


















































































































































































































































































































































































































































































































































































































































































































































INITIALIZATION OF THE ST9 

PORT INITIALIZATION 

The ST9 has up to a maximum of 64 lines dedicated to input/output. These lines, grouped into eight 8-bit 
ports, can be independently programmed to provide parallel input/outputs with or without handshake or 
may be used to connect in/out signals to/from the peripherals (e.g. Core, Timers, SCI units, etc.) present 
on the chip. The functional allocation of the Ports to support system tasks may be summarised as follows: 

Port Functions 

0 Usable as 1/0 Port (without handshake) or as multiplexed low-address and data lines for 
external memory. 

1 Usable as 1/0 Port (without handshake)or as high-address lines for external memory. 

2 Usable as 1/0 Port (without handshake )or for SPI functions; Also INT1, INT2, and INT3 inputs. 

3 Usable as 1/0 Port (without handshake)or for Timer functions. 

4 Usable as 1/0 Port (with or without handshake) 

5 Usable as 1/0 Port (with or without handshake). 

6 Usable as 1/0 Port (without handshake) 

Usable as 1/0 Port (without handshake) 
7 or for SCI functions. Also used for INT4, INT5, and INT6 inputs 

or for Control signals for slow external memory 

Ports 0, 1, and 6 are automatically initialized on system Reset to correspond to the installed on-chip memory. 
Ports 2, 3, 4, 5, 6, and 7 need to be initialized (if available) to satisfy the specific application requirements 
for external I/O, plus any alternative function assignments of port pins, and internal interconnections. Table 
A.3, Appendix A, lists the complete set of Port Configuration registers together with their addresses. 

Example: 

C7 OA spp P3C PG 
F5 FC 05 ld P3COR,#0000010lb 
F5 FD OF ld P3ClR, #OOOOllllb 
F5 FE 05 ld P3C2R, #00000101b 

In this example Port 3 pins 4, 5, 6, and 7 are configured as bidirectional pins, with weak pull-up output and 
TIL inputs. Pins 0 (TOlNA) and 2 (TOINB) are configured as TIL inputs, and Pins 1 (TOOUTA) and 3 
(TOOUTB) are configured as Alternate Function Push-pull outputs. 

_41_4_3 ____________ l..V. �~�~�~�~�m�~�~�r�;�"�~�:�o�o�~�n� 
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INITIALIZATION OF THE ST9 

MULTIFUNCTION TIMER CONFIGURATION 

The ST9 Multifunction Timer is configured by loading suitable control-bit patterns in the groupe F page 
register TCR, TMR, ICR, OACR, and OBCR (see Table A.4 in Appendix A). Note that registers EIMR and 
CICR provide global control functions common to all on-chip peripherals and are hence initialized 
conveniently in the basic system configuration routine. 

The External Input Control Register, ICR, controls input source selection (internal/external), input mode 
selection (falling/rising edge sensitive, etc.), counter mode of operation (continuous, one-shot, etc.), and 
input function (Gate, Trigger, up/down control, etc.). 

Example: 

F5 FA 54 ld T_ICR,#01010100b 

This instruction selects the external input A as a falling-edge-sensitive Trigger input, and the B input is a 
normal Port 1/0 pin. 

The Multifunction Timer Control Register, TCR, controls counter clear and prescaler reload operations 
as well as providing a counter enable control bit and counter status flags. 

Example: 

F5 F8 48 ld T_TCR,#01001000b 

This instruction halts the counter operation but provides for subsequent UP counting with counter clear 
and Prescaler reload on RegO or Reg1 capture. 

The Multifunction Timer Mode Register, TMR, selects the clock source for the counter-prescaler input, 
enables Retrigger or Continuous mode, and controls register load/capture operations. 

Example: 

98 8C ld T_TMR,#10001100b 

This pattern enables output 1 and disables output 0, disables bivalue modes, and selects RegO for capture 
and Reg1 for monitor. Retriggerable continuous mode is selected. 

The Output Control Register, OACR, links the output TOOUTA to counter overflow/underflow and 
Compare events, and provides for subsequent Set, Reset, or Toggle of the external output. The on-chip 
event (OCE) may be linked to a COMPO event. 

Example: 

F5 F5 lB ld T_OACR,#OOOllOllb 

In this example TOOUTA is preset to 1, and is subsequently set by COMPO, toggled by COMP1, and Reset 
by OVF. The OCE signal is generated by a successful CMPO compare event. 

The Output Control Register, OBCR, links the output TOOUTB to counter overflow/underflow and 
Compare events, and provides for subsequent Set, Reset, or Toggle of the external output. The on-chip 
event (OCE) may be linked to a counter overflow/underflow event. 

Example: 

FS F6 83 ld T_OBCR,#lOOOOOllb 

In this example TOOUTB is preset to 1, and is subsequently reset by COMPO, and set by OVF and COMP1. 
The OCE signal is generated by a counter overflow/underflow event. 

-------------- LV. ~~~~m~::U!~~ 5/43 
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INITIALIZATION OF THE ST9 

MULTIFUNCTION TIMER INITIALIZATION 

Initialization of the Multifunction Timer requires loading of the Prescaler register and the two Comparison 
registers. The timer Status register should be cleared, the Vector Table entry should be set, and the 
Multifunction Timer counter actions enabled. The interrupt/DMA priority levels should be set and the mask 
bits should be adjusted as appropriate to the application. Further, if DMA operations are specified, DMA 
address and counter registers will require initialization. 

The Prescaler Register, PRSR, holds the preset value for the 8-bit prescaler. 

Example: 

BC 00 ld T_PRSR,#OOh 

This defines a division ratio of 1 and the maximum counter clock is generated (INTCLK/3). 

The Multifunction Timer Flags Register, FLAGR, contains flags which register successful capture or 
comparison events together with OVF/UNF and overrun conditions. 

Example: 

15 FE FD and T_FLAGR,#-ocrnO 

This example resets the overrun bit for COMPO operations. 

The Interrupt Vector Register, IVR, should be loaded with the 5 most significant bits of the Multifunction 
Timer's interrupt vector address in program memory. The interrupt source (compare, capture, or OVF/UNF) 
provides the least significant 3 bits to provide the correct vector link. 

Example: 

F5 F2 10 ld TO_IVR,#TO_IT_VECT 

In this example IVR is loaded with the start address (1 Oh) of the block of 8 words in the vector table allocated 
to the 5 different Multifunction Timer interrupts. 

_~_4_3 _________________________ ~~~~~~~~:oo~~ ----------------------------
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INITIALIZATION OF THE ST9 

MULTIFUNCTION TIMER INITIALIZATION (Continued) 

The lnterrupt/DMA Control Register, IOCR, is used to set the Interrupt and DMA priority levels, and the 
DMA transfer source and destination. It also enables Swap mode and contains End of Block condition flags. 

Example: 

FS F3 D6 ld TO_IDCR,#ll000110b 

In this example the priority level is set at a value of 6, and the Swap mode is disabled. The DMA capture 
channel source is REGO, and the DMA compare channel source is CMPO. 

The lnterrupt/DMA Mask Register, IDMR, contains a global Multifunction Timer Interrupt enable plus 
individual DMA and Interrupt enable bits for overflow as well as successful capture and comparison events. 

Example: 

FS FF 04 ld T_IDMR,#OOOOOlOOb 

OF FF 80 or T_IDMR,#gtien 

The first instruction sets the interrupt enable on CMPO, and the second instruction globally enables all 
Multifunction Timer interrupts. 

The DMA Counter Pointer Register, DCPR, defines the DMA area and source, and specifies the location 
of the DMA length register. 

Example: 

FS FO 4C ld TO_DCPR,#CPT_LG_DMA 

The DMA length register is 4Ch = rr12 = RR76 and the transfer occurs to/from Program/Data memory. 

The DMA Address Pointer Register, DAPR, defines the DMA area and source, and specifies the location 
of the DMA address register. 

Example: 

FS Fl 48 ld TO_DAPR,#CPT_AD_DMA 

The DMA address register is 48h = rr8 = RR72. In conjunction with the DPCR value in the above example 
it specifies Program memory for the buffer. 

-------------- J:..V. ~~~~m~::O!~:t 7/43 
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INITIALIZATION OF THE ST9 

AID CONVERTOR CONFIGURATION/INITIALIZATION 

Configuration of the AID convertor requires loading of 4 registers only, CLR, CRR, ICR, and IVR (Table 
A.6), and initialization of this device involves, apart from global masking, loading of two double (threshold 
registers). Hence a single routine can be written to cover both the configuration and initialization aspects 
of AID Convertor use. 

The Control Logic Register, CLR, defines the Analog channel conversion start address, selects inter­
nal/external triggers, and enables continuous or single conversion and power up/down modes. This register 
also contains a start/stop status/control bit. 

Example: 

FS FD 04 ld AD_CLR,#OOOOOlOOb 

In this example, the conversion scan starts with channel 0 when enabled, powers up the AID convertor, 
halts conversion, and specifies single conversion scan mode. 

Please note that before enabling any AID conversion, it is mandatory to set the low bit of Control Logic 
Register at least 60~s before the first conversion start. This is in order to correctly bias the analog section 
of the converter. 

The Interrupt Vector Register, IVR, defines the most significant 6 bits of the vector table byte address. It 
thus points to the first of two word addresses which correspond to the analog watchdog and End of 
conversion interrupt routines. 

Example: 

FS FF 32 ld AD_IVR,#ADC_ITEOC_VECT 

In this example, an address of 50 (decimal) is loaded into IVR. Hence a subsequent AID convertor EOC 
interrupt will cause a Vector Table access at location 50. 

The Interrupt Control Register, ICR, contains the priority level specification, the two source interrupt flags 
(Analog Watchdog and EOC) and their individual masking bits. 

Example: 

FS FE 20 

05 FE 20 

ld 

or 

AD_ICR,#OOlOOOOOb 

AD_ICR,#OOOOOllOb 

In this example, the priority level is first set at 0, End of Conversion interrupts are enabled, and the Analog 
Watchdog interrupt is masked. The second instruction then sets the priority to a level of 6. 

If the Analog Watchdog is enabled (bit 6 in ICR) it will be necessary to load the threshold registers for 
channels 6 and 7. In this case access will be made in the interrupt routine to register CRR. 

The Compare Result Register, CRR, contains 4 flags showing the results of comparison operations 
between the current values of data registers 6 and 7, and the upper and lower threshold registers. 

_8,_4_3 _____________ lifi. ~~~;m~r::i!~~ 
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INITIALIZATION OF THE ST9 

SCI UNIT CONFIGURATION 

The list of registers to be initialized when configuring the SCI unit is given in Table A.9. The functions of 
these registers, and some illustrative examples of their use, are as follows: 

The Character Configuration Register, CHCR, is used to define the serial frame format. 

Example: 

AC E3 ld S_CHCR,#E3h 

This example defines a serial frame as follows: 8 data bits, 1 stop bit, even parity, and address input if the 
character matches the contents of the Address Register. 

The Clock Configuration Register, CLCR, is used to specify the transmitter, receiver, and Baud Rate 
clock sources, and the clock divisor ratio. It also enables Auto Echo and Loopback test modes. 

Example: 

BC 80 ld s_clcr,#txclk 

In this example, the Transmitter and Receiver clocks are provided by the Baud Rate Generator. Each data 
bit period will be 16 clock periods (asynchronous mode), and the Auto Loop and Loopback niodes are 
disabled. 

The Baud Rate Generator Register, BRGR, specifies a 16-bit division ratio. 

Example: 

BF DC 00 4E ldw s_brgr,#DIV_9600 

This example specifies a division ratio yielding 9600 Bauds with a 24 Mhz external clock. 

Writing to a Baud Rate Generator Register immediately disables and resets both the SCI Baud Rate 
generator, the transmitter and receiver circuitry. After writing to the remaining Baud Rate Generator 
Register, the transmitter and receiver circuits are enabled. The Baud Rate Generator will load the new 
value and start counting. 

To initialize the SCI, user should first initialize one Baud Rate Generator Divisor Register. This will reset all 
SCI circuitry. Initialize all other SCI registers for the desired operating mode. To enable the SCI, initialize 
the remaining Baud Rate Generator Register. 

The Address Compare Register, ACR, contains an 8-bit value which may be used as a match against 
which a received address may be tested to set the Receive Address Pending bit. 

Example: 

5C OD ld s_acr,#RETURN 

This will cause the Receive Address Pending bit to be set if an End of Command character bit-pattern is 
received. 

-------------- liii. ~~~~~~::U!~~ 9/43 
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INITIALIZATION OF THE ST9 

SCI UNIT CONFIGURATION (Continued) 

The Interrupt Vector Register, IVA, defines the most significant 5 bits of the vector table byte address. It 
thus points to the first of four vector table word address entries. 

Example: 

4C OOx ld s_ivr,#SCI_IT 

In this example, after the external symbol has been linked in, the Vector Table entry address will be loaded 
into IVR at execution time. 

The Interrupt Mask Register, IMR, contains five interrupt masking bits and two End of Block DMA status 
bits. It also selects the shift register or holding register as source of the transmitter register empty interrupt. 

Example: 

6C 05 ld s_irnr,#OOOOOlOlb 

In this example the interrupt pending bits are reset, the Transmitter data interrupt is masked, and the 
Receiver data, data error, and address interrupts are unmasked. 

The lnterrupt/DMA Priority Register, IDPR, specifies the lnterrupt/DMA priority, selects one of four 
Address modes, and controls the emission of Break characters and enables address/9th bit data mode. It 
also provides mask bits for Receive and Transmit DMA transfers. 

Example: 

9C 04 ld s_idpr,#04h 

In this example a priority level of 4 is specified, and Transmitter DMA requests are masked. 
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INITIALIZATION OF THE ST9 

SCI UNIT INITIALIZATION 

The list of registers to be initialized when initializing the SCI unit is given in Table A.1 0. The functions of 
these registers, and some illustrative examples of their use, are as follows: 

The Receiver DMA Transaction Counter Pointer Register, RDCPR, contains the register file address 
of the receiver DMA transaction counter. In addition it determines whether the DMA transfers occur in the 
register file or in memory. 

Example: 

An example of the use of this register is provided below (see RDAPR example). 

The Receiver DMA Destination Address Pointer Register, RDAPR, contains the register file address of 
the receiver DMA data destination. In addition, in conjunction with bit 0 of RDCPR, it determines whether 
the DMA transfers occur in Program or Data memory. 

Example: 

00 FF LNG-DMA SCI OFh 
00 AO DEPART DMA SCI := OAOh 
00 02 NUM RDAP := 2 
00 03 NUM RDCP .- 3 
2C 03 ld S_rdcpr,#NUM_RDCP 
lC 02 ld S_rdapr,#NUM_RDAP 
FS 03 OF ld R#NUM_RDCP,#(LNG_DMA_SCI) 
FS 02 00 ld R#NUM_RDAP,#(DEPART_DMA_SCI) 

In this program sequence the DMA transaction counter and Address Pointer register addresses are defined 
to be R3 and R2 respectively. These two registers are initialized for a block of size 15 bytes starting at 
register address AO, i.e. R160. 

The Transmitter DMA Transaction Counter Pointer Register, TDCPR, contains the register file address 
of the transmitter DMA transaction counter. In addition it determines whether the DMA transfers occur in 
the register file or in memory. 

Example: 

An example of the use of this register is provided below (see TDAPR example). 

The Transmitter DMA Destination Address Pointer Register, TDAPR, contains the register file address 
of the transmitter DMA data destination. In addition, in conjunction with bit 0 of TDCPR, it determines 
whether the DMA transfers occur in Program or Data memory. 

Example: 

00 FF LNG-DMA SCI := OFh 
00 AD DEPART DMA SCI := OAOh 
00 06 NUM TDAP := 6 
00 07 NUM TDCP 7 
2C 07 ld TDCP S_TDCPR,#NUM_ 
3C 06 ld S_TDAPR,#NUM_TDAP 
FS 07 OF ld R#NUM_TDCP,#(LNG_DMA_SCI) 
FS 06 00 ld R#NUM_TDAP,#(DEPART_DMA_SCI) 

In this program sequence the DMA transaction counter and Address Pointer register addresses are defined 
to be R7 and RG respectively. These two registers are initialized for a block of size 15 bytes starting at 
register address AO, i.e. R160. 

11/43 
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INITIALIZATION OF THE ST9 

TIMER/WATCHDOG UNIT CONFIGURATION 

Configuration of the Timer/Watchdog requires loading of the 6 registers listed in Table A.11, Appendix A. 

Timer/Watchdog unit Configuration 

The Timer/Watchdog Control Register, WDTCR, contains a start/stop bit, and is also used to select input, 
output, and counter modes, as well as input and output enable bits. 

Example: 

BC 80 ld wdtcr,#BOh 

In this example the limer starts counting down in continuous mode, and the input and output sections are 
disabled. 

The Wait Control Register, WCR, as well as specifying the number of wait states for access to off-chip 
program and data memory enables the Watchdog function. 

Example: 

cc 40 ld wcr, #wden 

In this example the Watchdog action is disabled, and the number of wait states are set to zero. 

The External Interrupt Vector Register, EIVR, contains a bit, TLIS, which is used to control the Top Level 
Interrupt source (Timer/Watchdog EOC or External NMI). A second bit lAOS is used to select the 
Timer/Watchdog as an interrupt source on channel AO (INTO). This register is also used to supply the 4 
most significant bits of the External Interrupt Vector. 

Example: 

6C 20 ld eivr,#EXT_IT_VECT 

In this example the Timer/Watchdog EOC generates an interrupt on channel AO at each End of Count. The 
Top Level Interrupt is isolated from the NMI input and may be used for a Software Trap. 

The Timer/Watchdog Prescaler Register, WDTPR, contains an 8-bit value which is loaded into the 
Prescaler register. 

Example: 

90 DA clr wdtpr 

The specified Prescaler value of zero leads to a minimum timer count period of 333ns, assuming a system 
clock running at 12MHz. 

The Timer/Watchdog High Register, WDTHR, and Timer/Watchdog Low Register, WDTLR, together 
contain a 16-bit value which is loaded into the counter at each End of Count. 

Example: 

BF FB DB BB ldw WDTR,#3003 

The specified count value leads to a count period of about 1 millisecond, (3003 x 333ns). 

_1~_4_3 ________________________ ~~~~;~~~::~ ---------------------------
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TIMER/WATCHDOG UNIT INITIALIZATION 

The External Interrupt Priority Level Register, EIPLR, specifies the priority level of four pairs of external 
interrupts, a). A 1, ... 00, 01. It is thus used to set the priority of the Timer/Watchdog EOC interrupt routine, 
called via channel AO. 

Example: 

SC FE ld eiplr,#OFEh 

In this example priority levels of 4 and 5 are specified for the pair INTAO, I NTA 1. 

The External Interrupts Pending Bit Register, EIPR, holds the eight interrupt pending bits for the external 
interrupts, including, in the present context, the Watchdogmmer EOC interrupt. These bits are set by 
hardware action and reset by software during the service routine. 

Example: 

90 D3 clr eipr 

In this example all the external interrupt pending bits are cleared. 

The External Interrupts Mask-Bit Register, EIMR, holds the eight interrupt mask bits for the external 
interrupts, including, in the present context, the Timer/Watchdog EOC interrupt. 

Example: 

4C 01 ld eimr,#iaO 

In this example the Timer/Watchdog End of Count on Channel AO is unmasked. 

------------- lifi. ~~~~m~r::J?~ 13/43 
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INTERRUPT SERVICE ROUTINE ORGANIZATION 

When an enabled interrupt is acknowledged the Interrupt machine cycle performs the following actions: 

(i) All maskable interrupts are disabled by clearing the El bit of register CICR. 

(ii) The PC (two bytes) and the FLAGS register are saved on the System stack. 

(iii) The PC is loaded with the 16-bit vector stored in the Vector Table. 

On exit from the Interrupt service, using an IRET instruction the following operations are carried out: 

(iv) The FLAGR register is restored from the System stack. 

(v) The PC is restored from the System stack. 

(vi) The unmasked interrupts are enabled by setting the CICR.EI bit. 

In general additional resources must be saved and restored apart from those handled automatically by the 
system as listed above. In a typical case these additional resources will include the two Register pointer 
registers, the Page-pointer register, and any working registers used in the Interrupt routine. 

An outline for a suitable Interrupt service routine is hence as follows: 

Label int: 

work reg_pageO 
work_reg_page1 
WDT PG 
TOe PG 
TOd PG 
S PG 
ADO PG 

push RPO 
push RP1 
push PPR 
spp #TOd PG 
srpO #work_reg__pageO 
srpl #work_reg_pagel 
push rO 
push rl 
push rA 

(0Dh*2) 
(0Dh*2) + 1 
0 

9 
10 
24 
63 

;Interrupt Service routine 
;appears here, including 
;read/write data registers 
;test status flags 
;clear interrupt pending flags 

pop rA 
pop rl 
pop rO 
pop PPR 
pop RPl 
pop RPO 
iret 

_14_14_3 _____________ lFfi. ~~~~m~~:~~~CG~ 
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SUMMARY 

This Application Note has attempted to formalize and simplify the programming task of configuring and 
initializing an ST9 system. The resources to be controlled have been listed with brief examples of their use. 
Complete examples of ST9 configuration, initialization, and Interrupt Service routines are presented in a 
set of Appendices. These programs have been written for an ST9030 but can be readily adapted where 

'necessary for use with other versions. 

REFERENCES 

(1) "ST9 Technical Manual", SGS-THOMSON Microelectronics. 

(2) Application Note AN411, SYMBOLS.INC Standard Definitions of ST9 Registers and Register-bits. 

APPENDICES 

A. ST9 Core and Peripheral Configuration/Initialization Registers. 

A.1. System Configuration: System Registers. 

A.2. System Configuration: Paged Registers. 

A.3. Port Configuration Registers. 

A.4. Multifunction Timer Configuration/Initialization Registers. 

A.5. Multifunction Timer Data/Status Register. 

A.6. ND Configuration/Initialization Registers. 

A.7. ND Channel Registers. 

A.B. ND Threshold Registers 

A.9. SCI Configuration Registers. 

A.1 0. SCI Initialization Registers. 

A.11. Watchdog Timer Configuration/Initialization Registers. 

A.12. SPI Initialization. 

A.13. EEPROM Initialization. 

B. Examples of ST9 System Configurations. 

C. Examples of Multifunction Timer 0 Configurations. 

D. Examples of ND Converter Configurations. 

E. Examples of SCI Configurations. 

F. Examples of Timer/Watchdog Configurations. 
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APPENDIX A. ST9 CORE AND PERIPHERAL CONFIGURATION/INITIALIZATION 

A.1. System Configuration: System Registers 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Hex) 

CICR Central Interrupt Control Register R230 E6 87 

FLAGR Flags Register R231 E7 . XX 

RPOR Register Pointer 0 R232 EB . XX 

RP1R Register Pointer 1 R233 E9 - XX 

PPR Page Pointer Register R234 EA - XX 

MODER Mode Register R235 EB - EO 

USPHR User Stack Pointer (high) R236 EC - XX 

USPLR User Stack Pointer (low) R237 ED - XX 

SSPHR System Stack Pointer (high) R238 EE - XX 

SSPLR System Stack Pointer (low) R239 EF - XX 

A.2. System Configuration: Page Registers 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Hex) 

EECR EEPROM Control Register Mask Register R241 F1 0 87 

EITR External Interrupt Trigger-Event Register R242 F2 0 XX 

EIPR External Interrupt Pending Register R243 F3 0 XX 

EIMR External Interrupt Mask Register R244 F4 0 XX 

EIPLR External Interrupt Priority Level Register R245 F5 0 XX 

EIVR External Interrupt Vector Register R246 F6 0 EO 

NICR Nested Interrupt Control Register R247 F7 0 XX 

WCR Wait Control Register R252 FC 0 7F 

16/43 
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A.3. Port Configuration Registers 

Port 

0 

1 

2 

3 

4 

5 

6 

7 

RESET Values: 

Ports 2, 3, 4, and 5: 

Name 

Data Register 
Control Registers (PxCO-PxC2) 

Data Register 
Control Registers (PxCO-PxC2) 

Data Register 
Control Registers (PxCO-PxC2) 

Handshake Control Register 

Data Register 
Control Registers (PxCO-PxC2) 

Handshake Control Register 

Data Register 
Control Registers (PxCO-PxC2) 

Handshake Control Register 

Data Register 
Control Registers (PxCO-PxC2) 

Handshake Control Register 

Data Register 
Control Registers (PxCO-PxC2) 

Data Register 
Control Registers (PxCO-PxC2) 

PcXO:OOOOOOOO 

PcX1:00000000 
PcX2:00000000 

Handshake Control Registers: 111111111 

---------------------------- ~~~~~~~~:~~~ 

INITIALIZATION OF THE ST9 

Registers Hex Pg. 
(Hex) 

R224 EO -
R240-R242 FO-F2 2 

R225 E1 -
R244-R246 F4-F6 2 

R226 E2 -
R248-R250 FB-FA 2 

R251 FB 2 

R227 E3 -
R252-R254 FC-FE 2 

R255 FF 2 

R228 E4 -
R240-R242 FO-F2 3 

R243 F3 3 

R229 E5 -
R244-R246 F4-F6 3 

R247 F7 3 

R251 FB 3 
R248-R250 FB-FA 3 

R255 FF 3 
R252-R254 FC-FE 3 

17143 
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INITIALIZATION OF THE ST9 

A.4. Multi-Function Timer Configuration/Initialization Registers (MFTO) 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Binary) 

CICR Central Interrupt Control Register R230 E6 - 10000111 

TCR Timer Control Register R248 FB jQ oooooxxx 
TMR Timer Mode Register R249 F9 10 00000000 

ICR External Interrupt Control Register R250 FA jQ ooooxxxx 
OACR Output A Control Register 0 R252 FC 10 XXX XXX OX 

OBCR Output A Control Register 1 R253 FD 10 xxxxxxox 
IDMR lnterrupVDMA Mask Register R255 FF 10 00000000 

DCPR DMA Counter Pointer Register R240 FO 9 xxxxxxxx 
DAPR DMA Address Pointer Register R241 F1 9 xxxxxxxx 
IVR Interrupt Vector Register R242 F2 9 xxxxxxxx 

IOCR lnterrupVDMA Control Register R243 F3 9 11000111 

A.5. Timer Data/Status Registers (MFTO) 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Binary) 

REGOHR Capture/Reload Register 0 (High) R240 FO 10 xxxxxxxx 
REGOLR Capture/Reload Register 0 (Low) R241 F1 10 xxxxxxxx 
REG1HR Capture/Reload Register 1 (High) R242 F2 10 xxxxxxxx 
REG1LR Capture/Reload Register 1 (Low) R243 F3 10 xxxxxxxx 
CMPOHR Compare Register Register 0 (High) R244 F4 10 xxxxxxxx 
CMPOLR Compare Register Register 0 (Low) R245 F5 10 xxxxxxxx 
CMP1HR Compare Register Register 1 (High) R246 F6 10 xxxxxxxx 
CMP1LR Compare Register Register 1 (Low) R247 F7 10 XX XXX XXX 

PRSR Prescaler Register R251 FB 10 00000000 

FLAGR Timer Flags Register R254 FE 10 00000000 

18/43 ru SGS·TliOMSON ------------'1•• llJD([;iJ@lli~lli©1J~@IR'J0([;$ 
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INITIALIZATION OF THE ST9 

A.6. AID Configuration/Initialization Registers 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Binary) 

CRR Compare Result Register R252 FC 63 00001111 

CLR Control Logic Register R253 FD 63 00000000 

ICR Interrupt Control Register R254 FE 63 00001111 

IVR Interrupt Vector Register R255 FF 63 XXXXXX10 

A.7. AID Channel Registers 

Mnem. Name Reg. Hex Pg. 

AD_DOR Channel 0 Data Register R240 FO 63 

AD_D1R Channel 1 Data Register R241 F1 63 

AD_D2R Channel 2 Data Register R242 F2 63 

AD_D3R Channel 3 Data Register R243 F3 63 

AD_D4R Channel 4 Data Register R244 F4 63 

AD_D5R Channel 5 Data Register R245 F5 63 

AD_D6R Channel 6 Data Register R246 F6 63 

AD_D7R Channel 7 Data Register R247 F7 63 

A.a. AID Threshold Registers 

Mnem. Name Reg. Hex Pg. 

AD_LT6R Channel 6 Lower Threshold Register R248 FS 63 

AD_UT6R Channel 6 Upper Threshold Register R249 F9 63 

AD_LT7R Channel 7 Lower Threshold Register R250 FA 63 

AD_UT7R Channel 7 Upper Threshold Register R251 FB 63 

-------------- J:5ii ~~~~m~~r::U!~:: 1g/43" 
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A.9. SCI Configuration Registers 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Binary) 

IVR Interrupt Vector Register R244 F4 24 xxxxxxxx 
IMR Interrupt Mask Register R246 F6 24 oxxooooo 
ISR Interrupt Status Register R247 F7 24 xxxxxxxx 

IDPR lnterrupVDMA Priority Register R249 F9 24 xxxxxxxx 
CHCR Character Recognition Register R250 FA 24 xxxxxxxx 
CCR Clock Configuration Register R251 FB 24 00000000 

BRGHR 
Baud Rate Generator 

R252 FC 24 xxxxxxxx 
Divisor Register (High) 

BRGLR 
Baud Rate Generator 

R253 FD 24 xxxxxxxx 
Divisor Register (Low) 

A.10. SCI Initialization 

Mnem. Name Reg. Hex Pg. 
Reset 
Value 

RDCPR 
Receiver DMA Transaction 

R240 FO 24 xxxxxxxx 
Counter Register 

RDAPR 
Receiver DMA 

R241 F1 24 xxxxxxxx 
Address Pointer Register 

TDCPR 
Transmit DMA Transaction 

R242 F2 24 XX XXX XXX 
Counter Register 

TDAPR 
Transmit DMA 

R243 F3 24 xxxxxxxx 
Address Pointer Register 

ACR Address Compare Register R245 F5 24 xxxxxxxx 

RXBR 
Receive Buffer Register 

R248 FB 24 xxxxxxxx 
(Read only) 

TXBR 
Transmitter Buffer Register 

R248 F8 24 xxxxxxxx 
(Write only) 

20/43 LV. ~~~~n!~r::~~~ ---------------
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INITIALIZATION OF THE ST9 

A.11. Watchdog Timer Configuration/Initialization 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Binary) 

EIPR External interrupt Pending Register R243 F3 0 00000000 

EIMR External Interrupt Masking Register R244 F4 0 00000000 

EIPLR External Interrupt Priority Register R245 F5 0 11111111 

EIVR External Interrupt Vector Register R246 F6 0 XXXX0010 

WDTLR Watchdog Timer Low Register R248 FB 0 xxxxxxxx 
WDTHR Watchdog Timer High Register R249 F9 0 xxxxxxxx 
WDTPR Watchdog Timer Prescaler Register R250 FA 0 xxxxxxxx 
WDTCR Watchdog Timer Control Register R251 FB 0 00010010 

WCR Wait Control Register R252 FC 0 01111111 

A.12. SPIInitialization 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Binary) 

SPIDR SPI Data Register R253 FD 0 xxxxxxxx 
SPICA SPI Control Register R244 F4 0 00100000 

A.13. EEPROM Initialization (ST9040 only) 

Reset 
Mnem. Name Reg. Hex Pg. Value 

(Binary) 

EECR EEPROM Control Register R241 F1 0 00000000 

---------------~ ~~~~~~::~~ 
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INITIALIZATION OF THE ST9 

APPENDIX B. EXAMPLES OF ST9 PERIPHERAL CONFIGURATIONS 

sbttl " ST9030 registers addresses and contents " 

include "c:\st9\bin\symbols.inc" 

The reader should refer to the file containing the 

declaration of all the bits and registers of the ST9030 

for the symbols used in the following listing . 

. nlist 

;***************************************************************** 
;* This program demonstrates the configuration of ST9 peripherals* 

;***************************************************************** 
;********************** 
;*RAM Declaration* 
;********************** 

prescal_tO := 

val_capt_tO 

nb event tO 

lg_dma 

CPT AD DMA := 
CPT LG DMA .-

ad conv 

IT TO LEVEL 

IT CAD LEVEL 

r2 

.-

.-
rr6 

RR8 

RR8 

:= 

rr4 

rr4 

r3 

4 

6 

;·**************************** 
;*INTERRUPT VECTOR ADDRESSES* 

;**************************** 

CORE IT VECT 

TO IT VECT := 
EXT IT VECT 

ADC IT VECT 

SCI IT 

.-
lOh 

:= 

.-
40h 

;******************* 
;*STACK Declaration* 

;******************* 
SSTACK 

US TACK 
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:= 223 

191 

DOh 

.20h 

30h 

Value of Timer 0 Prescaler 

Value of Timer 0 Capture register 

Number of Timer 0 event 

Length of DMA 

DMA Address Register 

DMA Counter Register 

conversion start address 

Timer 0 priority level 

A/D converter priority level 

Core interrupt vectors 

Timer 0 interrupt vectors 

External interrupt vectors 

A/D.Converter interrupt vectors 

SCI interrupt vector 

System stack address group D C 

User stack address group B 



INITIALIZATION OF THE ST9 

APPENDIX B. EXAMPLES OF ST9 PERIPHERAL CONFIGURATIONS (Continued) 

;******************** 
;*Group number names* 

;******************** 
BKO .- 0 

BK1 1 

BK2 := 2 

BK3 .- 3 

BK4 4 

BK5 .- 5 

BK6 .- 6 

BK7 7 

BKB 8 

BK9 .- 9 

BKA .- 10 

BKB .- 11 

BKC .- 12 

BKD .- 13 

EKE 14 

BKF .- 15 

BK 0 BKO 

BK EDT:= BK2 * 2 

BK CAD:= BK5 * 2 

BK TO BK4 * 2 

BK SCI:= BK6 * 2 

BK F := BKF 

* 2 

* 2 

free user group 

TWD group 

A/D group 

MFTimer 0 group 

SCI group. 

paged registers 

--------------liii ~~~~m~::~~~n 23/43 
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INITIALIZATION OF THE ST9 

APPENDIX B. EXAMPLES OF ST9 PERIPHERAL CONFIGURATIONS (Continued) 

;******************************************* 
;*Declaration of the interrupt vector table* 
;******************************************* 

.text 

WDT IT: 
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.org CORE IT VECT 

; start of program 

Core interrupt vector 
********************** 

.word 

.word 

DIVO ; divide by 0 interrupt vector 

TOP LEVEL IT; Top level interrupt vector 

.org TO IT VECT 

.org TO IT VECT + 4 

.word 

.word 

TO CAP 

TO COMP 

.org EXT IT VECT 

.word TEMPO 

.org ADC IT VECT 

.word RESET START 

.word ADC EOC 

.org SCI IT 

.org SCI IT + 4 

.word 

.word 

REC DATA 

TRA HOLD 

Timer 0 interrupt vector 

*********************** 

unused addresses 

Timer 0 capture interrupt vector 

Timer 0 compare interrupt vector 

External interrupt vector 

************************* 

Watchdog Timer interrupt vector 

ADC interrupt vecto~ 

******************** 

Analog Watchdog interrupt vector 

End of conv. interrupt vector 

SCI interrupt vector 

******************** 
unused addresses 

receiver interrupt 

Transmitter interrupt 



INITIALIZATION OF THE ST9 

APPENDIX B. EXAMPLES OF ST9 PERIPHERAL CONFIGURATIONS (Continued) 

;********************** 
;*Start of main module* 

;********************** 

.org lOOh 

RESET START: 

MAIN: 

ld MODER,#lllOOOOOb 

ld CICR,#lOOOOlllb 

clr FLAGR 

spp #WDT PG 

ld WCR, #wden 

ld EIMR, #0 

ld SSPLR,#SSTACK + 1 

ld USPLR,#USTACK + 1 

call INIT IO 

jxt MAIN 

start of code 

CLOCK MODE REGISTER 

internal stack 

no prescaling 

external clock divided by 2 

CENTRAL INTERRUPT 

CONTROL REGISTER 

priority level = 7 

concurrent mode 

disable interrupt 

watch dog mode disabled, 

no wait states. 

mask all channel interrupts. 

at reset,Global Counter Enable 

bit is active. 

load system stack pointer 

load user stack pointer 

init I/O ports 

include your Main program here 
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INITIALIZATION OF THE ST9 

APPENDIX B. EXAMPLES OF ST9 PERIPHERAL CONFIGURATIONS (Continued) 

;************************************************************** 
;*Configuration of TIMER 0 I/0 pins and A/D Converter I/0 pins* 

proc INIT_IO [PPR] 
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P3.0 (TOINA) P3.2 (TOINB) INPUT TRISTATE TTL 

P3.1 (TOOUTA) P3.3 (TOOUTB) OUTPUT ALTERNATE FUNCTION 

PUSH PULL TTL 

spp #P3C PG 

ld P3COR,#0000llllb 

ld P3ClR,#00001010b 

ld P3C2R,#00000101b 

end of init. P3 

; Port 3 control register page 

INITIALIZATION OF A/D CONVERTOR INPUTS 

P4.7 (AIN7) ALTERNATE FUNCTION OPEN DRAIN TTL 

P4.6 (AIN6) ALTERNATE FUNCTION OPEN DRAIN TTL 

spp #P4C PG 

ld P4COR,#11000000b 

ld P4ClR,#llOOOOOOb 

ld P4C2R,#l1000000b 

end of init. P4 

Port 4 control register page 

INITIALIZATION OF SCI I/0 

P70: Input = Sin. 

P71: AF Sout. 

P72: AF Txclck. 

P73; AF Rxclck. 

spp #P7C_PG 

ld P7COR,#000011llb 

ld P7ClR,#11111110b 

ld P7C2R,#00000001b 

Port 7 control page. 

bit 0 (Sin): IN, TRI, TTL. 

bit 1,2,3 (Sout, Txck, Rxck): AF,PP,TTL. 

Others : OUT,PP,TTL. 



INITIALIZATION OF THE ST9 

APPENDIX B. EXAMPLES OF ST9 PERIPHERAL CONFIGURATIONS (Continued) 

;********************************************* 

;*SECTION CODE FOR THE CORE INTERRUPT ROUTINE* 

;********************************************* 

;*INTERRUPT ROUTINE FOR ZERO DIVISION* 

DIVO: 

nop 

ret 

;*INTERRUPT ROUTINE FOR TOP LEVEL IT* 

TOP LEVEL IT: - -
nop 

iret 

;*INTERRUPT ROUTINE FOR TIMER WATCHDOG INT* 

TEMPO: 

nop 

iret 

--------------~iii ~~~;m~~~~~~ 
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INITIALIZATION OF THE ST9 

APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS 

;*********************** 
;*DEFINE TIMER 0 MACROS* 

;*********************** 

.macroTO START IT start timer 0, enable interrupts 

spp #TOD PG select Timer 0 data register page 

and T_TCR,#ccl counter clear bit 

or T_TCR,#cen counter enable bit 

or T_IDMR,#gtien global interrupt mask 

.endm 

.macroTO START DMA CAP start timer 0, enable interrupts 

and DMA 

spp 

or 

or 

.endm 

.macroSTOP TO 

spp 

and 

and 

.endm 
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#TOD_PG 

T_IDMR,#( gtien 

T_TCR,#cen 

#TOD_PG 

T_IDMR, #gtien 

T_TCR,#cen 

select Timer 0 data register page 

cpOd ) ; global interrupt mask 

; counter enable bit 

stop Timer 0 

select Timer 0 data register page 

global interrupt mask 

counter enable bit 



INITIALIZATION OF THE ST9 

APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS (Continued) 

;************************************************************ 
proc GEST_TO_ITCAPT{ 

;Configuration of Timer 0 for IT CAPTURE 

; TCR: - stop count 

- clear on capture 

- up count 

;TMR: - disable output 

- internal clock 

- disable bivalue mode 
- disable retrigger mode 

- disable REGl mode 

- continuous mode 

- enable REGO mode 

;ICR: - EXTA Trigger 

- falling edge on EXTA 

- EXTB No Operation 

- no operation ;OACR-OBCR: 

;IDMR: 

;DCPR: 

;DAPR: 

;IVR: 

;IDCR: 

- Interrupt on capture REGO 

- reset value 

- DOh 

- Interrupt vector lOh = TO IT VECT 

- level 4 

spp #TOD PG 

ld T_TCR,#01001000b 

ld T_TMR,#00001010b 

ld T_ICR,#01010100b 

ld T_PRSR,prescal_tO 

ld T_OACR,#llllllOOb 

ld T_OBCR,#llllllOOb 

ld T_FLAGR,#OOh 

ld T_IDMR,#OOlOOOOOb 

spp #TOC_PG 

ld TO_DCPR,#OOh 

ld TO _DAPR, #0 

ld TO_IVR,#TO IT VECT 

ld TO_IDCR,#IT_TO_LEVEL 

TO START IT 

Timer 0 data register page 

TCR 

TMR 

ICR 

PRE SCALER 

OACR 

OBCR 

FLAGR 

IDMR 

Timer 0 control register page 

DCPR 

DAPR 

IVR interrupt vector 14h 

priority level 4 

start Timer 0, enable interrupt 
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INITIALIZATION OF THE ST9 

APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS (Continued) 

;********************************************************************* 
proc GEST_TO_EVENT{ 

Configuration of Timer 0 into EVENT COUNTER MODE 

; IT COMPARE is serviced when nb event tO is reached 

;TCR: 

;TMR: 

;ICR: 

;OACR-OBCR: 

;FLAG: 

;IDMR: 

;DCPR: 

;DAPR: 

;IVR: 

;IDCR: 

;COMPO 

- Stop count 

- Up count 

- Clear on compare 

- Disable output 0-1 

- no Bivalue mode 

- no Bicapture 

- Internal clock 

- Disable retrigger mode 

- Continuous mode 

- EXTB Ext.Clock 

- Falling edge on EXTB 

- EXTA I/O 

- No operation 

- reset value 

- IT compare 0 

- OOh 

- OOh 

- interrupt vector lOh TO IT VECT 

- priority level 4 

spp #TOD_PG Timer 0 data register page 

ldw T_CMPOR,nb_event tO 

ld T_TCR,#OOlllOOOb 

ld T_TMR,#OOOOOOlOb 

ld T_ICR,#01000010b 

ld T_PRSR,prescal_tO 

ld T_OACR,#llllllOOb 

ld T_OBCR,#llllllOOb 

ld T_IDMR,#OOOOOlOOb 

COMPO 

TCR 

TMR 

ICR 

PRE SCALER 

OACR 

OBCR 

IDMR 

_aa_M_a ________________________ ~~~~~~~~9n 
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INITIALIZATION OF THE ST9 

APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS (Continued) 

spp #TOC_PG Timer 0 control register page 

ld TO_DCPR, #0 DCPR 

ld TO_DAPR, #0 DAPR 

ld TO_IVR,#TO IT VECT IVR -
ld TO_IDCR,#IT_TO_LEVEL IDCR 

TO START IT 

;********************************************************************* 
proc GEST_TO_DMA{ 

;Configuration of TimerO in IT CAPTURE associated to the DMA mode 

;the length of DMA is given by lg_dma 

;TCR: - Stop count 

- no clear 

- Up count 

;TMR: - disable interrupt 

- no bivalue mode 

- no capture 

- external/internal clock 

- disable retrigger mode 

- continuous count 

; ICR: - EXTA TRIGGER 

- Falling edge on EXTA 

- EXTA no operation 

;OACR-OBCR: - no operation 

- no interrupt, DMA / CAPTURE REGO ;IDMR: 

;DCPR: 

;DAPR: 

;IVR: 

;IDCR: 

- DMA ext. data/program memory- DMA counter 

- DMA external program memory - DMA address 

- interrupt vector lOh = TO IT VECT 

- interrupt dma priority level 4 

spp #TOD PG select Timer 0 data register 

ld T_TCR,#OlOOlOOOb TCR 

ld T_TMR,#00001010b TMR 

ld T_ICR,#01010100b ICR 

ld T_PRSR,prescal_tO PRE SCALER 

ld T_OACR,#llllllOOb OACR 

ld T_OBCR,#llllllOOb OBCR 

----------- llfi SCS·THOMSON 
• 1 •· ~Uii:Gil©rn~rnli:'U'Gil©ltllUII:il\ 
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INITIALIZATION OF THE ST9 

APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS (Continued) 

ld T_FLAGR,#OOh 

ld T_IDMR,#OOlOOOOOb 

spp #TOC PG 

ld TO_DCPR,#CPT_LG DMA 

ld TO_DAPR,#CPT_AD_DMA 

ld TO_IVR,#TO IT VECT 

ld TO_IDCR,#IT_TO_LEVEL 

ldw CPT_LG_DMA,lg_dma 

ldw CPT_AD_DMA,#OffOOh 

TO START DMA CAP 

FLAGR 

IDMR 

select Timer 0 control register 

DCPR lg. DMA = 4ch = rrl2 

= RR76 

DAPR ad. DMA 

= RR72 

IVR 

priority level 4 

init DMA counter 

48h rr8 

DMA address in ROM is OFFOOh 

enable Interrupt. and DMA 

;******************************************************************** 

Example for Timer 0 and Timer 1 in parallel mode 

A Toggle is generated on TOOUTB and TlOUTB on each overflow 

;******************************************************************** 
;****************** 
;initialize TIMER 0 

;****************** 

TIMERO:: 

32/43 

400 

spp #TOD PG 

srp #BK F 

ld t_tcr,#00011000b 

ld t_tmr,#l0001000b 

select timer 0 register page 

select working register 

Counter clear 

Software Up 

Enable output 1 

Disable output 0 

Not bivalue mode 

REG 1 monitor counter value 

REG 0 Capture 

Internal clock 

Retrigger mode 

Continuous mode 



INITIALIZATION OF THE ST9 

.APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS (Continued) 

ld t_icr,#OO No action on input pins 

ld t_prsr,#OO No prescaling 

ld t_oacr,#ll111100b No action on OUTPUTO 

ld t_obcr,#11110100b Toggle on OVF 

ld t_flagr,#OO 

ld t_idmr,#OO 

.macroTO START Start TIMER 0 

spp #TOD_PG 

or t_tcr,#cen 

.endm 

;****************** 
;initialize TIMER 1 

;****************** 

TIMER1:: 

spp #TlD PG 

srp #BK F 

ld t_tcr,#00011000b 

ld t_tmr,#10001100b 

ld t_icr,#OO 

ld t_prsr,#OO 

ld t_oacr,#11111100b 

ld t_obcr,#11110100b 

ld t_flagr, #00 

ld t_icimr,#OO 

select Timer 0 data register page 

counter enable bit 

select timer 1 register page 

select working register 

Counter clear 

Software Up 

Enable output 1 

Disable output 0 

Not bivalue mode 

REG 1 monitor counter value 

REG 0 Capture 

Parallel mode 

Retrigger mode 

Continuous mode 

No action on input pins 

No prescaling 

No action on T10UTA 

Toggle on OVF T10UTB 

--------------~ ~~~~m~m:rr~~~ 33/43 
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INITIALIZATION OF THE ST9 

APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS (Continued) 

.macroT1 START Start 'nMER 1 

spp 

and 

or 

#T1D PG 

t_tcr,#ccl 

t_tcr,#cen 

select Timer 1 data register page 

counter clear bit 

counter enable bit 

.endm 

or CICR,#lOOOOOOOb Global counter enable 

loop 

;********************************************************************* 
INTERRUPT SUBROUTINES FOR TIMER 0 

;********************************************************************* 
;These subroutines are serviced on TIMER 0 Interrupts. They come from: 

TO IT VECT + 4 for both - IT /CAPTURE 

and - DMA IT/CAPTURE end of block 

TO IT VECT + 6 for - IT/COMPARE 

;*********************************************************************** 

TO 

Timer 0 CAPTURE Interrupt subroutine: 

- IT Capture on event on EXTA 

- DMA IT/CAPTURE end of block 

CAP: 

spp #TOD PG 

tm T_FLAGR,#ccpO 

jxz RESET START 

tm T_FLAGR,#ocpO 

jxnz RESET START 

and T_FLAGR,#-cpO 

and T_FLAGR,#-ocpO 

iret 

Timer 0 data register page 

mask successful capture 

this is not an IT CAPTURE 

== Pb 

overrun on Capture 0 ? 

yes == RESET 

reset successful capture flags 

reset overrun on capture 0 flag 

return from interrupt 

34/43 

402 



INITIALIZATION OF THE ST9 

APPENDIX C. EXAMPLES OF TIMER 0 CONFIGURATIONS (Continued) 

;************************************************************************ 
;Timer 0 COMPARE interrupt subroutine: 

- IT / COMPARE 

TO COMP: 

spp #TOD_PG 

tm T_FLAGR,#cmO 

jxz RESET START 

tm T_FLAGR,#ocmO 

jxnz RESET START 

and T_FLAGR,#-cmO 

and T_FLAGR,#-ocmO 

Timer 0 data register page 

mask successful compare 

RESET if it is not 

an IT COMPARE 

overrun on Compare 0 ? 

yes == RESET 

reset successful compare bit 

reset overrun compare 0 bit 

iret return from interrupt 

;******** END OF TIMER 0 CONFIGURATION EXAMPLES ************ 
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INITIALIZATION OF THE ST9 

APPENDIX D. EXAMPLES OF AID CONVERTOR CONFIGURATIONS 

;********************************************************************* 

proc SG_CONV{ 

A/D Converter is configured as follows: 

- one shot conversion 

- power up mode 

- IT upon End of Conversion 

- Start mode 

- Autoscan from channel number AD CONV 

- No INT upon Analog Compare 

spp #ADO PG 

ld AD_CLR,#OOOOOlOOb 

ld AD_CRR,#OOh 

ld AD_ICR,#OOlOOOOOb 

or AD_ICR,#IT_CAD_LEVEL 

ld AD_IVR,#ADC_IT_VECT 

ld rO,ad_ conv 

swap rO 

ref 

rlc rO 

or AD _CLR,rO 

ld RlO, #40 

loop [RlO] { 

nap 

or AD_CLR,#st 

A/D converter register page 

Control logic register 

power up 

Stop 

Single mode 

Channel 0 

Compare result register 

Interrupt control register 

mask analog watchdog 

enable end of conversion 

Priority level = 6 

Interrupt vector register 

AD CONV channel number 

mask for channel number 

start conversion address 

wait 60~s before start the first 

conversion 

start conversion 
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INITIALIZATION OF THE ST9 

APPENDIX D. EXAMPLES OF AID CONVERTOR CONFIGURATIONS (Continued) 

;************************************************************* 
A/D END OF CONVERSION INTERRUPT SUBROUTINE 

ADC EOC: 

spp #ADO PG 

and AD_ICR,#-(ecv I awd) 

and AD_CLR,#-(st I pow ) 

iret 

A/D converter register page 

converter flags 

end of conversion pending flag 

analog watch_dog pending flag 

stop converter 

power down mode 
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INITIALIZATION OF THE ST9 

APPENDIX E. EXAMPLES OF SCI CONFIGURATIONS 

;*********************** 
; SCI 

;constant declarations. 
;*********************** 
PRIORITY SCI 
DIV 9600 

DIV 4800 
DIV 2400 
DIV 1200 

VC 9600 
Return 
LNG DMA SCI 

DEPART DMA SCI 

NUM TDAP 
NUM TDCP 

data 
rec_ptr 

rec_cpt 

:= 
OOdh 
:= 

:= 

:= 
:= 

:= 
:= 

:= 

4 

'78 

156 
312 
614 

4 

OFh 
OAOh 

6 
7 

r2 
rr6 

rr8 

SCI priority level 
BRG divisor for a 9600 baud clock 
with a 12 MHz system clock. 
To generate a 4800 bds clock. 

To generate a 2400 bds clock. 
To generate a 1200 bds clock. 

Character for 9600 bauds. 

DMA length. 
Start DMA address 
BK DMA SCI reserved for this. 

Contains DMA transmit address pointer value. 
Contains DMA transmit address counter value. 

data hold register 

;******************************************************************** 
function: 

- I/O ports initialization. 
- Speed and frame initialization. 
- Compare register initialization. 
- Interrupt and DMA configuration. 

Interrupt request: 

- Receive error. 
- Receiver data. 

- end of DMA transmit. 

inputs: none 

outputs:none 
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INITIALIZATION OF THE ST9 

APPENDIX E. EXAMPLES OF SCI CONFIGURATIONS (Continued) 

;********************************************************************* 
proc !NIT SCI 

;-- Communication format configuration. 

Communication format is configured as follows: 

- 8 data bit transmitted or received character. 
- 1 stop bit included in data format. 

- Parity even. 

- 9600 Baud communication rate. 

SCI configuration. 

- No ~ddress bit included between the parity bit and the stop bit. 
- Address mode: Address interrupt if character match. 

- DMA permits transmission from EEPROM memory to serial line. 

- Receiver data interrupt unmask (to detect a received data item) . 

- Transmitter data interrupt unmask (to detect DMA end of block) . 
- Receiver error interrupt unmask (to detect overrun, parity or framing error) . 

spp 
srp 

ld 

ld 

ld 

ld 

#SCil PG ; SCI register page. 

#BK_F To address SCI registers with r. 
s_brglr,#OO ; Reset SCI 

s_chcr,#( wl8 I sblO 1 pen 1 ep 1 am) 

8 data bit. 

s_ccr,#txclk 

s_acr,#RETURN 

1 stop bit. 

Parity even. 

No address bit. 

AME = 0, AM = 1. 

= IT if character match. 

Xmit clock source = BRG .. 
Receiver clock source = BRG. 

16x asynchronous mode. 

End Of Command acquisition. 
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INITIALIZATION OF THE ST9 

APPENDIX E. EXAMPLES OF SCI CONFIGURATIONS (Continued) 

Interrupt and DMA configuration. 

ld s_ivr,#SCI_IT; Interrupt vector register. 

ld s_tdcpr,#NUM_TDCP ; Tx DMA counter in register file. 

ld s_imr,#( rxdi I rxa I rxe ) 

ld s_idpr,#PRIORITY_SCI 

ld s_brglr,#DIV_9600 

Mask Transmitter data interrupt. 

Unmask Receiver data interrupt. 

Unmask Receiver data error interrupt. 

Unmask Receiver address interrupt. 
Reset of the pending bits. 

Mask transmitter DMA request. 

SCI exeptions priority level. 
BRG divisor for 9600 bauds, start SCI 

! !! with a 24 Mhz external clock, 
! ! ! or 4800 Bds (12 MHz external clock.) 

} ;-- end of proc. 

:********************************************************************* 
SYNC COM: 

proc SYNC COM 

spp #SCil_PG 
srp #BK_F 

ld R#NUM_TDAP,#(DEPART_DMA SCI) 

ld R#NUM_TDCP,#(LNG_DMA_SCI) 
or s_idpr,#txd 

ld s_imr,#txdi 

End of proc. 

DMA pointer initialisation. 

DMA counter initialisation. 

Unmask transmitter DMA request. 
unmask transmitter data interrupt. 

Unmask Transmitter data interrupt. 

Mask Receiver data interrupt. 

Mask Receiver data error interrupt. 

_40_14_3 ___________ l:ii. ~~~~m&~:J?art 
408 



INITIALIZATION OF THE ST9 

APPENDIX E. EXAMPLES OF SCI CONFIGURATIONS (Continued) 

********************************************************************* 
REC DATA: 

REC DATA: 

pushu 

pushuw 

Receive interrupt. 

PPR 

RPP 

spp #SCil PG 
srp #BK SCI 

ld data, S_RXBR 

and data,#07Fh 

ld rec_ptr(rec_cpt),data 

incw rec_cpt 
cpw rec_cpt,#7 

and s _ ISR, #-rxdp 

popuw 

popu 

iret 

RPP 

PPR 

save page pointer. 

save register pointer pair. 

SCI register page. 
16 registers reserved for SCI. 

Read the data received. 

Mask the parity bit. 

Storage of the received data. 

End of the table. 

Reset receiver data pending flag. 

restore register pointer pair 

restore page pointer 
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INITIALIZATION OF THE ST9 

APPENDIX E. EXAMPLES OF SCI CONFIGURATIONS (Continued) 

;************************************************************************* 
TRA HOLD: End of DMA transmitter Interrupt 

Function: 

- Check Interrupt source. 

- Disable DMA mask . 

- Enable Receiver interrupt mask. 

TRA HOLD: 

pushu 

pushuw 

PPR 

RPP 

spp #SCil PG 

srp #BK F 

tm s imr,#txeob 

if 
-

[SETZ] 

bres 

bres 

ld 

else { 

jx 

s txeob 

S txhem 

s imr, #- ( -

RESET START 

end of if. 

popuw 

popu 

iret 

RPP 

PPR 

rxdi I 

save page pointer. 

save register pointer pair. 

SCI register page. 

To address SCI registers with r. 

If a Transmitter End Of Block interrupt. 

Dis. Transmit end of block pending bit. 

Reset transmit holding reg. empty 

rxe) 

Unmask Receiver data interrupt. 

Unmask Receiver data error interrupt. 

Mask Transmitter data interrupt. 

If not a normal interrupt source. 

restore register pointer pair 

restore page pointer 
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INITIALIZATION OF THE ST9 

APPENDIX F. EXAMPLES OF WATCHDOG TIMER CONFIGURATIONS 

;********************************************************************* 
;INIT_WDT: This procedure initializes and starts Watchdog Timer. 

Watchdog mode is disabled. 

Timer will down count in continuous mode. 

It will generate an interrupt on channel AO at each End Of Count. 

See the external interrupt parameters initialization. 

;********************************************************************* 
proc INIT WDT 

spp 

ld 

clr 

#WDT PG. 

wcr,#wden 

wdtpr 

ldw WDTR, #3003 

or wdtcr,#stsp 

};--End of proc. 

To access in paged registers with r. 

watch dog mode dis., no wait states. 

333 ns(sys.clock=12 MHz) min. count, 

prescaler = 0. 

(3003 X 333) ns 1 ms. 

Timer starts down counting. 

Continuous mode. 

Watch Dog disabled. 

Input section disabled. 

Output disabled. 

Interrupt AO on Timer EOC. 

Top Level Interrupt on SW TRAP. 

;**************************************** 
;*Interrupt on channel AO initialization* 

;**************************************** 

spp #WDT PG 

srp #BK_F 

clr eipr 

nop 

ld eivr,#EXT_ IT VECT 

ld eiplr,#OFEh 

ld eimr,#iaOsm 

page 0 reg. direct addressing mode. 

Dis. all external int. pending bits. 

See WARNING (Tech. manual-Chap. 8). 

External interrupt vector. 

IAOS - TLIS = 00 

... AO int. will be on WDT End Of Count. 

Priority level: group INTAO,INTAl 4,5. 

Unmask Interrupt AO channel 

(WDT End Of Count) . 

43/43 

411 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



APPLICATION NOTE 

USING THE 12C-bus PROTOCOL WITH THE ST9 
Myriam Chabaud and Alan Dunworth 

INTRODUCTION 

The Serial Peripheral Interface (SPI) in the ST9 has been designed to handle a wide variety of serial bus 
protocols, including SBUS, IMBUS, and 12C-bus. Certain standard 12C-bus features have not been directly 
implemented in hardware, but may be realized with simple software routines, based on the SPI, contained 
in the standard ST9 core. This Application note gives an example of such routines, suitable for interfacing 
the ST9 with a serial memory device. 

CHARACTERISTICS OF THE 12C-bus 

The 12C-bus comprises two bidirectional lines, one for data signals (SDA) and one for clock signals (SCK). 
Both the SDA and the SCK lines must be connected to the positive supply via pull-up resistors (Figure 1 ). 

Figure 1. Connection of ST24C02 and ST9 in 12C-bus 

V D D 

24M Hz 2.7KO ) 2. 7KO 

±, .. D 

"'' ± ! '""' 
Voo OSCOUT OSCIN 

) 4.7KO 
SDO 1---< VDD 

SDI SDA AO r--

Rst/Vpp ST9 ST 24C02 At 1----< 

A2 1----< 1 OnF 
lO)LF 

.I SCK SCL V s:;(GND) 1----< 

Vss 1---< 

l /} 

VR001543 

Note: Although the ST24C02 2K bit EPROM is shown, this circUit will work with serial EEPROMS up to 16K btt capacity (ST24C16) and all 
others 1n 1he ST24Cxx and ST25Cxx families. 
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USING THE 12C-bus PROTOCOL WITH THE ST9 

The following basic definitions are applied: 

*MASTER: 

The device which initiates the transfer, generates the clock signals, and terminates the transfer is referred 
to as the Master. In our present application the ST9 always acts as the Master. 

*SLAVE: 

This is the device addressed by the Master (always the serial memory). 

*TRANSMITTER: 

This is the device which sends data to the bus. In our application the ST9 acts as Transmitter when it is 
writing data in the serial memory. Conversely, the serial memory serves as Transmitter when the ST9 is 
reading data from memory. 

*RECEIVER: 

This is the device which receives data from the bus. In our application this will be the ST9 when reading 
data, or the serial memory when the ST9 commands a write operation. 

The following protocol has been defined: 

* DATA TRANSFER 

A data transfer may be initiated only when the bus is not busy. 

* DATA LINE STABLE: 

During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in the 
data line while the clock is HIGH will be interpreted as control signals. 

Accordingly, the following bus conditions have been defined: 

Figure 2. Data Transfer Sequence of the Serial Bus 

CLOCK~~ 
I I I I l II I I 

: : I I I II : : 
I I I I I II I I 
I I I I I II I I 

HIGH 

LOW 

I I I I 1 II I I 
I I I I I II I ,.....;.'--- HIGH 

DATA~~~~ l/l i ~~ '·--!----- LOW 
,"-v--", I t---" ~ 

START CONDITION/ /CHANGE OF STOP CONDITION 

*START DATA TRANSFER: 

1 •DATA ALLOWED 
''--y----/' 

DATA LINE STABLE 
DATA VALID 

VR001576 

A change in the state of the data line from HIGH to LOW, while the clock is HIGH, defines the START 
condition. 

* STOP DATA TRANSFER: 

A change in the state of the data line from LOW to HIGH, while the clock is HIGH, defines the STOP 
condition. 

_21_34 _____________ ~ ~~~~m~::~~~ 
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USING THE 12C-bus PROTOCOL WITH THE ST9 

* DATA VALID: 

The state of the data line represents valid data when, after a START condition, the data line is stable for 
the duration of the HIGH period of the clock signal. The data on SDA may be changed during the LOW 

_period of the clock signal. There is one clock pulse for each bit of data. 

* DATA TRANSFER: 

Each data transfer is initiated with a START condition and terminated with a STOP condition. The number 
of data bytes, transferred between the START and STOP conditions, is limited to eight bytes in the ST24C02 
Memory device ERASE+ WRITE mode, and is not limited in the READ mode. 

*ACKNOWLEDGE: 

Each byte of eight bits is followed by an acknowledge bit. This acknowledge bit is a low level put on the 
SDA line by the Receiver. At the same time the Transmitter releases the SDA line to the High impedance 
state, and thE; MASTER device generates an additional 9th acknowledge-related clock pulse. 

The receiving device acknowledges the receipt of the 8-bit byte by pulling the SDA down so that is stable 
LOW during the 9th clock pulse. Of course, set-up and hold-times must be respected. 

The ST9 when acting as a Master Receive device, i.e. during serial memory READ operations, must signal 
an end of data by not generating an acknowledge on the last byte that has been clocked out of the slave. 
In this case the serial memory must leave the SDA line high to enable the Master to generate a STOP 
condition. 

Figure 3. Acknowledgement and the 9th Clock Pulse 

CLOCK PULSE FOR 
START CONDITION ACKNOWLEDGEMENT 

SCLK FROM -----+-_ r-:-'\. r-:-'\. 1 

MASTER l "\...._/ 1 "\...._/ 2 '\___J ~ O 
I II 
I II 
I II 
I II 
1 II 
1 II 

DATA OUTPUT I II 

BY TRANSMITTER~~ 
II 
11 
II 
II 
II 
II 

0 

-------------1:~ DATA OUTPUT 

BY RECEIVER 
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USING THE 12C-bus PROTOCOL WITH THE ST9 

BASIC SOFTWARE OPERATIONS 

The following aspects of the 12C-bus protocol have not been directly implemented but must be simulated 
in software. 

Generation of START Conditions, 

Generation of STOP Conditions, 

Generation of the Acknowledge pulse (9th clock signal), 

Generation of the Acknowledge , when the ST9 acts as a Receiver, i.e. in READ mode. 

Test of the Acknowledge from the receiver, when the ST9 acts as a Transmitter, i.e. in WRITE mode. 

In order to implement these features it is necessary to drive SDA and/or SCK HIGH or LOW in the correct 
timing sequence. 

The SDO and SCK signals are defined as Alternate Functions. These pins are configured with Open-Drain 
outputs and TTL inputs. The SDI signal is defined as an INPUT. 

The SPI unit is enabled or disabled using the flag SPEN, bit 7 in SPICR, the SPI Control Register. 

When the SPI is disabled, both SCK and SDO are released to the High impedance state. The presence of 
Pull-up resistors, as shown in Figure 1, effectively defines both SCK and SDA as HIGH, whenever the SPI 
is disabled. Note however that SDA may be driven low either by the actions of peripherals connected to 
the SDA line, or by appropriate action of the ST9 on the SDO line when it is defined as a normal output. 

When the SPI is enabled (SPEN = "1 "), it may be in either an active or passive state. The active state is 
entered by loading a byte of data into the SPI Data register. This automatically causes the SPI to generate 
a sequence of 8 clock pulses, during which data is shifted out on the SDO line, and input Data on the SDI 
input is clocked into the Serial input register. On completing this sequence the SPI will revert to its passive 
(Rest) mode. 

When the SPI is in its Rest mode, the SCK clock output is in a state selected by CPOL, bit 3 of SPICR. 
Thus with CPOL set to a value of "1" the SCK output will be LOW. The value of SDO will be LOW 
(non-programmable) when the SPI is enabled but inactive. 

If the SPI is enabled and in the Rest (passive) state SDO and hence SDA will be LOW. 

If the SPI is disabled SDOwill be released to HIGH impedance, and hence to the HIGH level by the presence 
of the Pull-up resistor. It may be pulled LOW by loading a Zero into the Port 2 Pin 1 output buffer and then 
specifying this pin as a normal Port output pin. 

Having established these basic preliminaries we can proceed to discuss the provision, by software, of basic 
12C-bus operations. 
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USING THE 12C-bus PROTOCOL WITH THE ST9 

SIMULATION OF BASIC 12C-bus OPERATIONS 

Using the basic operations described in the above Sections the various 12C-bus Protocol features may be 
implemented as follows. 

Generation of START Conditions 

The generation of a START condition is implemented in Procedure INIT _START _r2c (Appendix A). 

a) Disable the SPI unit putting SDA and SCK in the High-impedance state. 

b With the SPI disabled and SCK HIGH, pull the SDO line LOW by respecifying SDI as a normal 
output. 

c) Hold the above condition for a period of -5 11s by calling the DELAI Macro (see Appendix A). 

d) Enable the SPI, specifying SCK to the rest clock state (LOW). 

e) Respecify the SDO output as an Alternate Function. 

Generation of STOP Conditions 

The generation of a STOP condition is implemented in Procedure GEN _STOP (see Appendix A). 

a) Pull the SDA line LOW by respecifying SDO as a normal Port output. 

b) Release l?CK to HIGH by disabling the SPI. Note that SDA will remain LOW. 

c) Hold this condition for -5 !lS using DELAI Macro (see Appendix A) so as tb meet the set-up 
lime specification 

d) Respecify SDO as an Alternate Function and hence allow SDA to be pulled HIGH by the Pull-up 
resistor. 

Generation of 9th Clock Pulse with Acknowledge Test 

After the transmission of 8 Data bits a 9th Clock Pulse may be generated and the Acknowledge tested as 
implemented in Procedure TEST_ACK (see Appendix A). 

a) Release SCK and SDA to the HIGH impedance state by disabling the SPI. 

b) Wait until the SCK line goes HIGH. 

c) Test for LOW on the SDA line placed by the Receiver (Slave). 

d) Hold the SCK line HIGH for 5 !l5 using DELAI Macro. 

e) Force SCK and SDA to LOW by enabling the SPI. 

Generation of 9th Clock and Acknowledge 

After the reception of 8 Data bits a 9th Clock Pulse may be generated and an Acknowledge asserted as 
implemented in Procedure GEN_ACK (see Appendix A). 

a) Pull the SDA line LOW by respecifying SDO as a normal Port output. 

b) Release SCK to HIGH by disabling the SPI. Note that SDA will remain LOW. 

c) Hold the SCK line HIGH for 5 !lS using DELAI Macro. 

d) Force SCK to LOW by enabling the SPI. 

e) Finally respecify the SDO Port pin as an Alternate Function. 

--------------------------~~~~~~~::~ ------------------------~ __ 34 
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TYPES OF TRANSFER OPERATION SUPPORTED 

The ST9 supports the following three types of transfer with an electrically erasable serial memory 
(EEPROM) which features an 12C-bus protocol, e.g. ST24C02. 

Random Write (1 to 8 bytes), 

Random Read (1 to N bytes), 

Current Address Read (or Verify), (1 toN bytes.) 

Random Write Mode 

The seriaii2C-bus protocol for Random Write Operations is shown in Figure 4 (single byte) or Figure 5 (for 
up to 8 bytes). 

Figure 4. 12C-bus Protocol for Random Write Mode (1 byte) 
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Figure 5. 12C-bus Protocol for Random Write Mode (N bytes) 
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To Write a single byte the Master ST9 has to transmit a sequence of 3 bytes representing successively: 

a) Slave Address: 7 bits + 8th bit = "0" signifying Transmit operation. 

b) Word Address: 8 bits. 

c) Data value: 8 bits. 

The ST9 Master generates the START condition and then transmits the sequence of 3 bytes by successively 
loading them into the SPI Data Register. Each such Data load generates a sequence of 8 clocks and 8 
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Data bits, after which the ST9 generates a 9th clock pulse and tests for an Acknowledge from the Slave. 
After the data pulse has been received and Acknowledged by the Slave the Master terminates the transfer 
by generating a STOP condition. 

To Write a page of N bytes (1< N> 8) the MasterST9 has totransmitthe above sequence of 3 bytes followed 
by the remaining N - 1 data bytes. The Slave Device contains an 8-bit address pointer, the 31ow order bits 
of which are incremented by 1 after each Read/Write operation with the 5 high order bits remaining constant. 
Thus a page of up to N = 8 bytes may be written in this way. 

The Transfer sequence proceeds as described above except that the Slave continues to accept data words 
for writing to sequential locations until such time as the Master signals end of Transmission by sending a 
STOP condition. 

Random Read Mode 

The seriaii2C-bus protoc~l for Random Read Operations is shown in Figure 6. 

To Read a single byte the Master ST9 has to transmit a sequence of 3 bytes representing successively: 

a) Slave Address: 7 bits+ 8th bit= "0" signifying Transmit operation. 

b) Word Address: 8 bits. 

c) Slave Address: 7 bits+ 8th bit= "1" signifying Receive operation. 

Figure 6. 12C-bus Protocol for Random Read Mode (N bytes) 
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The ST9 Master generates the START condition and then transmits a dummy Write operation comprising 
the Slave Address byte, followed by the Word Address. Both these byte operations are followed by a 9th 
clock pulse and a concurrent test for Slave Acknowledge. 

At this point the Master Transmitter must become the Master Receiver. This is achieved by sending another 
START condition, followed by the retransmission of the Slave Address with the 8th bit set now to "1" to 
indicate that the subsequent data transfers are from the slave to the ST9 Master. 

From this point on the Slave will provide words addressed in sequence as long as the Master continues to 
Acknowledge receipt of data. Note that the address counter for Read operations increments over all 8 
address bits, thus enabling the entire memory to be Read in one operation. The Master can terminate the 
transfer at any time by generating a STOP condition instead of an Acknowledgement. 

Current Address Read Mode 

In this alternative Read mode the Master reads from memory at the last location referenced in either Read 
or Write mode. 

The seriaii2C-bus protocol for Current Address Read Operations is shown in Figure 7. 

To Read any number of bytes the Master ST9 has to transmit a single byte. 

Device Address: 7 bits +8th bit= "1" signifying Receive operation. 

The ST9 Master generates the START condition and then transmits the Slave Address byte. At this point 
the Master now issues an Acknowledge indicating that it requires additional data. 

From this point on the Slave will provide words addressed in sequence as long as the Master continues to 
Acknowledge receipt of data. The Master can terminate the transfer at any time by issuing a STOP condition 
instead of an Acknowledgement. 

Figure 7. 12C-bus Protocol for Current Address Read mode (N bytes) 
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USING THE 12C-bus PROTOCOL WITH THE ST9 

EEP _MAN: AN 12C-bus PROTOCOL EEPROM MANAGER 

Appendix A contains a detailed Assembler listing of a representative example of an EEPROM manager for 
a device respecting the 12C-bus serial protocol. This example is not intended to be definitive but should be 
taken as illustrative example of the use of the ST9 in such applications. Modifications and extensions, 
depending on the particular application, will readily occur to the Application Engineer, e.g. the use of the 
ST9 stacks as an alternative mechanism for transferring data and parameters between the Manager arid 
the calling program. Note that Appendix A makes use of a number of Macros which are separately listed 
and defined in Appendix C. 

The EEP _MAN/ Calling Program Interface 

A calling program interfaces to EEP _MAN using four registers for calling parameters and a register-file for 
data. 

Parameter/ Transfer-Status Registers 

A call to EEP _MAN is initialized by loading parameter values into three registers, viz. EEP _ FUNCT, EEP ADD, 

and NB _BYTES. The status of a current transfer can be monitored by reading a fourth register, 
STAT_ EEP, in which EEP _MAN records a value giving the status of the EEPROM device. 

EEP_FUNCT Register, R3. 

This register is loaded with one of the following values to specify the mode of data transfer required: 

1: READ FUNCT: Random READ mode. 

2: WRITE FUNCT: Random WRITE mode. 

3: VERIFY FUNCT: Current Address (Verify) mode. 

EEP _ADD Register, RO. 

This register should be loaded with the value of the EEPROM byte starting address for Random 
READ/WRITE operations. For a current address (Verify) operation the contents of this register is a 
Don't-Care value. 

NB_BYTES Register, R6. 

This register should be loaded with the number of bytes, #N, which should be transferred in the operation. 
This value may have a value from 1 to 8 for Write operations, or 1 to 256 for READ operations. 

STAT_EEP Register, R4. 

EEP _MAN loads this register with one of the following values to specify the current EEPROM Status. 

0: EEP OK: The EEPROM is OK. 

1: LECT ON: 

2: VERIF ON: 

3: ECR ON: 

4: NO ACK: 

The EEPROM is reading a byte (random address mode). 

The EEPROM is reading the current byte. 

The EEPROM is programming a byte (random address mode). 

The EEPROM has not Acknowledged a byte transferred from the ST9 

SOh: EEP FREE_ MASK: The EEPROM is available for a new operation. 

9/34 
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Transfer of Data Values 

DATA_ TABLE Register File 

A register-file, starting at R32 and of size #N should be reserved for READNERIFY operations, or loaded 
with data to be transferred to the EEPROM for a WRITE operation. The first byte to be transferred should 
be loaded into register R31+#N, and the last byte should be loaded into register R32. 

EEP MAN Data Transfer Initialization Routines 

After loading the Parameter registers and setting up and, if appropriate, loading the Data table, the calling 
routine tests STAT_ EEP to check that the EEPROM is free, and then calls Procedure EEP _MAN. 

This procedure first saves the byte address counter value, NB _BYTE, specifies the Port 2 pins SDO and 
SCK as Alternate Functions, and SDI as an input, and then calls one of the three main initializing routines 
READ_ EEP, VERIF _EEP, or WRITE _EEP, depending on the value transferred in register EEP _FUNCT. 

These three procedures essentially carry out identical functions. After verifying that the EEPROM is not 
busy, they enable the SPI interrupt, generate a START condition, and transfer the EEPROM device address 
by loading this value into the SPI Data Register, SPIDR. 

Note that the EEPROM Device Address is 7 bits long together with an eight bit which is set to "0" for READ 
or WRITE operations, and set to "1" for VERIFY operations. In addition, a value of "1" is loaded into the 
Transaction Status Register, STAT_ TRANS_ SPI to indicate that the Device Address has been transferred. 
This register is loaded with an appropriate identifying value each time the SPI Data Register is loaded. 

STAT_TRANS_SPI Register, R5. 

This register serves as an internal Status register, used by EEP _MAN and its associated routines, to 
maintain a record of the nature of the current ST9 to EEPROM transfer. 

1: T ADD SLAVE: The EEPROM device address has been transferred. 

2: T ADD EEP: The EEPROM byte address has been transferred. 

3: TRANS_WR_DATA: A WRITE byte has been transferred. 

4: TRANS_RD_DATA: A READ byte has been transferred. 

After initiating a byte transfer by loading the SPI Data Register, SPIDR, a return is made to the calling 
routine. At the completion of the byte transfer (8 SCK clock pulses) the SPI raises an interrupt on channel 
BO (associated to external interrupt INT2). 
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The SPIInterrupt Service Routine 

This routine is called at the termination of the transmission of each byte representing a Device Address, 
Word Address, READ data, or Write data. The action effected by this routine (Procedure IT_ END_ TRANS, 

see Appendix A) depends upon the values contained in the following registers: 

1: STAT_TRANS SPI Register, R5. 

2: STAT_ EEP Register, R4. 

3: NB _BYTES Register, R6. 

4: EEP _FUNCT Register, R3. 

The required action depends on the nature of the previously transferred byte, indicated by the value 
contained in STAT_ TRANS_ sPr. In the case of data byte transfers the next action also depends on whether 
the required number of bytes has been transferred, as indicated by the value of NB _BYTES. 

The organization of IT_ END_ TRANS is illustrated by the flow diagram of Figure 8. This will be described 
by considering in detail the logical flow of events associated with each of the three modes of data transfer. 

Random Write Mode 

Figure 5 illustrates the sequence of byte transfers involved in writing N bytes in Random Write Mode, 
observing the 12C-bus protocol. 

(i) Transmission of Slave Device Address. 

This operation is initiated by Procedure WRITE_ EEP which generates a START condition, loads the Device 
address (with the 8th bit set to 0) in SPIDR, thus initiating the transfer, and then returns to the calling 
program. 

In addition, this routine loads the following values into the Status Registers: 

STAT TRANS SPI 

STAT EEP 

<-1 (#T_ADD_SLAVE) 

<-3 (#ECR_ON) 

(ii) Transmission of Word Address. 

After transmission of the 8 bits of the Device Address, an Interrupt is raised and entry made to Interrupt 
Procedure IT_ END_ TRANS. The logical flow then follows the path AI (refer to Figure 8), as a result of which 
the required random Word address is loaded into SPIDR, so effecting the required byte transfer. 

In addition, this routine loads (or retains) the following values in the Status Registers: 

STAT TRANS SPI 

STAT EEP 

<-2 (#T_ADD_EEP) 

<-3 (#ECR_ON) 

(iii) Transmission of 1st Data Byte. 

After transmission of the 8 bits of the Word Address, an Interrupt is raised and entry made to Interrupt 
Procedure IT_ END_ TRANS. The logical flow then follows the path ACG (refer to Figures 8, 8b), as a result 
of which the 1st Data Byte is loaded into SPIDR, so effecting the required byte transfer. 

In addition, this routine loads (or retains) the following values in the Status Registers: 

STAT TRANS SPI <-3 (#TRANS_WR_DATA) . 

STAT EEP <-3 (#ECR_ON) 
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Figure 8. Flow Diagram of the IT_END_TRANS Interrupt Routine 
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Figure Sa. Flow Diagram of the IT_END_TRANS Interrupt Routine (continued) 
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Figure 8b. Flow Diagram of the IT_END_TRANS Interrupt Routine (continued) 
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Figure 8c. Flow Diagram of the IT_END_TRANS Interrupt Routine (continued) 
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(iv) Transmission of Subsequent Data Bytes. 

After transmission of Byte #M (1 < M < N), an Interrupt is raised and entry made to Interrupt Procedure 
IT END TRANS. The logical flow then follows the path ACFO (refer to Figures 8, Be) as a result of which 
Data Byte #M + 1 is loaded into SPIDR, so effecting the required byte transfer. 

The following values are retained in the Status Registers: 

STAT TRANS SPI <-3 (#TRANS_WR_DATA). 

STAT EEP <-3 (#ECR_ON) 

(v) Transmission of the final Data Byte. 

After transmission of Byte #N, an Interrupt is raised and entry made to Interrupt Procedure 
IT_ END_ TRANS. The logical flow then follows the path ACFN (refer to Figures 8, Be). On this occasion 
the Watch-Dog Timer routine, PROG_DELAY (see Appendix A) is entered to generate a delay equal toN 
x 5 milliseconds to enable the EEPROM to be programmed with the new data values. 

For this purpose the Watch_Dog Timer is initialized in Single Operation, Count-down Mode, and a constant 
value is loaded into the counter appropriate to the required delay. An interrupt is enabled on Channel AO 
for the Timer EOC event, and a return is made to the calling program. 

When the Timer times out, entry is made to interrupt routine TEMPO (see Appendix A). This routine clears 
the AO interrupt pending bit, sets the EEP _FREE_ MASK bit to 1, and returns to the calling program. At this 
point the EEPROM is available again for further data transfers. 

Random READ Mode 

Figure 6 illustrates the sequence of byte transfers involved in reading N bytes in Random Read Mode, 
observing the 12C-bus protocol. 

(i) Transmission of Slave Device Address. 

This operation is initiated by Procedure READ_EEP which generates a START condition, loads the Device 
address in SPIDR (with the 8th bit set to "0"}, thus initiating the transfer, and then returns to the calling 
program. 

In addition, this routine loads the following values into the Status Registers: 

STAT TRANS SPI <-1 (#T_ADD_SLAVE) 

STAT EEP <-1 (#LECT_ON) 

(ii) Transmission of Word Address. 

After transmission of the 8 bits of the Device Address, an Interrupt is raised and entry made to Interrupt 
Procedure IT_END _TRANS. The logical flow then follows the path AI (refer to Figure 8). as a result of which 
the required random Word address is loaded into SPIDR, so effecting the required byte transfer. 

In addition, this routine loads (or retains) the following values in the Status Registers: 

STAT TRANS SPI - -
STAT EEP 

<-2 (#T_ADD_EEP) 

<-1 (#LECT_ON) 

---------------------------- ~~~~~~?~:~~~ _________________________ 1_5_~_4 
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(iii) Retransmission of Slave Device Address. 

After transmission of the 8 bits of the Word Address, an Interrupt is raised and entry made to Interrupt 
Procedure IT END TRANS. The logical flow then follows the path ACH (refer to Figure 8), as a result of 
which the Device address (with the 8th bit set to "1 "), loaded into SPIDR, so effecting the required byte 
transfer. 

In addition, this routine loads the following values in the Status Registers: 

STAT TRANS SPI - -
STAT EEP 

(iv) Read of 1st Data Byte. 

<-1 (#T_ADD_SLAVE) 

<-2 (#VERIF_ON) 

After the retransmission of the 8 bits of the Device Address, an Interrupt is raised and entry made to Interrupt 
Procedure IT END TRANS. The logical flow then follows the path AJ (refer to Figure 8), as a result of 
which a value Of OFFh is loaded into SPIDR, so effecting the required byte transfer from the Slave Memory. 

In addition, this routine loads (or retains) the following values in the Status Registers: 

STAT TRANS SPI - - <-4 (#TRANS_RD_DATA) . 

STAT_EEP <-2 (#VERIF_ON) 

(v) Read of Subsequent Data Bytes; 

After transmission of Byte #M (1 < M < N), an Interrupt is raised and entry made to Interrupt Procedure 
IT END TRANS. The logical flow then follows the path BEL (refer to Figure 8), as a result of which Data 
Byte #M + 1 is loaded into SPIDR, so effecting the required byte transfer. 

The following values are retained in the Status Registers: 

STAT TRANS SPI <-4 (#TRANS_RD_DATA) . 

STAT EEP <-2 (#VERIF_ON) 

(vi) Read of the final Data Byte. 

After transmission of Byte #N, an Interrupt is raised and entry made to Interrupt Procedure IT_ END_ TRANS. 
The logical flow then follows the path BK (refer to Figure 8), as a result of which the STOP condition is 
generated and the EEPROM free bit set in STAT_ EEP. 

_16_~_4 ________________________ ~~~~~~~~'~ ---------------------------
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Current Address READ (Verify) Mode 

Figure 7 illustrates the sequence of byte transfers involved in reading N bytes in Random Write Mode, 
observing the 12C-bus protocol. 

(i) Transmission of Slave Device Address. 

This operation is initiated by Procedure VERIF _ EEP which generates a START condition, loads the Device 
address (with the 8th bit set to "1 ") in SPIDR, thus initiating the transfer, and then returns to the calling 
program. 

In addition, this routine loads the following values into the Status Registers: 

STAT TRANS SPI 

STAT EEP 

(ii) Read of 1st Data Byte. 

<-1 (#T_ADD_SLAVE) 

<-2 (#VERIF_ON) 

After the retransmission of the 8 bits of the Device Address, an Interrupt is raised and entry made to Interrupt 
Procedure IT END TRANS. The logical flow then follows the path AJ (refer to Figure 8), as a result of which 
a value of OFFh is loaded into SPIDR, so effecting the required byte transfer from the Slave Memory. 

In addition, this routine loads (or retains) the following values in the Status Registers: 

STAT TRANS SPI <-4 (#TRANS_RD_DATA) . 

STAT EEP <-2 (#VERIF_ON) 

(iii) Read of Subsequent Data Bytes. 

After transmission of Byte #M (1 M N), an Interrupt is raised and entry made to Interrupt Procedure 
IT_ END_ TRANS. The logical flow then follows the path BEL (refer to Figure 8), as a result of which Data 
Byte #M + 1 is loaded into SPIDR, so effecting the required byte transfer. 

The following values are retained in the Status Registers: 

STAT_TRANS_SPI <-4 (#TRANS_RD_DATA) , 

STAT EEP <-2 (#VERIF_ON) 

(iv) Read of the final Data Byte. 

After transmission of Byte #N, an Interrupt is raised and entry made to Interrupt Procedure 
IT END TRANS. The logical flow then follows the path BK (refer to Figure 8), as a result of which the 
STOP condition is generated and the EEPROM free bit set in STAT_EEP. 
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ILLUSTRATIVE CALLING ROUTINES 

Appendix B contains listing of suitable calling routines to WRITE 4 bytes to the Serial EEPROM or to READ 
6 bytes. Included also in Appendix B are the appropriate ST9 Core System and Peripheral initialization 
routines (see also Reference 1 ). 

These programs make use of the File of ST9 Standard Register and Register Bit Definitions listed in 
Application Note AN411, SYMBOLS.INC. 

It will be noted that the calling routines, after initiating the data transfers, wait in test and branch loops until 
the EEPROM is free. In a practical real-time application this waiting time (>N.5 mS for an N byte WRITE 
transfer) could be used for useful processing. 

REFERENCES 

(1) Application Note 413, "Initialization of the ST9", Pierre Guillemin and Alan Dunworth, 
SGS-THOMSON Microelectronics. 

(2) The "ST9 Technical Manual", SGS-THOMSON Microelectronics. 

-18_13_4 __________ ru SGS·THOMSON 
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Appendix A. EEPROM 12C-bus Manager Routine 

.title 

.sbttl 

.list bex 

.global 

.extern 

" ST9 SPI use with I 2C protocol. 
" EEPROM manager 

January 24 1990 " 
version 2.0 " 

IT END TRANS, TEMPO, EEP MAN 
RESET _"START 

;**************************** 
;*Module Macro Definitions * 
;**************************** 
.library 

.mcall 

"c:\st9\inc\bitmacro.inc" 

ifbit, attbit 

change as required 

.macro DELAI ?loop_var 

ld COUNTER,it03h 

loop_var: 

. endm 

dec COUNTER 
jrnz loop_var 

. macro DIS SPI IT 

.endm 

and EIPR,it-ipbOm 
and EIMR,il-ibOm 

. macro EN SPI IT 

.endm 

and EIPR,it-ipbOm 
nop 
or EIMR, !lib Om 

.macro INIT TRANS READ - -

10 Tcy. 

6 Tcy. 
12 Tcy: A loop = 1.5 fs 
with a 12 MHz system clock . 

Disable SPI interrupt . 
Reset the BO ( SPI interrupt) pending bit. 
Disable SPI channel (BO). 

Enable SPI interrupt . 
Clear request on SPI channel (BO) . 

Enable SPI channel (BO) . 

Initialize SPI register and interrupt 
for read operation. 

ld 
spp 
ld 

STAT TRANS SPI,itTRANS RD DATA ; Initialisation for read operation. 
itO - - - -
SPI_TAMP,itOFFH ; To read the data from the EEPROM. 

.endm 

--------------li;i. ~~~n-:r~~~~ 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

;*********************** 
; Register declarations. 

;*********************** 

EEP ADD 

WRITE DATA 

write data 

READ DATA 

read data 

EEP FUNCT 

STAT EEP 

STAT TRANS SPI 

NB BYTE 

nb_byte 

SPI TAMP 

MEMO NB BYTE 

COUNTER 

DATA TABLE 

;*********************** 
; Constant declarations. 

;*********************** 

ADD EEP W 

ADD EEP R 

SDI MASK 

SCK MASK 

SDO MASK 

RO 

Rl 

r1 

R2 

r2 

R3 

R4 

R5 

R6 

r6 

R7 

R14 

R15 

31 
(1Fh) 

OAOh 

0A1h 

02h 

04h 

08h 

Operation address in the EEPROM. 

Data to be programmed in the EEPROM. 

Data which has been read from the EEPROM. 

Number of bytes to be written 
(maximum 8) or to read. 

The real beginning of the table 
to store data is R20h. 

Address the external EEPROM slave 
for WRITE operation. 

Address the external EEPROM slave 
for READ operation. 

SDI bit 1 of port 2 0 

SCK bit 2 of port 2 0 

SDO bit 3 of port 2 0 

Status of EEP FUNCT register. 

This register is used to indicate the EEPROM manager the 
function to be executed. 

READ FUNCT 

WRITE FUNCT 

VERIF FUNCT 
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1 

2 

3 

Read mode: read after transferring the 
address pointer. 

ie: Read from the current address. 

Write mode. 

Alternate read mode: 

;Read operation without programming 
;the address pointer . 

~ SGS·ntOMSON A."'! I. li\il01t:L'J@I<n.il©1i'Dii@IIJO©iil 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

Status of STAT_TRANS_SPI register. 

This register permits the EEPROM manager (in the SPI interrupt routine) 

... to know the type of the byte which has just been transmitted. 

T ADD SLAVE 1 The eeprom address has been transferred. 

T ADD EEP 2 The operation address has been transferred. 

TRANS WR DATA 3 The data to be written has been transferred. 

TRANS_RD_DATA 4 The data to be read has been received. 

Status of STAT_EEP register. 

This register permits the caller to know the status of the EEPROM. 

EEP OK 0 EEPROM is OK. 

LECT ON 1 EEPROM is reading a byte. 

VERIF ON 2 EEPROM is reading the current byte. 

ECR ON 3 EEPROM is programming a byte. 

NO ACK 4 EEPROM has not acknowledged. 

EEP FREE MASK SOh EEPROM is ready for a new operation ... 

. .. if this bit is equal to 1 . 
. text 

;******************************************************************************** 
EEP MANAGER: EEPROM MANAGER. 

;******************************************************************************** 

proc EEP MAN [PPR] { 

spp #0 

DIS SPI IT 

; Save page pointer. 

ld MEMO NB_BYTE,NB_BYTE; Save NB_BYTE Before decrement for 

switch [ EEP_FUNCT ] { 

case #READ_FUNCT: 

programmation tempo. 

call READ EEP 

case #VERIF_FUNCT: 

call VERIF EEP 

case #WRITE_FUNCT: 

call WRITE EEP 

) ;-- End of switch. 

End of proc. 

J..:fi_ SGS·ntOMSON 
:"f I. L'llD!:iru@lli!.I<@'ITilil@lllO!:$ 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

;******************************************************************************** 

READ EEP: Normal read mode. 
Read of some bytes after setting the slave address. 

;******************************************************************************** 

proc READ_EEP [PPR] 

ifbit STAT_EEP,#EEP_FREE MASK 

call INIT START I 2C 

Test if EEPROM free. 

SPI and related interrupt initialization .. 

to support I 2C protocol ... 

Generate a start condition. 

ld STAT_TRANS_SPI,#T_ADD SLAVE; Slave address will be transferred. 

ld STAT_EEP,#LECT_ON 

ld SPIDR,#ADD EEP W 

} ;-- End of if. 

end of proc. 

A read condition is started. 

EEPROM is not FREE = EEP FREE BIT = 0. 

EEPROM address in write mode to transfer 
pointer. 

;******************************************************************************** 

VERIF EEP: Alternate read mode. 

Read of some bytes without setting the address pointer. 

;******************************************************************************** 

proc VERIF_EEP [PPR] 

ifbit STAT_EEP,#EEP_FREE MASK 

call INIT START I 2 C - -

Test if EEPROM free. 

SPI and related interrupt initialization .. 

to support I 2C protocol ... 

Generate a start condition. 

ld STAT_TRANS_SPI,#T_ADD_SLAVE; Slave address will be transferred. 

ld STAT_EEP,#VERIF_ON A veri£ condition is started. 

ld SPIDR,#ADD_EEP R 

;-- End of if. 

end of proc. 

EEPROM is not FREE = EEP FREE BIT 0. 

EEPROM address in read mode. 

_221_34 _____________ l.fi. ~~~~m~m:O!~:: 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

;******************************************************************************** 
WRITE EEP: Write of some bytes. 

;******************************************************************************** 

proc WRITE_EEP [PPR] 

ifbit STAT_EEP,#EEP_FREE MASK Test if EEPROM free. 

call INIT START I 2C SPI and related interrupt initialization .. 

to support I 2C protocol ... 

Generate a start condition. 

ld STAT_TRANS_SPI,#T_ADD SLAVE; Slave address will be transferred. 

ld STAT_EEP,#ECR_ON 

ld SPIDR,#ADD_EEP W 

;-- End of if. 

end of proc. 

A write condition is started. 

EEPROM is not FREE = EEP FREE BIT 0. 

EEPROM address in write mode. 

;******************************************************************************** 

INIT START I 2C: 

Initialize SPI to support I 2C protocol. 

Generation of a start condition. 

;******************************************************************************** 

proc INIT_START_I 2C [PPR] 

, SPI initialization. 

spp #0 

ld SPICR,#042h 

START condition generation. 

and P2DR,#-SDO_MASK 

spp #P2C PG 

and P2COR,#-SDO_MASK 

SPI and ext. interrupts registers in page 0. 

SPI is Disabled = SDA and SCK in HZ (1) . 

I 2C bus mode is selected. 

SCK frequency # 100 kHz. 

Prepare "0" on output buffer of SDO. 

SDO line in output- SDA line= "0". 

DELAI Wait for start condition hold time. 

spp #0 

or SPICR,#spen 

EN SPI IT 

spp #P2C PG 

or 

;-- End 

P2COR,#SDO_MASK 

Enable SPI. 

Enable SPI interrupt. 

SDO line in AF. 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

;******************************************************************************** 
GEN STOP: Generation of a stop condition. 

;******************************************************************************** 

proc GEN STOP [PPR] 

spp #0 

DIS SPI IT -
and MASK P2DR,#-SDO_ 

spp #P2C PG 

and P2COR,#-SDO MASK -
spp #0 

and SPICR,#-spen 

DE LAI 

spp #P2C PG -
or P2COR,#SDO_MASK 

End 

Disable SPI interrupt. 

Prepare "0" on output buffer of SDO. 

SDO line in output - SDA line "011. 

Disable SPI - Release SCK line - SCK 

Wait for stop condition setup. 

SDO in AF - Release SDA line - SDA 

"ln. 

"1". 

;******************************************************************************** 

GEN ACK: ACK pulse generation, 

and force the SDA line to 0 for Acknowledgement. 

;******************************************************************************** 

proc GEN ACK [ PPR ] 

and MASK P2DR,#-SDO_ 

spp #P2C PG 

and P2COR,#-SDO MASK -
spp #0 

and SPICR,#-spen 

DE LAI 

or SPICR,#spen 

spp #P2C PG 

or P2COR,#SDO_MASK 

' End of proc. 
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Prepare "0" on output buffer of SDO. 

SDO line in output - SDA line "0". 

Disable SPI - Release SCK line - SCK 

Wait for ACK hold time. 

Enable SPI - Force SDA and SCK low. 

SDO line in AF. 

"1". 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

*******************************************************Y************************* 
TEST ACK: ACK pulse generation, 

and check the slave acknowledgment. ' 
;******************************************************************************T* 

proc TEST ACK PPR ] 

and SPICR,#-spen 

attbit P2DR,#SCK_MASK 

ifbitP2DR, #SDI_MASK 

ld STAT_EEP,#NO_ACK 

Release SPI lines in disabling it. 

Wait for SCK going high. 

Check if receiver has acknowledged. 
; (SDA = 0). 

; If no ACK. 

else { If ACK ok. 

DELAI Wait for high period of the clock. 

;-- End of if. 

or SPICR,#spen Enable SPI - Force SDA low. 

} ;-- End of proc. 

;******************************************************************************** 
IT END TRANS: SPI end of transmission interrupt service routine. 

This interrupt is connected to channel BO in the ST9. 

;******************************************************************************** 

IT END TRANS:: 

pushu PPR 

pushuw RPP 

srp #0 

spp #0 

if [ STAT_TRANS_SPI == #TRANS_RD_DATA ] 

;-- A data to be read has been received from EEPROM. 

ld read_data,SPIDR For the next instruction addressing mode. 

ld DATA_TABLE(nb_byte),read_data Save the received data. 

dec nb_byte Number of bytes to be read. 

if [ SETZ ] If the last byte has been read. 

call GEN STOP Gnrate STOP condition in I2C protocol. 

ld STAT_EEP,#EEP_FREE_MASK ; Indicates to the caller than 
;EEPROM is OK and FREE. 

else { 

call GEN ACK 

else 

call 

INIT TRANS READ 

End of else. 

TEST ACK 

ACK pulse generation and force SDA line 
to 0. 

; ACK pulse generation and test EEPROM 
;response .. 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

if [ STAT_EEP ~~ #NO_ACK ] { 

call GEN STOP 

or STAT_EEP,#EEP FREE MASK 

switch [ STAT_TRANS_SPI ] { 

case #T_ADD_SLAVE: 

If no acknowledge from EEPROM. 

Stop generation. 

Indicates to the caller than 
EEPROM is free. 

The slave address has been transferred. 

if [ STAT_EEP ~~ #VERIF_ON ] { 

The slave address has been transmitted for a verif operation. 

} else { 

The slave address has been transmitted for a write or a random read operation. 

ld STAT_TRANS_SPI,#T_ADD_EEP 

spp 

ld 

case #T_ADD EEP: 

#0 

Transfer of the address of 
; the EEPROM operation. 

SPI TAMP,EEP ADD ; To transfer the read 
;or write address. 

;-- The write or random read address has been transmitted. 
#READ _FUNCT ] { 

26/34 

438 

The random read addresss has been transmitted. 

call INIT START I2C ; A start condition is 
; necessary here. 

ld STAT_TRANS_SPI,#T_ADD SLAVE 

The slave address must 
be transmitted again. 

ld SPI_TAMP,#ADD_EEP_R; EEPROM address in read 
mode. 

ld STAT_EEP,#VERIF_ON The next sequence is 
the same than verif 
sequence. 

The write address has been transmitted. 

else { 

spp #0 

ld STAT_TRANS_SPI,#TRANS_WR_DATA 

; Initialisation for transfer 
; of data to be written. 

ld write_data,DATA_TABLE(nb_byte) 

; The first data to programm. 

ld SPI_TAMP,write_data 

} ;-- End of else. 

case #TRANS WR DATA: 

The data to be written has been transmitted. 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

spp itO 
dec 

if 

nb_byte 

[ CLZ 

Number of bytes to write. 

If the last byte has not yet 
been written. 

ld write_data,DATA_TABLE(nb_byte) 

ld SPI_TAMP,write_data 

else { ; If all data have been programmed. 

; Write sequence is finished. 

call PROG DELAY ; Initialise watch dog timer 
;to generate a 5 ms delay. 

call GEN STOP 

) :-- End of else. 

; STOP condition generation. 

) :-- End of switch. 

) :-- End of else. 

;-- End of else. 

popuwRPP 
ld SPIDR,SPI_TAMP 

popu PPR 

iret 

Data to transmit via SPI. 

;******************************************************************************** 

PROG DELAY Initialize the watchdog-timer to generate the delay 

necessary for programmation. 

;******************************************************************************** 
proc PROG DELAY [ PPR l { 

pushuw RPP 
spp itWDT_PG 

srp * (15 * 2) 
ld wcr,itwden 

clr wdtpr 

ldw wdtr, U5015 

while [ CLZ 

addw wdtr,U5015 

dec MEMO_NB_BYTE 

or wdtcr,it( stsp I sc 

l { 

To access in paged registers with r. 

watch dog mode disabled, no wait states. 

To have 333 ns (with system clock = 12 MHz) 
in minimum count, 

prescaler = 0. 

15015 * 333 ns 5 ms. 

5 ms delay is multiplied by 
the number of bytes to programm. 

Timer starts down count~ng. 

Single mode. 

Watch Dog disabled. 
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Appendix A. EEPROM 12C-bus Manager Routine (Continued) 

popuwRPP 

Input section disabled. 

Output disabled. 

Interrupt AO on Timer EOC. 

Top Level Interrupt on SW TRAP. 

;******************************************************************************** 
TEMPO: Interrupt service routine of the watchdog timer end of count. 

This interrupt is connected to the AO channel in the ST9. 

;******************************************************************************** 
TEMPO: 

pushuPPR 

spp itO 
and EIPR,if-ipaOm 

or STAT_EEP,#EEP_FREE_MASK 

popu PPR 

iret 

Reset of WD/Timer EOC interrupt pending 
bit. 

Write sequence is finished. 

_28_13_4 ____________ l..V. ~~~@~~=:~~lf 
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Appendix B. Examples of Calling Programs 

. title " Main example for EEPPROM manager call 

.extern 

.global 
IT_END_TRANS, EEP_MAN, TEMPO 
RESET START 

;************************** 
; Module Macro Definitions. 
;************************** 

.library 

.mcall 
"c:\st9\inc\bitmacro.inc" 

attbit 

;*********************** 
; Register declarations. 
;*********************** 

change if required 

January 24 1990 " 

EEP ADD 
WRITE DATA 

RO 
R1 

Operation address in the EEPROM. 
Data to be programmed in the EEPROM. 

write data r1 
READ DATA R2 
read data r2 
EEP 
FUNCT = R3 

STAT EEP R4 
STAT TRANS SPI RS 
NB BYTE R6 
nb_byte r6 
CPT DELAY RR8 
DATA TABLE 31 

01Fh 

;**************************** 

; INTERRUPT VECTOR ADDRESSES. 

;**************************** 

ORE IT VECT 
EXT IT VECT 

:= 

;****************** 

; START of PROGRAM. 

;****************** 

START PROG := 

;******************* 

; STACK Declaration. 

;******************* 

OOh 
20h 

100h 

Data which has been read in the EEPROM. 

The real beginning of the table to store 
data is R20h. 

Core interrupt vectors 
External interrupt vectors 

start address program 

SSTACK 
US TACK := 

14 * 16 
12 * 16 

- 1 
- 1 

System stack address group D C 
User stack address group B 
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Appendix B. Examples of Calling Programs (Continued) 

;******************************************** 

; Declaration of the interrupt vectors table. 

;******************************************** 

.text 

.org CORE IT VECT 

.word RESET 

.org EXT IT VECT 

.word TEMPO 

.word 0000 

.word IT END 

;********************** 

; Start of main module. 

;********************** 

. org START FROG 

RESET START: 

spp #0 

START 

TRANS 

start of program 

Core interrupt vector 

********************* 
power on interrupt vector 

External interrupt vector 

************************* 
Channel AO for Watchdog Timer. 

Channel Al not used/ 

Channel BO for SPI. 

start of code 

ld MODER,#( sspm I uspml div2m ) ; CLOCK MODE REGISTER 

internal stack 
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no precaling 

external clock divided by 2 

SPI and related I/0 initialization. 

spp #P2C PG 

ld P2COR,#00001110b 

ld P2ClR,#llllll0lb 

ld P2C2R,#00001110b 

spp #0 

ld CICR,#( gcenm I iamm 

spp #0 

srp #(15 * 2) 
clr eipr 

nop 
ld eivr,#EXT IT_VECT 

ld eiplr,#OFBh 

P21 SDI: IN/TRI/TTL. 

P22 SCK: AF/OD/TTL. 

P23 SDO: AF/OD/TTL. 

Others = OUT/PP/TTL. 

cplm ); CENTRAL INTERRUPT CONTROL REGISTER 

priority level = 7 

Nested Arbitration mode 

disable interrupt 

enable counters 

To access page 0 registers 
Disable all the external interrupt 
pending bits. 
See WARNING (Technical Manual - Chapter 8) 
External interrupt vector. 
IAOS - TLIS = 00 = 
Priority level for group INTAO 
INTAl = 6, 7. 
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Appendix B. Examples of Calling Programs (Continued) 

ld eimr,#01 

clr FLAGR 
ld SSPLR,#SSTACK 
ld USPLR,#USTACK 
ld STAT_EEP,#EEP 

ei 

+ 1 
+ 1 
FREE MASK 

Unmask Interrupt AD channel 
(WDT End Of Count) 
( SPI EOT ) . 
bit is active. 
init flag 
load system stack pointer 
load user stack pointer 
EEPROM is free, no function in service. 

;******************************************************************************** 
;Exemple of call to the EEPROM manager to programm 4 bytes from the address OlOh. 

;******************************************************************************** 

begin_write:: 

ld EEP_FUNCT,#WRITE_FUNCT 

ld EEP_ADD,#OlOh 
ld NB _BYTE, #4 
ld R#(DATA_TABLE+4),#78h 

ld R#(DATA_TABLE+3),#49h 
ld R#(DATA_TABLE+2),#10h 
ld R#(DATA_TABLE+l),#94h 

call EEP MAN 

attbit STAT_EEP,#EEP FREE MASK 

nop 

nop 

Function to be executed by the 
EEPROM manager. 
1st address to be programmed. 
Number of bytes to program. 
1st data to programm. 

2nd data to programm. 
3rd data to programm. 
4th data to programm. 

Wait for end of WRITE procedure 
(programming delay also) . 

by the ST9. 
To replace by a JR instruction 
under SDBST9 for DEBUG. 

;******************************************************************************** 
;Example of call to the EEPROM manager to read 6 bytes from the address Ofh. 

;This can be a verification of the last programmation. 
;******************************************************************************** 

begin_read:: 

ld EEP_FUNCT,#READ_FUNCT 

ld EEP_ADD,#Ofh 
ld NB_BYTE,#6 

call EEP MAN 

attbit STAT_EEP,#EEP FREE MASK 

end read:: 

jr end read 

Function to be executed by the 
EEPROM manager. 
Read address in EEPROM. 
Number of data to be read. 

Wait for end of read procedure. 
Here some instructions 
could be executed by the ST9. 
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USING THE J2C-bus PROTOCOL WITH THE ST9 

Appendix C. Module Macro Definitions 

title "BITMACRO.INC 05 December 1989 " 

;******************************************************************************** 
;******************************************************************************** 
; BITMACRO: Macro file allowing bit test like PSEUDO_MACROS programmation, 

; User must declare the macro used in his ST9 source file like the following 
example 

; .library "c:\st9\inc\bitmacro.inc" 

; .mcall ifbit, ifnobit, and so on 

;******************************************************************************** 
;******************************************************************************** 

;******************************************************************************** 
macro-instruction IFBIT: test if a bit is l. 
Parameters: - destination: All addressing mode allowed by 

the''tm*instruction. 
- mask selecting the bit to be tested. 

ex: OOOOOOlOb for bit 1 test. 

! ! ! DO not forget the ")" after instructions executed when the condition is 
TRUE. 

application example 
ifbitdest,mask 

.macro 
tm 
if 

.endm 

ifbit dest,mask 
dest,mask 
[ CLZ ] { ; The bit is set to 1. 

;******************************************************************************** 

;******************************************************************************** 
macro-instruction WHILEBIT: DO WHILE bit is 1. 

Parameters: - destination: All addressing mode used for "tm" instruction. 
- mask selecting the bit to be tested. 

ex: 00000010b to test bit 1. 

application example 
do { 

whilebit dest,mask 
.macro whilebit dest,mask 

tm dest, mask 
J while [ CLZ ; The bit is set to 1 . 

. endm 
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USING THE 12C-bus PROTOCOL WITH THE ST9 

Appendix C. Module Macro Definitions (Continued) 

;******************************************************************************** 
;******************************************************************************** 

macro-instruction IFNOBIT: test if a bit is 0. 
Parameters: - destination: All the addressing mode used for the "tm" 

instruction. 
- mask selecting the bit to be tested. 

ex: 00000010b to test bit 1. 

! !! Do not forget the"}" after instructions executed when the condition is 
TRUE. 

application example 
ifnobit dest,mak 

.macro 
tm 
if 

.endrn 

ifnobit 
dest,mask 
[ SETZ ] ( 

dest,mask 

; the bit is set to 1. 

;******************************************************************************** 
;******************************************************************************** 

macro-instruction WHILENOBIT: DO WHILE bit = 0. 
Parameters: - destination: All the addressing mode used for the "tm" 

instruction. 

application example 
do ( 

whilenobit dest,mak 

- mask selecting the bit to be tested. 

ex: 00000010b to test bit 1. 

.macro whilenobit dest,mask 
tm dest, mask 
} while [ SETZ ; The bit is set to 1 . 

. endrn 

;******************************************************************************** 
;******************************************************************************** 

WAITBIT: waiting for a bit to be 1. 
Parameters: - destination: All the addressing mode used for "tm" 

instruct ion. 
- mask selecting the bit to be tested. 

ex: 00000010b to test bit 1. 

.macro waitbit dest,mask 

.endrn 

do ( 
tm 

} while 
dest,mask 

SETZ ] WAITING for bit 1. 
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USING THE 12C-bus PROTOCOL WITH THE ST9 

Appendix C. Module Macro Definitions (Continued) 

;******************************************************************************** 
;******************************************************************************** 
WAITNOBIT: waiting for a bit· to be a 0. 

Parameters: - destination: All the addressing mode used with the "trn" 
instruction. 

- mask selecting the bit to be testesd. 
ex: OOOOOOlOb to test bit 1. 

.macro 
do 

waitnobit dest,mask 

.endm 

tm 
} while 

dest,mask 
CLZ ] ; WAITING for the bit ~ 0. 

;******************************************************************************** 

34/34 

446 



APPLICATION NOTE 
EXTERNAL DMA MODE 

1/0 DATA TRANSFER SYNCHRONIZED BY TIMER 
Pierre Guillemin 

INTRODUCTION 

ST9 provides a powerful features allowing DMA transfers between 1/0 port and Register file or memory 
spaces (Program/Data memory). Furthermore DMA operations on 1/0 port can be done under handshake 
control and with swap mode capability. 

The DMA transfer between external 1/0 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 O) and 
only one byte transfer is 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 1/0 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 1/0 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 Timer in CAPTURE or COMPARE or both DMA mode 
- two Timer control bits (DCTS and DCTD ) in lnterrupt/DMA Control Register IOCR 
- the Timer On-Chip Event and the handshake /DMA control register of the relevant 1/0 port. 

Please refer to the note for a better understanding of the internal connection between ST9 TIMER and 1/0 
port. 

Note: On ST9030, the On-Chip Event of TIMER 1 controls the handshake function With 1/0 Port 5, the On-Chip Event of T1mer 0 IS 
connected to the Internal tngger of the AID converter. 
On ST9020, the On-Chip Event of TIMER 0 controls the handshake function with 1/0 Port 5. 

On ST9050, the On·Ch1p Event of TIMER 0 controls the handshake function With 1/0 Port 4, the On-Chip Event output of T1mer 1 
controls the handshake function w1th 1/0 Port 5, the On-Ch1p Event of T1mer 3 1s connected to the ~nternal tngger of the AID Converter. 

Furthermore, the Timer's output s1gnals TOOUTA and T10UTA may be software connected respectwely to the same 
Timer's input s1gnals TOlNA and T11NA. 
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DMA ON 1/0 PORT 

TIMER DMA EXTERNAL MODE CONTROL BITS 

To program the Timer and 1/0 port in OMA external mode, user has to set: 
_ two control bits in Timer lnterrupt/OMA Control Register (IOCR) 
- two bits in the 1/0 Connection Register (IOCR) 
- the Timer On-Chip Event and four control bit in the handshake/OMA Control Register (HOCTL) of the 

relevant 1/0 port. 

TIMER CONTROL BITS 

DMA transfer configuration bits 

Two bits located in the Timer lnterrupt/OMA Control Register (IOCR) select the source or the destination of 
the OMA transfer. 

IOCR R243 (F3h) or R247 (F7h) 

lnterrupt/DMA Control Register 

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

7 0 

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

OCTS = "0": The OMA transfer source is the Capture 0 register 

DCTS = "1 ": The DMA transfer source is the 1/0 port 

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

OCTO= "0": The OMA transfer destination is the COMPARE 0 register 

DCTD = "1 ":The OMA transfer destination is the 1/0 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 1/0 port. 

OACR R252 (FCh) 

Output A Control Register 

Page 8 (1 0, 12, 14) Read/Write 
Reset value: xxxxxxOxb 

7 0 

I CEV I 

b1 = CEV: On-Chip Event on COMPARE 0 

CEV = "1 ":On-Chip Event on successful COMPARE 0 event 

~ SliS·THOMSON ------------- ._"!/. ~o«:~©rnn.rnm~©lillD~t:~ --------------
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TIMER CONTROL BITS (Continued) 

08CR R253 (FDh) 

Output 8 Control Register 

Page 8 (1 a,12,14) Read/Write 
Reset value: xxxxxxaxb 

7 0 

I OEV I 

b1 = OEV : On-Chip Event on OVERFLOW/UNDERFLOW 
OEV = "1 ":On-Chip Event on OVERFLOW/UNDERFLOW event 

SC1, SC2: Timer 1/0 Connection bits 

DMA ON 1/0 PORT 

These two bits, located in the 1/0 Connection Register (IOCR), select (or not) an on-chip connection be­
tween input A and output 8 of the same Timer. 

IOCR R248 (F8h) 

1/0 Connection Register 

Page 9 or 13 Read/Write 
Reset value: xxxxxxaab 

7 

b1 = SC1: Select connection odd. 

0 

Selects if connection between TxOUTA and TxiNA for odd timer (x = 1 or 3) is done on-chip or externally. 

SC1 ="a" TxOUTA and TxiNA unconnected 

SC1 = "1" TxOUTA and TxiNA connected 

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

sea= "a" TxOUTA and TxiNA unconnected 

Sea= "1"TxOUTA and TxiNA connected 

~ SGS·THOMSON ------------- .. "'!/. ll:\lllli:~©rn~rn~~©llllli:i\\ -------------
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DMA ON 1/0 PORT 

1/0 PORT CONTROL BITS 

Apart from the three bits used for handshake programing, four bits located in the Handshake/DMA Control 
Register (HDCTL) of the relevant 1/0 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 (F?h) Page 3 Handshake on Port 5 

R243 (F3h) Page 3 Handshake on Port 4 

Read/Write 
Reset value: FFh 

7 

b4 = DEN: DMA enable bit 

DEN = 0: enable the DMA mode on 1/0 port 

DEN = 1 : disable the DMA mode on 1/0 port 

b3 = DD: DMA DATA Direction bit 

0 

DD sets the DMA direction for the DMA transfer on CAPTURE 0 channel 

DD = 0: output data on 1/0 port 

DD = 1: input data from 1/0 port 

b2 = DST: DMA strobe bit 
DST bit selects 1/0 port strobe from internal synchronisation signal or from Timer On-Chip Event. 

DST = 0: Internal synchronization strobe 

DST = 1 : Timer On-Chip Event strobe 

b1 = 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 

~ SCS·THOMSON ------------- A..""'J/. i"l:C~t:\':J©l~~rn~t:v~©l~oll~t:i\l -------------
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TIMER DMA TRANSFER ON COMPARE 0 CHANNEL 

Principle 

DMA ON 1/0 PORT 

This mode, enabled when DCTD (DMA Compare Transaction Destination) bit is equal to "1 ",allows output 
transfer from Register File/memory to an 1/0 port at fixed period. In this mode, DMA direction transferal­
ways outputs Data on 1/0 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 Timer in COMPARE 0 channel DMA mode 
- select the 1/0 port as destination for DMA transfer by setting the OCTO bit in IOCR 
- select the data strobe mode by programming the on chip event (internal data synchronization, 

Timer on chip event data strobe) 
- Program the relevant 1/0 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 
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DMA ON 1/0 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 1/0 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 Trmer 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 Timer in CAPTURE 0 channel DMA mode 
- select the 1/0 port as destination for DMA transfer by setting the DCTS bit (in IOCR) 
_ select the data strobe mode by programming the On-Chip Event (internal data synchronization or 

Timer On-Chip Event strobe) 
- program the relevant 1/0 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 appendix B. 

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

DMA SEQUENCER: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL 

Principle 

This mode, using two DMA channels, allows bidirectional DMA Data transfer between 110 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 T10UTA 
- select 1/0 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 1/0 port by clearing the DEN bit to enable DMA mode, set the DMA transfer des­

tination (DO bit), choose the Data strobe mode (DST bit) and select the Capture 0 DMA channel (DCH bit) 
- internally connect the timer 1 output A (T1 OUTA) on the timer input A (T11NA) by setting SC1 bit in 

1/0 Control Register (IOCR) 
- start the DMA transfer by enabling the Timer count. 

Such a programmation is shown in appendix C. 

----------- Gi_ SCiS·THOMSON 
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DMA ON 1/0 PORT 

Figure 3. Timer DMA Transfer on CAPTURE 0 Channel Principle 
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DMA ON 1/0 PORT 

DATA OUTPUT SYNCHRONIZATION ON 1/0 PORT 

Data Output During an Instruction Execution 

The basic structure of an 1/0 pin shows that an 1/0 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 1/0 Port Pin 

1/0 PIN 

VA00222 

9/30 

455 



DMA ON 1/0 PORT 

OAT A OUTPUT SYNCHRONIZATION ON 1/0 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 1/0 
pin) at the end of each instruction. In input Mode data present on the 1/0 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 1/0 PORT 

DATA OUTPUT SYNCHRONIZATION ON 1/0 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 1/0 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 110 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 1/0 PORT 

DATA OUTPUT SYNCHRONIZATION ON 1/0 PORT (Continued) 

Data Output with DMA "On-Chip Event" Mode 

In this mode, the data synchronization on 1/0 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 1/0 pin when the 
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 1/0 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 pattern table located in program memory (DMA_ TABLE_OUT) and l/0 port 5 (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). l/0 port 5 is configured in 
output in DMA mode (see !NIT _10 subroutine). 
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DMA ON 1/0 PORT 

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

.title "DMA between program memory and I/0 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 COMPARED DMA channel EXT mode 

;**************************** 
;*INTERRUPT VECTOR ADDRESSES* 
;**************************** 

CORE IT VECT 
T1 IT VECT 

CAPT IT VECT 
COMP IT VECT 
T1 LEVEL 
LG DMA 

:= 

:= 

DOh 
10h 

4 
6 
4 
8 

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

AD DMA BR 
LG-DMA-BR 
CMP AD DMA 
CMP-LG-DMA 

:= 
:= 

; Define global references 

48h 
4ch 
RR#AD DMA BR+2 
RR#LG=DMA=BR+2 

Core interrupts vectors 
Timer 1 interruts vectors 

Capture event interrupt address 
COMPARE event interrupt address 
Timer 1 priority level 
length of DMA 

DMA address base register 
DMA counter base register 
Compare DMA address register ptr 
Compare DMA counter register ptr 

.global RESET_START, TIMER_1, INIT_IO, COMPARED, DMA TABLE OUT 

;******************** 
;*Group number names* 
:******************** 

BKC 
BKD := 
EKE 
BKF 
BK F := 

12 
13 
14 
15 
BKF 

;*********************** 
;* Start Timer 1 macro * 
;*********************** 

.macro START T1 
spp - #T1D PG 

* 2 

or T TCR, # ( cen I eel ) 
.endm;****************** 
;*START of PROGRAM* 
;****************** 

START PROG 

;******************* 
;*STACK Declaration* 
;******************* 

SSTACK 
US TACK 
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:= 
:= 

llOh 

BKE * 16 
BKC * 16 

- 1 
- 1 

group F: page registers 

select Timer 0 page 
counter enable bit, clear counter 

start address program 

System stack address group D C 
User stack address group B 



DMA ON 1/0 PORT 

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

******************************************** 
*Declaration of the interrupt vectors table* 
******************************************** 

.text 

.org CORE_IT_VECT 

.word RESET START 

.word DIVO -

.word TOP LEVEL IT 

.org Tl IT VECT 

.org T1 IT VECT + 6 

.word COMPARED 

******************************* 
* Output data table to Port 5 * 
******************************* 

.org lOOh 

DMA_TABLE_OUT: .byte Olh, 02h, 04h, 08h 
.byte lOh, 20h, 40h, SOh 

;********************** 
;*Start of main module* 
;********************** 

RESET_START: 

ld 

ld 

1d 
ld 

call 

call 

.org START PROG 

MODER,#lllOOOOOb 

CICR, #10001111b 

SSPLR,#SSTACK + 1 
USPLR,#USTACK + 1 

TIMER 1 

INIT IO 

START T1 

ei 

;MAIN PROGRAMM 

loop 
wfi 

start of program 

Core interrupt vector 
********************* 
power on interrupt vector 
divided by 0 subroutine trap vector 
Top level interrupt vector 

Timer l interrupt vectors 
************************* 

unused addres 
Timer 1 compare 0 interrupt 

output DMA 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 

Timer 1 initialization in DMA mode 

Port 5 init. DMA mode 

Start Timer 1 

enable all interrupts 
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DMA ON 1/0 PORT 

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

;****************** 
;initialize TIMER l 
;****************** 

proc TIMER 1 

srp 
spp 

ld 

ld 

clr 
clr 

ld 
ld 
clr 

#BK F 
#T1D_PG 

t_tcr,#( ccmpO I udc) 

t_tmr,#O 

t icr 
t=prsr 

t oacr,#( ou nop 
t-obcr,#( cO=nop 
t-flagr 

#T1C PG 

select working register 
select timer 1 register page 

count up 
clear on compare 0 

Disable output B 
Disable output A 
Internal clock 
Countinuous mode 

No action on input pins 
No prescaling 

cO_nop ); No action on OUTPUTO 
ou_nop ); No action on OUTPUT1 

Timer 1 Control page register 
DMA counter register base address 
DMA address register base address 

spp 
ld 
ld 
ld 
ld 
ldw 
ldw 

t1 dcpr,#LG DMA BR 
t1-dapr,#AD-DMA-BR 
t1-ivr,#T1 lT VECT 
t1-idcr,#(-T1-LEVEL I dctd ); DMA compare transaction 
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spp 
ld 

1dw 
ldw 

CMP LG DMA,#LG DMA 
CMP=AD=DMA,#DMA_TABLE_OUT 

Compare DMA counter init. 
Compare DMA addres init. 

Timer 1 Data page #T1D PG 
t_ictmr,#( gtien cmOi cmOd ); Compare 0 INT and DMA 

t regOr,#O 
t-cmp0r,#3ch 

reg 0 
15 !lS 



DMA ON 1/0 PORT 

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

;****************************************************************************** 
COMPARE 0 INTERRUPT ROUTINE 

; DMA Interrupt End of block 
;****************************************************************************** 

COMPARED: 

begin PPR, RPOR, RPlR ] { 

spp 
srp 

and 

ldw 
ldw 
or 

iret 

#TlD PG 
JIBK_F 

t_flagr,JI-( cmO I ocmO ) 

CMP LG DMA,#LG DMA 
CMP-AD-DMA,#DMA TABLE OUT 
t_idmr;JicmOd - -

save page pointer 
save register pointer pair 

Timer 1 data register page 
select group F 

reset successful compare 0 
reset overrun on compare 0 

restart DMA compare 0 channel 

; return from interrupt 

;*******************************************************************\********** 

I/0 port initialization 

proc INIT IO [ PPR { 
;programmation Port 5 in OUTPUT in DMA mode 

spp JIP5C_PG 

76543210 

ld P5COR,JI00000000b 
ld P5C1R,#11111111b 
ld P5C2R,#00000000b 
ld P5DR, #0 

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

ld HDC5R,#{ hsdis I den ddw I demO ) 

; ......................... end init P5 
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DMA ON 1/0 PORT 

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

****************************************************************************** 
SECTION CODE FOR THE CORE INTERRUPT ROUTINE . 

;****************************************************************************** 

;------------------------------------------------------------------------------
INTERRUPT ROUTINE FOR ZERO DIVISION 

;------------------------------------------------------------------------------
DIVO: jx 

ret 
DIVO ; debug loop 

;------------------------------------------------------------------------------
INTERRUPT ROUTINE FOR TOP_LEVEL_IT 

;------------------------------------------------------------------------------
TOP_LEVEL_IT: 

jx 
iret 

TOP_LEVEL_IT debug loop 

_1a_!3_o ___________ lifi. ~~~~£~~~~ 
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DMA ON 110 PORT 

APPENDIX 8: 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 Port 5 on each rising and falling edge of the external 
input clock (see the Timer initialization routine TIMER_1 ). A CAPTURE 0 interrupt (DMA end of block inter­
rupt) resets the successful CAPTURE 0 flag and restarts the DMA transfer. 1/0 Port 5 is programmed in 
output in DMA mode and T11NA in input mode (see I NIT _10 subroutine). 
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DMA ON 1/0 PORT 

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

.title "DMA between program memory and I/0 port 5 with timer l CAPTURE D channel" 

;This program is a small example of using Timer 1 DMA external mode on I/0 port 

;The timer is programmed in CAPTURED DMA channel EXT mode 

;***************~************ 

;*INTERRUPT VECTOR ADDRESSES* 
;**************************** 

CORE IT VECT 
T1 IT VECT 

CAPT IT VECT 

COMP IT VECT 

T1 LEVEL 

LG DMA 

DDh 
1Dh 

Define the DMA pointer reg1ster 

DMA transfer from program memory 

AD DMA BR 48h 

LG DMA BR 4ch 

CPT AD DMA RR#AD 

CPT LG DMA RR#LG -

; Define global references 

DMA BR 

DMA BR 

Core interrupts vectors 
Timer 1 interruts vectors 

CAPTURE event interrupt addres 

COMPARE event interrupt addres 

T1mer 1 pr1ority level 

length of DMA 

DMA address base register 

DMA counter base register 

Capture DMA address register po1nter 

Capture DMA counter register pointer 

.global CAPTURED, TIMER 1, INIT_IO, RESET START, DMA TABLE OUT 

;*Group number names* 
·******************** 

BKC := 12 

BKD .- 13 

BKE .- 14 

BKF 15 

BK F BKF * 2 

;*********************** 
;* Start Timer 1 macro * 
;*********************** 

.macro START T1 

spp #TlD PG 

or T_TCR,#( cen I eel I 

.endm 
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group F: page registers 

select Timer D page 

counter enable bit, clear counter 



DMA ON 1/0 PORT 

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

;****************** 
;*START of PROGRAM* 
;****************** 

START PROG 

;*STACK Declaration* 
;******************* 

SSTACK 

US TACK 

llOh 

BKE * 16 

BKC * 16 

- 1 

- 1 

******************************************** 
*Declaration of the interrupt vectors table* 
******************************************** 

. text 

.org CORE IT VECT 

.word RESET START 

.word DIVO 

.word TOP LEVEL IT 

.org Tl IT VECT 

.org T1 IT VECT +CAPT IT VECT 

.word CAPTURED 

;******************************* 
;*Output data table to Port 5 * 
;******************************* 

.org lOOh 

DMA TABLE OUT: .byte Olh, 02h, 04h, 08h 

.byte 10h, 20h, 40h, 80h 

;********************** 
;*Start of maln module* 
;********************** 

RESET START: 

ld 

ld 

ld 
ld 

.org START PROG 

MODER,#ll100000b 

CICR, #lOOOllllb 

SSPLR,#SSTACK + 
USPLR,#USTACK + 

start address program 

System stack address group D C 

User stack address group B 

Start of program 

Core interrupt vector 
********************* 

Power on interrupt vector 

Dlvlded by 0 trap vector 
Top level lnterrupt vector 
Tlmer 1 lnterrupt vectors 
************************* 

Unused address 

Timer 1 capture 0 interrupt 

Output DMA table 

Start of code 

CLOCK MODE REGISTER 
internal stack 
no prescaling 
external clock divlded 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 
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DMA ON 1/0 PORT 

APPENDIX 8: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued) 

call 

call 

TIMER_l 

INIT IO 

START Tl 

ei 

; MAIN PROGRAMM 

loop 

wfi 

;****************** 
;initialize TIMER 1 
;****************** 

proc TIMER 1 

srp 
spp 

ld 

ld 

ld 

clr 
ld 
ld 

clr 

spp 
ld 
ld 

ld 
ld 
ldw 
ldw 

spp 

#BK F 
#TlD_PG 

t_tcr,#( ccpO I udc ) 

t_tmr,#rmO 

t - icr, # ( ab ti exa:_rf 

t_prsr 
t oacr,#( ou_nop 
t -obcr,#( ou_nop -

t_flagr 

#TlC PG 
tl dcpr,#LG DMA BR 
tl=dapr,#AD=DMA=BR 

cl _nop 
cl _nop 

tl ivr,#Tl IT VECT 
tl-idcr,#(-Tl-LEVEL I dcts 
CPT LG DMA, #LG DMA 
CPT=AD=DMA,#DMA_TABLE_OUT 

#TlD_PG 

cO _nop 
cO _nop 

ld t_idmr,#( gtien I cpOi I cpOd) 
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, 
); 
); 

Timer 1 initialization in DMA mode 

Port 5 init. DMA mode 

Start Timer 1 

enable all interrupts 

select working register 
select timer 1 register page 

count up 
clear on capture 0 

Disable output B 
Disable output A 
Internal clock 
Countinuous mode 
Capture on REGO 

TliNA trigger, TliNB I/0 
TliNA rising/falling edge 

No prescaling 
No action on OUTPUTO 
No action on COMPARE 0 
on OUTPUT! 

sensitive 

Timer 1 Control page register 
DMA counter register base address 
DMA address register base address 

DMA capture transaction source 
Capture DMA counter init. 
Capture DMA addres init. 

Timer 1 Data page 

Capture 0 INT and DMA 



DMA ON 1/0 PORT 

APPENDIX 8: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued) 

;****************************************************************************** 
CAPTURE 0 INTERRUPT ROUTINE 
DMA Interrupt End of block 

;****************************************************************************** 

CAPTUREO: 

begin PPR, RPOR, RPlR 

spp 
srp 

and 

#TlD PG 
#BK_F 

t_flagr,#-( cpO I ocpO 

ldw CPT_LG_DMA,#LG_DMA 

ldw CPT_AD_DMA,#DMA_TABLE_OUT 

or t idmr,#cpOd 

iret 

save page pointer 
save register pointer pair 
Timer 1 data register page 
select group F 

reset successful capture 0 
reset overrun on capture 0 

restart DMA capture 0 channel 

; return from interrupt 

;****************************************************************************** 
I/O port initialization 

proc INIT_IO ( PPR 

;programmation Port 5 in OUTPUT in DMA mode 

spp #P5C PG 

76543210 

ld P5COR,#00000000b 
ld P5ClR,#llllllllb 
ld P5C2R,#00000000b 
ld P5DR, #0 

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

ld HDC5R,#( hsdis I den I ddw I dcpO ) 

; ........................ end init P5 

programmation P3.4 ( TliNA ) in INPUT, TRISTATE, TTL 

spp #P3C PG 
ld P3COR,#00010000b 
ld P3ClR,#OOOOOOOOb 
ld P3C2R,#00010000b 
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DMA ON 1/0 PORT 

APPENDIX 8: CAPTURE 0 CHANNEL IN EXTERNAL MODE (Continued) 

; SECTION CODE FOR THE CORE INTERRUPT ROUTINE 
;****************************************************************************** 

DIVO: 

jx 
ret 

TOP LEVEL IT: 

jx 

iret 
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INTERRUPT ROUTINE FOR ZERO DIVISION 

DIVO debug loop 

INTERRUPT ROUTINE FOR TOP LEVEL IT 

TOP LEVEL IT debug loop 



DMA ON 1/0 PORT 

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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DMA ON 1/0 PORT 

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 output on 1/0 Port 5 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. T1 OUTA, toggled on each COMPARE 0 event, and T11NA 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). 1/0 Port 5 is programmed in output in DMA mode, T11NA in 
input mode and T10UTA in alternate function. 
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued) 

.title "DMA between program memory I/0 port 5 with timer 1 DMA channel synchronization' 

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

;**************************** 
;*INTERRUPT VECTOR ADDRESSES* 
;**************************** 

CORE IT VECT 
T1 IT VECT 

COMP IT VECT 
T1 LEVEL 
LG-DMA 

:= OOh 
10h 

6 
4 
10 

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

AD DMA BR 
LG DMA BR 
CPT AD-DMA 
CPT LG DMA 
CMP AD DMA 
CMP LG-DMA 

; Define global references 

48h 
4ch 
RR#AD DMA BR 
RR#LG-DMA-BR 
RR#AD-DMA-BR+2 
RR#LG=DMA=BR+2 

Core interrupts vectors 
Timer 1 interruts vectors 

COMPARE event interrupt addres 
Timer 1 priority level 
Length of DMA 

DMA address base register 
DMA counter base register 
Capture DMA address register pointer 
Capture DMA counter register pointer 
Compare DMA address register pointer 
Compare DMA counter register pointer 

.global 

.global 
TIMER 1, INIT IO, RESET START, DMA TABLE OUT 
DMA_TIME_TABLE, COMPARED 

;******************** 
;*Group number names* 
;******************** 

BKC 
BKD 
EKE 
BKF 
BK F 

:= 
:= 

:= 
:= 

;*********************** 
;* Start Timer 1 macro * 
;*********************** 

.macro START T1 

#T1D PG 

12 
13 
14 
15 
BKF * 2 

spp 
or T_TCR,#( cen I eel) 

.endm 

·****************** 
' ;*START of PROGRAM* 
;****************** 

START PROG 

;******************* 
;*STACK Declaration* 
;******************* 

SSTACK 
US TACK 

:= 

:= 

200h 

EKE * 16 
BKC * 16 

group F: page registers 

select Timer 0 page 
counter enable bit, clear counter 

start address program 

- l; System stack address group D C 
- 1; User stack address group B 
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DMA ON 1/0 PORT 

APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued) 

******************************************** 
*Declaration of the interrupt vectors table* 
******************************************** 

.text 

.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 COMPARED 

******************************* 
* Output data table on Port 5 * 
******************************* 

.org 100h 

DMA TABLE OUT: .byte OOh, 01h, 02h, 04h, 08h 
.byte 10h, 20h, 40h, 80h, OOh 

;************************************ 
;* Compare 0 channel DMA time table * 
;************************************ 

start of program 

Core interrupt vector 
********************* 

power on interrupt vector 
divided by 0 interrupt vector 
Top level interrupt vector 

Timer 1 interrupt vectors 
************************* 

unused addresses 
Timer 1 compare 0 interrupt 

Output DMA table 

DMA TIME TABLE: .word 1000h, 2000h, 3000h, 4000h, 5000h 
- - .word 6000h, 7000h, 8000h, 9000h, 1000h Compare 0 Time Table 

;********************** 
;*Start of main module* 
;********************** 

RESET_START: 
ld 

ld 

ld 
ld 

call 

call 

.org START_PROG 

MODER,#11100000b 

CICR, #lOOOllllb 

SSPLR,#SSTACK + 1 
USPLR,#USTACK + 1 

INIT IO 

TIMER 1 

START Tl 

ei 

; MAIN PROGRAMM 
loop 

wfi 

END OF MAIN PROGRAM 
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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 

Port 5 init. 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) 

;****************** 
;initialize TIMER 1 
;****************** 

proc TIMER_l 

srp 
spp 

ld 

ld 

ld 

clr 
ld 
ld 

#BK F 
#TlD_PG 

t_tcr,#udc 

t_tmr,#( oeO I rmO ) 

t_icr,#( ab ti 

t_prsr 
t oacr,#( ou_nop 
t=obcr,#( ou_nop 

exa rf 

cl nop 
cl=nop 

clr t_flagr 

spp 
ld 
ld 

#TlC PG 
tl dcpr,#LG DMA BR 
tl=dapr,#AD=DMA=BR 

ld tl_ivr,#Tl_IT_VECT 

ld 
ldw 
ldw 
ldw 
ldw 

tl idcr,#( Tl LEVEL I dcts 
CPT LG DMA, #LG DMA 
CPT-AD-DMA,#DMA TABLE OUT 
CMP-LG-DMA, # ( LG DMA * 2 ) 
CMP=AD=DMA,#DMA_TIME_TABLE 

#TlD PG 
t cmpOr,#O 

select working register 
select timer 1 register page 

count up 

Disable output B 
Enable output A 
Internal clock 
Countinuous mode 
Capture on REGO 

TliNA trigger, TliNB I/0 
TliNA rising and falling edge sensitive 

No prescaling 
cO tog); Toggle on Compare 0 event on TlOUTA 
cO=nop ); No action on COMPARE 0 on TlOUTB 

Timer 1 Control page register 
DMA counter register base addres 
DMA address register base addres 

DMA capture transfer source 
Capture DMA counter init. 
Capture DMA address init. 
Compare DMA counter init. 
Compare DMA address init. 

Timer 1 Data page spp 
ldw 
ld t=idmr,#( gtien I cmOi I cmOd I 

Clear Compare 0 register 
cpOd ); DMA on Capture 0 

; Compare 0 INT and DMA 

;****************************************************************************** 
COMPARE 0 INTERRUPT ROUTINE 

; DMA Interrupt End of block 
;****************************************************************************** 

COMPARED: 

begin PPR, RPOR, RPlR ] { 

spp 
srp 

and 

or 

#TlD PG 
#BK_F 

t_flagr,#-( cmO I ocmO I cpO I ocpO 

t_tcr,#ccl 

save page pointer 
save register pointer pair 

Timer 1 data register page 
select group F 

); Reset successful Compare 0 
Reset overrun on Compare 0 
Reset successful Capture 0 
Reset overrun on Capture 0 
Counter clear 
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APPENDIX C: CAPTURE 0 CHANNEL SYNCHRONIZED BY COMPARE 0 CHANNEL (Continued) 

ldw 
ldw 
ldw 
ldw 
or 

iret 

CPT LG DMA,#LG DMA-1 
CPT-AD-DMA,#DMA TABLE OUT+l 
CMP-LG-DMA,#( (LG DMA~l) * 2 
CMP-AD-DMA,#DMA TIME TABLE+2 
t_~ctmr-;-# ( cpOd T cmOd) restart DMA capture 0 channel 

restart DMA compare 0 channel 

; return from interrupt 

;****************************************************************************** 
I/0 port ~nitial~zatlon 

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

spp #P5C_PG 

76543210 

ld PSCOR,#OOOOOOOOb 

ld P5ClR,#llllllllb 

ld P5C2R,#00000000b 

ld P5DR, #0 

ld HDCSR,#( hsdls I den I ddw I dcpO ) 

; ........................ . end in~t PS 

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

programmat~on P3.4 ( TliNA ) ~n INPUT, TRISTATE, TTL 
programmation P3.5 ( TlOUTA ) in ALTERNATE FUNCTION, PUSH-PULL, TTL 

spp #P3C PG 
ld P3COR,#00110000b 
ld P3ClR,#00100000b 
ld P3C2R,#00010000b 

;****************************************************************************** 
SECTION CODE FOR THE CORE INTERRUPT ROUTINE 

;****************************************************************************** 

INTERRUPT ROUTINE FOR ZERO DIVISION 
;------------------------------------------------------------------------------
DIVO: 

JX DIVO debug loop 

ret 

;------------------------------------------------------------------------------
INTERRUPT ROUTINE FOR TOP_LEVEL_IT 

;------------------------------------------------------------------------------
TOP_LEVEL_IT: 
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JX 
iret 

TOP LEVEL IT debug loop 



APPLICATION NOTE 
STACK OVERFLOW DETECTION 

USING THE ST9 TIMER/WATCHDOG 
Pierre Guillemin 

INTRODUCTION 

In real time applications, the implemention of software protection is not always easy, but allows reaching 
a high security level for the software against malfunction. This is particulary true for in-board applications 
in disturbed environments, such as automotive, power meter or industrial applications. 

To help avoid non-controlled functionality and damage to real time system due to possible perturbations 
on the ST9 microcontoller core and 1/0 ports, a special peripheral able to act as a watchdog is available 
on all ST9 family members: the Timer Watchdog. 

A periodic restarting of the Timer Watchdog by program, associated with the automatic detection of possible 
stack overflow, add to the protection of real time application software. 

This application note shows how to detect stack overflow by using the Timer Watchdog in watchdog mode. 

STACK OVERFLOW DETECTION PRINCIPLE 

Summary of Timer Watchdog Features 

The ST9 core include a 16-bit down counter with an 8-bit prescaler offering the possibility of a watchdog 
mode. This timer, driven by a clock equal to INTCLK divided by 4, is able to provide time periods within 
the range of 333ns to 5.59s (using a 12 MHz internal clock). 

In watchdog mode, the Timer Watchdog generates a fixed time base according to the Timer Watchdog 
registers and prescaler, and to I NTCLK. This time base can be modified on the fly by changing the prescaler 
value. The new value will be taken into account only after an End Of Count event. In watchdog mode, the 
End Of Count occurence generates a system reset. 

In order to prevent the reset, the byte sequence AAh, 55h should be written into the Timer Watchdog register 
Low. Once the writing of 55h has been performed, the timer reloads the prescaler register and the counting 
restarts from this value (the prescaler register value may be modified between two End Of Count events). 

Note 1. For a better understanding of this application note; please refer to the ST9 Technical Manual chapter on the 16-bit 
programmable Timer/Watchdog. 

Note 2. INTCLK: Internal Clock. This clock issued from the oscillator circuitry, divided or not by 2, is the ST9 Internal Clock driving 
the peripherals. The maximum frequency allowed for INTCLK is 12MHz. 

AN421/1292 1/5 
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STACK OVERFLOW PROTECTION 

Stack Overflow Detection 

In many software applications, for example when running on ST9 ROM LESS versions or without external 
memory space, the size of the stack is limited. 

On ST9 devices, the system stack may be located in the Register File or in data memory space. The ST9 
stack pointer moves from the top to the bottom of the stack area. 

A solution to detect stack overflow is to reserve the first two bytes after the bottom of the stack and to store 
in these locations the Timer Watchdog restart value, ie AAh, 55h. 

In the case of stack overflow, the data will be overwritten and thus destroyed and a system reset will be 
generated on the next Timer Watchdog End Of Count. 

Figure 1. Example of Stack overflow detection in Register File 
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STACK OVERFLOW PROTECTION 

SOFTWARE DESCRIPTION 

Stack Initialization 
The following example initializes the system stack in groups D and C of the Register File. 

In the stack management of the ST9, the stack pointer is automatically pre-decremented before the data 
_is stored on the stack. So the expression: 

SSTACK = (BKE * 16) - 1 

defines the first location of the system stack in group D and C within the Register File, while the instruction: 

ld SSPLR,#SSTACK + 1 

initializes the system stack pointer in the system register. The instruction: 

ldw RR#END_SSTACK,#OAA55h 

initializes the first two bytes following the bottom of the system stack with the value used to restart the 
Timer Watchdog. 

Rgure 2. System stack initialisation 

;***************************************************************** 
STACK Declaration and end of stack initialisation 

in RAM space or Register File 
;***************************************************************** 

; Initialisation in Register File 

SSTACK 
LG-SSTACK 
END SSTACK 

:= (BKE * 16) - 1 Sys.stack add.group 
.- 32 Sys.stack length 
.- (BKE * 16) - LG_SSTACK ; Last sys.stack byte 

ld 
ldw 

SSPLR,#SSTACK + 1 
RR#END_STACK- 2,#0AA55h 

; Initialisation in RAM space 

SSTACK 
END-STACK 
essp 

.- 2000h 
:= lOOOh 

rrO 

sdm 
ldw 
ld 
ldw 

SSPR,#SSTACK 
essp,#END_SSTACK 
-2(essp),#OAA55h 

Load sys.stack pointer 
Init end of stack. 

top of sys.stack 
Init end of stack 

; Select data space 
Init End· of sys.stack 

3/5 

479 



STACK OVERFLOW PROTECTION 

Timer Watchdog Programmation 

As an example, the Timer Watchdog is initialized in order to provide a time base of 1 Oms (with a ST9 driven 
by a clock frequency of 24M Hz internally divided by two). To enable the Watchdog mode, the requirement 
is to initialize Timer prescaler and counter, to initialize the Timer Watchdog Control Register with its reset 
value, and then to enable the watchdog mode by clearing the WDGEN bit in the Wait Control Register in 
page 0. Resetting this bit causes the counter to start in Watchdog mode regardless of the start/stop, 
Single/Continuous and input mode bits. 

Figure 3. Timer/Watchdog Initialisation 

;***************************************************************** 
WATCHDOG INITIALISATION 

;***************************************************************** 

proc INIT_WGT[PPR] 

spp 
ld 
ld 
ld 
} 

call 
spp 
ld 
ei 

#0 
WDTPR,#O 
WDTLR,#-30h 
WDTHR,#075h 

INIT WGT 
#0 
WCR, #OOllllllb; 

TWD prescaler register 
TWD Timer counter low 
TWD Timer counter high 

call TWD initialisation 
select page 0 register 
Enable the Watchdog 
Enable Interrupt 

Note3. A bit (DIV2 located in the MODE Register MODER, R235 in the system group) controls the divide by two circUli which 
operates on the OSCIN clock driving the ST9. The maximum Internal Clock (INTCLK) allowable for the ST9 1s 12M Hz. 
This internal clock drives all the ST9 penpherals, while lh1s same clock, optionally slowed down by the ST9 Core clock 
programmable prescaler and by wait cycle insertion, drives the ST9 Core. 
After a reset cycle, the clock frequency applied to the ST9 is divided by two and no Core clock prescaling is done. 

_41_5 ----------- W SCS·THOMSON 
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STACK OVERFLOW PROTECTION 

Timer Watchdog Restart 
This example shows how to restart the Timer Watchdog when the stack is located in Register File or in 
RAM space. In the register file, the two instructions: 

ld WDTLR,#END SSTACK-2 
ld WDTLR, #END:::SSTACK-'1 

load the restart value of Timer Watchdog. 

When the system stack is located in RAM space, a register essp (end of system stack pointer) must be 
used to load the sequence AAh, 55h in the Timer Watchdog counter register low. 

Figure 4. Restarting the Timer/Watchdog 

spp 
ld 
ld 

spp 
sdm 
ld 
ld 
ld 

SUMMARY 

In Register File 

#0 
WDTLR,R#END_SSTACK-2 
WDTLR,R#END_SSTACK-1 

In RAM space 

#0 

essp,#END_SSTACK 
WDTLR,-2(essp) 
WDTLR,-1(essp) 

TWD register page 
Load AAh 

; Load 55h 

TWD register page 
Select RAM space 

End stack pointer 
Load AAh 
Load 55h 

Protection of software against externally generated perturbations can be made by additional test routines. 
This protection can easily be increased by using the ST9 Timer Watchdog bringing software reliability and 
security. With the Timer Watchdog the ST9 programmer may control the software execution. Additionally, 
when restarting the Timer Watchdog from values (AAh, 55 h) located at the bottom of the system stack two 
new securities are added: 

- test of the integrity of the Register File or the RAM space 

- provision of a system reset in the case of stack overflow. 

--------------~ ~~~;~~~:01~:: 5/5 
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INTRODUCTION 

APPLICATION NOTE 
FREQUENCY DOUBLER 

DEMONSTRATION SYSTEM 
Myriam Chabaud and Alan Dunworth 

This Application Note is intended to provide the interested designer of ST9 system applications with a 
further insight into methods of exploiting the powerful capabilities offered by the ST9 chip in conjunction 
with the ST9 Technical Manual (Ref. 3). For this purpose we present full software and broad hardware 
details of a complete system application (Appendices A and B). 

BASIC SPECIFICATION OF A FREQUENCY DOUBLER SYSTEM. 

An analogue signal (speech signal) is sampled at a fixed rate and digitized sample values are stored in 
internal RAM. After a delay period, equal to the period of the lowest frequency component in the input 
signal, the samples are read from RAM at twice the input sampling frequency and converted to analogue 
form by using Pulse Width modulation techniques coupled with external filtering. 

This process is illustrated by the waveforms shown in Figure 1 which show the nature and timing of the 
output signal resulting from sampling and frequency doubling the given input signal. 

USE OF ST9 SYSTEM RESOURCES. 

The demonstration application makes use of the following basic ST9 system resources: 

- AID Convertor 

- Multifunction Timer/Counter 

- Internal RAM (Register File) 

- Input/Output Ports 

The A/D convertor 

One only of the eight available analogue input channels of the ST9 AID Convertor is used in this application. 
The input speech signal, band-restricted by filtering to remove frequency components below a lower, or 
above an upper limit, is fed to the input channel. The AID Convertor is operated in continuous scanning 
mode, each conversion being started by an internal On Chip Event signal generated by the Multifunction 
Timer underflow event. 

AN426 I 1192 1/19 

483 



FREQUENCY DOUBLER 

USE OF ST9 SYSTEM RESOURCES (Continued) 

The Multifunction Timer/Counter 

The Multifunction Timer is operated in continuous mode with count down from a fixed value of 508, each 
underflow resulting in the generation of an On-Chip Event signal and reload of the fixed initial counter value 
(508). The initial count value, prescaler, and clock rate are chosen to give a sampling rate of -?.8kHz. 

Comparison register 1, CMP1, is used to obtain the double sample output rate by successively loading this 
register with the maximum count value (508), and one half the maximum count value (254). In this way 
two CMP1 event pulses, and the related sample output, will be obtained for each Timer count-down period, 
i.e. for each input sampling event. 

Comparison register 0, CMPO, is used to obtain the Pulse-Width Modulated output. This is achieved by 
successively loading this register with a value equal to 508 - S, where S is the sample value, or 254- S. 
Timer output OUT1 is then set to a "one" value by an OVF or CMP1 event, i.e. effectively at count values 
508 or 254, and reset to a "zero" value by a CMPO event. This results in an output pulse train in which the 
output is set to "one" for the period of time it takes for the counter to count down from 508 to (508 - S), or 
from 254 to (254- S). In either case the "ON" period of the output pulse is proportional to the sample value, 
S, (range 0 to 254). 

Figure 1. Illustration of Frequency Doubling 

[Half period' 
I 
I 

INPUT 

Full period of input signal 

Td 

OUTPUT 

VR001551 
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FREQUENCY DOUBLER 

USE OF ST9 SYSTEM RESOURCES (Continued) 

The output signal is delayed by an amount Td relative to the input signal. The minimum input frequency 
must be no lower than 1ffd since there must be at least three zero-crossings during the period Td for correct 
restitution of the double frequency output signal. 

Figure 2 shows the Timing control events with Tr, the output sampling rate equal to Te/2, i.e. the input 
sampling period, Te, divided by two. In addition, it will be noticed how the sequence of values, Thn, the mark 
periods of the output, are controlled by the CMPO values. 

Figure 2.Timer Output Controlled by 3 Counter Events 

I Th1 Th2 I Th3 I 

J I LJ 
cmO cm1 cmO auf cmO cm1 

1: 
Tr Tr J T r ------;•...jl 

Te 
VR001552 

Use of Internal RAM (the Register File). 

The ST9030 has 224 bytes of available internal RAM storage, addressable as registers. Two hundred 
locations have been allocated to the storage of 200 8-bit digitized samples, which leaves 24 register 
locations for the stack or for storage of temporary values. 

The delay of Td, required before output samples can be read out, is equal to the time required to read and 
store 100 samples. During this time there must be at least three zero-crossings for the lowest frequency 
component in the input signal (see Figure 1 ). For a sampling rate of ?.8kHz this defines the minimum input 
frequency to be Fmin -78Hz. 

Use of Port terminals for special input/output. 

Two of the Port pins must be used for the analogue signal input and for the PWM output signal. These pins 
can be initialized for AID input or Alternate Function Output as described in the initialization section. 

--------------~iii. ~~~~m~::Ol~~ 
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FREQUENCY DOUBLER 

ASSOCIATED ANALOGUE CIRCUITRY. 

The sampling frequency, Fe, for the input analogue signal is determined by the Timer parameters to be 
7.8kHz., which, by Shannon's Theorem implies that the maximun input frequency be limited to no more 
than half this value, i.e. 3.9kHz. The input circuit must hence include a low-pass filter to avoid any resultant 
aliasing. 

The input frequency must also be limited at the lower frequency end. This arises because the maximum 
number of samples which can be stored is limited to 200, and furthermore a minimum delay must exist 
between the input signal and the reconstituted, frequency-doubled output. This minimum delay, equivalent 
to the period of the lowest frequency component present in the input signal, in conjunction with the sample 
size limit, implies that the minimum frequency must be no lower than Fe/1 00, i.e. 78Hz. 

Effectively, therefore, the input signal must be fed to the AID sampling input via a Band-Pass filter. In our 
Application, the filter used had -3db cut-off frequencies of 85Hz and 1.5kHz. 

The output signal from the ST9 consists of a PWM pulse train at a frequency of 2xFe. The use of a Low 
Pass filter is hence indicated to recover the required output signal. In our example a high-order Pass-band 
filter with -3db frequencies of 200Hz and 3kHz was used (Appendix A). 

Full details of the design considerations and performance characteristics of the input and output filters do 
not fall within the scope of this short note. 

PROGRAM DETAILS. 

The software associated with this design example comprises the following four components: 

(i) Initialization of ST9 core and on-chip peripherals. 

(ii) The Main Program. 

(iii) The Interrupt routine controlling the input sampling and storage of data (soUND_IN). 

(iv) The Interrupt routine controlling the output of frequency-doubled samples (SOUND_ ouT). 

Core Initialization. 

The ST9 is initialized in the following manner: 

(i) The User and System Stacks are set up in Internal RAM, 

(ii) The Internal Clock frequency is set to 12MHz, 

(iii) The Priority level of the RESET interrupt is set to 7 

Initialization of the Input/Output Ports. 

Two lnpui/Outputs only are required, corresponding to the Analog input and output. The corresponding 
Port pins are initialized either as an AID input or as an Alternate Function output, i.e. they are linked to ST9 
internal signals, as follows: 

(i) TOOUTB: Output 8 from Timer 0, 

This output was chosen as it can be activated by the CMPO event of Timer 0 

(ii) AIN7: Input No. 7 of the AID Convertor 

Note: only the one (out of 8 possible) analogue entries is used. 

_41_1_9 _________________________ ~~~~~~~~:oo~~ ----------------------------
486 



PROGRAM DETAILS (Continued) 

Initialization of the A/D Convertor. 

*the software activation bit is set to disable, 

* an AID Conversion is triggered by an OCE (On-Chip Event), 

'*the Interrupt Vector Address is set up at Table Address 20h in EPROM, 

*the Analog Watch-Dog Interrupt is disabled, 

* the Interrupt generated by "End of Conversion" is validated. 

Initialization of the Timer/Counter. 

Timer 0 is initialized as follows: 

* Count-down mode is selected, 

* Continuous Sampling Mode is enabled, 

*the internal Clock is selected (4MHz). 

* Output, OUTB is: 

. initialized to 1 

. Set to 0 by the CMPO event, 

. Set to 1 by the CMP1 and OVF events, 

*the OCE signal is generated on Counter Underflow, 

*the Vector Interrupt Address is specified as 30h in EPROM 

* the Interrupt Priority level is set to 6. 

MAIN PROGRAM 

FREQUENCY DOUBLER 

The Main program, (see Appendix B for a full listing), is automatically entered on System Reset since the 
address, 38h, has been loaded in the Interrupt Vector Table at locations 0 and 1. Program Main first initializes 
the Clock, stacks, Multifunction Timer 0, AID Convertor, and Ports, using the sub-routine peri ph_ ini t. 
The RAM table pointer is initialized together with pointers and counters which are used to record the number 
of input waveform zero-crossings, and the number of times the output waveform has been repeated (N.B. 
there are two repeated output periods for each complete input period). 

At this point the Timer o start Macro is executed which causes the counter to start counting down 
towards zero from an initial value of 508. Each time the counter clears to zero an On-Chip Event signal will 
be generated internally in the ST9 chip which will initiate the next AID input sample conversion. 

The main program loops around label "here" and the two following statements until such time as 100 input 
samples have been acquired, as indicated by equality between cpt_in, the input sample counter and 
#ptr _may (64 Hex). The main program then proceeds to set bit 1 in working register 10 (myflags.1 is 
equivalent to the start out flag in Figure 3). 

From this point on the Main program loops around the statements following "there" until such time as a 
System Reset is applied. Each TimerO OCE pulse initiates an input sample conversion, and each successful 
CMPO comparison event initiates an output sample, these two operations being effected by the Interrupt 
subroutines souND_ IN and souND_ ouT, respectively. 

The overall working of the Main program may be readily visualized by reference to Figure 3. 
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FREQUENCY DOUBLER 

THE SOUND_IN INTERRUPT ROUTINE. 

The organization of the SOUND_ IN routine is illustrated by the flow-diagram of Figure 4, and the program 
details are shown in Appendix B. 

This routine is entered whenever the A/D Convertor raises an End of Conversion Interrupt, and will thus 
occur shortly after the OCE pulse produced by Timer 0 counting down to zero. 

After saving the current CPU context (working register pointer and page registers) and selecting the A/D 
system register page, this routine loads the current input sample into RAM, resetting the RAM table pointer 
if the end of Table has been reached. 

The routine then resets the Timer interrupt pending flags and exits after restoring the CPU context. 

Figure 3. Flow Chart of the Main Program Figure 4. Flow Chart of the SOUND_IN Routine 

MAIN 

Entered on 

System RESET 

_61_19 __________________________ ~~~~~~~~:~~ 
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End of conversion (EOC) 
from the A/D convertor 
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SOUND_IN Interrupt 

routine 

Set RAM pointer to ZERO 
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FREQUENCY DOUBLER 

THE SOUND_OUT INTERRUPT ROUTINE. 

The organization of the SOUND_ OUT routine is illustrated by the flow-diagram of Figure 5, and the program 
details are shown in Appendix B. 

Figure 5. Flow Chart of the SOUND_OUT Routine 

CMPO successful 

VR001555 
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FREQUENCY DOUBLER 

THE SOUND_OUT INTERRUPT ROUTINE (Continued) 

This Interrupt routine is entered after each successful CMPO comparison, i.e. at the conclusion of the "ON" 
period of the output pulse train (refer to Figure 2). 

After saving the current context (working register pointer and page registers) and specifying a set of current 
working registers, this routine tests to see whether at least 100 samples have been accumulated since the 
last System Reset. If this is not the case an immediate exit is made by means of a branch to end_ out. 
Otherwise the routine proceeds by copying the current output sample value into working registers r8 and 
r9, These registers comprise respectively the higher and lower components, tamph (normally zero) and 
tampl, of the 16-bit extended version (tampw) of the basic 8-bit sampled input value. 

The next step is to establish whether a zero-crossing has occurred. This is established if the "zero" value 
(actually "zero" equals the mid-range value of 128) lies between the values of the current and the previous 
sample values. If a zero-crossing has occurred a further test is made to establish whether this is the first 
or second such zero-crossing, i.e. whether we have encountered the end of an input sample half- or 
full-period (refer to Figure 1 ). If the end of a complete period has been reached a further test is made to 
see if this complete period has been outputted once, in which case a further copy of the same period is 
required, or twice, in which case we can proceed to the next input period. The appropriate counter values 
are updated and a branch is made to next_sample. 

At this point the sample value is saved for the next zero-crossing test, and the value of the register, CMP1 
is loaded with 508 or 254 as appropriate. 

Register CMPO is then loaded with a value of 508 - S, or 254 - S, where S is the current sample. The 
appropriate choice for the CMP1 and CMPO values is made on the basis of whether the previous CMP1 
value was 508 or 254. In the former case (508) CMP1 is loaded with 254, and CMPO with 254- S. In the 
latter case (254) CMP1 is loaded with 508 and CMPO is loaded with 508- S. 

Finally the Timer 0 pending event flags are reset, the CPU contest is restored, and exit made by the IRET 

instruction. 

REFERENCES 

(1) Application Note AN413, "Initialization of the ST9", 
Pierre Guillemin and Alan Dunworth, SGS-THOMSON, Rousset. 

(2) "ST9 Technical Manual", 
SGS-THOMSON Microelectronics. 

(3) Application Note AN411, "SYMBOLS. INC, ST9 Register Address and Content Names", 
Pierre Guillemin, SGS-THOMSON Microelectronics. 
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APPENDIX A. CIRCUIT SCHEMATICS 

Figure 6 . Frequency Doubler Demonstration System Overview 
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FREQUENCY DOUBLER 

APPENDIX A. CIRCUIT SCHEMATICS (Continued) 

Figure 7. Input Stage Overview 
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Figure 8. Output Stage 

Note 1: This value must be generated 
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FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (for ST9030) 

;*************************************************************************** 

ST90E30 DEMOBOARD 

DEMO.ST9 

;*************************************************************************** 

; REGISTER DEFINITIONS 

;********************* 

memo_sample 

pos zc 

cpt_zc 

cpt_out 

cpt_in 

my flags 

tampl 

tamph 

tampw 

tamp_sub 

cpt_repeat 

sys_stack 

ROC7h 

;********************* 
; CONSTANTS DEFINITION 

;********************* 

work_reg_pageO 

work_reg_pagel 

max count 

mid count 

zc value 

table 

r15 

rl4 

r13 

rl2 

rll 

rlO 

r9 

r8 

rr8 

rr6 

r5 

OD4h 

RODFh 

RODEh 

RODDh 

RODCh 

RODBh 

RODAh 

ROD9h 

To detect a zero crossing. 

The first sample location of a period. 

Zero Crossing counter . 

To scan table in output. 

To scan table in input. 

My 8 flags. 

ROD8h 

ROD8h-ROD9L 

ROD6h-ROD7h 

Period repeat counter. 

! ! ! system stack is limited by bank 0 registers. 

The end of the system stack. 

(0Dh*2) 

(0Dh*2)+1 

508 ; The maximum count of timer 0. 

(max_count/2) 

07Fh 

ROC8h 

OOh 

To detect a zero crossing. 

The last register of table. 

The first register of table. 

---------------~ ~~~~~~::ij~~ 11/19 
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FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (Continued) 

ptr_moy 100 ; The middle of the table. 

ptr_max 200 Table contains 200 registers. 

Input signal frequency min = 100 Hz 

p _debug R229 Port 5 is used for debug. 

ad vect 020h Start of A/D vector table. 

tO vect 030h Start of Timer 0 vector table. 

tO _cmp_vect 036h Timer 0 compare event interrupts. 

; Flags of MYFLAGS register. 

·---------------------------' 
start out 1 ; 1 => sound output can begin with the 100 

; first samples in table. 

mask start out (1<-start_out) 

;****************** 

; MACROS DEFINITION 

;****************** 

.macro tOstart 

spp #TOD_PG 
or 

or 
.endm 

T_IDMR,#gtien 
T_TCR,#cen 

.macro tOstop 

spp #TOD PG 

and T_TCR,#-cen 

and T_IDMR,#-gtiem 
.endm 

TO Global interrupt mask disabled. 
Counter enabled. 

Counter disabled. 

TO Global interrupt mask enabled. 

_12_1_19 _________________________ ~~~~~~~~:~~~ ----------------------------
494 
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APPENDIX B. PROGRAM LISTING (Continued) 

******************* 
; INTERRUPT VECTORS 

;****************** 

power_on:: 

.text 

.word 

.word 

. org ad_ vect 

.word 

.word 

main 

main 

main 

sound in 

.org tO cmp_vect 

.word sound out 

;************* 
; MAIN PROGRAM 

;************* 

main:: 

ld MODER,#lllOOOOOb 

ldw SSPR,#sys stack 

spm 

spp #WDT_PG 

ld wcr, #wden 

ld EIMR,#O 

srpO #work_reg_pageO 

srpl #work_reg_pagel 

call periph_init 

clr cpt_in 

RESET vector. 

Divide by 0 vector. 

Analog Watchdog Request not used. 

A/D End Of Conversion Request. 

Compare 0 of timer 0 request. 

Ext clock prescale by 2. 

Internal system and user stacks. 

System stack pointer. 

Data memory selected. 

Watch dog mode disabled, no wait states. 

Mask all channels interrupts. 

At reset, Global Counter Enable bit is active 

Initialization of ports, timerO, ADC. 

To input samples in table. 

13/19 
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FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (Continued) 

clr cpt_out 

ld cpt_repeat,#2 

ldw tampw,#381 

clr memo_sample 

clr myflags 

ei 

tOstart 

here:: 

cp cpt_in,#ptr_moy 

jrne here 

bset myflags.l 

there:: 

wfi 

jr there 

;**************** 
; INITIALIZATIONS 

;**************** 

peri ph _init:: 

14/19 

TO OUTB. 

spp #P3C PG 

ld P3COR,#00001000b 

ld P3ClR,#Offh 

ld P3C2R, #0 

AIN7 input. 

spp #P4C_PG 

ld P4COR,#10000000b 

ld P4ClR,#llllllllb 

ld P4C2R,#l0000000b 

To output samples from table. 

Period repeat counter. 

The first value. 

TO ,in PWM mode, will effect D/A conversion. 

To permit output of the 100 first samples. 

port3: b3:af,pp,ttl. 

others:out,pp,ttl 

port4: b7:af,od,ttl. 

others:out,pp,ttl 

~ Sl:iS·THOMSON 
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496 



FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (Continued) 

timO init ******************************************* 
d/a 8 bit in pwm 

outB is preset to 1. 

set by OUF and CMP1. 

reset by CMPO. 

prescale=O,continuous mode. 

On Chip Event (OCE) generated by OUF. 

sound_out interrupt generated by CMPO. 

;****************************************************** 

init tO:: 

spp #TOD_PG TO data page 

(Xtal clock I 6) => 4 MHz (at reset). 

srp #(15*2) To access bank F with "r" addressing mode. 

ldw t_regOr,#max_count 

ldw t_cmp1r,#max_count 

508 counts at 4MHz => 127 micro sec. (7.8 kHz). 

CMP1 value will change for 

ldw t_cmp0r,#(381) 

ld t_tcr,#OOOOOOOOb 

ld t_tmr,#10000000b 

ld 

ld 

ld 

t_icr,#O 

t_oacr,#11111101b 

t_obcr,#10000011b 

ld t_idmr,#00000100b 

spp #TOC_PG 

ld tO_ivr,#tO_vect 

ld tO_idcr,#OC6h 

4 times between 2 acquisitions. 

508 - 127. 

Timer 0 stops, software down count. 

OUTB enabled, OUTA disabled. 

Retrigger mode enabled. 

Continuous mode selected. 

Nop on inputs. 

OUTA is disabled. 

OUTB is preset to 1,reset by cmpO, 

OUTB is set by ouf and cmp1. 

OCE (a single pulse) is generated by ouf. 

Flags register is cleared at reset. 

Only cmpO interrupt will be enabled. 

Timer 0 control page. 

Timer 0 interrupt vector table. 

Priority level 6. 

15/19 
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FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (for ST9030) (Continued) 

A/D converter ************************************************************ 

speech or sound input 

Start Conversion is triggered by On Chip Event signal (OCE) . 

ADC frequency= 7.8 kHz. 

Continuous scanning channel 7. 

Interrupt on End Of Conversion (EOC) . 

;*************************************************************************** 

init ad:: 

spp #ADO PG 

ld AD CLR,#11001100b 

ld AD_IVR,#ad_vect 

ld AD_ICR,#00100110b 

ret 

16/19 
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OCE starts conversion (single mode) . 

Power up, only the channel 7 is converted. 

Vector pointing the A/D int. routine starting 
address. 

Enables the End Of Conversion interrupt request. 

Masks the Analog Watchdog interrupt request. 

Priority level 6. 



FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (Continued) 

************************************************** 
Sound acquisition routine. 

Called by A/D End Of Conversion. 

A/D EOC occurs every 127 j.lS (Fin = 7. 8 kHz) 

digital value-> table(cpt_in), 

************************************************** 

sound in:: 

pushw RPP 

push PPR 

srpO #work_reg_pageO 

srp1 #work_reg_page1 

spp #ADO PG 

ld tampl,AD_D6R 

ld table(cpt in),tampl 

inc cpt_in 

cp cpt_in,#ptr_rnax 

jrne skip_cpt in 

clr cpt in 

skip_cpt_in:: 

and AD_ICR,#-(awd+ecv) 

pop PPR 

popw RPP 

iret 

Register pointer pair. 

Page pointer register. 

Selects the Working registers bank 0. 

Selects the Working registers bank 1. 

ADC page. 

Load sample (from A/D data register) 
in RAM table. 

When the end of the table is encountered. 

Reset of the request flags. 
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FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (Continued) 

;************************************************************************* 
sound generation routine. 

called by cmpO of timer 0. 

this routine will be executed every 64 micro sec. 

cmpO register of timer 0 is here initialized for D/A conversion in PWM mode. 

************************************************************************ 

sound out:: 

pushw RPP 

push PPR 

spp #TOD_PG 

srpO #work_reg_pageO 

srpl #work_reg_pagel 

Register pointer pair. 

Page pointer register. 

tern myflags,#mask_start_out 

jrne end out 

clr tamph 

ld tampl,table(cpt_out); Load sample value from table. 

-------- test if zero crossing. 

cp memo_sample,#zc_value 

jrmi small ; If memo_sample < zc value. 

cp tampl,#zc_value 

jrpl end zc 

jr end test zc 

If tamp and memo_sample > zc_value. 

If tamp > zc value and memo_sample < zc value 

small:: 

cp tampl,#zc_value 

jrmi end zc If tamp and memo_sample < zc value. 

; -------- there is a zero_crossing. 

end test zc:: 

djnz cpt_zc,end_zc Test if it's the second zero crossing. 

ld cpt_zc,#2 To count again 2 zero crossing. 
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FREQUENCY DOUBLER 

APPENDIX B. PROGRAM LISTING (Continued) 

djnz cpt_repeat,again 

ld cpt_repeat,#2 

ld pos_zc,cpt_out 

jr end zc 

again:: 

ld cpt_out,pos_zc 

Period repeat counter. 

Save the zero crossing position. 

; Load the zc position to repeat a period. 

. --------
' zero crossing has been treated. 

end zc:: 

inc cpt_out 

test_cpt_out:: 

cp cpt_out,#ptr_max 

jrne next_sample 

clr cpt_out 

next_sample:: 

ld memo_sample,tampl Save the sample for the next zero crossing test. 

subw T_CMPlR,#mid_count 

jrne init_cmpO 

ldw T_CMPlR,#max_count 

init_cmpO:: 

ldw tamp_sub,T_CMPlR 

subw tamp_sub,tampw 

ldw T_CMPOR,tamp_sub 

end out:: 

clr T FLAGR 

pop PPR 

popw RPP 

iret 

The next value to set OUTOB. 

The next value to reset OUTOB. 

Resets the timerO event flags. 

____________ ~ SCS·THOMSON 
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Tel (49-511) 615960-3 
Teletex 5118418 CSFBEH 
Telefax (49-511) 6151243 

8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel· (49-911) 59893-0 
Telefax (49-911) 5980701 

7000 STUTTGART 31 
M1ttlerer Pfad 2-4 
Tel (49-711) 13968-0 
Telefax. (49-711) 8661427 

ITALY 

20090 ASSAGO (Mf) 
VIe M1lanof1on- Strada 4- Palazzo N4/A 
Tel (39-2) 892131 (10 hnee) 
Telex 330131-330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
Via R Fuc1n1, 12 
Tel (39-51) 593029 
Telex 512442 
Telefax (39-51) 591305 

00161 ROMA 
Via A Torlon1a, 15 
Tel (39-6) 8443341 
Telex 620653 SGSATE I 
Telefax (39-6) 8444474 

NETHERLANDS 

5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel (31-40) 550015 
Telex 51186 
Telefax (31-40) 528835 

SPAIN 

08021 BARCELONA 
Calle Platen, 6 41" Roar, 5" Door 
Tel (34-3) 4143300-4143361 
Telefax (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex 46033 TCCEE 
Telefax (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
Borgarfjordsgatan, 13- Box 1094 
Tel (46-8) 7939220 
Telex 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chem1n Francois-Lehmann, 18/A 
Tel (41-22) 7986462 
Telex 415493 STM CH 
Telefax· (41-22) 7984869 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel (44-628) 890800 
Telex 847458 
Telefax (44-628) 890391 



AMERICAS 

BRAZIL 

05413 SAO PAULO 
R Hennque Schaumann 286-CJ33 
Tel (55-11) 883-5455 
Telex (391)11-37988 "UMBR BR" 
Telefax (55-11) 282-2367 

CANADA 

NEPEAN ONTARIO K2H 9C4 
301 Moodre Dnve 
Surte 3p7 
Tel (613) 829-9944 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
Phoemx, AZ. 85022 
(1-602) 867-6100 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsvrlle- (205) 533-5995 

ARIZONA 
Phoenrx- (602) 867-6217 

CALIFORNIA 
Santa Ana- (714) 957-6018 
San Jose - ( 408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

ILLINOIS 
Schaumburg- (708) 517-1890 

INDIANA 
Kokomo - (317) 455-3500 

MASSACHUSETTS 
Lrncoln - (617) 259-0300 

MICHIGAN 
Lrvonra- (313) 953-1700 

NEW JERSEY 
Voorhees- (609) 772-6222 

NEW YORK 
Poughkeepsie- (914) 454-8813 

NORTH CAROLINA 
Ralergh - (919) 787-6555 

TEXAS 
Carrollton- (214) 466-8844 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON­
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryvrlle- (215) 361-6400 

ASIA I PACIFIC 

AUSTRALIA 

NSW 2220 HURTSVILLE 
Surte 3, Level 7, Otrs House 
43 Bndge Street 
Tel (61-2) 5803811 
Telefax (61-2) 5806440 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852) 8615788 
Telex. 60955 ESGJES HX 
Telelax (852) 8656589 

INDIA 

NEW DELHI110001 
LrasonOffrce 
62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 
Tel (91-11)3715191 
Telex 031-66816 STMIIN 
Telefax (91-11)3715192 

MALAYSIA 

PETALING JAVA, 47400 
11C, Jalan SS21/60 
Damansara Utama 
Tel (03) 717 3976 
Telelax (03)7199512 

PULAU PINANG 10400 
4th Floor- Surte 4-03 
Bangunan FOP-1230 Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 

SEOUL 121 
8th floor Shrnwon Burldrng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telelax (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kro- Industrial Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor 
325, Sectron 1 Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGJE TW 
Telelax (886-2) 755-4008 

SALES OFFICES · 

JAPAN 

TOKYO 108 
Nrssekr- Takanawa Bid 4F 
2-18-10Takanawa 
Mrnato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 
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