ; DMA counter register base addres
Id tl_dapr,#AD_DMA_BR ; DMA address register base addres
Id t1_ivr #T1 IT VECT
Id tl_ider,#( T1_LEVEL | dcts ) ; DMA capture transfer source
ldw CPT_LG_DMA#LG_DMA ; Capture DMA counter init.
ldw CPT_AD_DMA#DMA_TABLE_OUT ; Capture DMA address init.
ldw CMP_LG_DMA#( LG_DMA * 2) ; Compare DMA counter init.
ldw CMP_AD_DMA#DMA_TIME_TABLE ; Compare DMA address init.
spp #T1D_PG ; Timer 1 Data page
ldw t_cmpOr,#0 ; Clear Compare O register
Id t_idmr,#( gtien | cmOi | cm0Od | cpOd ); DMA on Capture 0
; Compare O INT and DMA
}
COMPARE 0 INTERRUPT ROUTINE
; DMA Interrupt End of block
COMPAREOQO:
begin [ PPR, RPOR, RP1R ] { ; save page pointer
; save register pointer pair
spp #T1D_PG ; Timer 1 data register page
Srp #BK_F ; select group F
and t_flagr,#~( ¢cmO | ocmO | cpO | ocpO ); Reset successful Compare O

; Reset overrun on Compare 0

; Reset successful Capture 0

; Reset overrun on Capture 0
or t_tcr,#ccl ; Counter clear
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued)

Idw CPT_LG_DMA#LG_DMA-1
Idw CPT_AD_DMA #DMA_TABLE_OUT+1
Idw CMP_LG_DMA#( (LG_DMA-1) * 2)
Idw CMP_AD_DMA #DMA_TIME_TABLE+2
or t_idmr#( cpOd | cmOd ) ; restart DMA capture 0 channel
; restart DMA compare 0 channel

iret ; return from interrupt

I/O port initialization
proc INIT_IO [ PPR ]
;programmation Port 5 in OUTPUT in DMA mode

spp #P5C_PG ; Port 5 control register page
; Port 5 in DMA mode
; Port 5 Handshake disbled
; DMA on Capture 0 channel
; DMA direction = output

; 76543210

Id P5COR,#00000000b

Id P5C1R,#11111111b

Id P5C2R,#00000000b

Id P5DR,#0

Id HDC5R,#( hsdis | den | ddw | dcpO )
e end init P5

; programmation P3.4 ( T1INA ) in INPUT, TRISTATE, TTL
; programmation P3.5 ( TLOUTA ) in ALTERNATE FUNCTION, PUSH-PULL, TTL

spp #P3C_PG
Id

P3COR,#00110000b
Id P3C1R,#00100000b
Id P3C2R,#00010000b
}
SECTION CODE FOR THE CORE INTERRUPT ROUTINE
INTERRUPT ROUTINE FOR ZERO DIVISION
DIVO:
X DIVO ; debug loop
ret
; INTERRUPT ROUTINE FOR TOP_LEVEL_IT
TOP_LEVEL_IT:
X TOP_LEVEL_IT ; debug loop
iret
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THE SOFTWARE INCLUDED IN THIS NOTE IS FOR GUIDANCE ONLY. SGS-THOMSON SHALL NOT
BE HELD LIABLE FOR ANY DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT
TO ANY CLAIMS ARISING FROM USE OF THE SOFTWARE.

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsability for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No li-
cense is granted by implication or otherwise under any patentor patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subjectto change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without the
express written approval of SGS-THOMSON Microelectronics.

0 1994 SGS-THOMSON Microelectronics - All rights reserved.
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