






































































































































































































































8 - Timer/Watchdog 

8.4. TIMER/WATCHDOG REGISTERS 

The Timer/Watchdog has 4 registers mapped into 
Goup F, Page 0 of the Register File. 
WDTCR (R251): Timer/Watchdog Control Register 
WDTPR (R250): Timer/Watchdog Prescaler 
Register 
WDTRL (R249): Timer/Watchdog Counter low 
register 
WDTRH (R248): Timer/Watchdog Counter high 
register 

Three additional control bits are mapped in the 
following registers of page 0: 

- watchdog mode enable, WCR.6 

- top level interrupt selection, EIVR.2 

- interrupt AO channel selection, EIVR.1 

Note: The registers conta1nmg these b1ts also contain othertunct1ons 
only the b1ts relevant to the operation of the Timer/Watchdog are 
shown here. 

WDTPR -(R250) is used to select the prescaling 
factor from 1 (loading OOh) to 256 (loading FFh). 

WDTRL -(R248), WDTRH -(R249) This 16 bit reg­
ister is used to load the 16 bit counter value. The 
registers can be read or written "on the fly". 

WARNING: In order to prevent incorrect counting 
of the Timer/Watchdog, the prescaler (WDTPR) 
and counter (WDTRL, WDTRH) registers must be 
initialised before the starting of the Timer/Watch­
dog. If this is not done, counting will start with the 
reset (un-initialised) values. 

WDTCR- R251 (OFBh) Page 0; Read/Write 
Timer/Watchdog Control Register 

Reset value: 0001 001 0 (12h) 
7 0 

b7 = ST_SP: Start/Stop Bit. Setting this bit to a "1" 
starts the counting operation (see Warning above). 
When this bit is "0", the counter is stopped (reset 
status) 

b6 = S_C: Single/Continuous. When this bit is set, 
the counter operates in Single Count Mode. Con­
tinuous Mode is set when this bit is "0" 

b5-b4 = INMD1, INMD2: Input mode selection bits. 

INMD1 INMD2 Input Modes 

0 0 Event Counter 
0 1 Gated (Reset status) 
1 0 Triggerable 
1 1 Retriggerable 

b3 =IN EN: Input Enable. This bit enables ("1 ")and 
disables ("0") the input section 

b2 = OUTMD: Output Mode. When this bit is "1 ", 
and the output is enabled, the value of WROUT is 
transferred to the output pin on every End Of Count. 
When "0", the output is toggled on every End of 
Count 

b1 = WROUT: WROUT bit. The status of this bit is 
transferred to the Output pin when OUTMD = "1 ", 
it is user definable to allow PWM output (at reset 
WROUT="1") 

bO = OUTEN: Output Enable bit. The output is 
enabled by setting this bit to "1 ", and disabled by 
resetting to "0" 

WCR- R252 (OFCh) Page 0; Read/Write 
Wait Control Register 

Reset value: 0111 1111 (7Fh) 
7 0 

I X IWDGENI X I X I X I X X X 

b6 = WDGEN: Watchdog Enable Bit (active low). 
Resetting this bit to zero via software enters the 
Watchdog mode. Once reset , it cannot be set to 
"1" by the user program. At system reset, the 
Watchdog mode is disabled 

ElVA- R246 (OF6h) Page 0; Read/Write 
External Interrupt Vector Register 

Reset value: xxxx 0110 (X6h) 
7 0 

I X I X I X I X I X I TLIS I lAOS I X 

b2 = TLIS: Top Level Input Selection bit. This bit 
selects the Top Level interrupt source. When "0", 
the Top Level interrupt source is the Watch­
dog/Timerend of count, when= "1", it is the external 
pinNMI. 

b1 = lAOS: Interrupt AO channel Selection Bit. This 
bit allows the Timer/Watchdog interrupt to channel 
through the external Interrupt AO source, allowing 
the setting of user-defined priority levels. 

WARNING: To avoid spurious interrupt requests, 
an access to the lAOS bit must be made only when 
the interrupt logic is disabled (i.e. after the Dl 
instruction). It is also necessary to clear a possible 
interrupt pending request on channel AO before 
enabling this interrupt channel. A delay instruction 
(e.g. a NOP instruction) must be inserted between 
the reset of the interrupt pending bit and the lAOS 
write instruction. 
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CHAPTER 9 

1/0 PORTS AND HANDSHAKE TRANSFERS 

9.1 INTRODUCTION 

The ST9 is provided with dedicated lines for 
input/output. These lines, grouped into 8-bit ports, 
can be independently programmed to provide par­
allel input/output with or without handshake, or to 
carry in/out signals to/from the on-chip peripherals 
and Core (e.g. Timers and SCI). All ports have 
active pull-ups and pull-down resistors compatible 
with TTL loads. In addition, pull-ups can be turned 
off for open-drain operation and weak pull-ups can 
be turned on to save off-chip resistive pull-ups. 
Input buffers can be either TTL or CMOS com­
patible. 

9.2 CONTROL REGISTERS 

Each port PX (PO-P?) has three associated control 
registers (PXCO, PXC1, PXC2) which define the 
port lines configuration and allow dynamic change 
in port configuration during program execution. 
Ports and control registers are mapped into the 
Register File as shown in Fig 9.1. Ports and control 
registers are treated like any other general-pur­
pose register. There are no special instruction for 
port manipulation, any instruction that addresses a 
register can address the ports. Data can be directly 
accessed in the port register, without passing 
through other memory or "accumulator" locations. 

Figure 9-1. Ports and Control Register Map in the Register File 
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9 • 1/0 Ports and Handshake Transfers 

During the reset state, all the Ports are set as 
bidirectional/weak pull-up mode, with output data 
register set to OFFh. This condition is also held after 
reset (except for Ports 0, 1, 6 in romless devices, 
see chapter 6) and can be redefined under soft­
ware control at any time. 

9.3 PORT BIT STRUCTURE AND PROGRAMMING 
By programming the control bits PXCOn and 
PXC1 n (see Figure 9.2a) it is possible to configure 
bit PXn as Input, Output, Bidirectional or Alternate 
Function, where X is the number of the 1/0 port, 
and n the bit within the port (n = 0 to 7). 

By programming the control bit PXC2n it is possible 
to select the input level as TIL or CMOS. 

The output buffer can be programmed as Push-pull 
or Open-drain. A Weak Pull-up configuration can 
be used when the port bit is programmed as Bidi­
rectional. It is an Open-drain configuration with a 
high pull-up resistor value (turned on by writing a 
"1 "), to avoid the requirement for external resist­
ances. 

Figure 9-2a. Control Bits 

Bit7 Bitn 

The basic structure of the bit PXn (n = 0 to 7) of a 
general purpose port PX is shown in Figure 9.3. 

Independently of the chosen configuration, when 
the User addresses the port as an destination 
register of an instruction, the port is written to and 
the data is transferred from the Internal Data Bus 
into the Output Master Latches. When the port is 
addressed as a source register for an instruction, 
the port is read and the data stored in the Input 
Latch is transferred onto the Internal Data Bus. 

When PXn is programmed as Input: (Fig. 9.4) 

- The Output Buffer is forced tristate 

- The data present on the 110 pin is sampled into 
the Input Latch at the beginning of the execution 
of each instruction 

- The data stored in the Output Master Latch is 
copied into the Output Slave Latch at the end of 
the execution of each instruction. So if bit PXn is 
reconfigured as Output or Bidirectional, the data 
stored in the Output Slave Latch is reflected on 
the 110 pin. 

BitO 

PCX2 PXC27 PXC2n PXC20 

PXC1 PXC17 

PXCO PXC07 

Figure 9-2b. Port Bit Configuration Table 

PXC2n 
PXC1n 
PXCOn 

PXn Configuration 

PXn Output 

PXn Input 

Notes: 
:BIDIRECTIONAL 
:INPUT 
:OUTPUT 

1 
0 
0 

BID* 

OD 

TTL 

BID" 
IN" 
OUT" 
AF" 
TRI 

:OUTPUT ALTERNATE FUNCTION 
:TRISTATE 

0 
0 
0 

BID* 

WP 

TTL 

• These conf1gura~ons are shown 1n F1gure 9·4, 9-5, 9·6 and 9-7. 

PXC1n 

PXCOn 

1 
0 
1 

IN* 

TRI 

TTL 

OD 
WP 
pp 
TTL 
CMOS 

0 1 
0 1 
1 0 

IN* OUT* 

TRI OD 

CMOS TTL 

OPEN DRAIN 
WEAK PULL-UP 
PUSH-PULL 

0 
1 
0 

OUT* 

PP 

TTL 

TTL STANDARD INPUT 
CMOS STANDARD INPUT 

PXC10 

PXCOO 

1 0 
1 1 
1 1 

AF* AF* 

OD pp 

TTL TTL 
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Figure 9-3. Basic Structure of an 1/0 Port Bit 

PUSH PULL 
TRISTATE 

OPEN DRAIN 
WEAK PULL-UP 

ALTERNATE 
FUNCTION 

(OUT) 

1/0 PIN 
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ALTERNATE 
FUNCTION (IN) 

INPUT 
BIDIRECTIONAL 

ALTERNATE FUNCTION 

INTERNAL DATA BUS 

Figure 9-4. Input Configuration 

1/0 PIN 

VA00224 

VA00222 

Figure 9-5. Output Configuration 

1/0 PIN 

ALTERNATE 
FUNCTION 

VA00225 
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9 - 1/0 Ports and Handshake Transfers 

When PXn is programmed as Output: (Fig. 9.5) 

- The Output Buffer is turned on in an Open-drain 
or Push-pull configuration 

- The data stored in the Output Master Latch is 
copied both into the Input Latch and into the 
Output Slave Latch, driving the 1/0 pin, at the end 
of the execution of each instruction. 

When PXn is programmed as Bidirectional: (Fig. 
9.6) 

- The Output Buffer is turned on in an Open-drain 
or Weak Pull-up configuration 

- The data present on the 1/0 pin is sampled into 
the Input Latch at the beginning of the execution 
of each instruction 

- The data stored in the Output Master Latch is 
copied into the Output Slave Latch, driving the 
1/0 pin, at the end of the execution of each 
instruction. 

Due to the unique feature of the bidirectional mode 
of reading the external pin instead of the output 
latch, particular care must be taken with arith­
metic/logic and boolean instructions performed on 
a bidirectional port pin. 

These instructions use a read-modify-write se­
quence, and the result written in the port register 
depends on the logical level present on the external 
pin. 

This may bring unwanted modifications to the port 
output register content. 

Figure 9-6. Bidirectional Configuration 

1/0 PIN 

VA00226 

For example: 
Port register content 

OFh 
external port value 

03h 

(Bits 3 and 2 are externally forced to 0) 

Making a BSET instruction on bit 7 will return: 

Port register content 
83h 

(Bit 3,2 have been cleared.) 

external port value 
83h 

To avoid this situation, it is suggested that all the 
operations on a port using at least one bit in bidi­
rectional mode, are performed on a copy of the port 
register, then transferring the result with a load 
instruction to the 110 port. 

When PXn is programmed as Alternate Function: 
(Fig. 9.7) 

- The Output Buffer is turned on in an Open-drain 
or Push-pull configuration 

- The data present on the 1/0 pin is sampled into 
the Input Latch at the beginning of the execution 
of each instruction 

- A signal coming from an on-chip Module is 
allowed to load the Output Slave Latch driving 
the 1/0 pin. Signal timing is under the Module 
control. If no module is connected to PXn the 1/0 
pin is driven to a high level in Push-pull configu­
ration and is driven to high impedance in open 
drain configuration. 

Figure 9-7. Alternate Function Configuration 

ALTERN AT£ 
fUNCTION (OUT) 

1/0 PIN 

INTERNAL DATA BUS 

VA00227 
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9.4 ALTERNATE FUNCTION ARCHITECTURE 

Each single 1/0 pin may access three different 
types of ST9 internal signals: 

- Data bus line (I/O) 

- Alternate Function Input 

- Alternate Function Output 

Each pin configuration is done by software, thus 
allowing the User to choose the type of signal to 
access a pin. The choice of type of signal is made 
with the registers PxC2, PxC1, PxCO of the 1/0 Port 
x (Please refer to the previous section for more 
details) 

Pins Declared as an 1/0 
A pin declared as an 1/0 is a pin connected to the 
1/0 buffer. In such a case, this pin may either be an 
Input or an Output or an 1/0 depending on the value 
stored in (PxC2, PxC1, PxCO) 

Pin Declared As An Alternate Function Input 
One single pin may access several Alternate Func­
tion inputs. In such a case, the User has to select 
by software the Alternate Function module (by 
enabling it) and unselect all other Alternate Func· 
lions (by disabling them). 

Figure 9-8. Example of 3 Alternate Function 
Inputs 

r-1, ALTERNATE tUNCTION I 
INPUT 

MODULE 1 

AlTERN ATE FUNCTION I 
1/0 PIN n--~____jliNPlJT MODULE 2 

Y ALTERNATE fUNCTION I 
INPUT 

MODULE 3 

Figure 9-9. Example of 3 Alternate Function 
Outputs 

''ODULE 1 

1/0 PIN MODULE 2 

liODULE 3 

9 - 1/0 Ports and Handshake Transfers 

No specific configuration of the port is required to 
enable the input Alternate Function, as the input 
buffer is directly connected to each module using 
it. As more than one module can use the same input 
Alternate Function line, it is under the software 
control to enable a module to use the input Alter­
nate Function. 

Pin Declared As An Alternate Function Input 
A single pin may be directly connected to several 
Alternate Function inputs. In such a case, the User 
has to select the required input mode (TTL or 
CMOS levels) and to enable, by software, the 
selected Alternate Function module (by enabling it) 
and unselect all other Alternate Functions (by dis­
abling them). 
No specific configuration of the port is required to 
enable the input Alternate Function, as the input 
buffer is directly connected to each module using 
it. The digital 1/0 remains operational, even when 
using the Alternate Function input. The exception 
to this is for an 1/0 port bit connected to analog 
voltages (for the Analog to Digital Converter), see 
the tonowing section. 

Pin Declared As An Alternate Function Output 
A pin declared as an Alternate function output 
corresponds to (PxC2,PxC1,PxCO) = 111 or 011. 
Several Alternate Function outputs may drive a 
common pin. In such a case, the Alternate Function 
output signals are ANDed before driving the com· 
mon pin. The User has therefore to select by soft· 
ware the Alternate Function module by enabling it 
and has to disable all other modules (a disabled 
module outputs a "1 "). 

Figure 9-10. Example of One 1/0 Pin 
Configuration 

1/0 PIN DMA 

HANDSHAKE 

CORE 

VROOC171 
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9 - 1/0 Ports and Handshake Transfers 

General Configuration 
A single pin may be used, according to different 
phases of the software, as an 1/0 or connected to 
an Alternate Function input or an Alternate Function 
output. An example IS g1ven in figure 9.1 0 

WARNING. When a common pin is declared to be 
connected to an Alternate Functton input and to an 
Alternate Function output, the User must be aware 
of the fact that the Alternate Function output signal 
always input to the Alternate Function module(s) 
declared as input(s). Figure 9.10 shows an 
example where the signal P!D also enters "FID5TB 
andiNT3. 

9.5 SPECIAL PORTS 

9.5.1 Bit Structure For A/D Converter Inputs 

When a port bit is used as input for an on-chip AID 
Converter, its structure is modified as shown in 
Figure 9.11. 

The behaviour of this bit is identical to the general 
purpose bit described in paragraph 9.3 except 
when it is programmed as Alternate Function. In 
this case, the Output Buffer is forced Tristate and 
the input of the Input Buffer is disconnected from 
the 1/0 pin and forced low. In this way the 1/0 pin is 
free to assume any analog value without causing 
power consumption in the Input Buffer. The bit 
MUST be programmed to (PxC2, PxC1, 
PxC0)=111) to assume this special configuration. 

Figure 9-11. A/D Input Port Bit Structure 

1/0 PIN 

VA00219 

9.6 1/0 STATUS AFTER WFI, HALT AND RESET 

The status of the ST9 1/0 ports during the Wait For 
Interrupt, Halt and Reset operational modes is 
shown in the following table. The External Memory 
Interface ports are shown separately, however, if 
only the internal memory is being used and the 
ports are acting as 1/0, the status is the same as 
shown for the other 1/0 ports. 

Mode PO P1 [P6] 1/0 

High Next 
No Affect (clocks 

WFI output from ST9 
Impedance Address running} 

High Next 
No Affect (clocks 

HALT output from ST9 
Impedance Address 

stopped} 

Bidirectional Weak 

RESET Note 1 
Pull-up except: 
ROMiess = Input TTL 
BS_EN = Input CMOS 

Note 1: PO, P1 and P6 (when used to provide non-multiplexed low 
order address) setup depends on the ROMLESS condition. 

- if ROM LESS (ST9 memory is Off-chip): 
PO is set to A. F Tristate 
P1 ,P6 are set to A. F. 
Push-pull, Output value is undefined. 

- if not ROMLESS (ROM or EPROM parts) 
PO, P1 and P6 are set to Bidirectional Weak 
Pull-up, Output value is FFh (all pins high). 

6/18 
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9.7 HANDSHAKE/DMA CONTROLLER 

9.7.1 Introduction 

This module allows the User to configure an 1/0 
Port under handshake control or to support DMA 
operations, driven by an on-chip 16 bit Multifunc­
tion TIMER, between Data/Program Memory or 
Register File and an 1/0 port. 
A block diagram of the module is shown in Figure 
9.12. 

The module supports data exchange with hand­
shake through port PX with 4 handshake lines 
(RDSTB, RDRDY, WRSTB, WRRDY) connected 
as Alternate Functions. Input, Output and Bidirec­
tional Handshake modes are available. 

Input Alternate Function RTISTB and WRSTB are 
always associated to external interrupt channels. 
To synchronize handshake protocols generating 
interrupt requests (as the following paragraph will 
show) the User must program the interrupt control 

9 - 1/0 Ports and Handshake Transfers 

register and the vector associated to the used 
line(s) (RDSTB and/or WRSTB). The active high 
output lines RDRDY and WRRDY are held high 
when not active in order to allow the Alternate 
Function connection with other ST9 peripherals. 
DMA transfers can move data from Data/Program 
Memory or Register File to the port or viceversa, 
using either the Multifunction Timer CAPTO or 
COMPO DMA Channels. In Figure 9.12 the four 
on-chip lines that connect the module to the on-chip 
Multifunction Timer to support DMA transfers are 
shown (DO (Data Direction), CO_SYNCHR(COm­
pare SYNCHronism), CA_SYNCHR (CApture 
SYNCHronism) and On Chip Event). 
To program the module the User has to write the 
Handshake/DMA Control register (HDCTL) ac­
cording to the table shown in Figure 9.13. Different 
handshake protocols and the Port behaviour during 
DMA operations are explained in the following 
paragraphs. 

ST9 HANDSHAKE/DMA CONTROL REGISTER ADDRESSES 

OE5h 

OE4h 

OE3h 

OE2h 

OE1h 

OEOh 

PAGEO 

P5 

P4 

P3 

P2 

P1 

PO 

R229 

R228 

R227 

R226 

R225 

R224 

OFFh 

OFEh 

OFDh 

OFCh 

OFBh 

OFAh 

OF9h 

OF8h 

OF6h 

OF5h 

OF4h 

OF2h 

OF1h 

OFOh 

PAGE 2 

HDCTL3 R255 

P3C2 R254 

P3C1 R253 

P3CO R252 

HDCTL2 R251 

P2C2 R250 

P2C1 R249 

P2CO R248 

P1C2 R246 

P1C1 R245 

P1CO R244 

POC2 R242 

POC1 R241 

POCO R240 

OFFh 

OFEh 

OFDh 

OFCh 

OFBh 

OFAh 

OF9h 

OFBh 

OF7h 

OF6h 

OF5h 

OF4h 

OF3h 

OF2h 

OF1h 

OFOh 

PAGE3 

P7 

P7C2 

P7C1 

P7CO 

P6 

P6C2 

P6C1 

P6CO 

HDCTL5 

P5C2 

P5C1 

P5CO 

HDCTL4 

P4C2 

P4C1 

P4CO 

R255 

R254 

R253 

R252 

R251 

R250 

R249 

R248 

R247 

R246 

R245 

R244 

R243 

R242 

R241 

R240 
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9 - 1/0 Ports and Handshake Transfers 

Figure 9-12. Handshake/DMA Controller Module Block Diagram 

PORT PY 
CONTROLLER 

INTERRUPT 
CONTROLLER 

NORMAL 

CONTROL SIGNALS 

NORMAL 
CONTROL SIGNALS 

PORT PX 

CONTROLLER 

HANDSHAKE/DMA 
CONTROLLE:R 

HDCTL Read/Write 
Handshake/DMA Control Register 

Reset Value: 1111 1111 (OFFh) 

7 0 

b7-b5 = HS?, HS6, HS5: Handshake Mode Selec­
tion. These bits allow selection of the Handshake 
direction and the number of wires used in the 
handshake as shown in the following table. 

b4 = DEN: DMA Enable. This bit (when reset) 
enables the DMA function with handshake through 

Figure 9-13. Module Configuration Table 

Handshake Modes 

HS Disabled 
HS Output (21ines) 
HS Output (1 line) 
HS Input (21ines) 
HS Input (1 line) 
HS Bidirectional (2 lines) 

TIMER 

VR000180 

an 1/0 Port. DMA is disabled when this bit = "1 ". 

b3 = DD: DMA Data Direction. The direction of the 
DMA transfers through an 1/0 Port is set by this bit. 
A "1" sets DMA Input and a "0" sets DMA Output. 

b2 = DST: DMA Strobe. This bit enables the use of 
a Multifunction Timer On-Chip Event to trigger the 
DMA transaction when set. 

b1 = DCH: DMA Channel When DST is set, allow­
ing the DMA transactions to be triggered by a 
Multifunction Timer, DCH selects the MFT source, 
a "1" selects the COMPO source, a "0" selects the 
CAPTO source. 

bO = DO. This bit is fixed by hardware to a high 
level. 

HS7 HS6 HSS 

X 1 1 
1 1 0 
0 1 0 
1 0 1 
0 0 1 
X 0 0 
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9.7.2 Programmable Handshake Modes 

9.7.2.1 INPUT HANDSHAKE 

Two Input Handshake Modes are available to syn­
chronise input transitions on port bits programmed 
as Input or Bidirectional. Output or Alternate Func­
tion bits are not affected. 
In the timings, READ PORT is an ST9 internal 
signal that transfers data from the Input Latches 
onto the Data bus. 

Two Lines Input Handshake 

When this mode is selected WRRDY is set to 
indicate that data can be loaded into the Input 
Latches of the Input and Bidirectional port pins. 
Data present on the pins are sampled when the 
peripheral forces a low level on WRSTB. 

When a rising edge on WRSTB occurs, WRRDY 
goes low signifying that the Input Latch is full and 
further loading must be inhibited until the ST9 reads 
the port. When the port register is read, WRRDY is 
set. Both low and high levels on WRSTB must last 
at least one INTCLK cycle. 

The User is suggested to program the External 
Interrupt Channel associated with the WRSTB line 
to generate an interrupt request when a rising edge 
occurs. The ST9 can thus, in the course of its 
interrupt service routine, read the data furnished by 
the peripheral as soon as it is available. 

Figure 9-14b. Two Lines Input Handshake Timing 

INTCLK 

WRSTB 

PORT 

WRRDY 

READ PORT 
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One Line Input Handshake 

Figures 9.14c and 9.14d illustrate the timing asso­
ciated with the One Line (WRRDY) Input Hand­
shake Mode. 

When this mode is selected WRRDY is set to 
indicate that data can be loaded into the Input 
Latches of the Input and Bidirectional port pins. 

Data present on the pins is continuously sampled. 
When the ST9 is reading the port WRRDY goes 
low. If data is strobed into the port only when 
WRRDY is high, the forced low state of WRRDY 
will prevent Input Latches data from changing while 
ST9 is reading the port. When the ST9 reading 
cycle finishes, WRRDY is set. 

Figure 9-14a. Two Lines Input Handshake 

ST'::J DATA 

EXTERNAL 

PERIPHERAL --
\.JRSTB 

\.JRRDY 

VR000!73 

VA000448 
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9 • 1/0 Ports and Handshake Transfers 

9.7.2.2 OUTPUT HANDSHAKE 

Two Output Handshake Modes are available to 
synchronize output transitions on port bits pro­
grammed as Output or Bidirectional. Input or Alter­
nate Function bits are not affected. 

In the timings WRITE PORT is the internal signal 
that transfers data from the Internal Data Bus into 
the Port Output Master Latches. 

Two Lines Output Handshake 

Figure 9.15b illustrates theA!;~ associated with 
the Two Lines (RDRDY, ) Output Hand­
shake Mode (Figure 9-15a). 

When this mode is selected RDRDY is reset to 
indicate that no significant data is present on the 
Output and Bidirectional port pins. When the Out­
put Slave Latches are written, RDRDY is set to 
indicate that data is ready for the peripheral device. 
In most systems the rising edge of RDRDY can be 
used as a latching signal in the peripheral device. 
RDRDY will remain high until a rising edge is 
received on RDSTB indicating that the peripheral 
has taken the data. Both low and high level on 
RDSTB must last at least one ST9 INTCLK cycle. 
The User is suggested to program the External 
Interrupt Channel associated with the RDSTB line 
to generate an interrupt request when a rising edge 
occurs. The ST9 can thus, in the course of its 
interrupt service routine, furnish new data as soon 
as the previous data is taken by the peripheral. 

One Line Output Handshake 
Figure 9.15 illustrates the timing associated with 
the One Line (RDRDY) Output Handshake Mode 
Figure 9-15c. 

When this mode is selected RDRDY is reset to 
indicate that no significant data is present on the 
Output and Bidirectional port pins. When the Out­
put Slave Latches are written to, RDRDY is set to 
indicate that data is ready for the peripheral device. 
In most systems the rising edge of RDRDY can be 
used as a latching signal in the peripheral device. 
No peripheral acknowledge is waited for. While ST9 
is writing into the Output Slave Latches RDRDY 
goes low, RDRDY is set again when the new data 
is ready on the port pins. 

Figure 9·14c. One Line Input Handshake 
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Figure 9-15a. Two Lines Output Handshake 
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Figure 9-15c. One Line Output Handshake 
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9 - 1/0 Ports and Handshake Transfers 

Figure 9·14d. One Line Input Handshake Timing 
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Figure 9-15b. Two Lines Output Handshake Timing 
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Figure 9-15d. One Line Output Handshake Timing 
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9 - 1/0 Ports and Handshake Transfers 

9.7.2.3 BIDIRECTIONAL HANDSHAKE 

A Bidirectional Handshake Mode is available to 
synchronise bidirectional transitions on Port bits 
programmed as Bidirectional. When this mode is 
selected, the Output Buffer configuration of Bidirec­
tional port pins programmed as Weak Pull-up 
become Push-pull. Open-drain configuration is not 
modified. Bits set to Input, Output or Alternate 
Function are not affected. 

Figure 9.16b illustrates the timing associated with 
the Bidirectional Handshake Mode. This mode is a 
combination of Two Lines Output Mode and Two 
Lines Input Mode using all four handshake lines, 
two for output (RDRDY, RUSTB) and two for input 
control (WRRDY, WRSTB} In the timing INTCLK 
is the ST9 internal not stretched clock, WRITE 
PORT is the signal that transfers data from the 
Internal Data Bus into the port Output Master Lat­
ches and READ PORT is the signal that transfers 
data from the Input Latches onto the Data Bus. 
When Bidirectional Handshake mode is selected 
the Output Buffers of the Bidirectional port pins are 
forced tristate, WRRDY is set to indicate that data 
can be loaded into the Input Latches and RDRD f 
is reset to indicate that no significant data is present 
in the Output Slave Latches. 

Input Transitions. Data present on the pins is 
~_lgcj when the peripheral forces a low level on 
WRSTB. When a rising edge on WRSTB occurs, 
WRRDY goes low signifying that the Input Latches 
are full and further loading must be inhibited until 
the ST9 reads the port. When the port register is 
read, WRRDY is set. Both low and high levels on 
WRSTB must last at least an ST9 JNTCLK cycle. 

The User is suggested to program the External 
interrupt Channel associated with the WRSTB line 

Figure 16-b. Bidirectional Handshake Timing 
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to generate an interrupt request when a rising edge 
occurs.The ST9 can thus, in the course of its 
interrupt service routine, read the data furnished by 
the peripheral as soon as it is available. 

Output Transitions. When the Output Slave Lat­
ches are written, RDRDY is set to indicate that data 
is ready for the peripheral device. When RITSTB 
goes low, data is allowed out onto the port pins. 
When a rising edge is received on RUSTB, indicat­
ing that the peripheral has taken the data, the 
Output Buffers are forced tristate and RDRDY goes 
low. Both low and high level on RUSTB must last 
at least an ST9 INTCLK cycle. 

The User is suggested to program the External 
Interrupt Channel associated to the RUSTB line to 
generate an interrupt request when a rising edge 
occurs; The ST9 can thus, in the course of its 
interrupt' service routine, write new data into the 
Output Slave Latches as soon as the previous data 
is taken by the peripheral. 

Figure 9-16a. Four Lines Bidirectional 
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APPLICATION EXAMPLE: MAPPING AN ST9 
ONTO THE MEMORY BUS OF ANOTHER ST9 

Fig 9.17 shows a possible application of the bidi­
rectional handshake protocol, used to connect an 
ST9 to a slave of another (master) ST9. 

PX of the slave ST9 is connected to the Ad­
dress/Data Memory Bus of the master ST9. A 
decoder enables, with a low level, the generation 
of RDSTB or WRSTB when ITS is low and the 
master is reading from, or writing to, the memory. 

To synchronize data transfers with the slave, the 
master ST9 uses RDRDY and WRRDY as External 
Interrupt Sources, programmed to generate an 
interrupt request when a rising edge occurs. The 
slave ST9 interrupts the master raising RDRDY 
when new data is ready in the port Output Slave 
Latches and raising WRRDY when the Input Lat­
ches can be filled with new data. According to the 
interrupt request received, the master ST9 can 
read from the slave the ready data (RDRDY inter­
rupt routine) or write into the slave other data 
(WRRDY interrupt routine). 

9.7.3 Programmable DMA Modes 

The Module supports DMA operations controlled 
by either the Timer CAPTO or COMPO DMA Chan­
nel. The User enables this function writing a "0" in 
the DEN bit in the HDCTL register and selects the 
Channel writing the DCH bit: "0" for CAPTO, "1" for 
COMPO. 

Figure 9-17. Bidirectional Application Example 
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When the CAPTO Channel is chosen, the DD bit 
selects the Data Direction: "0" to move data from 
Data/Program Memory or Register File to the port 
(DMA Output), "1" to perform the opposite transfer 
(DMA Input). Signal CA_SYNCHR is sent by the 
Timer to the Handshake/DMA Controller for writing 
the port Output Master Latches or reading the Input 
latches (depending on DD), during the DMA oper­
ations when a capture occurs on the Timer. 

If the Handshake section of the module is enabled, 
the data transfer from the Output Master Latches 
into the Output Slave Latches (Output Strobe, for 
pins programmed as Output or Bidirectional) or 
from the Pins into the Input Latches (Input Strobe, 
for pins programmed as Input or Bidirectional) is 
controlled by the logic supporting the chosen Hand­
shake protocol. 

If no Handshake is programmed the User can 
choose how to drive the Output or Input Strobe by 
writing the DST bit: a "0" leaves the Strobes under 
the normal port control, according to the chosen 
port bit configuration (see Paragraph 9.3), a "1" 
selects the On Chip Event generated by the Timer 
as the Output or Input Strobe. 

When the COMPO Channel is selected, DMA out­
put transfers are only allowed independent of DD, 
and CO_SYNCHR is used for output Master Latch. 
If Handshake is disabled, DST selects how to con­
trol the Output Strobe. If enabled, the Handshake 
controls the Output Strobe. 
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9 - 1/0 Ports and Handshal{e Transfers 

9.7.4 DMA Transfers Driven By Timer CAPTO 
Channel With Handshake 

The following descriptions are made assuming that 
DMA transfers are driven by Multifunction Timer 0. 
The following list shows the DMA Port capabilities 
of the ST9 family: 

- For the ST902X family, MFTimer On Chip Event 
and DMA channels may be internally connected 
(by software) to 1/0 Port 5 to provide external 
DMA/Handshake transfer. 

- For the ST903X and ST904X family, MFTimer 0 
is internally connected to the AID converter trig­
ger. MFTimer 1 On Chip Event and DMA chan­
nels may be internally connected to 1/0 Port 5 to 
provide external DMA/Handshake transfer. 

- For the ST905X family, the On Chip Event of 
MFTimer 0 controls DMA/Handshake transfer 
with 1/0 Port 4, the On Chip Event of MFTimer 1 
controls DMA/Handshake with 1/0 Port 5 and the 
On Chip Event of MFTimer 3 is connected to the 
internal trigger of the AID converter. 

9.7.4.1 INPUT TRANSFERS WITH TWO LINE 
INPUT HANDSHAKE 

When 

- Two Lines Input Handshake mode is selected 
(HS7="1 ", HS6="0", HS5="1 ") 

- the port is enabled to support DMA input trans­
fers driven by the Timer CAPTO DMA Channel 
(DEN="O", DD="1 ", DCH="O") 

- the Handshake WR'STB line is connected off­
chip to the Timer TOlNA line 

- TOlNA DMA requests are enabled on rising 
edges 

- WRSTB interrupt requests are disabled data 
transfers on port pins programmed as Input (or 
Bidirectional) can be synchronized using the 
Handshake WRSTEl line as DMA Request and 
the WRRDY line as DMA Acknowledge. 

WRRDY is set to indicate that data can be loaded 
into the Input Latches of the Input (or Bidirectional) 
port pins. Data present on the port pins is sampled 
when the peripheral forces a low level on WRSTI3. 
When a rising edge on WRSTB (TOlNA) occurs 
WRRDY goes low, signifying that the Input Latches 
are full and further loading must be inhibited until 
the ST9 reads the port, and a DMA request is 
issued. When the port register is read, during the 
DMA transfer, WRRDY is set. 

Figure 9-18. DMA with 2 Lines Input 
Handshake Mode 
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9.7.4.2 INPUT TRANSFERS WITH ONE LINE 
INPUT HANDSHAKE 

When 

- One Line Input Handshake is selected (HS7="0", 
HS6="0", HS5="1") 

- the port is enabled to support DMA input oper­
ations driven by the Timer CAPTO DMA Channel 
(DEN="O", DD="1", DCH="O") 

- the Timer TOlNA DMA requests are enabled on 
rising (or falling) edges data transfers on port 
pins programmed as Input (or Bidirectional) can 
be synchronized by using the Timer TOlNA line 
as DMA Request, and the Handshake WRRDY 
line as DMA Acknowledge. 

When One Line Input Handshake is selected 
WRRDY is set to indicate that data can be loaded 
into the Input Latches of the Input and Bidirectional 
port pins. Data present on the port pins is continu­
ously sampled. While ST9 is reading the port, 
during the DMA transfer requested by a rising (or 
falling) edge on the TimerTOINAiine, WRRDY goes 
low. If data is strobed into the port only when 
WRRDY is high, the forced low state of WRRDY 
will prevent Input Latches data from changing while 
ST9 is reading the port. When ST9 reading cycle 
finishes, WRRDY is set. 
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Figure 9-19.DMA Input Transfer with 1 Line 
Input Handshal<e 
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9.7.4.3 OUTPUT TRANSFERS WITH TWO LINES 
OUTPUT HANDSHAKE 

When 

- Two Lines Output Handshake is selected 
(HS7="1", HS6="1", HS5="0") 

- the port is enabled to support DMA output trans­
fers driven by the Timer CAPTO DMA Channel 
(DEN="O", 00="0", DCH="O") 

- the Handshake RlJSTB line is connected off-chip 
to the Timer TOlNA line 

- TOlNA DMA requests are enabled on rising 
edges 

- 'RITSTB interrupt requests are disabled 

data transfers on port pins programmed as Output 
(or Bidirectional) can be synchronized when using 
the Handshake RlJSTB and RDRDY lines as DMA 
Request and DMAAcknowledge. 

When Two Lines Output Handshake is selected, 
RDRDY is reset to indicate that no significant data 
is present on the Output and Bidirectional port pins. 
When the Output Slave Latches are written, 
RDRDY is set to indicate that data is ready for the 
peripheral device. The first data, whose usual 
meaning is that ST9 is ready to provide the follow­
ing data by DMA transfers, is normally written by 
the DMA initialization routine. 

When a rising edge is received on RlJSTB (TOlNA). 
indicating that the peripheral has taken the data, 
RDRDY is reset and a DMA request is issued to get 
the next data. When the ST9 Output Slave Latches 
are written, during the DMA transfer, RDRDY is set 
again. If the User wants to get data from ST9 as 
soon as RlJSTB goes low, external latches clocked 

9 - 1/0 Ports and Handshake Transfers 

by RTIST8 can be added to create a pipeline stage, 
that is at each RTISTB low pulse on the falling edge 
the penpheral gets data transferred into the port by 
the previous DMA transfer and on the rising edge 
a DMA request is issued to get the next data. 

Figure 9-20. DMA Output Transfer with 2 Lines 
Output Handshake 
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9.7.4.4 OUTPUT TRANSFERS WITH ONE LINE 
OUTPUT HANDSHAKE 

When 

- One Line Output Handshake is selected 
(HS7="0", HS6=''1", HS5="0") 

- the port is enabled to support DMA output trans­
fers driven by the Timer CAPTO DMA Channel 
(DEN="O", 00="0", DCH="O") 

- the Timer TOlNA DMA requests are enabled on 
rising (or falling) edges 

data transfers on port pins programmed as Output 
or Bidirectional can be synchronized using the 
Timer TOlNA line as DMA Request, and the Hand­
shake RDRDY line as DMAAcknowledge. RDRDY 
is reset to indicate that no significant data is present 
on the Output (or Bidirectional) port pins. When the 
ST9 Output Slave Latches are written, RDRDY is 
set to indicate that data are ready for the peripheral 
device. The first data, whose usual meaning is that 
the ST9 is ready to provide the following data by 
DMA transfers, is normally written by the DMA 
initialization routine. When a rising (or falling) edge 
is received on TOlNA, a DMA request is issued to 
get the next data. While ST9 is writing into the 
Output Slave Latches, during the DMA transfer, 
RDRDY goes low. RDRDY is set again when the 
new data is ready on the port pins. 
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Figure 9-21. Output Transfer with 1 Line 
Output Handshake 
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9.7.4.51NPUT/OUTPUTTRANSFERS WITH BIDI­
RECTIONAL HANDSHAKE 

When 

- Bidirectional Handshake is selected (HS7="X", 
HS6="0", HS5="0") 

- the port is enabled to support DMA transfers 
driven by the Timer CAPTO DMA Channel 
(DEN="O", DCH="O") 

- the Handshake WRSTB and mJSTB lines are 
ANDed and connected off-chip to the Timer 
TOlNA line 

- TOlNA DMA requests are enabled on rising 
edges 

- WRSTB and mJSTB interrupt requests are dis-
abled 

data transfers on port pins programmed as Bidirec­
tional can be synchronized using the Handshake 
WRSTB and WRRDY lines as DMA Request and 
DMA Acknowledge for Dlv1~_1rl_QUt transfers 
(DD="1") and the Handshake RUSTS and RDRDY 
lines as DMA Request and DMA Acknowledge for 
DMA Output transfers (DD="O"). 

Figure 9-22. Input/Output Transfers with Bidi­
rectional Handshake Configuration 

l TIMER 0-~~Jf 
OUTPUT QUA AO<NOW..EDCE 

ROROY 
EXTERNAL 

RDSI8 ~ OUTPUT OMA REQUEST PERIPHERAL 

MiSiB 0 

INPUT DMA REQUEST 

L----TQINA 

~T DNA ACI(NOWLEDCE 
WRRDY 

'IR000185 

DMA Input Transfers. When Bidirectional Hand­
shake is selected WRRDY is set to indicate that 
data can be loaded into the Input Latches of the 
Bidirectional port pins. Data present on the pins is 
~when the peripheral forces a low level on 
WRSTB. When a rising edge on WRSTB (TOlNA) 
occurs WRRDY goes low, signifying that the Input 
Latches are full and further loading must be in­
hibited until the ST9 reads the port, and a DMA 
request is issued. When the port register is read, 
during the DMA transfer, WRRDY is set. 

DMA Output Transfers. When Bidirectional 
Handshake is selected, RDRDY is reset to indicate 
that no significant data is present on the Bidirec­
tional port pins. When the Output Slave Latches are 
written, RDRDY is set to indicate that data is ready 
for the peripheral device. The first data, whose 
usual meaning is that ST9 is ready to provide the 
following data by DMA transfers, is normally written 
by the DMA initialization routine. 

When RlJSTB goes low data is allowed onto the 
port J)ins. When a rising edge is received on 
RUSTS (TOlNA), indicating that the peripheral has 
taken the data, the Output Buffers are forced tris­
tate, RDRDY is reset and a DMA request is issued 
to get the next data. When the Output Slave Lat­
ches are written during the DMA transfer, RDRDY 
is set again. 
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In the output data flow there is one pipeline stage, 
that is at each mJSTB low pulse on the falling edge 
the peripheral gets data transferred into the port by 
the previous DMA transfer and on the rising edge 
issues a DMA request to get the next data. 

Example. As the direction of DMA transfers is 
controlled by software, the User must define a 
protocol to control the sequence of input/output 
data transfers. 

The initialization routine defines the direction (DD) 
of the first DMA transfer and the address and size 
of the data buffer (Pointer and Counter associated 
to the DMA Channel). In the interrupt routine called 
when the DMA Transaction Counter= 0, the User 
must define the new address and size of the data 
buffer and can change (according to the chosen 
protocol) the direction of next DMA operations. 

Figure 9.23 shows how the application example of 
Figure 9.17 (an ST9 connected as a slave of an­
other ST9) is modified when data transfer from/to 
the slave ST9 is performed by DMA transfers. 

9 - 1/0 Ports and Handshake Transfers 

9.7.5 DMA Transfers Driven By Timer CompO 
Channel With Handshake 

9.6.5.1 OUTPUT TRANSFERS WITH ONE LINE 
OUTPUT HANDSHAKE 

When 

- One Line Output Handshake is selected 
(HS7="0", HS6="1", HS5="0") 

- the port is enabled to support DMA output trans­
fers driven by the Timer COMPO DMA Channel 
(DEN="O", DCH=''I ") 

data transferred by DMA transfers on port pins 
programmed as Output or Bidirectional can be 
strobed using the Handshake RDRDY line. 

When One Line Output Handshake is selected 
RDRDY is reset to indicate that no significant data 
is present on the Output and Bidirectional port pins. 
When the Output Slave Latches are written 
RDRDY is set. The rising edge of RDRDY can be 
used as a latching signal. At every DMA transfer 
triggered by the COMPO event new data is written 
into the port. While data is changing on the Output 
Slave Latches, RDRDY goes low. RDRDY is set 
again when the new data is ready on the port pins. 

Figure 9-23. Bidirectional Application Example With DMATransfer 
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10.1 MULTIFUNCTION TIMER ARCHITECTURE 

1 0.1.1 General Description 

The ST9 Multifunction Timer has 2 input pins and 
2 output pins available as programmable alternate 
functions on 1/0 pins. 

The timer contains one 16 bit counter, with an 8 bit 
prescaler, two Capture/Reload 16 bit registers 
(REGOR,REG1 R) and two 16 bit output Compare 
registers (CMPOR,CMP1 R). 

The timer function can be selected by programming 
two dedicated control registers (TCR-Timer Control 
Register/TMR-Timer Mode Register). Several 
functional configurations are possible,e.g.: 

- 2 input captures on two different external lines 
and 2 independent output compare functions 

Figure 10-1. Multifunction Timer Architecture 
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(counter in free running mode), or 1 output com­
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- 1 input capture, 1 counter reload and 2 inde­
pendent output compares 

- 2 alternate autoreloads and 2 independent out­
put compares 

- 2 alternate captures on the same external line 
and 2 independent output compares on a fixed 
repetition rate. 

When two timers are present on ST9 chip, a com­
bined mode is available (see section 10.2.11 ). 

Four internal signals are also available for timing of 
on-chip functions: the On Chip Event signal can be 
used to control other peripherals on the chip itself, 
and 3 other signals which can be internally con­
nected to 1/0 port(s) in order to allow automatic, 
timed, DMA transfers (See chapter 4). 
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10 - Multifunction Timer 

1 0.1.2 Timer Input/Output Configuration 

The two external inputs (TOINAITOINB) of the timer 
can be individually programmed to catch a particu­
lar external configuration, i.e.: 

- rising edge 

- falling edge 

- rising and falling edges 

The configuration of each input is fixed by the Input 
Control Register (ICR). 

Each of the two output pins (TOOUTA!TOOUTB) 
can be driven from any of three possible sources: 

- Compare Register 0 logic 

- Compare Register 1 logic 

- Overflow/Underflow logic 

Each of these three sources can cause one of the 
following four effects, independently, on each of the 
two outputs: 

- Nop 

-Set 

- Reset 

-Toggle 

Furthermore an additional on-chip Event signal can 
be generated by two of the three sources men­
tioned above, i.e. Over/Underflow event and Com­
pare 0 event. This signal can be used internally as 
synchronism for another on-chip peripheral or as 
strobe for an 1/0 port (see 1/0 port chapter). 

1 0.1.3 lnterrupt/DMA Section 

Five maskable interrupt sources referring to an End 
Of Count condition, 2 input captures and 2 output 
compares, can generate 3 different interrupt re­
quests (with hardware fixed priority), pointing to 3 
interrupt routine vectors. 

Two independent DMA channels are available for 
a MFtimer and can be used for quick data flow 
operations. Each DMA request (associated to a 
capture on REGOR register, or a compare on 
CMPOR register) has priority on the INT request 
generated by the same source. 

Each DMA channel can be employed in external 
transfers to/from memory from/to an 1/0 port using 
three internal lines (one for setting the data flow 
direction, and two for the transfer synchronization). 

A SWAP mode is also available to allow high speed 
continuous transfers (see Interrupt and DMA chapter). 

10.2 TIMER OPERATING MODE DESCRIPTION 

The different operating modes of the timer can be 
selected by programming the Timer Control Regis­
ter (TCR) and the Timer Mode Register (TMR). 

10.2.1 One Shot Mode 

When the counter generates an overflow (in up­
count mode) or an underflow (in down-count 
mode), i.e. an End Of Count is reached, the counter 
stops and no counter reload occurs. The counter 
can be restarted only by an external or software 
trigger. The One Shot Mode is entered by setting 
TMR bit CO. 

10.2.2 Continuous Mode 

Whenever the counter reaches an End Of Count, 
the counting sequence is automatically restarted 
and the counter is reloaded from REGOR (or 
REG1 R when selected in Biload Mode). Con­
tinuous Mode is entered by resetting TMR bit CO. 

10.2.3 Trigger And Retrigger Mode 

A trigger event may be generated either by soft­
ware action (setting either CPO or CP1 bit in timer 
register FLAGR), or by an external source which 
may be programmed to be active on the rising 
edge, the falling edge or both, using the fields 
AO-A1 and B0-81 in ICR. 

In One Shot and Trigger Mode, every trigger event 
(used as a reload and start count) arriving before 
an End Of Count, is masked. In One Shot and 
Retrigger Mode, every trigger (used as a reload 
and start count) received while the counter is run­
ning automatically reloads the counter from 
REGOR (or REG1 R when the register is selected 
in Biload Mode). Trigger/Retrigger Mode is set by 
the REN bit in TMR. 

TOlNA input refers to REGOR and TOINB input 
refers to REG1 R. 

10.2.4 Gate Mode 

In this mode the counting operation is performed 
only when the external gate input is active (logical 
state "0"). The selection of TOlNA or TOINB input 
as gate input is made through INO-IN3 bits in I CR. 

10.2.5 Capture Mode 

REGOR and REG1 R registers may be inde­
pendently set in Capture Mode by setting RMO or 
RM1 in TMR, so that a capture of the current count 
value can be performed either on REGOR or 
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REG1 R, via software action (by setting CPO or CP1 
in the FLAGR register) or a programmable event 
on the external input pins. 

WARNING: Care should be taken when two soft­
ware captures have to be performed on the same 
register. In this case, at least one extra instruction 
must be present between the first CPO!CP1 bit set 
and the subsequent CPO/CP1 bit reset. 

1 0.2.6 Up/Down Mode 

The counter can count up or down depending on 
the state of the UDC bit (Software Up/Down) in 
TCR, or on the configuration of the external input 
pins, which have priority over UDC (see Input pin 
assignment ir.1 ICR). When read, the UDCS bit 
always returns the counter up/down current status 
(see also. the Up/Down Autodiscrimination mode in 
the Input Pin Assignment Section, section 1 0.3.13). 

1 0.2.7 Free Running Mode 

The timer performs full range counting (in up or 
down mode) without reloading from REGOR at an 
End Of Count. This mode is automatically selected 
either in Bicapture Mode or by setting REGOR for 
capture function (Continuous Mode must also be 
set). In Autoclear Mode, free running with modulo 
less than 216 may be obtained (see Autoclear 
Mode). 

1 0.2.8 Monitor Mode 

When RM1 bit in TMR is reset and the timer is not 
in Bivalue Mode, then REG1 R acts as monitor, 
reproducing the current U/D counter content enab­
ling the ST9 to read the counter "on the fly". 

1 0.2.9 Autoclear Mode 

A clear command forces the counter to the value 
OOOOh or OFFFFh, when counting in up or down 
count mode respectively. The counter reset may be 
obtained either directly, through CCL bit in TCR, or 
by entering the Autoclear Mode, through CCPO and 
CCMPO fields in TCR. 

10- Multifunction Timer 

Every capture performed on REGOR (if CCPO = 
"1 "), or every successful compare performed by 
CMPOR (if CCMPO = "1 "), clears the counter and 
reloads the prescaler. 

The Clear On Capture mode allows the direct 
measurement of delta time between successive 
captures on REGOR, while the Clear On Compare 
mode allows free running with modulo less than 
216_ 

10.2.10 Bivalue Mode 

Depending on the value of RMO bit in TMR, the 
Biload Mode (RMO = "0") or the Bicapture Mode 
(RMO = "1 ") can be selected as explained in the 
following table: 

Table 10-1. Bivalue Modes 

TMR bits Timer 

RMO RM1 BM 
Operating Modes 

0 X 1 B1load mode 

1 X 1 Bicapture mode 

A) Biload Mode 

The Biload Mode is entered by selecting the Bi­
value Mode (BM = "1" in TMR) and programming 
REGOR as a reload register (RMO = "0" in TMR). 

At any End Of Count, the counter reloading is 
performed alternately from REGOR and REG1 R, (a 
low level for BM bit always sets REGOR as the 
current register, so that, after a Low to High transi­
tion of BM bit, the first reload is always from 
REGOR). 

Every software or external trigger event on REGOR 
performs a reload from REGO R resetting the Biload 
cycle. In One Shot mode (reload made by a soft­
ware or external trigger), the reload is always from 
REGOR. 
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B) Bicapture Mode 

The Bicapture Mode is entered selecting the Bi­
value Mode (BM = "1" in TMR) and programming 
REGOR as a capture register (RMO = "1" in TMR). 

Every capture event, software simulated (setting 
CPO flag) or coming from TOlNA input line, captures 
the current counter value alternately into REGOR 
and REG1 R. A low level for BM bit always sets 
REGOR as current register, so that the first capture, 
after setting BM bit, is always into REGOR. 

10.2.11 Parallel Mode 

When there are two timers on ST9 chip, the parallel 
mode is entered with ECK ="1" in TMR of Timer 1. 
Timer 1 prescaler input is internally connected to 
the Timer 0 prescaler output. Timer 0 prescaler 
input may be connected to the system clock line or 
external input pin (depending on INO-IN3 configu­
ration in ICR) if ECK = "0" (in TMR of TimerO). 

By loading the Prescaler Register of Timer 1 with 
the value OOh the two timers (Timer 0 and Timer 1) 
are driven by the same frequency in parallel mode. 

The parallel mode can also be used for other timer 
pairs (Timer 2 and Timer 3), where available. 

Figure 10-2. Parallel Mode Description 

CPUCLK ----o 

EXTERNAL ---a 
CLOCK 

10.2.12 Autodiscriminator Mode 

VR000217 

The phase difference sign of two overlapped pulses 
(respectively on TxiNB and TxiNA) generates a 
one step up(down) count, so that the up/down 
control and the counter clock are both external. The 
setting of the UDC bit in the TCR register has no 
effect in this configuration. 

This mode is especially useful in determining the 
rotation direction. 

10.3 INPUT PIN ASSIGNMENT 

The two external inputs (TxiNA and TxiNB) of the 
timer can be individually configured to catch a 
particular external event (i.e. rising edge, falling 
edge, rising and falling edges) by programming the 
two relevant bits (AO, A 1 and BO, B1) for each input 
in the external Input Control Register (ICR). 

The 16 different functional modes of the two exter­
nal inputs can be selected by programming INO -
IN3 bits of the ICR as explained in the following 
table 1 0.2. 

Table 10-2. Input Pin Function 

I C Reg. TxiNAinput TxiNB Input 
IN3-INO bits Function Function 

0000 1/0 1/0 
0001 1/0 Trigger 
0010 Gate 1/0 
0011 Gate Trigger 
0100 1/0 Ext. Clock 
0101 Trigger 1/0 
0110 Gate Ext. Clock 
0111 Trigger Trigger 
1000 Clock Up Clock Down 
1001 Up/Down Ext. Clock 
1010 Trigger Up Trigger Down 
1011 Up/Down 1/0 
1100 Autodiscr. Autodiscr. 
1101 Trigger Ext. Clock 
1110 Ext. Clock Trigger 
1111 Trigger Gate 

Some choices in the external input pin assignment 
are defined in conjunction with RMO and RM1 bits 
in TMR. 

For input pin assignment codes using the input pins 
as Trigger Inputs (except for code 1010, Trigger 
Up:Trigger Down): 

- a trigger signal on TxiNA input pin performs an 
U/D counter load if RMO ="0", or an external 
capture if RMO = "1". 

- a trigger signal on TxiNB input pin always per­
forms an external capture on REG1 R. The TxiNB 
input pin is disabled when the Bivalue Mode is 
set. 
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NOTE: For proper operation of the External Input pins, the following 
must be observed: 

-the minimum external clock/trigger pulse width cannot be less than 
the system clock (INTCLK) period if the input pin is programmed as 
rising or falling edge sensitive. 
-the minimum external clock/trigger pulse width cannot be less than 
the prescaler clock period (INTCLK/3) if the input pin is programmed 
as rising and falling edges sensitive (valid also in Autod1scnmination 
mode). -the minimum delay between two clock/trigger pulse active 
edges must be greater than the prescaler clock period (INTCLK/3), 
wh1le the minimum delay between two consecutive clock/trigger 
pulses must be greater than the system clock (INTCLK) penod. 
- the minimum gate pulse width must be at least twice the prescaler 
clock period (INTCLK/3). 
- in Autodiscrimination mode, the minimum delay between the input 
pin A pulse edge (inside the input pin B pulse) and the edges of the 
input p1n B pulse, must be at least the system clock (INTCLK) period. 
- if a number N of external pulses must be counted using a Compare 
Reg1ster of a Timer 1n External Clock mode, then the Compare 
Register used must be loaded with the value [X +1- (N-1)], where X 
1s the starting counter value and the sign is chosen depending 1f in 
Up or Down count mode respectively. 

Here below is a description of the sixteen external 
input functional modes referring to table 10.2. 

10.3.1 TxiNA = 1/0- TxiNB = 1/0 
Input pins A and Bare general purpose 1/0 bits. The 
counter clock is internally generated and the 
up/down control may be done only by software 
action through the UDC (Software Up/Down) bit in 
the TCR register. 

10.3.2 TxiNA = 1/0- TxiNB =Trigger 

The signal applied to input pin B acts as a trigger 
signal on REG1 R register. The prescaler clock is 
internally generated and the up/down control may 
be done only by software action through the UDC 
bit in the TCR register. 

10.3.3 TxiNA =Gate- TxiNB = 1/0 
The signal applied to input pin A acts as a gate 
signal for the internal clock (i.e. the counter runs 
only when the gate signal is at a low level). The 
counter clock is internally generated and the 
up/down control may be done only by software 
action through the UDC bit in the TCR register. 

TOlNA (Gate ln::>ut) 

Internal Counter Clock 

A count occurs here 

VR000218 

10- Multifunction Timer 

10.3.4 TxiNA =Gate- TxiNB =Trigger 
Both input pins A and B are connected to the timer, 
with the resulting effect of combining the actions 
due to the above explained configurations 1 0.3.2 
and 10.3.3. 

10.3.5 TxiNA = 1/0- TxiNB =Ext. Clock 

The signal applied to input pin B is used as the 
external clock for the prescaler. The up/down con­
trol may be done only by software action through 
the UDC bit in the TCR register. 

10.3.6 TxiNA =Trigger- TxiNB = 1/0 

The signal applied to input pin A acts as a trigger 
signal on REGOR register performing the action for 
which the register was programmed (i.e. a reload 
or capture). The prescaler clock is internally gener­
ated and the up/down control may be done only by 
software action through the UDC bit in the TCR 
register. 

TOlNA (Tr,gger Input) 

Internal Counter Clock 

A count occurs her-e(.:) 

VROD0189 

(')The timer is in One shot mode and REGOR 1n Reload mode 

10.3.7 TxiNA =Gate- TxiNB =Ext. Clock 

The signal applied to input pin B, gated by the 
signal applied to input pin A, acts as external clock 
for the pre scaler. The up/down control may be done 
only by software action through the UDC bit in the 
TCR register. 

TOlNA <Gate Input) 

TOINB ([xt Counter Clock)_fl_JULS1_ 

t t 
A count occurs here 

VR000190 
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1 0.3.8 TxiNA = Trigger - TxiNB = Trigger 
The signal applied to input pin A (or B) acts as 
trigger signal for the REGOR (or REG1 R) register 
performing the action for which the register has 
been programmed. The counter clock is internally 
generated and the up/down control may be done 
only by software action through the UDC bit in the 
TCR register. 

10.3.9 TxiNA =Clock Up- TxiNB =Clock Down 

The pulse received on input pin A (or B) performs 
a one step up (or down) count, so that the counter 
clock and the up/down control are external. Setting 
the UDC bit in the TCR register has no effect in this 
configuration while input pin B has priority on input 
pin A. 

X = don't care 

TOlNA <Up Count Clack) ~xx~xx~xx­
Counter Increnent 

TOINB <Down Count Clock)_SLflSL 

Counter DecreMent 

VR000l91 

10.3.10 TxiNA =Up/Down- TxiNB =Ext Clock 
An High (or Low) level of the signal applied on input 
pin A sets the counter in the up (or down) count 
mode, while the signal applied to input pin B is used 
as clock for the prescaler. Setting the UDC bit in 
the TCR register has no effect in this configuration. 

TOlNA CUP/00\o/N) 

----,1 Down Count 

Up Count · 

TOINB <Ext Counter Clock) _____jL__JLI1__ 

f Cou!ter !ecrel'lent 

Counter IncreMent 

VR000192 

10.3.11 TxiNA =Trigger Up- TxiNB =Trigger 
Down 

Up/down control is performed through both input 
pins A and B. A pulse on input pin A sets the up 
count mode, while a pulse on input pin B (which 

has priority on input pin A) sets the down count 
mode. The counter clock is internally generated 
while setting the UDC bit in the TCR register has 
no effect in this configuration. 

TOlNA <Tr.gge>r Up) 

TOINB CTr,gger Down) 

X = don't care 

_n'-----.... ::x.--
-.Up Col.lnt Mode 

-Down Count Mode 

VR000193 

10.3.12 TxiNA =Up/Down- TxiNB = 110 
An High (or Low) level of the signal applied on input 
pin A sets the counter in the up (or down) count 
mode. The counter clock is internally generated. 
Setting the UDC bit in the TCR register has no 
effect in this configuration. 

TOlNA (UP/DOWN> 

Internal Counte>r Clock 

-----,1 Down Count 

Up Covnt · 

VR000194 

10.3.13 Autodiscrimination Mode 

The phase between two pulses (respectively on 
input pin B and input pin A) generates a one step 
up (or down) count, so that! he up/down control and 
the counter clock are both external. Thus, if the 
rising edge of TxiNB arrives when TxiNA is at level 
"0" the timer is incremented (no action if the rising 
edge of TxiNB is coming when TxiNA is at level "1 "). 
If the falling edge of TxiNB arrives when TxiNA is 
at level "0" the timer is decremented (no action if 
the falling edge of TxiNB arrives when TxiNA is at 
level "1"). 

Setting the UDC bit in the TCR register has no 
effect in this configuration. 
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UP/DO\./N ~DINA~ 
AUTODESCRJMINA TOR 

TOINB~ 
I. I. 
I Counter n1ecrE'nent 

Counter IncreME'nt 

VR000195 

10.3.14 TxiNA =Trigger- TxiNB =Ext. Clock 
The signal applied to input pin A acts as a trigger 
signal on REGOR register performing the action for 
which the register was programmed (i.e. a reload 
or capture), while the signal applied to input pin B 
is used as clock for the prescaler. 

TOlNA <Trogger Input) 

TOINB ([xt CountE'r Clock)~ 

A count occurs here (liE) 

VROOOI96 

n The timer IS In One shot mode and REGOR in reload mode 

10.3.15 TxiNA =Ext. Clock- TxiNB =Trigger 

The signal applied to input pin B acts as a trigger, 
performing a capture on REG1 R register, while the 
signal applied to the input pin A is used as clock for 
the prescaler. 

10.3.16 TxiNA =Trigger- TxiNB =Gate 

The signal applied to input pin A acts as a trigger 
signal on REGOR register performing the action for 
which the register was programmed (i.e. a reload 
or capture), while the signal applied to input pin B 
acts as a gate signal for the internal clock (i.e. the 
counter runs only when the gate signal is at a low 
level). 

10- Multifunction Timer 

10.4 OUTPUT PIN ASSIGNMENT 
Two external outputs are available for each timer 
when programmed as alternate functions of the 1/0 
pins. 

Two registers for every timer, Output A Control 
Register (OACR) and Output B Control Register 
(OBCR) define the driver for the outputs and the 
actions to be performed. 

Each of the two output pins can be driven from any 
of the three possible sources: 

- Compare Register 0 event logic 

- Compare Register 1 event logic 

- Overflow/Underflow event logic. 

Each of these three sources can cause one of the 
following four effects on any of the two outputs: 

- Nop 

-Set 

- Reset 

-Toggle. 

Furthermore an On Chip Event signal can be driven 
by two of the three sources: the Over/Underflow 
event and Compare 0 event by programming the 
CEV bit of the OACR register and the OEV bit of 
OBCR register respectively. This signal can be 
used for another on-chip peripheral or as strobe for 
an 1/0 port (see 1/0 chapter). 

10.4.1 Output Waveforms 

Depending on the different programmed values of 
OACR and OBCR the following example wave­
forms can be generated on TxOUTA and TxOUTB 
pins. 
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1) Configuration where TxOUTA is driven by 
Over/Underflow (OUF) and Compare 0 event 
(CMO), while TxOUTB is driven by the 
Over/Underflow and Compare 1 event (CM1 ). 
OACR is programmed with TxOUTA preset to 
"0", OUF sets TxOUTA, CMO resets TOOUTA 
and CM1 does not affect the output. 
OBCR is programmed with TxOUTB preset to 
"0", OUF sets TxOUTB, CM1 resets TxOUTB 
while CMO does not affect the output. 

OACR = [10llOOXOJ 
OBCR = E1t0001Xll r---1 r-----1 _ 

TOOUTA _J L__J L__J 
OUF COMPO OUF COl-1PO 

CDMPl COMPJ 

TOOUTB~ 
our our 

VR000197 

2) Configuration where TxOUTA is driven by 
Over/Underflow, Compare 0 and Compare 1, 
while TxOUTB is driven by both Compare 0 and 
Compare 1. 
OACR is programmed with TxOUTA preset to 
"0". OUF toggles the Output 0 as do CMO and 
CM1. 
OBCR is programmed with TxOUTB preset to 
"1". OUF does not affect the output while CMO 
resets TxOUTB and CM1 sets it. 

OACR = UDllOOXOJ 
OBCR = [!JQOOIXJJ COMPJ COMPI 

TOOUTA~ 
OUF COMPO OUF COMPO 

COMPI COMPI 

TOOUTB -u--u---
CO"lPO COMPO 

VROOOI98 

3) Configuration where TxOUTA is driven by 
Over/Underflow and Compare 0, while TxOUTB 
is driven by Over/Underflow and Compare 1. 
OACR is programmed with TxOUTA preset to 
"0". OUF sets TxOUTA while CMO resets it and 
CM1 has no affect. 
OBCR is programmed with TxOUTB preset to 
"1 ". OU F toggles TxOUTB, CM 1 sets it and CMO 
has no affect. 

OACR = [101100XOJ 
OBCR = [1!0001X1J 

TOOUTA~ 
OUF COMPO OUF COMPO 

CDMPJ CDMPl 

TOO~ 
our our 

VROOAJ98 

4) Configuration where TxOUTA is driven by 
Over/Underflow and Compare 0, while TxOUTB 
is driven by Compare 0 and 1. 
OACR is programmed with TxOUTA preset to 
"1 ". OUF sets TxOUTA. CMO resets it and CM1 
has no affect. 
OBCR is programmed with TxOUTB preset to 
"0". OUF has no affect, CMO sets TxOUTB and 
CM1 toggles it. 

OACR = ClOllOOXOJ 
OBCR = [llOOOJXlJ 

TODUTA~ 
OUF COMPO OUF COMPO 

CDl-1Pl COMPl 

TOOUTB~ 
COMPO COMPO 

VR000205 
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1 0.4.2 Output Waveform Samples In Biload 
Mode 

TxOUTA is programmed to monitor the two time 
intervals (t1 and t2) of the Biload Mode while 
TxOUTB is independent from the Over/Underflow 
and is driven by the different values of Compare 0 
and Compare 1 . 
OACR is programmed with TxOUTA preset to "0". 
OUF toggles the output and CMO and CM1 do not 
affect TxOUTA. 
OBCR is programmed with TxOUTB preset to "0". 
OUF has no effect, while CM1 resets TxOUTB and 
CMO sets it. 
Depending on the CM1/CMOvalues, three different 
example waveforms have been drawn starting from 
the above mentioned configuration of OBCR. In the 
last case, with a different programmed value of 
OBCR, only Compare 0 drives TxOUTB, toggling 
the output. 

OACR = [llllOlXOJ I t1 I t2 I 

TOOUTA~ 
our our 

r 
o.> COMPO < REGO < COMPl < REG! 

OBCR = [001011XOl 

b> COMPO < CDMP! < REGO < REG! 

TODUTB (liE) 
COMPI COMPl 

---.n..J"l.__ 
COMPO COMPO 

c> REGO < COMPO < CDMPl < REG! 

CDMPl 

~ 
COMPO 

OBCR = [011111XOioouTB~ 
COV.PO COMPO 

VR000206 

Note(') Depending on the CMPI RICMPOR values 

10 ·Multifunction Timer 

10.5 TIMER INTERRUPT STRUCTURE 

Reader should refer to the Interrupt chapter of this 
manual for more details of the ST9 Interrupt archi­
tecture. 

The timer has 5 different Interrupt sources, 
grouped into 3 independent groups, assigned to 
the following Interrupt vectors: 

Table 10-5. Timer Interrupt Structure 

Interrupt Source Vector Address 

COMPO xxxx x110 COMP1 

CAPTO xxxx x100 CAPT1 

Overflow/Underflow xxxx xOOO 

The three least significant bits of the vector pointer 
address represent the relative priority assigned to 
each group, (000 value is the highest priority level) 
and are fixed by hardware depending on the source 
which generates the interrupt request. The 5 most 
significant bits are programmed by the user in the 
Interrupt Vector Register (IVR) of each Timer. 

Each source can be masked by a dedicated bit in 
the lnterrupt/DMA Mask Register (IDMR) of each 
timer, as well as a global mask enable bit (IDMR.7), 
masking all interrupts. 

If an interrupt request (CMO or CPO) happens 
before the corresponding pending bit is reset, an 
overrun condition occurs. This condition is flagged 
in two dedicated overrun bits, concerning the 
CompO and CaptO sources, and placed in the Timer 
Flag Register (FLAGR). 

A map of the Interrupt and DMA Registers available 
for every timer (the absolute address of every 
register and the meaning of every bit is detailed in 
the paragraph 1 0.8). 
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10.6 TIMER DMA STRUCTURE 

Two Independent DMA channels, associated to 
Compare 0 and Capture 0 sources, respectively 
allow DMA transfers from Register File/Memory to 
CompO Register and vice versa from CaptO Regis­
ter to Register File/Memory (also transfers in/from 
Memory from/into an 1/0 port are available; see par. 
1 0.9). Their priority is hardware set as following: 

- Compare 0 Destination Lower Priority 

- Capture 0 Source Higher Priority 

The two DMA request sources are independently 
maskable by two DMA Mask bits, mapped in the 
Timer lnterrupVDMA Mask register (IDMR). 

The two End of Block procedures, associated to 
each Interrupt mask and DMA mask combination, 
follow the standard architecture as shown in the 
Interrupt and DMA chapter in this manual. 

1 0.6.1 DMA Pointers 

The 6 programmable most significant bits of the 
Timer Address and Counter Pointer registers 
(DAPR-DCPR) are common to both channels 

MAP POINTER FOR REGISTER TO 
PROG/DATA MEMORY TRANSFER 

Address 
Pointers 

DMA 
Counters 

Register File 

CompO 16 bit 
Addr Pointer 

CaptO 16 bit 
Addr Pointer 

CompO DMA 
16 b1t Counter 

CaptO DMA 
16 bit Counter 

yyyyyy11 (I) 
yyyyyy'o(h) 

yyyyyyD1 (I) 
yyyyyyDO(h) 

xxxxxx11 (I) 
xxxxxx10(h) 

xxxxxx01 (I) 
XXXXXX00(h) 

(CompO and CaptO sources). As a consequence, 
the CompO and CaptO Address pointers are 
mapped by pair in the Register File, as well as the 
CompO and CaptO DMA Counter pair. 

The different address specification, in order to point 
either CaptO or CompO pointers, is provided by ST9 
according to the channel under service (replacing 
the address bit 1 with "0" for CAPTO or with "1" for 
COMPO), when DO bit on DCPR register is equal 
to zero (Word address in Register File). In this 
condition (register with program/data memory 
transfer}, the pointers will be split in two groups of 
adjacent Address pointer and Counter pairs re­
spectively. 

In the case of register to register transfers (selected 
by programming the value "1" into bit 0 of the DCPR 
register), only one pair of pointers are required and 
the pointers are mapped into one group of adjacent 
positions. 

DAPR (the DMA/Address Pointer Register) in this 
case in not used, but must be considered reserved. 

MAP POINTER FOR REGISTER TO REGISTER 
TRANSFER 

Register F1le 

8 bit Counter XXXXXX11 
Compare 0 

8 bit Addr Pointer XXXXXX10 

8 bit Counter XXXXXX01 
Capture 0 

8 bit Addr Counter xxxxxxoo 

10/22 -----------5i SCiS·lHOMSON __________ _ 
• J /1. iYJ~©iKJ©rn~~©'iMJ@il]~@@ 

150 



1 0.6.2 Priority During The DMA Transactions 

Each Timer OMA transaction is a 16 bit operation, 
therefore two different bytes must be transferred 
subsequently. This is accomplished by two OMA 
transfers. In order to speed up each word transfer, 
the second byte transfer is executed by forcing 
automatically the peripheral priority to the highest 
level (000) regardless to the previous set level. It 
will be then restored to the original value after 
executing this transfer. Furthermore, once one re­
quest is being served, its hardware priority is kept 
at the highest level regardless to the other Timer 
internal sources, i.e. once a CompO request is 
being served, it keeps a higher priority on the CaptO 
channel, even if a CaptO request occurs between 
the two byte transfers. 

1 0.6.3 The DMA Swap Mode 

After a complete data table transfer, the transaction 
counter is reset and an End Of Block condition 
occurs, the block transfer is completed. 

The End Of Block Interrupt routine has at this point 
to reload both address and counter pointers of the 
channel referred by the End Of Block interrupt 
source if the application requires a continuous high 
speed data flow. This procedure causes speed 
limitations because of the time consumed by the 
reload routine. 

The SWAP feature overcomes this drawback, 
allowing high speed continous transfers. Bit 2 of the 
Timer Address and Counter Pointer registers 
(DAPR-DCPR), toggles after any End Of Block 
condition, alternately providing odd and even ad­
dress (02-07) for the couple of pointers, thus point­
ing to an updated couple, after a block has been 
completely transfered. This allows the User to be 
updating or reading the first block, and update the 
pointer values while the second is being trans­
ferred. These two toggle bits are software writable 
and readable, mapped in OCPR bit 2 for the CMO 
channel, and in OAPR bit 2 for the CPO channel 
(though a DMAevent on a channel, in Swap mode, 
modifies a field in DAPR and DCPR common to 
both channels, the OAPR/OCPR content used in 
the transfer is always the one related to the correct 
channel). 

10- Multifunction Timer 

The SWAP mode can be enabled by a control bit 
placed in the Interrupt Control Register. 

WARNING: this mode is always set for both chan­
nel (CMO and CPO). 

10.6.4 The DMA End Of Block Interrupt Routine 

This Interrupt request is generated after each block 
transfer (EOB) and its priority is the same as as­
signed in the usual Interrupt request, for the two 
channels. As a consequence, they will be served 
only when no DMA request occurs, and will be 
submitted to a possible OUF Interrupt request, 
which has higher priority. 

Here is a typical EOB procedure (with swap mode 
enabled): 

- Toggle bit test and Jump 

- Pointers (odd or even depending on toggle bit 
status) reload 

- Reset EOB bit: this bit must be reset only after 
the old couple of pointers has been restored, so 
that, if a new EOB condition occurs, the next 
pointers are ready to be swapped 

- Verify the software protection condition 

- Read the corresponding Overrun bit: this make 
the user sure that NO OMA request has been lost 
meantime 

- Return. 

WARNING: The EOB bits are read/write bits only 
for testing reasons. Writing a logical "1 "by software 
(when SWEN bit is set) will cause a spurious inter­
rupt request. During normal operation, these bits 
have only to be reset by software. 

10.6.5 DMA Software Protection 
A second EOB condition may occur before the first 
EOB routine is completed, this would cause a not 
yet updated pointer couple to be addressed, with 
consequent overwriting of memory. To prevent 
these errors, a protection mechanism is provided, 
such that the attempted setting of the EOB bit 
before it has been reset by software will cause the 
DMA mask on that channel to be reset (DMA dis­
abled), locking any further DMA operation. As 
shown above, this mask bit should always be 
checked in each EOB routine, to ensure all DMA 
transfers are properly served. 
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10.7 TIMER DMA EXTERNAL MODES ON 1/0 
PORTS 

Each Timer DMA channel can also be employed in 
external transfers to/from memory from/to an 1/0 
port. In this case only Byte transfers are executed 
for any request. Two control bits (DCTS and DCTD) 
in the lnterrupt/DMA Control Register (IOCR) set 
each channel in INT/EXT (Internal = Register to 
Memory/External = Memory to/from 1/0 ports) 
mode. 

The relevant 1/0 port must then be programmed in 
DMA mode and the right direction of the port 
chosen by the HDCxR register of that port (see 1/0 
port chapter). 

The two modes, however, are not the same for both 
channels as explained in the following section. 

10.7.1 CMO Channel External Mode 

This mode is enabled when DCTD (DMA Compare 
Transaction Destination) bit is equal to "1" in the 
IOCR register. 

This mode allows only Output transfers, from Reg­
ister File/memory to the 1/0 port, under a request 
caused by a CMO event or a software request 
(writing "1" in the CMO flag). An application for this 
is a data flow under DMAto be output at fixed times. 

The synchronization with the 1/0 port is accom­
plished by an internal signal, active when the data 
to be transfered is present on the internal Data Bus. 
If programmed, the on-chip event pulse can also 
be generated and used to strobe the output data 
on the selected handshake port. 

In either case the DMA Output mode must be 
selected in the HDCTL Register of the port (see 1/0 
port chapter). 

10.7.2 CPO Channel In External Mode 

This mode is enabled when DCTS (DMA Capture 
Transaction Source) bit is equal to "1" in the IOCR 
register. 

This mode allows bi-directional transfers controlled 
(when the 1/0 port is programmed in DMA 
Input/Output mode in the HDCTL register) by the 
value of the DD bit of the HDCTL register (the DD 
bit selects the DMA input or DMA Output mode). 

The DMA request can be either an External CPTO 
request (Timer External input A) or a software 
request (by writing "1" in the CPO Flag). 

This, along with a further internal synchronization 
signal, generated by the Timer Unit, allows hand­
shake operations managed by the 1/0 port while 
the direction of the data to read or write on the 1/0 
port is fixed by the value of the DD bit in the HDCTL 
register (see 1/0 port chapter). 

10.7.3 DMA Channel Synchronization 

A CPO DMA request can be generated also by a 
CMO event, simply by setting the Timer External 
Input A on rising and falling edges sensitive, con­
necting it by hardware or software (though the 
IOCR register) to the Timer OUT 0, and programm­
ing the CMO action as output toggle. 

This will cause a CPO request to be generated after 
each CMO condition, thus synchronizing the 2 DMA 
channels (see the following application example). 

The DCTS bit must be set and DCTD bit must be 
reset in the I DCR register. Fig 1 0.3 shows an 
example of two channel synchronisation. A new 
byte will be sent out through the 1/0 port at an 
interval specified by the COMPO value mapped in 
the look-up table. 
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Figure 10-3. Timer DMA Channels Synchronization 

DMA 
TABLE 

OMA 
TABLE 

R.F /P.M. /O.M. 

!PATTERN TABLE 

'lfE:~c~g~E 

1/0 
ONNECTIO 

(SOFTWARE 

TOGGLE 
OUTPUT 

R.F /P.M. fO.M. 

ITit.IE TABLE 

r-

-

OMA TRANSFER 

I INT llc OMA I 

... 
"'"' ou n.o-

~~ 

NOTE: THE 1/0 PORT 
DIRECnON IS 
FIXED BY THE 
DO BIT IN THE 
HDCTL REGISTER 

ON-C HIP 
EVENT 

- CAPTURE 0 REGISTER 

16 BIT COUNTER t--

I COMPARE 0 REGISTER 

I INT llc OMA 

DMA TRANSFER 

IDCR.OC 
IDCR.OC 

TS= 1 : CAP lURE OMA IN PORT MODE 
TQaO : COMPARE OMA IN NORMAL MODE 

T=O : NORMAL STROBE (M2ST3) HOCTL.OS 

VR000450 

13/22 ------------~ ~~m~~'?4 ------------
153 



10- Multifunction Timer 

10.8 MULTIFUNCTION TIMER REGISTER DE­
SCRIPTION 
Twenty-one control and data registers are associ­
ated to each Multifunction timer, and are located in 
the Group F 1/0 pages of the ST9 Register File. 

The registers of Timer 0 are located (in the case of 
at least one timer on the ST9 device, otherwise 
these are reserved registers) into 1/0 page 10 and 
page 9 as follows: 

IMDR- TIMO -15-

FLAGR- TIMO 

OBCR- TIMO 

OACR- TIMO 

PRSR- TIMO 

ICR- TIMO 

TMR- TIMO 

TCR -TIMO IOCR 

CMP1 LR - TJMO 

CMP1 HR- TIMO 

CMPOLR- TIMO 

CMPOHR- TIMO 

REG1 LR- TIMO IOCR- TIMO 

REG1 HR- TIMO IVR- TIMO 

REGOLR - TIMO DAPR- TIMO 

REGOHR - TIMO -00- DCPR- TIMO 

Page 10 (OAh) Page 9 (09h) 

The registers of Timer 1 are located (in the case of 
at least two timers on the ST9 device, otherwise 
are reserved registers) into 1/0 page 8 and page 9 
as follows: 

IMDR- TIM1 -15-

FLAGR-TIM1 

OBCR- TIM1 

OACR- TIM1 

PRSR- TIM1 

ICR-TIM1 

TMR- TIM1 

TCR- TIM1 IOCR 

CMP1 LR- TIM1 IDCR- TIM1 

CMP1 HR- TIM1 IVR-TIM1 

CMPOLR- TIM1 DAPR -TIM1 

CMPOHR- TIM1 DCPR- TIM1 

REG1 LR- TIM1 

REG1HR- TIM1 

REGOLR- TIM1 

REGOHR- TIM1 -00-

Page 8 (OBh) Page 9 (09h) 
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The registers of Timer 2 are located (in the case of 
at least three timers on the ST9 device, otherwise 
are reserved registers) into 1/0 page 14 and page 
13 as follows: 

IMOR-TIM2 -15-

FLAGR- TIM2 

OBCR-TIM2 

OACR- TIM2 

PRSR- TIM2 

ICR- TIM2 

TMR- TIM2 

TCR- TIM2 IOCR 

CMP1 LR- TIM2 

CMP1 HR- TIM2 

CMPOLR- TIM2 

CMPOHR- TIM2 

REG1 LR - TIM2 IOCR -TIM2 

REG1 HR- TIM2 IVR- TIM2 

REGOLR - TIM2 OAPR- TIM2 

REGOHR- TIM2 -00- OCPR- TIM2 

Page 14 (OEh) Page 13 (OOh) 

In the following pages there is a detailed descrip­
tion of every register with the meaning and the 
function of every bit. The register is referred without 
the absolute address which is depending on the 

10.8.1 Register 0 (REGOR) Registers 

This couple of registers (REGOLR and REGOHR) 
is used to capture values from the U/D counter or 
to load preset values into the U/D counter. 

REGOHR R240 (FOh) Read/Write 
Capture Load Register 0 (High) 

Reset value: undefined 

7 0 

I R151 R141 R13 I R121 R11 I R10 I R9 RB 

10- Multifunction Timer 

The registers of Timer 3 are located (in the case of 
four timers on the ST9 device, otherwise are 
reserved registers) into 1/0 page 12 and page 13 
as follows: 

IMOR- TIM3 -15-

FLAGR- TIM3 

OBCR -TIM3 

OACR -TIM3 

PRSR- TIM3 

ICR- TIM3 

TMR- TIM3 

TCR- TIM3 IOCR 

CMP1 LR- TIM3 IOCR- TIM3 

CMP1 HR- TIM3 IVR- TIM3 

CMPOLR- TIM3 OAPR- TIM3 

CMPOHR - TIM3 OCPR- TIM3 

REG1 LR- TIM3 

REG1HR- TIM3 

REGOLR - TIM3 

REGOHR- TIM3 -00-

Page 12 (OCh) Page 13 (OOh) 

number of the timer used (of course the configura­
tion and the functions of the internal bits of i.e. 
TCR- TIMO are the same ofTCR- TIM1 and so on. 

REGOLR R241 (F1h) Read/Write 
Capture Load Register 0 (Low) 

Reset value: undefined 

7 

R7 R6 R5 R4 R3 R2 R1 

0 

RO 

15/22 -------------- Eii ~~~;mgm~~~~A --------------
155 



10- Multifunction Timer 

1 0.8.2 Register 1 (REG1 R) Registers 

This pair of registers (REG1 LR and REG1 HR) is 
used (as REGOR) to capture values from the U/D 
counter or to load preset values into the U/D 
counter. 

REG1LR R243 (F3h) Read/Write 
Capture Load Register 1 (Low) 

Reset value: undefined 
7 0 

I R7 I R6 I R5 I R4 I R3 R2 R1 RO 

REG1 HR R242 (F2h) Read/Write 
Capture Load Register 1 (High) 

Reset value: undefined 
7 0 

I R151 R141 R13 I R121 R11 I R10 I R9 RB 

10.8.3 Compare 0 (CMPOR) Registers 

This pair of Registers (CMPOLand CMPOH) is used 
to store 16 bit values to be compared to the U/D 
counter content. 

CMPOLR R245 (F5h) Read/Write 
Compare 0 Register (Low) 

Reset value: undefined 
7 0 

I R7 I R6 I R5 I R4 I R3 R2 R1 RO 

CMPOHR R244 (F4h) Read/Write 
Compare 0 Register (High) 

Reset value: undefined 
7 0 

I R151 R141 R13 I R121 R11 I R10 I R9 RB 

1 0.8.4 Compare 1 (CMP1 R) Registers 

This pair of Registers (CMP1 Land CMP1 H) is used 
(as CMPOR) to store 16 bit values to be compared 
to the U/D counter content. 

CMP1 LR R247 (F7h) Read/Write 
Compare 1 Register (Low) 

Reset value: undefined 
7 0 

I R7 I R6 R5 R4 R3 R2 R1 RO 

CMP1 HR .R246 (F6h) Read/Write 
Compare 1 Register (High) 

Reset value: undefined 
7 0 

I R151 R141 R131 R121 R11 I R10 I R9 RS 

10.8.5 Timer Control Register (TCR) 

This register is used to control the status of the 
timer. 

TCR R248 (F8h) Read/Write Timer 
Control Register 

Reset value: 0000 Oxxxb 
7 0 

I CEN lccPolccMPol CCL I uoc luocsl oFo I cs 

b7 = CEN: Counter Enable. This bit is ANDed with 
the Global Counter Enable bit (GCEN bit on R230 
- Central Interrupt Control Register; the GCEN bit 
is set after the Reset cycle). Setting the CEN bit 
starts the counter and prescaler (without reload). 
When this bit is reset, the counter and prescaler 
stop. 
b6 = CCPO: Clear on Capture. When this bit is set, 
a clear of the counter and a reload of the prescaler 
are performed on REGOR or REG1 R capture. No 
effect when this bit is reset. 
b5 = CCMPO: Clear on Compare. When this bit is 
set, a clear of the counter and a reload of the 
prescaler are performed on CMPOR compare. No 
effect when this bit is reset. 
b4 = CCL: Counter clear. When this bit is set, the 
counter is cleared without generation of interrupt 
request. No effect when this bit is reset. 
b3 = UDC: Software Up/Down. When the direction 
of the counter is not fixed by TOlNA and/or TOINB 
(see par. 1 0.3) it can be software controlled by the 
UDC bit. Setting the UDC bit selects the Up mode 
counting. Resetting this bit the Down counting is 
performed. 
b2 = UDCS: Up/Down Count status. This bit is read 
only and monitors the direction of the counter. 
Reading "1" means that the counter is using the Up 
mode counting. Reading "0" means that the Down 
mode counting is in use. 
b1 = OFO: OVF/UNF state. This bit is read only and 
is set if an Overflow or an Underflow occurs during 
a Capture on Register 0. 
bO = CS: Counter Status. This bit is read only and 
monitors the status of the counter. Reading "1" 
means that the counter is running. Reading "0" 
indicates that the counter is halted. 
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1 0.8.6 Timer Mode Register (TMR) 

This register is used to select the operating mode 
of the timer. 

TMR R249 (F9h) Read/Write 
Timer Mode Register 

Reset value: 0000 OOOOb (DOh) 
7 0 

I OE1 I OED I BM I RM1 I RMO I ECK I REN I co 

b? = OE1: Output 1 Enable. Setting this bit enables 
the Output 1 (TxOUTB) of the relevant timer. When 
this bit is reset, the TxOUTB is disabled and forced 
to the logic state "1". The relevant 1/0 bit must also 
be set to Alternate Function. 

b6 =OED: Output 0 Enable. Setting this bit enables 
the Output 0 (TxOUTA) of the relevant timer. When 
this bit is reset, the TxOUTA is disabled and forced 
to the logic state "1". The relevant 1/0 bit must also 
be set to Alternate Function. 

b5 = BM: Bivalue Mode. This bit enables the Bi­
value mode when is set. When the bit is reset, the 
Bivalue mode is disabled. After that, depending on 
the value of RMO bit (TMR - bit 3), the Biload or 
Bicapture mode is selected (see par. 1 0.4.1 0). 

b4 = RM1: REG1 R mode. When this bit is set, the 
REG1 R can be used to capture the value of the 
counter. When the bit is reset, the REG1 R monitors 
the value of the counter. The selection performed 
by this bit has no effect when the Bivalue Mode is 
enabled. 

b3 = RMO: REGOR mode. When this bit is reset, 
the REGOR can be used to capture the value of the 
counter (also the Bicapture mode can be selected 
if the BM bit is equal to 1 ). When the bit is reset, 
the REGOR can be used to load the new value of 
the counter (also the Biload mode can be selected 
if the BM bit is equal to "1 "). 

b2 = ECK: Timer clocking mode. This bit selects 
the clock source which drives the prescaler. When 
the ECK bit is reset, either the Internal or External 
clock is used depending on INO- IN3 configuration 
in I CR. When ECK bit is set, different functions are 
performed depending on the number of the rele­
vant timer. For odd timers (Timer 1, Timer 3 and so 
on) setting the ECK bit enables the Parallel mode 
(see par. 10.4.11) where the prescaler of the odd 
timer is driven by the prescaler output of the even 
timer. 

b1 = REN: Retrigger mode. When this bit is reset, 
the Retriggerable mode is enabled. When the bit is 
set, this operating mode is disabled. 

10- Multifunction Timer 

bO = CO: Continous/One shot mode. When this bit 
is reset, the Continuous mode is selected (with 
autoreload on condition). The bit must be set to 
select the one shot mode. The following table 
summarizes the different operating modes de­
pending on the values of RMO, RM1 and BM bits. 

Table 10-3. Timer Operating Modes 

TMR Bits 
Timer Operating Modes 

RMO RM1 BM 

0 X 1 Biload mode 

1 X 1 Bicapture mode 

0 0 0 
Load from REGOR and 
Monitor on REG 1 R 

0 1 0 Load from REGOR and 
Capture on REG1 R 

1 0 0 Capture on REGOR and 
Monitor on REG1 R 

1 1 0 Capture on REGOR and 
REG1R 

10.8.7 External Input Control Register(ICR) 

By this register it is possible to program the function 
and the operation to be performed on TxiNA and 
TxiNB inputs. 

ICR R250 (FAh) read/write 
External Input Control Register 

Reset value: 0000 xxxxb (OXh) 
7 0 

IN3 IN2 IN1 INO AO A1 BO B1 

b7-b4 = IN3,1N2,1N1,1NO: Input pin assignment. 
The different functions of TxiNA and TxiNB inputs 
of every timer can be selected by INO - IN3 bits as 
explained below. 

b3-b2 = AO, A1: TxiNA event programming. The 
following TxiNA configurations can be selected 
according to the values of AD and A1 bits: 

AD A1 TxiNA Configuration 

0 0 No operation 
0 1 Falling edge sensitive 
1 0 Rising edge sensitive 
1 1 R1s1ng and falling edges 
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I GReg. TxiNAinput TxiN8 Input 
IN3-INO bits Function Function 

0000 110 110 
0001 110 Trigger 
0010 Gate 1/0 
0011 Gate Trigger 
0100 1/0 Ext. Clock 
0101 Trigger 1/0 
0110 Gate Ext. Clock 
0111 Trigger Trigger 
1000 Clock Up Clock Down 
1001 Up/Down Ext. Clock 
1010 Trigger Up Trigger Down 
1011 Up/Down 1/0 
1100 Autodiscr. Autodiscr. 
1101 Trigger Ext. Clock 
1110 Ext. Clock Trigger 
1111 Tngger Gate 

b1-b0 = 80, 81: Tx/NB event programming. The 
following TxiNB configurations can be selected 
according to the values of BO and B1 bits: 

80 81 TxiN8 Configuration 

0 0 No operat1on 
0 1 Falling edge sensitive 
1 0 Rising edge sensitive 
1 1 Rising and falling edges 

1 0.8.8 Prescaler Register (PRSR) 

This register holds the preset value for the 8-bit 
prescaler. The PRSR content may be modified at 
any time, but it will be loaded into the prescaler at 
the following prescaler underflow, or as a conse­
quence of a counter reload (either by software or 
upon external request). On an external RESET 
condition, the prescaler is automatically loaded 
with the DOh value, so that the prescaler divides by 
1 and the maximum counter clock is generated 
(OSCIN frequency divided by 6 when MODER.5 = 
DIV2 bit is set). 

PRSR R251 (FBh) read/write 
Prescaler Register 

Reset value: 0000 OOOOb (OOh) 
7 

I P7 I P6 I P5 I P4 I P3 I P2 P1 

0 

PO 

The binary value stored (by programmer) in the 
PRSR register is equal to (divider value- 1]. For 
example, loading PRSR with 24 makes the pres­
caler divide by 25. 

10.8.9 Output A Control Register (OACR) 

This register selects the sources that can perform 
actions on TxOUTA pin. 

TxOUTA can be driven from any of three possible 
sources: 

- OVF/UNF being an Overflow or Underflow event 
on the U/D counter, 

- COMPO being a successful compare event on 
CMPOR register, and 

- COMP1 being a successful compare event on 
CMP1R. 

By programming bits BO and 81 of the relevant 
source can cause one of the following four effects 
on TxOUTA (which can be previously preset): 

80 81 Event 

0 0 Set 
0 1 Toggle 
1 0 Reset 
1 1 Nap 

Note: In any case of contemporary events the action Will be taken 
Which results from 'ANDmg' the B1-BO fields. Through this reg1ster 
the actiOn of COMPO on the on·ch1p event can be also selected. 

OACR R252 (FCh) Read/Write 
Output A Control Register 

Reset value: xxxx xxOxb 
7 0 

I 80 I 81 I 80 I 81 I 80 81 I CEV I OP 

< COMPO > < COMP1 > < OVF/UNF > 

b7-b6 = 80, 81: Control bits of COMPO. Control 
bits for event driven by COMPO. 
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b5-b4 = 80, 81: Control bits of COMP1. Control 
bits for event driven by COMP1. 

b3-b2 = 80, 81: Control bits of OVF!UNF. Control 
bits for event driven by OVF/UNF. 

b1 = CEV: On-Chip Event on CMPOR. When this 
bit is set, a successful compare on CMPOR acti­
vates the on-chip event signal (a single pulse is 
generated). No action when this bit is reset. 
bO = OP: Control bit of TxOUTA preset. The value 
of this bit is the preset value of TxOUTA output pin. 
Reading this bit returns the current state of the 
TxOUTA output pin (i.e. useful when this output is 
selected in toggle mode). 

1 0.8.1 0 Output 8 Control Register (08CR) 

This register selects the sources that can perform 
actions on TxOUTB output pin. TxOUTB can be 
driven from any of three possible sources: 

- OVF/UNF being an Overflow or Underflow event 
on the U/D counter, 

- COMPO being a successful compare event on 
CMPOR register, and 

- COMP1 being a successful compare event on 
CMP1R. 

By programming bits BO and 81 of the relevant 
source can cause one of the following four effects 
on TxOUTB (which can be previously preset): 

BO 81 Event 

0 0 Set 
0 1 Toggle 
1 0 Reset 
1 1 Nap 

Note: In any case of contemporary events the actton wtll be taken 
wh1ch results from 'AND1ng' the 81-80 f1elds Through th1s reg1ster 
the action of Overflow/Underflow on the on-chip event can be also 
selected 

08CR R253 (FD h) Read/Write 
Output B Control Register 

Reset value: xxxx xxOx b 
7 0 

I 80 I 81 I 80 I 81 I 80 81 I OEV I OP 

< COMPO > < COMP1 > < OVF/UNF > 

b7-b6= 80,81: controlbitsofCOMPO. Control bits 
for event driven by COMPO. 

b5-b4 = 80, 81: control bits of COMP1. Control bits 
for event driven by COMP1. 

b3-b2 = 80, 81: control bits of OVF!UNF. Control 
bits for event driven by OVF/UNF. 

10- Multifunction Timer 

b1 = OEV: On-Chip Event on OVF!UNF. When this 
bit is set, a successful Overflow/Underflow acti­
vates the on-chip event signal (a single pulse is 
generated). No action when this bit is reset. 

bO = OP: control bit of TxOUTB preset. The value 
of this bit is the preset value of TxOUTB output pin. 
Reading this bit, it returns the current state of the 
TxOUTB output pin (i.e. useful when this output is 
selected in toggle mode). 

10.8.11 Flag Register (FLAGR) 

This register contains the flags of the successful 
captures or comparisons together with the Over­
flow/Underflow and overrunning indications. Also 
the mode of the Interrupt on capture can be se­
lected. By writing into the capture flags it is possible 
to generate software captures. It is necessary to 
clear the capture flag before subsequent sofware 
captures can be generated. By reading this regis­
ter, user can know which source has generated an 
interrupt (several sources may share the same 
interrupt vector). 

FLAGR R254 (FEh) Read/Write 
Flags Register 

Reset value: 0000 OOOOb (OOh) 
7 0 

I CPO I co1 I CMo I CM1 I ouF locPolocMol Ao 

b7 =CPO: Flag on Capture 0. This bit is set after a 
capture on REGOR register. Writing "1" acts as a 
software load/capture from/on REGOR. 

b6 = CP1: Flag on Capture 1. This bit is set after a 
capture on REG1 R register. Writing "1" acts as a 
software capture on REG I R, except when in Bi­
capture mode. 

b5 = CMO: Flag on Compare 0. This bit is set after 
a successful compare on CMPOR register. 

b4 = CM1: Flag on Compare 1. This bit is set after 
a successful compare on CMP1 R register. 

b3 = OUF: Flag on Overflow/Underflow. This bit is 
set after a counter Over/Underflow condition. 

b2 = OCPO: Flag of overrun on Capture 0. This bit 
is set when more than one INT/DMArequestoccurs 
before having reset the event flag CPO or whenever 
a capture is software simulated. 

b1 = OCMO: Flag of overrun on Compare 0. This 
bit is set when more than one INT/DMA request 
occurs before having reset the event flag CMO. 

bO = AO: Capture Interrupt Function. When this bit 
is set the Interrupt is generated by an AND function 
of REGOR/REG1 R captures while when the AO bit 
is reset, the Interrupt is generated by an OR func­
tion of REGOR/REG1 R captures. 
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10.8.12 lnterrupt/OMA Mask Register (IOMR) 

This register contains the Global Timer Interrupt 
enable bit and the INT/DMA enable bits of the 
following events: 

- Capture on REGOR (CPO field), 

- Capture on REG1 R (CP11 bit - only Interrupt 
mask), 

- Compare on CMPOR (CMO field), 

- Compare on CMP1 R (CM11 bit- only Interrupt 
mask), and 

- Overflow/Underflow (OUI bit - only Interrupt 
mask). 

IOMR R255 (FF h) Read/Write 
lnterrupt/DMA Mask Register 

Reset value: 0000 OOOOb (OOh) 
7 0 

I GTIEN I CPOD I CPO I I CP11 I CMOD I CMOI I CM11 I OUI 

CPO > < CP1 >< CMO ><CM1 > 

b7 = GTIEN: Global Timer Interrupt Enable. When 
this bit is set, all the Interrupts (of the enabled 
sources) of the timer are enabled. When the bit is 
reset, all the Interrupts of timer are disabled. 

b6 = CPOO: Capture 0 DMA Mask. Capture on 
REGOR DMA is enabled when CPOD = "1." 

b5 = CPOI: Capture 0 Interrupt Mask. Capture on 
REGOR interrupt is enabled when CPO I = "1 ". 

b4 = CP11: Capture 1 Interrupt Mask. Capture on 
REG1 R interrupt is enabled when CP11 = "1 ". 

b3 = CMOO: Compare 0 DMA Mask. Compare on 
CMPOR DMA is enabled when CMOD = "1 ". 

b3 = CMOI: Compare 0 Interrupt Mask. Compare 
on CMPOR interrupt is enabled when CMOI = "1 ". 

b1 = CM11: Compare 1 Interrupt Mask. Compare 
on CMP1 R interrupt is enabled when CM11 = "1 ". 

bO = OUI: Overflow/Under11ow Interrupt Mask. 
Overflow/Underflow condition interrupt is enabled 
when OUI = "1". 

10.8.13 OMA Counter Pointer Register (OCPR) 

This register is not used only as DMA Counter 
pointer but also to define the DMA area and the 
DMAsource. 

OCPR R240 or 244 (FOh or F4h) Read/Write 
DMA Counter Pointer Register 

Reset value: undefined 
7 

I D7 I D6 I D5 I D4 I D3 02 I ~~c~ I ~~~ I 

b7-b2 = 07, .... ,02: MSB of DMA counter register 
address. Those bits contain the most significant 
bits of the DMA counter register address and are 
user programmable. Though user programmable, 
the D2 bit may be hardware toggled if the Swap 
mode is set for the Timer DMA section related to 
Compare 0 channel. 

b1 = OMA-SRCE: DMA source selection (hardware 
programmed). This bit is hardware fixed by the 
Timer DMA logic and is set if the DMA destination 
is a Compare on CMPOR register and reset if the 
DMA source is a Capture on REGOR register. 

bO = REG-MEM: DMAarea selection. When this bit 
is set, it selects the Source/Destination of the DMA 
area from/into Register File while when it is reset, 
the Source/Destination of the DMA area is from/to 
the External Program or Data Memory (according 
with the value of DO bit in DAPR). 
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10.8.14 DMA Address Pointer Register (DAPR} 

This register is not used only as DMA Address 
pointer but also to define the DMA area and the 
DMAsource. 

DAPR R241 or 245 (F1 h or F5h) Read/Write 
DMA Address Pointer Register 

Resetv~ue:undefined 

7 

lwlool~l~loo ~1=1~1 
b7-b2 = 07, .... , 02: MSB of DMA Address register 
location. Those bits contain the most significant bits 
of the DMA Address register location and are user 
programmable. Through user programmable, the 
bit D2 may be hardware toggled if the Swap mode 
is set for the Timer DMA section related to Capture 
0 channel. 

b1 = DMA-SRCE: DMA source selection (hardware 
programmed). This bit is hardware fixed by the 
Timer DMA logic and is set if the DMA destination 
is a Compare on CMPOR register and reset if the 
DMA source is a Capture on REGOR register. 

bO = PRGIDAT: DMA memory selection. When this 
bit is set it selects the Source/Destination of the 
DMA area from/into Data Memory while when it is 
reset the Source/Destination of the DMA area is 
from/into the External Program Memory (according 
with the value of DO bit in DCPR). 

DCPR.O DAPR.O DMA Source/Destination 

0 0 Program memory 
0 1 Data memory 
1 0 Register file 
1 1 Register f1le 

10- Multifunction Timer 

10.8.15 Interrupt Vector Register (IVR} 

This register is used as a vector pointing to the 
16-bit interrupt vectors in the program memory 
which contain the starting addresses of the three 
interrupt subroutines managed by every timer. 

Only one Interrupt Vector Register is available for 
every timer and is able to manage the three inter­
rupt groups because the 3 less significant bits are 
fixed by hardware depending on the group which 
generated the interrupt request. 

In order to understand which request generated the 
interrupt inside the same group, the FLAGR regis­
ter can be used to check the relevant flag of the 
interrupt source. 

IVR R242 or 246 (F2h or F6h) Read/Write 
Interrupt Vector Register 

Reset value: undefined 
7 0 

I V4 I V3 I V2 I V1 I vo I W1 I WO DO 

b7-b3 = V4 to VO: MSB of the Vector address. 
These bits are user programmable and contain the 
five most significant bits of the Timer interrupt 
vector addresses in the program memory. In any 
case, an 8-bit address can be used to indicate the 
Timer interrupt vector locations because they are 
within the first 256 locations of the program mem­
ory (see Interrupt and DMA chapter). 

b2-b1 = W1 and WO: Vector Address bits. These 
bits are equivalent to bit 1 and bit 2 of the Timer 
interrupt vector addresses in the program memory. 
They are fixed by hardware depending on the 
group of sources which generated the interrupt 
request as follows: 

bO = DO. This bit is fixed by hardware. It always 
returns the value "0" if read. 

W1 wo Interrupt Source 

0 0 Overflow/Underflow even interrupts 
0 1 Not ava1lable 
1 0 Capture event interrupts 
1 1 Compare event Interrupts 
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10 - Multifunction Timer 

10.8.16 lnterrupt/DMA Control Register (IDCR) 

This register is used to control the Interrupt and 
DMA priority level, the DMA transfer source and 
destination and the Swap mode. This register con­
tains also the two End Of Block bits. 

IOCR R243 or 247 (F3h or F7h) Read/Write 
lnterrupt/DMA Control Register 

Reset value: 1100 0111 b (C7h) 
7 0 

I CPE I CME locrslocmlswENI PL21 PL1 I PLo I 

b7 = CPE: Capture 0 EOB. This bit is set by 
hardware when the End Of Block condition is 
reached during a Capture 0 DMAoperation with the 
Swap mode enabled. When the Swap mode is 
disabled (SWEN bit = "0") the CPE bit is forced by 
hardware to "1". 

b6 = CME: Compare 0 EOB. This bit is set by 
hardware when the End Of Block condition is 
reached during a Compare 0 DMA operation with 
the Swap mode enabled. When the Swap mode is 
disabled (SWEN bit= "0") the CME bit is forced by 
hardware to "1 ". 

b5 = DCTS: DMA Capture Transfer Source. This 
bit selects the source of the DMA operation related 
to the channel associated to the Capture 0. When 
the DCTS bit is reset the selected source is the 
REGOR register. When the DCTS bit is set the ST9 
port is selected as DMA transfer source (with this 
DMA channel the ST9 port can also be destination 
depending on the value of the DO bit in the HDCTL 
register of the port - see 1/0 port chapter 9). 

b4 = DCTD: DMA Compare Transfer Destination. 
This bit selects the destination of the DMA oper­
ation related to the channel associated to the Com­
pare 0. When this bit is reset, the selected 
destination is the CMPOR register. When the bit is 
set, the ST9 port is selected as DMA transfer 
destination. 

b3 = SWEN: Swap function Enable. When this bit 
is set, the Swap function is enabled for the two DMA 
channels. Resetting the SWEN bit disables the 
Swap mode. 

b2-b0 = PL2 to PLO: lnterrupt/DMA priority level. 
With these three bits it is possible to select the 
Interrupt and DMApriority level of every single timer 
within eight different levels (see lnterrupt!DMA 
chapter). 

10.8.171/0 Connection Register (IOCR) 

This register allows user to select (or not) an on­
chip connection between input A and output A of 
one same timer. 

IOCR R248 (F8h) Read/Write 
1/0 Connection Register 

Reset value: 1111 11 OOb (OFCh) 
7 

b7-b2 =not used. 

0 

b1 = SC1: Select Connection Odd. SC1 selects if 
connection between TxOUTA and TxiNA for ODD 
timers (Timers 1 , 3) is made on-chip or externally 
(physically on pins) 

SC1 = "0": TxOUTA and TxiNA unconnected 

SC1 = "1 ": TxOUTAand TxiNAconnected internally 

bO = SCO: Select Connection Even. SCO selects if 
connection between TxOUTAand TxiNA for EVEN 
timers (Timers 0, 2) is made on-chip or externally 
(physically on pins) 

SCO=O: TxOUTA and TxiNA unconnected 

SC0=1: TxOUTA and TxiNA connected internally 
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CHAPTER 11 

ANALOG TO DIGITAL CONVERTER 

11.1 MAIN FEATURES AND FUNCTIONAL 
DESCRIPTION 

11.1.1 Features 

The ST9 AID Converter Unit is an 8 channel Analog 
to Digital converter, with 8 bit± 1/2 LSB maximum 
DNL error, and a channel conversion time of 11 flS 
at INTCLK = 12MHz (including sample and hold 
time). 

The converter uses a fully differential analog input 
configuration for the best noise immunity and pre­
~ision perfo_rmance, along with tw~ sepa_rate supply 
lines, allowmg the best supply no1se rejection and 
possible analog supplies lower than the Digital Vee. 
In fact, the converted digital value, is referred to the 
Analog Vee (AVec) as the full scale value, so that 
using, for example a value of 4 Volt for this supply, 
all conversions will accordingly refer to this 4 Volt 
full scale value (AVss = Vss). 

Figure 11·1. AID Block Diagram 

A internal, fast Sample and Hold cell, with a sample 
time of 3flS at INTCLK=12MHz, allows quick samp­
ling of signal for the minimum warping effect and 
Integral conversion error. 

Up to 8 multiplexed Analog Inputs are available. A 
group of signals can be converted sequentially by 
simply programming the starting address of the first 
analog channel to be converted and using the 
AUTOSCAN feature. 

Two Analog Watchdogs are provided, on analog 
input channels 6 and 7, allowing a continuous 
hardware monitoring of these two inputs. An alarm 
Interrupt request will be generated whenever the 
converted value of either of these two analog inputs 
exceed one of the two programmed threshold 
values (Upper and Lower) for each channel. The 
comparison result is stored in a dedicated register. 

Single, continuous, or externally triggered conver­
sion modes are available, internal clock sample 
synchronization is also available through the 'On 
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11 - A/D Converter 

chip Event" synchronization logic of a Multifunction 
Timer Unit, 

A Power-Down programmable bit allows to set the 
AID converter to a minimum consumption idle 
status. 

The ST9 AID Interrupt Unit provides two maskable 
channels (Analog Watchdog and End of Conver­
sion) with hardware fixed priority, and up to 7 
programmable priority levels. 

WARNING: NO INPUT PIN DECLARATION 

The 1/0 Port pins connected to the AID must be 
configured as an AID input by declaring it as an 
Alternate Function to prevent possible high power 
dissipation within the input buffer. The Alternate 
Function of ports connected to the AID converter 
are modified as shown in figure 11-2. 
An 1/0 Port PX (associated with the AID converter) 
pin is configured as an A/D input for: (PXC2, PXC1, 
PXCO) = (1, 1, 1 ). 

Figure 11-2. AID Input Configuration Status 

1/0 PIN 

INTERNAL DATA BUS 

VA00219 

11.2 A/D OPERATION 

11.2.1 Operational Modes 

Two main operational modes are available: Con­
tinuous Mode and Single Mode. To enter one of 
these modes it is necessary to program the CONT 
bit of the Control Logic Register, the Continuous 
Mode is selected when CONT = "1 ",while CONT = 
"0" enables the Single Mode. 

Both modes operate in the AUTOSCAN configura­
tion, allowing a sequential conversion flow of the 
input channels. It is possible to choose by software 
the number of analog inputs to be converted by 
writing into the Control Register (SC2, SC1, SCO 
bits) the number of the first channel to be con­
verted. Subsequentially, after each conversion is 
completed, the channel number is automatically 
incremented, up to channel?. For example, if (SC2, 
SC1, SCO) = 011, the conversion flow runs from 
channel 3 up to channel 7. If (SC2, SC1, SCO) = 
111, only channel 7 is converted. 

When the ST bit of the Control Logic Register is 
written to "1 ", the analog inputs are sequentially 
converted (from the first selected channel up to 
channel?) and the results are stored in the relevant 
Data Registers. 

In Single Mode (CONT = "0"), the ST bit is reset by 
hardware at the end of conversion of channel 7, an 
End of Conversion (ECV) interrupt request is is­
sued, and the AID waits for a new start event. 

In Continuous Mode (CONT = "1 "), a continuous 
conversion flow is entered by the start event. After 
the conversion of channel 7 ends, the conversion 
of channel 's' starts (where 's' is specified in the 
(SC2, SC1, SCO) bits), this will continue until the 
ST bit is reset by software. In all cases, an ECV 
interrupt is issued each time the channel 7 conver­
sion ends. 

When channel 'i' is converted ('s' < 'i' < 7), the Data 
Register is reloaded with the new conversion result 
and the previous value is lost. The ECV interrupt 
routine can be used to save the current values before 
a new conversion sequence (so as to create signal 
sample tables within Register File or Memory). 

11.2.2 Synchronisation 

Conversion start synchronisation for all modes may 
be internal or external. The external (ADTRG, as 
Alternate Function of an 1/0 port) or the internal 
(INTRG, produced by an on-chip peripheral) can 
be used to synchronise the converion start with a 
trigger pulse. Both external and internal events can 
be seperately masked by the programming of the 
EXTG/INTG bits of the Control Logic Register. The 
events are internally OR'ed, thus avoiding potential 
hardware conflicts, however the correct procedure 
is to always enable only one alternate synchroni­
sation input at any time. 

The effect of the alternate synchronisation is to set 
the ST bit by hardware. This bit is reset, only in 
Single Mode, at the end of each group of conver­
sions. In Continuous Mode all trigger pulses, fol­
lowing the first, are ignored. 
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Figure 11-3. AID Trigger Sources 

EXT. TRIGGER ------3~ 
ENABLE 

A/0 TRIGGER o----1 

INT. TRIGGER 
ENABLE 

ON-CHIP EVENT 

The two synchronisation sources must have a clock 
cycle minimum length of 83ns (at INTCLK = 
12M Hz), and a period greater (in Single Mode) than 
the total time of a group of conversions (11.5Jls x 
the number of channels scanned (at INTCLK = 
12MHz)). If a trigger occurs when the ST bit is still 
"1" and conversion is still in progress, it is ignored. 

11.2.3 Analog Watchdog 
Two internal Analog Watchdogs are available, 
allowing great flexibility in automatic threshold 
monitoring in those applications experiencing a 
maximum range of fluctuations. Analog channels 6 
and 7 define a voltage window for the allowed 
values of the converted analog input. The range of 
values of the external voltage applied to input 6 and 
7 are accepted as normal whenever below the 
Upper threshold and above or equal to the Lower 
threshold. 

Analog Voltage 
upper threshold -t------

Normal area Window 
Guarded 

Lower Threshold -+------

11 -AID Converter 

START GROUP 
OF CONVERSIONS 

CONTINUOUS OR 

SINGLE MODE 

VA00416 

When the external voltage is greater or equal to the 
upper, or is less than the lower programmed volt­
age limits, a maskable interrupt request (see AWD 
and AWOl in the Interrupt Control Register) is 
generated and the Compare Results Register is 
updated to inform which threshold (Upper or 
Lower) of which channel (6 or 7) has been ex­
ceeded. The 4 threshold voltages are user pro­
grammable in 4 dedicated registers (8 up to B) of 
the AID register page, storing their 8 bit binary 
code. Only the 4 MSB of the Compare Results 
Register are used (the 4 LSB always return "1" if 
read), each bit for each threshold possible overflow 
or underflow status. 

After an hardware reset, these bit values are "0". 
During the normal AiD operation, the CRR bits are 
set to "1" to flag an over-range and must be reset 
by the User in the watchdog interrupt routine, im­
mediately before the IRET instruction, in order to 
allow further input monitoring. 

11.2.4 Powerdown Mode 

Before enabling any AJD conversion, it is manda­
tory to setthe POW bit ofthe Control Logic Register 
to "1" at least 60J.LS before the first conversion start. 
This is in order to correctly bias the analog section 
oft he converter, if this is not done, then functionality 
of the converter will be locked. 

Setting POW to "0" is useful when the AID is not 
required in order to reduce the total power consump­
tion. This is the reset configuration, and is also 
entered automatically when the ST9 is in Halt Mode 
(following the execution of the HALT instruction). 
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11 - A/D Converter 

Figure 11-5. Analog Watchdog Used in Motor Speed Control 

SPEED 
(CONVERSION 

RESULT) 

INTERNAL 
TRIGGER 

11.3 REGISTERS 

11.3.1. Register Mapping 

Up to two identieal AID converters can be im­
plemented on the ST9 microcontroller. Each AID 
peripheral has 16 registers, mapped in a ST9 reg­
ister file page, addressed at page 63 (& 62 for the 
second AID peripheral). 

11.3.2 Interrupt Vector Register (IVR) 

IVR R255 (FF.h) Read/Write 
Interrupt Vector Register 

Reset Value: xxxx xx1 0 (x2h) 
7 0 

I V7 I V6 I V5 I V4 I V3 I V2 W1 DO 

b7-b2 = V7-V2: AID Interrupt Vector. This vector 
should be programmed by the User to point to the 
first memory location in the Interrupt Vector table 
containing the starting addresses of the AID inter­
rupt service routines. 

(CHANNEL 7) 5/H TACHO ---w-
AND 
A/0 

UPPER THRESHOLD 

LOv.ER THRESHOLD 

5 

VA00250 

1111 IVR : Interrupt Vector Register 

1110 ICR : Interrupt Control Register 

1101 CLR : Control Logic Register 

1100 CRR : Compare Result Register 

1011 Channel 7 Upper Threshold 

1010 Channel 6 Upper Threshold 

1001 Channel 7 Lower Threshold 

1000 Channel 6 Lower Threshold 

0111 Channel 7 Data Register 

0110 Channel 6 Data Register 

0101 Channel 5 Data Reg1ster 

0100 Channel 4 Data Register 

0011 Channel3 Data Register 

0010 Channel 2 Data Register 

0001 Channel1 Data Register 

0000 Channel 0 Data Register 

Page 63 (or 62) 
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11 - A/D Converter 

b1 = W1: Word Select. This bit is set by hardware, 
according to the AID interrupt source. It is set to "0" 
if the source is the Analog Watchdog, pointing to 
the lower word of the AID interrupt service block 
(defined by V7-V2). It is set to "1" if the source is 
the End of Conversion interrupt, thus pointing to the 
upper ~ord. 

ANALOG 
WATCHOG 
REQUEST 

END OF 
CONV. 
REQUEST 

7 ° Lower 

I X I X I X I X I X I X I 0 I 0 IA:~~~s 

When 2 requests occur simultaneously the Analog 
watchdog request has priority over the End of 
Conversion request which is held pending, to be 
served after the current routine. 

bO = DO: This bit is fixed by hardware. It always 
returns the value "0" if read. 

11.3.3 Interrupt Control Register (ICR} 

This register contains the three priority level bits, 
the two sources flags, and their bit mask: 

ICR R254 (FEh) Read/Write 
Interrupt Control Register 

Reset Value: 0000 1111 (OFh) 
7 0 

I ECV I AWD I ECI I AWDII X I PL2 I PL 1 I PLO I 
b7 = ECV: End of Conversion. ECV is automatically 
set by hardware after a group of conversions is 
completed. 

b6 = AWD: Analog Watchdog. AWD is automat­
ically hardware set whenever any of the two 
guarded analog inputs goes out of bounds. The 
threshold values are stored in registers F8h and 
FAh for channelS, and in registers F9h and FBh for 
channel 7 respectively. The Compare Result Reg­
ister (CRR) keeps track of the analog inputs ex­
ceeding the thresholds. 

AWD and ECV must be reset by the user, before 
returning from the Interrupt service routine. Setting 
either of them by software will cause a software 
interrupt request to be generated. 

b5 = ECI: End of Conversion Interrupt Enable This 
bit masks the End of Conversion interrupt request. 
A logical level "1" enables the request, a logical 
level "0" masks the request. 

b4 = AWOl: Analog Watchdog Interrupt Enable. 
This bit masks the Analog Watchdog interrupt re­
quest. 
A logical level "1" enables the request, a logical 
level "0" masks the request. 

b3 = 03: Undefined 

b2-b0 = PL2, PL 1, PLO: AID Interrupt Priority Level. 
With these three bits it is possible to select the 
Interrupt priority level of the AID Converter. 

11.3.4 Control Logic Register {CLR} 

This register manages the AID logic operations. 
Writing into this register will cause the current 
conversion to be aborted and the autoscan logic to 
be re-initialized to the starting configuration. CLR 
is programmable as following: 

CLR R253 (FDh) Read/Write 
Control Logic Register 

Reset Value: 0000 DODO (DOh) 
7 0 

I sc2l sc1 I sco I EXTG IINTG I POW lcoNTI sT 
b7-b5 = SC2, SC1, SCO: Start Conversion Ad­
dress. These 3 bits define the starting analog input 
in Autoscan mode. The first channel addressed by 
SC2-SCD is converted, then the address is in­
cremented for the successive conversion, until 
channel? (111) is converted. The (SC2, SC1, SCO) 
bits define the group of channels to be scanned. 
When setting SC2=1 SC1 =1 SC0=1 only channel 
7 is converted. 

b4 = EXTG: External Trigger. When set to a logical 
"1 ", this bit allows to start a group of conversion 
synchronized on the following edge of the external 
signal applied on pin ADTRG (when enabled for 
Alternate Function) .. 

b3 = INTG: Internal Trigger. When set to a logical 
level "1", this bit enables the start of a group of 
conversion, synchronized with an internal signal 
(On chip Event signal) from another peripheral (e.g. 
a Multifunction Timer Unit). 

Both External and Internal Trigger inputs are inter­
nally OR'ed, thus avoiding Hardware conflicts, 
however the correct procedure is to enable only 
one alternate synchronization input at time. 

b2 =POW: Power Up/Power Down A logical "1" 
enables the A/D logic and analog circuitry. 
A logical "0" disables all power consuming logic, 
thus allowing a low power idle status. 

b1 = CONT: Continuous/Single. When this bit is set 
to "1" (Continuous Mode), the first group of conver­
sions are started either by software (setting to 
"1 "the ST bit) or by hardware (on an Internal or 
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external trigger, depending on the INTG and EXTG 
bits status), and a continuous conversion flow is 
then processed. 

When this bit is set to "0" (single mode), only a 
single group of conversions (1 up to 8) are started 
whenever any External (or Internal) trigger occurs, 
or the ST bit is set to "1" by software. 

The effect of the alternate synchronization is to 
hardware set the START/STOP bit which is hard­
ware reset when in SINGLE mode, at the end of 
each group of conversions. 

Requirements: 

The External Synchronisation Input must receive a 
pulse (low level) wider than an INTCLK period 
(83ns) minimum and for both External and On chip 
Event synchronisation, a period greater than the 
time required for a group of conversion (number of 
channels times* 11J.!S). 

bO = ST: Start/Stop A logical "1" level enables the 
starting of a group of conversions; a logical level 
"0" stops the conversion. When the AID is running 
in the Single Mode, this bit is hardware reset at the 
end of a group of conversions. 

11.3.5 Compare Result Register (CRR) 

The result of comparison between the current value 
of data registers 6 and 7 and the threshold registers 
is stored in this 4 bit register. 

CRR R252 (FCh) Read/Write 
Compare Result Register 

Reset Value: 0000 1111 (OFh) 
7 

I C7U I C6U I C7L I C6L I X I X 

0 

X X 

b 7 = C7U: Compare Reg 7 Upper threshold Set to 
"1" when converted data is greater than or equal to 
the threshold value. Not affected otherwise 

b6 = C6U: Compare Reg 6 Upper threshold Set to 
"1" when converted data is greater than or equal to 
the threshold value. Not affected otherwise 

b5 = C7L: Compare Reg 7 Lower threshold Set to 
"1" when converted data is less than the threshold 
value. Not affected otherwise. 

b4 = C6L: Compare Reg 6 Lower threshold Set to 
"1" when converted data is less than the threshold 
value. Not affected otherwise. 

These bits should be Software reset at the end of 
the 'Out of Bounds' Interrupt routine. 

b3-b0 = undefined, return "1" when read. 
Note: any Software request reset in the lCR, w1ll cause also these 
bits to be hardware forced to zero, to prevent possible overwriting, if 
an Interrupt request occurs between their Software reset and the 
Interrupt Request Software reset The correct procedure IS to reset, 
before ex1t1ng the Interrupt routine, only the requests flags. 

11 -AID Converter 

11.3.6 Upper Threshold Registers (UTiR) 

The 2 upper threshold registers are used to store 
the 2 user programmable upper threshold voltages 
(i.e. their 8 bit binary code) to be compared with the 
present channel 6 or 7 conversion result. They fix 
the upper voltage window limit. 

UT7R R251 (FBh) Read/Write 
Channel 7 Upper Threshold Register 

Reset Value: Undefined 
7 0 

IUT7.71 UT7.61UT7.51 UT7.41UT7.31 UT7.21UT7.11 UT?.ol 

b7-b0 = UT7.7-UT7.0: Channell Upper Threshold 

UT6R R250 (FAh) Read/Write 
Channel 6 Upper Threshold Register 

Reset Value: Undefined 
7 0 

I UT6.71 UT6.61 UT6.51 UT6.41 UT6.31 UT6.21UT6.11 UT6.0 I 

b7 -bO = UT6.7 -UT6.0 : Channel6 Upper Threshold 

11.3.7 Lower Threshold Registers (LTiR) 

The 2 lower threshold registers are used to store 
the 2 user programmable lower threshold voltages 
(i.e. their 8 bit binary code) to be compared with the 
present channel 6 or 7 conversion result. They fix 
the lower voltage window limit. 

LT7R R249 (F9h) Read/Write 
Channel 7 Lower Threshold Register 

Reset Value: Undefined 
7 0 

I LT7.71 LT7.6 I LT7.5 I LT7.4 I LT7.3 I LT7.2 I LT7.1 I LT7.0 I 

b7-b0 = LT7.7-LT7.0: Channel7 Lower Threshold 

LT6R R248 (F8h) Read/Write 
Channel 6 Lower Threshold Register 

Reset Value: Undefined 
7 0 

I LT6.7 I LT6.6 I LT6.5 I LT6.41 LT6.3 I LT6.2 I LT6.1 I LT6.0 I 
b7-b0 = LT6.7-LT6.0: Channel6 Lower Threshold 
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11.3.8 Data Registers (DiR) 

The result of the conversions of the 8 available 
channels are loaded in the 8 DiR (channeiO~DOR 
.... channei7~D7R); every Data Register is re­
loaded with a new value at the end of the conver­
sion of the correspondent analog input. 

D7R R247 (F?h) Read/Write 
Channel 7 Data Register 

Reset Value: Undefined 
7 0 

1 07.71 07.61 07.51 07.41 07.31 07.21 07.1 1 07.0 1 

b7-b0 = 07.7-07.0 :Channel? Data 

D6R R246 (F6h) Read/Write 
Channel 6 Data Register 

Reset Value: Undefined 
7 0 

I o6.71 o6.61 o6.51 o6.41 o6.31 o6.21 o6.1 I o6.o I 
b7-b0 = 06.7-06.0: ChannelS Data 

05R R245 (F5h) Read/Write 
Channel 5 Data Register 

Reset Value: Undefined 
7 0 

I o5.71 o5.61 o5.51 o5.41 o5.31 o5.21 o5.1 I o5.o I 
b7-b0 = 05.7-05.0: ChannelS Data 

D4R R244 (F4h) Read/Write 
Channel 4 Data Register 

Reset Value: Undefined 
7 0 

1 04.71 04.61 04.51 04.41 04.31 04.21 04.1 1 04.0 1 

b?-bO = 04.7-04.0 : Channel4 Data 

D3R R243 (F3h) Read/Write 
Channel 3 Data Register 

Reset Value: Undefined 
7 0 

1 03.71 03.61 03.51 03.41 03.31 03.21 03.1 1 03.0 1 

b?-bO = 03.7-03.0: Channel 3 Data 

D2R R242 (F2h) Read/Write 
Channel 2 Data Register 

Reset Value: Undefined 
7 0 

1 02.71 02.61 02.51 02.41 02.31 02.21 02.1 1 02.0 1 

b7-b0 = 02.7-02.0: Channel 2 Data 

01 R R241 (F1 h) Read/Write 
Channel 1 Data Register 

Reset Value: Undefined 
7 0 

1 01.71 01.61 01.51 01.41 01.31 01.21 01.1 1 01.0 1 

b7-b0 = 01.7-01.0: Channel1 Data 

DOR R240 (FOh) Read/Write 
Channel 0 Data Register 

Reset Value: Undefined 
7 0 

I oo.71 oo.61 oo.sl oo.41 oo.sl oo.2l oo.1 I oo.o I 
b7-b0 = 00.7-00.0 :Channel 0 Data 
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CHAPTER12 

SERIAL COMMUNICATION INTERFACE 

12.1 SCI FEATURES 

The ST9 Serial Communications Interface (SCI) 
has the following features: 

- Full duplex character-oriented asynchronous 
operation 

- Synchronous serial port expansion capability 

- Transmit, recieve, line status, and device ad-
dress interrupt generation 

- Integral baud rate generator capable of dividing 
the input clock by any value from 2 to 216-1 (16 
bit word) and generating the internal 16X clock 
for asynchronous operation or 1 X clock for syn­
chronous operation 

- Fully programmable serial-interface charac­
teristics: 
- 5, 6, 7, or 8 bit word length 
- Even, odd, or no parity generation and detection 
- 1, 1-1/2, 2, 2-1/2 stop bit generation 
- False start bit detection 
- Complete status reporting capabilities 
- Line break generation and detection 

- Programmable address indication bit (wake-up 
bit) and User invisible compare logic to support 
network communication of multiple microcom­
puters. Optional character search function. 

- Internal diagnostic capabilities: 
- Localloopback for communications link fault 

isolation 
- Auto-echo for communications link fault isolation 

- Separation interrupt/DMA channels for both 
transmit and receive 

12.2 FUNCTIONAL DESCRIPTION 

12.2.1 Serial Frame Format 

Every character sent (or received) by the SCI has 
the following format: 

I START ILsB oa1a Mssl PARITY FooRESS/9THI STOP sns I 

This format is used by the SCI for the 3 modes: 

- Asynchronous 

- Synchronous 

- Serial expansion mode 

START: the start bit indicates the beginning of a 
data frame in the asynchronous mode. START bit 
is detected as a high to low transition 

DATA: the DATA word is programmable to be 5 to 
8 bits long for both synchronous and asynchronous 
modes 

PARITY: The Parity Bit is optional, and can be used 
with any length of word. It is used for error checking 
and resets in a resultant state (odd or even) de­
pending on number of "1 "sin DATA. 

ADDRESS/9TH: The Address/9th Bit is optional. It 
can be used with any word format. It is used in both 
synchronous or asynchronous mode to indicate 
that the data is an address (bit = "1 "). The AD­
DRESS/9TH bit is useful when several microcon­
trollers are exchanging data on the same serial 
bus. Individual microcontrollers can stay idle on the 
serial bus, waiting for a transmitted address. When 
a microcontroller recognizes its own address, it can 
begin Data Reception, likewise, on the transmit 
side, the microcontroller can transmit another ad­
dress to begin communication with a different 
microcontroller. 

The ADDRESS/9TH bit can be used as an addi­
tional data bit or to mark control words (9th bit). 

STOP: Indicates the end of a data frame for both 
asynchronous and synchronous modes. The stop 
bit is programmed to be 1, 1.5, 2, or 2.5 bits long. 
It returns the SCI to the quiescent marking state 
(i.e., a constant high-state condition which lasts 
until a new start bit indicates an incoming word). 

12.2.2 Architecture 

12.2.2.1 EXTERNAL PINS 

SOUT: Serial Data Output. This signal is the serial 
data output from the SCI transmitter 

SIN: Serial Data Input. This signal is the serial data 
input to the SCI receiver 

1/12 
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12- Serial Communication Interface 

TXCLK: External Transmitter Clock Input. This 
pin inputs the clock driving the SCI transmitter; 
TXCLK frequency is greater than or equal to 16 
times the transmitter data rate (depending on the 
selection of X16 or X1 clock operating mode). 
TXCLK pin is optional. 

RXCLK: External Receiver Clock Input. This 
input can be the clock sent to the SCI receiver. 
INTCLK is normally the SCI baud rate generator 
clock, but this input RXCLK can also be the clock 
source for the SCI baud rate generator. A 50/50 
duty cycle is not required for this input. However, 
the shorter pulse must last more than two INTCLK 
periods. RXCLK pin is optional. 

CLKOUT: Clock Output. This pin outputs either 
the data clock from the transmitter to an external 
shift register in the serial expansion mode or the 
clock output from the Baud rate generator. In serial 
expansion mode it will clock only the data portion 
of the frame. The data is valid on the rising edge of 
the clock. The CLKOUT idle state is low. 

Figure 12-1. SCI Block Diagram 

OMA 

CONTROLLER 

ST9 CORE BUS 

SOUT TXCLK/CLKOUT 

12.2.2.2 FUNCTIONAL ARCHITECTURE 

Reader should refer to figure 12.1 when reading 
the following information. 

Transmitter Shift Register. The Transmitter Shift 
Register converts parallel data (coming from 
TRANSMIT BUFFER REGISTER) into serial for­
mat for transmission 

Transmitter Buffer Register. The Transmitter 
Buffer Register is loaded by the ST9 when a data 
has to be transmitted. The SCI will transfer the data 
into the Shift Register as it becomes available. At 
the transfer, the transmitter buffer register interrupt 
will be updated. 
If the selected word format is less than 8 bits, the 
unused most significant bits are "don't care". 

Receiver Shift Register. The Receiver Shift Reg­
ister converts incoming serial data into parallel data 
for reception 

DMA 

CONTROLLER 

RXCLK SIN 

VA00169 
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Receiver Buffer Register. The Receiver Buffer 
Register stores the data portion of the received 
word. The data will be transferred from the "RE­
CEIVER SHIFT REGISTER" into this register at the 
end of the word. All Receiver interrupt conditions 
will be updated at the time of transfer. If the selected 
character format is less than 8 bits, unused most 
significant bits will have the value "1 ". 

Frame Control And Status. This block contains 
the character configuration, that means it defines 
the Data length, the stop bits, the source for the 
transmitter/receiver clock. 

Clock And Baud Rate Generator. The Baud Rate 
Generator contains a programmable divide by "N" 
counter which can be used to generate the clocks 
for the transmitter and/or receiver. The minimum 
baud rate is 2 and the maximum is 216-1. The baud 
rate generator can use INTCLK or the Receiver 
clock input RXCLK. 
Data is latched upon the rising edge of the clock. 
Address/Data Compare Register. With the 9th bit 
address mode, the received address will be com­
pared to the value of this register. If true, the 
Receive Address Pending bit is set and all received 
data will be transferred to the RECEIVER BUFFER 
REGISTER. 
DMA Controller. This contains the Transaction 
Counters and Source Addresses for Transmission 
and Reception, the interrupt vectors, the interrupt 
masks and the interrupts status and priority. 

Table 12-1. SCI Timings 

INTCLK Frequency 

RXCLK Frequency 

RXCLK Pulse 

TXCLK Frequency 

TXCLK Pulse 

Data set-up time before rising edge of RXCLK 

Data hold time (after falling edge of TXCLK) 

12 - Serial Communication Interface 

Remark: If properly initialized, the DMA controller 
starts a data transfer after and only if the running 
program has loaded the Transmitter Buffer Regis­
ter with a value. In order to execute properly a DMA 
transmission, the End Of Block interrupt routine 
must include the following actions: 

- Load the Transmitter Buffer Register (TXBR) 
with the first byte to transmit. 

- Restore the DMA counter (TDCPR) 

- Restore the DMA pointer (TDAPR) 

- Reset the transmitter end of block bit TXEOB 
(IMR.5) 

- Reset the transmitter holding empty bit TXHEM 
(ISR.1) 

-Enable DMA 

12.2.2.3 CLOCKS AND SERIAL TRANSMISSION 
RATES 

The maximum data transfer rate is in synchronous 
mode (1x mode): 

- Maximum bit rate = INTCLK/8 = 12MHz/8 = 1.5 
Mbit/s 

- Maximum byte rate= 1.5 Mbit/1 0 = 150 kbytes/s 

(one byte = 8 bits of data+ 1 stop bit+ 1 start bit= 
10 bits) 

Min. Max. Conditions 

0 12M Hz 

0 INTCLK/8 1x mode 

0 INTCLK/4 16x mode 

0 INTCLK/2 16x mode internal clock 

4XTINTCLK 1x mode 

2XTINTCLK 16x mode 

INTCLK/8 1x mode 

INTCLK/4 16x mode 

INTCLK/2 16x mode internal clock 

4XTINTCLK 1x mode 

2XTINTCLK 16x mode 

TINTCLKI2 

5XT!NTCLKI2 1x mode 
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12.2.3 SCI Modes: asynchronous, syn­
chronous, serial expansion mode 

SCI can run in three modes: 

- Asynchronous mode 

- Synchronous mode 

- Serial expansion mode 

Each of these three modes output data with the 
same serial frame format (as described in 12.2.1 ). 
The differences are coming from the clock rate (x1 , 
x16) and the sampling clock (for the serial expan­
sion mode). 

ASYNCHRONOUS MODE 

In this mode, data and clock can be asynchronous 
(usually emitter and receiver have their own clock 
to sample received data), each data is sampled 16 
times per clock period. 

SYNCHRONOUS MODE 

In this mode, data and clock are synchronous, each 
data is sampled once per clock period. 

SERIAL EXPANSION MODE 

This mode is used to access an external syn­
chronous peripheral. 

The transmitter will provide the clock waveform 
only during the transmitted data through CLKOUT 
pin. The data is latched on the rising edge of this 
clock. 

Whenever the SCI has to receive data in the serial 
port expansion mode, this clock waveform must be 
supplied synchronously with the data to the ST9. 
The SCI will latch the incoming data on the rising 
edge of the receiver 1/0 expansion clock. The clock 
is supplied on RXCLK pin. 

SAMPLING TIMES IN ASYNCHRONOUS MODE 

SDIN 

SOINCK 

RCVCK 

J 1 4 5 : 6 : 7 
I I I 

RXD 

RXCK 

ASYNCHRONOUS MODE 

1/0 

CLOCK 

VA00271 

SYNCHRONOUS MODE 

1/0 IL-1..1 .._I..J..I __ D_A_TA __ .._I .1..1...1.1 -'~"-'~~"'-~T_,YB"-'1~_,1 
t 

START BIT 

CLOCK _nnnn_ 
VA00272 

SERIAL EXPANSION MODE 

1/0 Ill DATA Ill 
CLOCK _____llf JlL 

VA00273 

10 11 : 12 13 : 14 15 
I I 

VR001409 
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12.3 CONTROL REGISTERS 

The SCI is controlled by the following registers 

Address Register 

0000 (Oh) 
Receiver DMA Transaction 
Counter Pointer Register 

0001 (1h) 
Receiver DMA Source Address 
Pointer Register 

0010 (2h) 
Transmitter DMA Transaction 
Counter Pointer Register 

0011 (3h) 
Transmitter DMA Destination 
Address Pointer Register 

0100 (4h) Interrupt Vector Register 

0101 (Sh) Address Compare Register 

0110 (6h) Interrupt Mask Register 

0111 (7h) Interrupt Status Register 

Receive Buffer Register same 
1000 (Sh) Address as Transmitter Buffer 

Register (Read Only) 

Transm1tter Buffer Register same 
1000 (Sh) Address as Rece1ve Buffer 

Register (Write only) 

1001 (9h) Interrupt/OM A Priority Register 

1010 (Ah) Character Configuration Register 

1011 (Bh) Clock Configuration Register 

1100 (Ch) Baud Rate Generator Register 

1101 (Dh) 

The relative pages of the SCI into a ST9 are: 

- SCI number 1: page 24 (18h) 

- SCI number 2: page 25 (19h) 

- SCI number 3: page 26 (1Ah) 

- SCI number 4: page 27 (1 Bh) 

12 - Serial Communication Interface 

RDCPR R240 (FOh) Read/Write 
Receiver DMA Transaction Counter Pointer Register 

Reset value: undefined 
7 

I RC7 I RC6 I RC5 I RC4 I RC3 RC2 RC1 I RR/M I 
b7-b1 = RC7-RC1: Receive DMA Counter Pointer. 
RDCPR contains the address of the pointer (in the 
Register File) of the DMA receiver transaction 
counter. 

bO = RR/M: Receiver Register File/Memory Selec­
tor. If this bit= "1" the Register File will be selected 
as Destination, if this bit = "0" the Memory space 
will be selected. 

RDAPR R241 (F1 h) Read/Write 
Receiver DMA Source Address Pointer 

Reset value: undefined 
7 0 

I RA7 I RA6 I RA5 I RA4 I RA3 RA2 RAt I RD/P I 
b7-b1 = RA7-RA1: Receive DMA Address Pointer. 
RDAPR contains the address of the pointer (in the 
Register File) of the receiver DMA data source. 

bO = RD/P: Receive DMA Data/Program Memory 
Selector. If memory (RR/M = "0") has been selected 
for DMA transfers, when this bit= "1" receiver DMA 
transfers will go to Data Memory. If this bit = "0" 
receiver DMA transfers will go to Program Memory. 

TDCPR R242 (F2h) Read/Write 
Transmitter DMA Transaction Counter Pointer 

Reset value: undefined 
7 0 

I TC7 I TC6 I TC5 I TC4 I TC3 TC2 TC1 I TRIM I 
b7-b1 = TC7-TC1: Transmitter DMA Counter 
Pointer. TDCPR contains the address of the pointer 
(in the Register File) of the DMA transmitter trans­
action counter. 

bO =TRIM: Transmitter Register File/Memory Se­
lector. If this bit = "1" the Register File will be 
selected as Source, if this bit = "0" the Memory 
space will be selected. 

5/12 
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12 - Serial Communication Interface 

TDAPR R243 (F3h) Read/Write 
Transmitter DMA Destination Address Pointer Register 

Reset value: undefined 
7 0 

1~1~1~1~1~ ~ wl~l 

b7 -b1 = TA7-TA1: Transmitter DMA Address 
Pointer. TDAPR contains the address of the pointer 
(in the Register File) of the transmitter DMA data 
source. 

bO = TD/P: Transmitter DMA Data/Program Mem­
ory Selector. If memory (TRIM = "0") has been 
selected for DMA transfers, when this bit = "1" 
transmitter DMA transfers come from Data Mem­
ory. If this bit = "0" transmitter DMA transfers come 
from Program Memory 

IVR R244 (F4h) Read/Write and Read only 
Interrupt Vector Register 

Reset value: undefined 
7 

I V7 I V6 I V5 I V4 I V3 I EV2 I EV1 I 0 I 
b7-b3 = V7-V3: SCI Interrupt Vector Base Address. 
User programmable interrupt vector bits for trans­
mitter and receiver 

b2-b1 = EV2-EV1: Encoded Interrupt Source 
(Read only). EV2 and EV1 are set by hardware 
according to the interrupt source. 

bO = DO: This bit is fixed by hardware. It always 
returns the value "0" when read. 

EV2 EV1 Encoded Status Information 

0 0 Receiver error 

0 1 Break detect or address word 
match 

1 0 Receiver data ready/receiver End 
of Block 

1 1 
Transmitter buffer or shift register 
empty/transmitter End of Block 

ACR R245 (F5h)) Read/Write 
Address/Data Compare Register 

Reset value: undefined 
7 0 

I AC7 I AC6 I AC5 I AC4 I AC3 I AC2 I ACt ACO 

b7-b0 = AC7-ACO: Address/Compare Character. 
With either 9th bit address mode, address after 
break mode, or character search, the received 
address will be compared to the value stored in this 
register. When a valid address matches this regis­
ter content, the Receive Address Pending bit is set. 
After the RXAP bit is set in an addressed mode all 
received data words will be transferred to the Re­
ceiver Buffer Register. 

IMR R246 (F6h) Read/Write 
Interrupt Mask Register 

Reset value: OxxO OOOOb 
7 0 

I HSN IRXEOBITXEOBI RXE I RXA I RXB I RXDl I TXDl I 

b7 = HSN: Holding or shift register empty interrupt. 
This bit selects the source of interrupi/DMA as the 
transmitter register empty event. If this bit is set to 
"1", a holding register empty will generate a trans­
mitter register empty interrupt. 
If this bit has a "0" value, a shift register empty will 
generate a transmitter register empty interrupt. 

b6 = RXEOB: Received End of Block. This bit is set 
after a receiver DMA cycle to mark the end of a 
block of data. The last DMA data word will cause a 
DMA cycle followed by a receiver data ready inter­
rupt. This sequence will signal to the ST9 core to 
reinitialize the receiver DMAblock counter. RXEOB 
should be reset by software in order to avoid un­
desired interrupt routines, especially in initialisation 
routine (after reset) and after entering the End Of 
Block interrupt routine. 
Writing "0" in this bit will cancel the interrupt re­
quest. 
NOTE: RXEOB can only be written with a ··o·· (RXEOB ~set only by 
the ST9 core) 

6/12 
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b5 = TXEOB: Transmitter End of Block. This bit is 
set in a transmitter DMA cycle to mark the end of a 
block of data. The last DMA data word will cause a 
DMA cycle followed by a transmitter interrupt. This 
sequence will signal to the ST9 core to reinitialize 
the transmitter DMA block counter. TXEOB should 
be reset by software in order to avoid undesired 
interrupt routines, especially in initialisation rou­
tine(after reset) and after entering the End Of Block 
interrrupt routine. 
Writing "0" in this bit will cancel the interrupt re­
quest. 
NOTE: TXEOB can only be written With a 0 (TXEOB IS set only by 
the ST9 core) 

b4 = RXE: Receiver Error Mask. When this bit is 
set to "0", the receiver error bits: Overrun Error 
(OE), Parity Error (PE), and Framing Error (FE), 
cannot generate an interrupt. 

b3 = RXA: Receiver Address Mask. When this bit 
is set to "0", the Receiver Address Pending (RXAP) 
bit cannot generate an interrupt. 

b2 = RXB: Receiver Break Mask. When this bit is 
set to "0", the Receiver Break Pending (RBP) bit 
cannot generate an interrupt. 

b1 = RXDI: Receiver Data Interrupt Mask. When 
this bit is set to "0". the Receiver Data Pending 
(RDP) bit and the Receiver End of Block (RXEOB) 
bit cannot generate an interrupt. RXDI has no effect 
on DMA transfers. 

bO = TXDI: Transmitter Data Interrupt Mask. When 
this bit is set to "0", neither the Transmitter Holding 
or Shift Register Empty (TXHEM) bit or the Trans­
mitter End of Block (TXEOB) bit can generate an 
interrupt. TXDI has no effect on DMA transfers. 

ISR R247 (F7h) Read/Write 
Interrupt Status Register 

Reset value: xxxx xxxb (XXh) 
7 0 

I OE I FE I PE I RXAP I RXBP I RXDP ITxHEMITxsEMI 

b7 = OE: Overrun Error Pending. This bit is set to 
a logic "1" if the data in the Receiver Buffer Register 
was not read by the CPU before the next character 
was transferred into the Receiver Buffer Register 
(the previous data is lost). It is cleared by writing a 
zero into OE. 

b6 = FE: Framing Error Pending bit. This bit is set 
to a logic "1" if the received data word did not have 
a valid stop bit. It is cleared by writing a zero to the 
bit. In the case where a framing error occurs when 
the SCI is programmed in an address mode, and 
is monitoring for an address, this interrupt is as-

12 - Serial Communication Interface 

serted and the corrupted data element is trans­
ferred to the Receiver Buffer Register. 

b5 = PE: Parity Error Pending. This bit is set to a 
logic "1" if the received word did not have the 
correct even or odd parity bit. It is cleared by writing 
a zero into PE. 

b4 = RXAP: Receiver Address Pending. RXAP is 
set to "1" after an interrupt acknowledged in the 
address mode. The source of this interrupt is given 
by the couple of bits (AMEN, AM) as detailed in the 
"lnterrupt/DMA Priority Register" description. 
RXAP is cleared by software. 

b3 = RXBP: Receiver Break Pending bit. This bit is 
set to a logic "1" if the received data input is held 
low for the full word transmission time (start bit, data 
bits, parity bit, stop bit). It is cleared by writing a 
zero into RXBP. 

b2 = RXDP: Receiver Data Pending bit. This bit is 
set to a logic "1" when data is loaded into the 
Receiver Holding Register. It is cleared by writing 
a zero into RXDP. 

b1 = TXHEM: Transmitter buffer register Empty. 
This bit is set to a logic "1" if the Holding Register 
is empty. It is cleared by writing a zero into TXHEM. 

bO = TXSEM: Transmitter Shift Register Empty. 
This bit is set to a logic "1" if the Shift Register has 
completed the transmission of the available data. 
It is cleared by writing a "0" into TXSEM. 
NOTE: 

The Interrupt Status Reg1ster b1ts can be reset by wntlng a 
··o·· but 1t 1s not poss1ble to wnte a ··1·· mto any bit 1n th1s 
register. It IS mandatory to clear the mterrupt source by 
wntmg a ··o·· 1n the pend1ng b1t when executing the 
Interrupt serv1ce rout1ne. 
When serv1c1ng an mterrupt rout1ne, the User should reset 
ONLY the pending bit relat1ve to the serviced interrupt 
routine (and not reset the other pending b1ts) 

RXBR R248 (F8h) Read only 
Receive Buffer Register 

Reset value: undefined 
7 0 

I RD7 I RD6 I RD5 I RD4 I RD3 RD2 RD1 I ROO I 

b7-b0 = RD7-RDO: Received Data. This register 
stores the data portion of the received word. The 
data will be transferred from the Receiver Shift 
Register into the Receiver Buffer Register at the 
end of the word. All receiver interrupt conditions will 
be updated at the time of transfer. If the selected 
character format is less than 8 bits, unused most 
significant bits will forced to "1 ". 
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TXBR R248 (FSh) Write only 
Transmitter Buffer Register 

Reset value: undefined 
7 0 

I TD7 I TD6 I TDS I TD4 I TD3 TD2 TD1 TDO 

b7-b0 = TD7-TDO: Transmit Data. The ST9 core 
will load the data for transmission into this register. 
The SCI will transfer the data from the buffer into 
the Shift Register when available. At the transfer, 
the Transmitter Buffer Register interrupt will be 
updated. If the selected word format is less than 8 
bits, the unused most significant bits are not signi­
ficant. 

IDPR R249 (F9h) Read/Write 
lnterrupt/DMA Priority Register 

Reset value: undefined 
7 0 

I AMEN I SB I SA I RXD I TXD I PRL21 PRL1 I PRLO I 
b7 =AMEN: Address Mode Enable. This bit, with 
AM, decodes the desired addressing/ninth data 
bit/character match operation. 

In an addressed mode the SCI will monitor the input 

AMEN AM 

0 0 
Address interrupt if ninth data 
bit= 1 

0 1 Address interrupt if character match 

1 0 
Address mterrupt 1f character 
match and nmth data bit = 1 

Address interrupt if character 
1 1 match with word immediately 

following break 

serial data until its address is detected. 

Upon reception of address, the RXAP bit (in the 
Interrupt Status Register) is set and an interrupt 
cycle can begin. The address character will not be 
transferred into the Receiver Buffer Register but, 
all data following the matched SCI address and 
preceeding the next address word will be trans­
ferred to the Receiver Buffer Register and the 
proper interrupts updated. If the address does not 
match, all data following this unmatched address 
will not be transferred to the Receiver Buffer Reg­
ister. 

In any of the cases the RXAP bit must be reset by 
software before the next word is transferred into the 
Buffer Register. 

b6 = SB: Set Break. If this bit is set, a break will be 
transmitted following the transmission of all data in 
the Transmitter Shift Register and the Buffer Reg­
ister. The break will be a "0" value on the transmitter 
data output for at least one complete word format. 
If software does not reset SB before the minimum 
break length has finished, the break condition will 
continue until software resets SB. The SCI termi­
nates the break condition with a "1" on the trans­
mitter data output for one transmission clock 
period. 

b5 = SA: Set Address. If an address/9th data bit 
mode is selected, SA value will be loaded for 
transmission. Setting this bit indicates an address 
word. SA will be cleared by hardware after it is 
loaded into the Shift Register. Proper procedure 
would be, when the Transmitter Buffer Register is 
empty, to load the value of SA and then load the 
data into the Transmitter Buffer Register. 

b4 = RXD: Receiver DMA Mask. If this bit is "0", no 
receiver DMA request will be generated, and the 
RXDP bit in the Interrupt Status Register can re­
quest an interrupt. If RXD is set to "1", the RXDP 
bit can request a DMA transfer. This bit is reset by 
hardware when the transaction counter value de­
crements to zero. At that time a receiver "end of 
block" interrupt can occur. 

b3 = TXD: Transmitter DMA Mask. If this bit is "0" 
no transmitter DMA request will be generated and 
the TXHEM (or TXSEM) bit in the Interrupt Status 
Register can request an interrupt. If TXD is set, the 
TXHEM (or TXSEM) bit can request a DMA trans­
fer. This bit is reset by hardware when the transac­
tion counter value decrements to zero. At that time 
a transmitter End Of Block interrupt can occur. 

b2-b0 = PRL2, PRL2, PRLO: SCI lnterrupt!DMA 
Priority bits. The priority for the SCI is encoded with 
(PRL2,PRL 1,PRLO). A priority value of "0" has the 
highest priority, a value of "7" has no priority. 

When user has defined a priority level for the SCI, 
priorities inside the SCI are hardware defined. 
These SCI internal priorities are: 

receiver DMA request 

transmitter DMA request 

receiver interrupt 

transmitter interrupt 

higher priority 

lower priority 
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CHCR R250 (FAh) Read/Write 
Character Configuration Register 

Reset value: undefined 
7 

I AM I EP I PEN I AB SB2 SB1 I WL1 I WLO I 

b7 = AM: Address Mode. decodes the desired 
addressing/ninth data bit/character match oper­
ation in conjunction with AMEN (bit 7 of INT/DMA 
priority register). There are four basic operating 
modes: 

b6 = EP: Even Parity. When parity is enabled, this 

AMEN AM 

0 0 Address interrupt if 9th data bit= 1 

0 1 Address interrupt if character match 

1 0 
Address interrupt if character 
match and 9th data bit= 1 

Address interrupt if character 
1 1 match with word immediately 

follow1ng break 

bit selects between even or odd parity. If this bit is 
equal to 0, odd parity will be selected. If this bit is 
equal to 1, even parity will be selected. 

b5 =PEN: Parity Enable. When this bit is equal to 
1, a parity bit is generated (transmit data) or 
checked (received data) between the last word bit 
and the stop bits. If the address/9th bit is enabled, 
the parity bit will precede the address/9th bit 
(The parity bit is used to produce an even or odd 

number of 1 's when the parity bit and all data bits 
are summed. The 9th bit is never included in the 
parity calculation). 

b4 = AB: Address/9th Bit. If this bit equals "1" the 
transmit and receive character format will include 
a bit between the parity bit and the first stop bit. This 
bit can be used to address the SCI or as a ninth 
data bit. 

b3-b2 = SBx: Stop Bits. This bit field specifies the 
number of stop bits to be included in the data format 

SB2 SB1 
Number of stop bits 

in 16X mode in 1X mode 

0 0 1 1 
0 1 1.5 2 
1 0 2 2 
1 1 2.5 3 

12 - Serial Communication Interface 

b1-b0 = WL 1, WLO: These two bits specify the 
number of data bits in each transmitted or received 
character. The following table shows the coding of 
WL. 

WL1 WLO Data Length 

0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 8 bits 

When AMEN= "0" and AM= "1 ",a useful character 
search function is performed. This allows the SCI 
to generate an interrupt whenever a specific char­
acter is encountered (e.g. Carriage Return). Figure 
12.2 shows the use of the SCI addressing modes. 

CCR R251 (FBh) Read/Write 
Clock Configuration Register 

Reset value: 0000 0000 (OOh) 
7 0 

lxTcLKI ocLK I xRx I xsRG I co I AEN I LBEN lsTPENI 

b7 = XTCLK: 

b6 = OCLK: These two bits select the source for 
the transmitter clock. The following table shows the 
coding of XTCLK and OCLK. 

XTCLK OCLK Pin Function 

0 0 Pin is used as a general I/O 

0 1 Pin = TXCLK (used as an Input) 

1 0 
Pin= CLKOUT (outputs the 
Baud Rate Generator clock) 

1 1 Pin= CLKOUT (outputs the 
serial exp. mode clock) 

b5 = XRX: External Receiver Clock Source. If this 
bit is "1", the receiver will use the external receiver 
clock pin for its clock source. The external clock 
must be equal to 16 times the data rate or equal to 
the data rate depending on the bit CD. 

b4 = XBRG: Baud Rate Generator Clock Source. 
If this bit is "1 ",the baud rate generator will use the 
external receiver clock pin for its clock source. If 
this bit is "0", the baud rate generator will use the 
ST9 system clock (INTCLK). 

9/12 
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12- Serial Communication Interface 

b3 = CD: Clock Divisor. If CD = "1 ", both the 
receiver and the transmitter will be in 1 X clock 
mode. In 1 X clock mode, the transmitter will trans­
mit data at one data bit per clock period. If this bit 
is "0", both the receiver and the transmitter will be 
in 16X mode. In 16X mode each data bit period will 
be 16 clock periods long. 

The CD vaiue will determine the syn­
chronous/asynchronous SCI configuration mode. 

b2 = AEN: Auto Echo Enable. If AEN = "1", the SCI 
is in auto echo mode. In this mode the SCI trans­
mitter is disconnected from the transmitter data-out 
pin (SOUT). The transmitter data-out pin (SOUT) 
is driven directly by the receiver data-in pin (SIN). 
The receiver remains connected to the receiver 
data-in pin (SIN) and is operational, unless loop­
back mode is also selected. 

b1 = LBEN: Loopback Enable. If this bit is set to 
"1 ",the loopback mode is enabled. In this mode the 
transmitter output is set to "1 ",the receiver input is 

Figure 12-2. SCI Addressing Modes 

ADDRESS AFTER BREAK CONDITION 

DATA BREAK 

disconnected, and the output of the Transmitter 
Shift Register is looped back into the Receiver Shift 
Register input. All interrupt sources for both the 
transmitter and the receiver are operational. 

bO = STPEN: Stick Parity Enable. If this bit is set to 
"1", the transmitter and the receiver will use the 
opposite parity type selected by the even parity bit 
(EP). 

EP SPEN 
Parity 

(transmitter & receiver) 

0 (odd) 0 Odd 

1 (even) 0 Even 

0 (odd) 1 Even 

1 (even) 1 Odd 

ADDRESS DATA 

NO MATCH 

BREAK ADDRESS DATA DATA DATA BREAK 
INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

ADDRESS WORD MARKED BY D9=1 

DATA ADDRESS ADDRESS DATA 

MATCH NO MATCH 

ADDRESS DATA DATA DATA 
INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

CHARACTER SEARCH MODE 

DATA DATA MATCH DATA DATA DATA 

DATA DATA CHAR DATA DATA DATA 
INTERRUPT INTERRUPT M~TCH INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT 

09 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT 

DATA DATA D9=1 DATA DATA DATA 

DATA DATA 09=1 DATA DATA DATA 
INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

VA00270 
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Figure 12-3. SCI Functional Scheme 

OCLK 

D = MULTIPLEXER 0 = EXTERNAL PIN 

Figure 12-4a. Auto Echo Configuration 

VR00021D 

~000209 

Figure 12-4b. Loop Back Configuration 

LOGICAL 1-Q 

sour 

0 
SIN 

VR000211 

Figure 12-4c. Auto Echo and Loop Back 
Configuration 

~T 
SIN 

VR000212 
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BRGHR R252 (FCh) Read/Write 
Baud Rate Generator Register, High byte. 

Reset value: undefined 
15 8 

I BG151 BG141 BG131 BG121 BG11 I BG10 I BG9 BGB 

BRGLR R253 (FDh) Read/Write 
Baud Rate Generator Register, Low byte. 

Reset value: undefined 
7 0 

BG7 BG6 BG5 BG4 BG3 BG2 BG1 BGO 

b15-BO: The Baud Rate generator contains a pro­
grammable divide by "N" counter which can be 
used to generate the clocks for the transmitter 
and/or receiver. This counter divides the clock input 
by the value in the Baud Rate Generator Register. 
The minimum baud rate divisor is 2 and the maxi­
mum divisor is 216-1. After initialization of the baud 
rate generator, the divisor value is immediately 
loaded into the counter. This prevents potentially 
long random counts on the initial load. 

Baud Rate generator frequency = Input Clock fre­
quency/Divisor 

The baud rate generator clock provides a 16X or 
1 X clock for the receiver and the transmitter. An 
additional divide by 16 may be appropriate to com­
pute the SCI data rate if in this normal operating 
mode. 

The Baud Rate generator can use INTCLK clock 
for the input clock source. An alternate source is 
the receiver clock input pin. 

The output of the baud generator has an exact 50% 
duty cycle. The output can provide either the 16X 
clock for asynchronous operation or a 1 X clock for 
synchronous and serial port expansion modes. 

NOTES: 
1) Wntlng to a Baud Rate Generator Reg1ster 1mmed1ately disables 
and resets both the SCI baud rate generator, the transmitter and 
rece1ver c~rcu1try. After wntlng to the rema1mng Baud Rate Generator 
Reg1ster, the transmitter and rece1ver c~rcu1ts are enabled. The Baud 
Rate generator w111 load the new value and start counting. 
To 1n1t1ahze the SCI, user should f1rst m1t1al1ze one Baud Rate 
Generator DIVISOr Register. Th1s Will reset all SCI CirCUitry. lmt1ahze 
all other SCI reg1sters for the desired operatmg mode. To enable the 
SCI, Initialize the rema1mng Baud Rate Generator Reg1ster 

2) For synchronous rece1ve operat1on, the data and rece1ve clock 
must not have s1gn1f1cantskew between clock and data. The rece1ved 
data and clock are Internally synchronized to INTCLK clock 
For synchronous transmit operat1on, a general purpose 1/0 port p1n 
must be programmed to output the CLKOUT s1gnal from the baud 
rate generator. If the SCI IS prov1ded With an external transmiSSIOn 
clock source, there will be skew eqwvalent to two INTCLK periods 
between clock and data 
The synchronous data Will be transmitted on the fall of the transmit 
clock. The synchronous received data will be latched into the SCI on 
the nsing edge of the provided receive clock 

12/12 -------------~ ~~©mgm:~~~ -------------
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13.1 INTRODUCTION 

Within the standard ST9 addressing space (64K 
bytes of Program memory plus 64K bytes of Data 
memory) 4 types of memory can be included on the 
same device. 

- ROM up to 32K (in blocks of 4K bytes) 

- EPROM up to 32K (in blocks of 4K bytes) 

- RAM up to 2K (in blocks of 256 bytes) 

- EEPROM up to 1 K (in blocks of 256 bytes) 

ST9 microcontrollers with program memory on­
chip require non-volatile memory from OOOOh (the 
Reset vector). If this memory is not present, the 
ST9 is defined as ROMLESS, that is, the Reset 
vector is automatically fetched from external mem­
ory (see Chapter 6). 

On-chip memory access times are not affected by 
Hardware or Software Wait states. Access is per­
formed at the maximum speed (3 CPUCLK cycles) 
unless otherwise stated. 

When on-chip and off-chip memories are mapped 
at the same address in the same address map, the 
internal memory takes priority and the external ITS 
is not generated. 

13.2 EPROM 

On-chip EPROM memory, once programmed, is 
functionally equivalent to ROM memory. It is rec­
ommended to cover the EPROM window with an 
opaque label when the device is in operation. This 
protects RAM and other on-chip logic from mal­
functions. 

13.2.1 EPROM Programming Board 

EPROM programming is made by the ST9 Pro­
gramming board. When programming has been 
completed successfully, the ST9 is ready to be 
used as ROM device. 

13.2.2 EPROM Erasure 

The recommended EPROM erasure procedure is 
exposure to short wave ultraviolet light which has 
a wavelength 2537 A. The integrated dose for 
erasure should be a minimum of 15 joules/cm2. 

CHAPTER~3 

ON-CHIP MEMORY 

The erasure time with this dosage is approximately 
20 minutes using an ultraviolet lamp with 
12000 11W/cm2 power rating. 

The ST9 should be placed within 1 inch of the lamp 
tube during the erasure. 

13.3 EEPROM DESCRIPTION 

The EEPROM memory can be mapped in data 
space, or in memory space, or both. When mapped 
in program memory, the EEPROM generates one 
internal WAIT cycle in Read mode. Operations on 
EEPROM are controlled by programming the 
EECR register mapped in the Register File (page 
0). 

13.3.1 EEPROM Control Register 

EECR R241 (F1 h) Page 0 Read/Write (except 
EEBUSY: read only) EEPROM Control Register 

Reset value : 0000 OOOOb (DOh) 

bit 7 = 87: This bit is forced to "0" after reset and 
MUST not be modified by the user. 

bit6 =VERIFY: Set Verify mode. Verify (active high) 
is used to activate the verify mode. 

The verify mode provides a guarentee of good 
retention of the programmed bit. When active, the 
reading voltage on the cell gate is decreased from 
1.2V to O.OV, decreasing the current from the pro­
grammed cell by 20%. If the cell is well pro­
grammed (to "1 "),a "1" will still be read, otherwise 
a "0" will be read. 
NOTE : The venfy mode must not be used dunng an erasmg or a 
programmrng cycle). 

bit 5 = EESTBY: EEPROM Stand-By. STBY = "1" 
switches off all power consumption sources inside 
the EEPROM. Any attempt to access the EEPROM 
when STBY = "1" will produce unpredictable errors. 
NOTE: After EESTBY rs reset. the user must wait 6 CPUCLK cycles 
(e.g 1 NOP mstructron) before selectrng the EEPROM 
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13- On-Chip Memory 

bit 4 = EEIEN: EEPROM Interrupt Enable. INTEN 
= "1" disables the external interrupt source and 
enables the EEPROM to send its interrupt request 
to the central interrupt unit at the end of each write 
procedure. 

bit 3 = PLLST: Parallel Write Start. Setting PLLST 
to "1" starts the parallel writing procedure. It can be 
set only if PLLEN is already set. PLLST is internally 
reset at the end of the programming sequence. 

bit 2 = PLLEN: Parallel write Enable. Setting 
PLLEN to "1" enables the parallel writing mode 
which allows the user to write up to 16 bytes at the 
same time. PLLEN is internally reset at the end of 
the programming sequence. 

bit 1 = EEBUSY: BUSY. When this read only bit is 
high, an EEPROM write operation is in progress 
and any attempt to access the EEPROM 1s aborted. 

bit 0 = EEWEN: EEPROM Write Enable. Setting 
this bit allows programming of the EEPROM, when 
low a writing attempt has no effect. 

13.3.2 EEPROM Programming Time 

No timing routine is required to control the pro­
gramming time as dedicated circuitry takes care of 
the EEPROM programming time (The typical pro­
gramming time is 6 ms). 

13.3.3 EEPROM Interrupt Management 

At the end of each write procedure the EEPROM 
sends an interrupt request (if EEIEN bit is set). The 
EEPROM shares its interrupt channel with the ex­
ternal interrupt source INT 4, from which the priority 
level is derived. 

Care must be taken when EEIEN is reset. The 
associated external interrupt channel must be dis­
abled (by reseting bit 4 of EIMR, R244) along with 
reseting the interrupt pending bit (bit 4 of EIPR, 
R243). A delay instruction (at least 1 NOP instruc­
tion) must be inserted between these two oper­
ations 

13.3.4 EEPROM Programming Procedure 

The programming of an byte of EEPROM memory 
is equivalent to writing a byte into a RAM location 
after verifying that EEBUSY bit is low. Instructions 
operating on word data (16 bits) will not access the 
EEPROM. 

13.3.5 EEPROM Programming Voltage 

No external Vpp voltage is required, an internal18 
Volt charge-pump gives the required energy by a 
dedicated oscillator pumping at a typical frequency 
of 5 MHz, regardless of the external clock. 
NOTE: After a programming procedure, the user must wmt 6 
CPUCLK cycles (1 NOP mstruct1on) after the EEBUSY b1t IS reset 
In most apphcat1ons, th1s NOP mstruct1on can be saved when the 
t1me necessary to test EECR and branch to the next Instruction is 
longer than 6 CPUCLK cycles 

13.3.6 PARALLEL Programming Procedure 

Parallel programming is a feature of the EEPROM 
macrocell. One up to sixteen bytes of a same row 
can be programmed at once (same row = ad­
dresses to be programmed only differ by their bits 
AO, A1, A2 and A3). 

The software procedure is: 

- set PLLEN, access the EEPROM by writing at 
the desired locations, providing that each ad­
dress location is on the same row (i.e the dis­
tance between their addresses is of 128 bytes). 
While PLLST = "0", the programming procedure 
will not start and data is loaded in the latches. 

- the programing procedure is performed by set­
ting PLLST. Both PLLEN and PLLST are inter­
nally reset at the end of the programming 
session. 

Example: 

If the 512 bytes of EEPROM is mapped from OOOOh 
to 01 FFh in Data Space, it will be composed of 4 
modules of 128 bytes each, allowing up to 4 bytes 
to be programmed in parallel. 

Programming in parallel all the row of location 0012 
will program, after setting PLLEN: 

-Address 0012- Address 0092- Address 0112-
Address 0192 

NOTE: User should take care when us1ng PLLEN b1t, and avOid the 
following sequence· 

-Set PLLEN 
- Load latches 
- Reset PLLEN (without mod1fymg PLLST) 

Such a sequence will lose the data loaded in the 
latches. 
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13- On-Chip Memory 

Figure 13-1. EEPROM Parallel Programming Rows 

A 8 C ADDRESS 
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13.4 MEMORY PROTECTION 

13.4.1 Introduction 

The ST9 family allows protection of its on-chip 
memory to provide the security required by many 
applications. The on-chip memory can be protected 
on Read and/or Write access by Hardware (as 
defined by the device specification). 

The protection mechanism inhibits access to the 
on-chip memories in these two cases: 

- When an access is attempted during the execu­
tion of an instruction fetch from an off-chip mem­
ory. 

- When an access is attempted under a DMA 
transfer. 

If the access is made under the two above condi­
tions, the read operation will always return FFh, a 
write operation will have no affect on the memory 
content. 

VR001355 

The protection mechanism for ROM devices is 
activated under customer request at the mask pro­
gramming level. EPROM versions allow the activa­
tion of the memory protection after loading the 
EPROM content. 

WARNING: If protection is enabled, the following 
must be taken into consideration: 

- No DMA will be allowed to/from the memory if 
protected, even if the DMA transfer is internal to 
the device. 

- Care must be taken when using the protected 
memory as the SYSTEM STACK: 

A RET (or IRET) instruction from a subroutine 
resident in an off-chip memory will fail when ac­
cessing the (protected) stack to restore the pro­
gram counter. 

Also, if an Interrupt occurs when the instruction 
executed has been fetched from off-chip, the PUSH 
operation of the Program Counter will fail when 
accessing the protected stack. 
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13 - On-Chip Memory 

13.4.2 Security Register 

When available, ST9 Security Register provides 
the access control to the internal memory from 
external sources by both external program and 
DMA by a series of User programmable fuses. 
These fuses allow the level of security to be defined 
by the user at each stage of the product develop­
ment (e.g. installation of factory codes and sub­
sequently end customer personal codes). 
The fuses themselves are one time programmable 
based on EEPROM technology, thus they require 
the ST9 to have existing EEPROM or an external 
voltage supply in order to generate the programm­
ing voltage. 

Each memory element on-chip (ROM, RAM, EE­
PROM) has an independent protection enable se­
lectable for each level. 

Figure 13-2. Security Mask Options 

NO 
PROTECTION 

{DEFAULT) 

ROM RAM 

~ = METAL MASK OPTION TO ENABLE PROTECTION 

The protection enable options are selectable by 
metal mask during manufacture and are activated 
by the programming of fuses present in the Security 
Register mapped at register R255 of 110 page 59 
decimal (3Bh). These fuses are based on EE­
PROM technology and require a high voltage to 
program the fuse. In the ST9040, this is supplied 
by the charge pump present in the EEPROM mem­
ory, so that the EEPROM must be in an active state 
(STBY low), before security fuse programming is 
activated. Please check with SGS-THOMSON for 
the reference pin of the external voltage of other 
devices with the Security Register. 
The Security fuses are TESTLOCK (TLCK) and 
HARDWARE LOCK (HLCK). These are both one­
time programmable, once these are programmed 
THE PROTECTION CANNOT BE DISABLED, so 
care must be made in the use of this feature. 

F'USE: FUSE 

EEPROM 

ETERNAL 
FETCH OR 
DMA 
EXECUTION 
DISABLE 

VR001357 
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Figure 13-3. Security Fuses 

DATA BUS 

~'.RITE 

ENABLE PROG F2 

13.4.3 Testlock 

The TESTLOCK protection level may be pro­
grammed by SGS-THOMSON during the manufac­
turing cycle, if requested, or may be programm~d 
by the user before the release of the end equip­
ment. If programmed by SGS-THOMSON, the user 
must include in the masked ROM the routines to 
program RAM and EEPROM. The R~set vector 
must also be provided. There IS no possibility to test 
the ST9, or to use external memory to program 

13- On-Chip Memory 

FUSE I 

TESTLOCK 

SELECT FUSE 2 TEST 

TEST FUSE 2 

HARDWARE LOCK 

SOFTWARE LOCK PROTEN 

VR001428 

RAM and EEPROM, once this bit is programmed. 
The TLCK bit may also be programmed by the user 
after the internal read/write memory has been pro­
grammed. Consult SGS-THOMSON for further in­
formation. 

The TESTLOCK level of protection allows the basic 
protection of the user-designated on-chip memory 
e.g. the ROM contents, while, optionally, allowing 
the further programming of the on-chip RAM and 
EEPROM memory from external programs. 

5/6 
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13.4.4 Hardware Lock 

The HARDWARE lock protection level is provided 
to give a final high security protection after the 
programming of the internal memory (e.g. access 
codes, serial numbers or PIN codes). If the on-chip 
memory has been mask selected for protection by 
this level, then the programming of the HLCK bit 
will give the full protection. 

WARNING: THIS IS TOTAL PROTECTION, there 
is no method to access or test on-chip memory from 
any external source once this level is programmed. 

A third fuse is present in parallel with HLCK, and is 
used by SGS-THOMSON as part of the final device 
check to test the security functions. 

When the Testlock and Hardware lock bits are 
virgin, the value read from the bits are the value 
previously written, allowing verification of the oper­
ation of the protection mechanism. The fuses are 
programmed by setting the appropriate Write Fuse 
bit (WF1 for TLCK and WF2 for HLCK) with the 
programming voltage applied. For the ST9040 this 
is achieved by making a dummy read from the 
EEPROM memory (STBY must be active). This 
triggers the charge pump to generate the high 
voltage necessary to program the fuse. 
The Write Fuse bits must be held to a "1" state for 
the whole of the programming cycle, the end of 
programming may be monitored on the TLCK or 
HLCK bit. 

13.4.5 Software Lock 

A third level of security may be achieved by the 
latching of a third bit, SLCK which provides an 
additional level of security in parallel with the Hard­
ware lock. This is provided in the case of a failure, 
by externally induced means, of the OTP hardware 
locks. 

It should also be noted that the ST9 on-chip pro­
grammable memories (RAM and EEPROM) are 
mapped into Data Space, preventing the operation 
of "Trojan Horse" programs (external programs 
loaded into internal memory to bypass the read out 
protection), and thatthe High Impedance mode can 
be activated to prevent the external address lines 
of the ST9 from echoing the addresses used by the 
internal security program. 

SEC R255 (FFh) Page 59 Read/Write 
SECURITY Control Register 

Reset value : OxxO O*O*b 
7 0 

lsLcKI I - I TF2 I WF2 I HLCK I WFI tick 

• depends on the state of the fuses 

bit 7 = SLCK: Software Lock The reset value of this 
bit is "0". Writing a "1" to this bit will set the Protec­
tion Enable and will lock the "1" bit. 

bit 6 =not used. 

bit 5 =not used. 

bit 4 = TF2: Test Fuse 2. This bit must be main­
tained at a "0" level 

bit 3 = WF2: Write Fuse 2. Writing a "1" in this bit 
will blow Fuse 2 when the high voltage Vpp rises 
(when writing to on-chip EEPROM memory or ris­
ing an external Vpp supply voltage). 
This bit must remain at "1 "for the whole programm­
ing of the Fuse. The end of the programming can 
be monitored with bit 2. Care must be taken before 
writing this bit to "1" because the programming of 
this bit is irreversible. 

bit 2 = HLCK: Hardware Lock. When Fuse 2 is 
virgin, the value read in this bit is the value pre­
viously written. 
When Fuse 2 is programmed, this bit is forced to 
"1", thus the method of verifying that Fuse 2 is 
programmed is to write a "0" in this bit and to read 
back a "1". When Fuse 2 is programmed, the 
Hardware Lock is forced to "1". 
When Fuse 2 is virgin, the accessibility of the 
on-chip memories can be tested by writing this bit. 

bit 1 = WF1: Write Fuse 1. Writing a "1" in this bit 
will blow Fuse 1 when the high voltage Vpp rises 
(when writing to on-chip EEPROM memory or ris­
ing an external Vpp supply voltage). 
This bit must remain at "1" for the whole programm­
ing of the Fuse. The end of the programming can 
be monitored with bit 0. Care must be taken before 
writing this bit to "1" because the programming of 
this bit is irreversible. 

bit 0 = TLCK: Testlock. When Fuse 1 is virgin, the 
value read in this bit is the value previously written. 
When Fuse 1 is programmed, this bit is forced to 
"1 ", thus the method of verifying that Fuse 1 is 
programmed is to write a "0" in this bit and to read 
back a "1 ". Testlock controls the accessibility of the 
on-chip memories 
When Fuse 1 is virgin, the accessibility of the 
on-chip memories can be tested by programming 
this bit. 
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CHAPTER 14 

ELECTRICAL CHARACTERISTICS 

Table 14-1. DC Electrical Characteristics 
(Voo = 5V ± 10% TA = - 40'C to + 85'C, unless otherwise specified) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

VIHCK Clock Input High Level External Clock 0.7 Voo Voo + 0.3 v 
VILCK Clock Input Low Level External Clock -0.3 0.3 Voo v 

TTL 2.0 Voo + 0.3 v 
V1H Input High Level 

VDD + CMOS 0.7 Voo 0.3 v 

TTL -0.3 0.8 v 
V1L Input Low Level 

CMOS -0.3 0.3 Voo v 
VIHRS Reset Input High Level 0.7 Voo Voo + 0.3 v 
VILAS Reset Input Low Level -0.3 0.3 Voo v 
VHYRS Reset Input Hysteresis 0.3 1.5 v 
VoH Output High Level Push Pull, lload =- O.BmA Voo -0.8 v 

VoL Output Low Level Push Pull or Open Drain, 
0.4 v lload =- 1.6mA 

lwpu Weak Pull-up Current Bidirectional Weak Pull-up, -80 -200 -420 J.IA VoL= OV 

IAPU 
Active Pull-up Current, V1N < 0.8V -80 -200 -420 

J.IA for INTO and INT7 only 

ILKIO 1/0 Pm Input Leakage Input/Tri-State, OV < V1N < Voo -10 +10 J.IA 

ILKRS Reset Pm Input Leakage OV < V1N < Voo -30 + 30 J.IA 

ILKAD AID Pin Input Leakage Alternate Function, -3 +3 J.IA Open Drain, OV < V1N < Voo 

ILKAP Active Pull-up Input Leakage ov < VIN < O.BV -10 + 10 J.IA 

ILKOS OSCIN Pin Input Leakage OV < V1N < Voo -10 +10 J.IA 

1/20 
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14 - Electrical Characteristics 

Table 14-1. DC Electrical Characteristics (Continued) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

24MHz, Note 1 32 70 mA 
loo Run Mode Current 

4MHz, Note 1 6 12 mA 

Run Mode Current 24MHz, Note 1 19 40 mA 
loP2 Prescale by 2 

4MHz, Note 1 4 8 mA 

24MHz, Note 1 9 18 mA 
lWFI WFI Mode Current 

4MHz, Note 1 2.5 5 mA 

I HALT HALT Mode Current 24MHz, Note 1 100 J.lA 

Note. 
1. All I/O Ports are conf1gured 1n Bid1rect1onal Weak Pull-up Mode With no DC load, External Clock pin (OSCIN) is dnven by square 

wave external clock No peripheral working. External interiace not active (Internal Program Execution). 

Figure 14-1. DC Test Conditions 

TTL INPUT 
FORCING CONDITION 

CMOS INPUT 
FORCING CONDITION 

PUSH-PULL OUTPUT 
TEST CONDITION 

WEAK PULL-UP OUTPUT 
TEST CONDITION 

2.4V ----v--
0.45V~ 

a.avDD~ 

0.2vDD 

"t" SOURCE CURRENT = -0.8mA 

"0" SINK CURRENT = 1.5mA 

"1" SOURCE CURRENT = 0 

"o" SINK CURRENT = 1.5mA 

VA00117 
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14 - Electrical Characteristics 

Table 14-2. Clock Timing Table 
(Voo = 5V ± 10% TA =- 40"C to+ 85"C, unless otherwise specified) 

Value 
No Symbol Parameter Unit Note 

Min. Max. 

41.5 ns 1 
1 TpC OSCIN Clock Penod 

83 ns 2 

2 TrC, TIC OSCIN Rise and Fall1ime 12 ns 

25 12 ns 1 
3 TwCL, TwCH OSCIN Low and High Width 

38 ns 2 

Notes: 
1. Clock d1v1ded by 2 internally (MODER.DIV2=t) 
2. Clock not d1v1ded by 2 internally (MODER.DIV2=0) 

Figure 14-2. Clock Timing 

OSCIN 

3 

VA00116 
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14 - Electrical Characteristics 

Table 14-3. External Bus Timing Table 
(Voo = 5V ± 10% TA =- 40'C to+ 85'C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified) 

Value (Note) 
No Symbol Parameter 

OSCIN Not Divided 
Unit 

OSCIN Divided Min. Max. 
By2 By2 

1 TsA(AS) 
Address Set-up Time 

TpC (2P+1) -22 TWCH+PTpC-18 20 ns before AS 1' 

2 ThAS (A) 
Address Hold Time after 

TpC-17 TwCL-13 25 ns ASI 

3 TdAS (DR) AS 1' to Data Available (read) TpC(4P+2W+4)-52 TpC (2P+W+2) -51 115 ns 

4 TwAS AS Low Pulse Width TpC (2P+ 1) -7 TwCH+PTpC -3 35 ns-

5 TdAz (DS) Address Float to DS t 0 0 0 ns 

6 TwDSR DS Low Pulse Width (read) TpC(4P+2W+3)-20 TwCH+TpC (2P+W+1) 105 ns -16 

7 TwDSW DS Low Pulse Width (write) TpC (2P+2W+2) -13 TpC (P+W+1)-13 70 ns 

8 TdDSR (DR) DS 1- to Data Valid Delay TpC (4P+2W-3) -50 TwCH+ TpC(2P+W+ 1)- 75 ns 
(read) 46 

9 ThDR (DS) Data to DS 1' Hold Time (read) 0 0 0 ns 

10 TdDS (A) DS 1' to Address Active Delay TpC-7 TwCL-3 35 ns 

11 TdDS (AS) DS 1' to AS t Delay TpC-18 TwCL-14 24 ns 

12 TsR/W (AS) R/W Set-up T1me before 
ASI 

TpC (2P+ 1) -22 TwCH+PTpC-18 20 ns 

13 TdDSR (RIW) DS 1' to R/W and Address 
Not Valid Delay 

TpC-9 TwCL-5 33 ns 

14 TdDW Wnte Data Valid to DS 1- TpC (2P+1) -32 TwCH+PTpC -28 10 ns (DSW) Delay (write) 

15 ThDS (DW) 
Data Hold T1me after DS 1' 

TpC-9 TwCL-5 33 ns (write) 

16 TdA(DR) 
Address Valid to Data Valid 

TpC(6P+2W+5)-68 TwCH+ TpC (3P+W+2) 140 Delay (read) -64 ns 

17 TdAs (DS) AS 1' to DS t Delay TpC-18 TwCL-14 24 ns 

Note: The value left hand two columns show the formula used to calculate the ttmrng mmrmum or maxrmum from the oscrllator clock penod, 
prescale value and number of wart cycles mserted 
The value nght hand two columns show the ttmtng mint mum and maxtmum for an external clock at 24 MHz dtvided by 2, prescaler value of 
zero and zero watt status 

Legend: 
P =Clock Prescaltng Value 
W ~ Wa1t Cycles 

TpC ~ OSCIN Penod 
TwCH ~ H1gh Level OSCIN half penod 
TwCL ~Low Level OSCIN half penod 

4/20 
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14 - Electrical Characteristics 

Figure 14-3. External Bus Timing 

T1 T2 T3 
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(WRITE) 
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14 - Electrical Characteristics 

Table 14-4. External Wait Timing Table (Voo = 5V ± 10% TA =- 40°C to+ 85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 

Value (Note) 

N' Symbol Parameter 
OSCIN Divided OSCIN Not 

By2 Divided By 2 
Min. Max. 

1 TdAS (WAIT) AS I to WAIT -1, Delay 2(P+ 1 )TpC -29 (P+ 1 )TpC -29 40 

2 TdAS (WAIT) AS I to WAIT I Mmimum Delay 2(P+W+ 1 )TpC -4 (P+W+1)TpC-4 80 

3 TdAS (WAIT) 
AS I to WAIT I Maximum 

2(P+W+ 1 )TpC -29 (P+W+ 1 )TpC -29 83W+40 
Delay 

Unit 

ns 

ns 

ns 

Note: The value left hand two columns show the formula used to calculate the trmmg mrnrmum or maxrmum from the oscillator clock period, 
prescale value and number of wait cycles inserted 
The value nght hand two columns show the t1m1ng m1nimum and max1mum for an external clock at 24MHz d1v1ded by 2, pre scale value of zero 
and zero wart status 

Figure 14-4. External Wait Timing 

I Tl I T2 I TwW I T3 I 

CPUCLK 

AS 

OS 

WAIT 
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14 - Electrical Characteristics 

Table 14-5. Bankswitch, AC-Timing Table 

Value 
N' Symbol Parameter Unit Note 

Min. Max. 

1 TdBAS Bank switch from AS High to low transition 45 ns 1 

2 TdBLH Bank switch rising edge from AS High to Low transition 40 ns 2 

3 TwBSW Bank switch -FFh- pulse width CPUCLK ns 1 

Notes . 
1 Page 0 R255 BS~O 
2 PageO R255 BS~1 

Figure 14-5. Bankswitch, AC-Timing 

CPUCLK 

PO ______ _.JX AO-A7 X~ _______ o_o-_o7 ______ ~~ 

P1 X A8-A15 ~ 
------~~----------------~A___ 

AS 

BS [ss~o] 

BS c__ ___ [_ss_~_•l ___ ~/ FFh 
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14 - Electrical Characteristics 

Table 14·6. Bankswitch RIW Modified from OS Delay 

Value 
N" Symbol Parameter Unit 

Min. Max. 

1 TdRMD RIW modified from DS delay 35 ns 

Figure 14·6. Bankswitch R/W Modified from DS Delay 

CPUCLK 

PO ------~X A0-A7 X~ _____ oo_-o_7 ____ ~X~--------

Pl A8-A15 

OS 

---~l-\__ 
Modif•ed R/W 
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14 - Electrical Characteristics 

Table 14-7. Bus Request/Acknowledge Timing Table (Voo = 5V ± 10% TA =- 40"C to+ 85"C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 

Value (Note) 
No Symbol Parameter 

OSCIN Divided OSCIN Not Divided 
By2 By2 

Min. Max. 

BREO l to BUSACK l 
TpC+8 TwCL+12 50 

1 TdBR (BACK) 
TpC(6P+2W+7)+65 TpC(3P+W+3)+TwCL+65 360 

2 TdBR (BACK) BREQ 1' to BUSACK 1' 3TpC+60 TpC+ TwCL+60 185 

3 TdBACK (BREL) BUSACK l to Bus 20 20 20 Release 

4 TdBACK (BACT) 
BUSACK 1' to Bus 

20 20 20 Active 

Unit 

ns 

ns 

ns 

ns 

ns 

Note: The value left hand two columns show the formula used to calculate the t1mmg mm1mum or max1mum from the oscillator clock penod, 
pre scale value and number of wa1t cycles mserted 
The value nght hand two columns show the tim1ng mtntmum and maxtmum for an external clock at 24M Hz dtv1ded by 2, pre scale value of zero 
and zero wa1t status 

Figure 14-7. Bus Request/Acknowledge Timing 

I I I T1 T2 

INTCLK ___jl_____JL_j 

CPUCLK ____}\______} 

8USREQ 

~ ~ < 

BUSACK 

l ME MINT 

VA00114 

Note: ME MINT= group of memory Interface Signals: AS, DS, RNJ, POD-PO?, P10-P17. 
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14 - Electrical Characteristics 

Table 14-8. Handshake Timing Table (Voo = 5V ± 10% TA =- 40"C to+ 85"C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 

Value (Note) 

No Symbol Parameter OSCIN Divided OSCIN Not Divided Min. 
By2 By2 

Min. Max. Min. Max. 

RDRDY, WRRDY Pulse 2TpC Tp 
1 TwRDY Width in One Line (P+W+1)-18 (P+W+1)- 65 

Handshake 18 

2 TwSTB RDSTB, WRSTB Pulse 2TpC+12 TpC+12 95 
W1dth 

3 TdST (ROY) 
RDSTB, or WRSTB I 

TpC+45 
(TpC-TwCL) 

to RDRDY or WRRDY l +45 

4 TsPD (RDY) 
Port Data to RDRDY I (2P+2W+1) TwCH+(W+P 

16 Set-up 1ime TpC-25 TpC-25 

Port Data to WRRDY l 
5 TsPD (RDY) Set-up Time in One Line 43 43 43 

Handshake 

Port Data to WRRDY l 
6 ThPD (ROY) 

Hold 
0 0 0 T1me in One Lme 

Handshake 

7 TsPD (STB) 
Port Data to WRSTB I 

10 10 10 
Set-up 1ime 

8 ThPD (STB) 
Port Data to WRSTB I 

25 25 25 Hold Time 

RDSTBD I to Port Data 
9 TdSTB (PD) Delay Time in Bidirectional 35 35 

Handshake 

TdSTB RDSTB I to Port High·Z 
10 (PHZ) Delay Time in Bidirectional 25 25 

Handshake 

Max. Unit 

ns 

ns 

87 ns 

ns 

ns 

ns 

ns 

ns 

35 ns 

25 ns 

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the osc1llator clock penod, 
prescale value and number of wait cycles Inserted 
The value nght hand two columns show the t~m~ng mm1mum and max1mum for an external clock at 24 MHz d1v1ded by 2, prescaler value of 
zero and zero walt status. 

Legend: 
P = Clock Prescahng Value (R235 4,3,2) 
W = Programmable Wait Cycles (R252.2 1 0/5,4,3) + External Wait Cycles 

_10_12_0 __________ r== SGS-THOMSON A""'fl ru~ca;oo:1lm~~a;llW©l£~©§ ----------------
198 



Figure 14-8. Handshake Timing 
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14 - Electrical Characteristics 

Table 14-9. External Interrupt Timing Table (Voo = SV ± 10% TA =- 40"C to + as·c, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 

Value (Note) 

No Symbol Parameter OSCIN 
OSCIN Unit 

Not 
Divided Divided Min. Max. 

By2 Min. 
By2 Min. 

1 TwLR Low Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 TpC+12 95 ns 

2 TwHR High Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 TpC+12 95 ns 

3 TwHF High Level Minimum Pulse Width in Falling Edge Mode 2TpC+12 TpC+12 95 ns 

4 TwLF Low Level Minimum Pulse Width in Falling Edge Mode 2TpC+12 TpC+12 95 ns 

Note: The value left hand two columns show the formula used to calculate the t1m1ng m1n1mum or max1mum from the oscillator clock penod, 
prescale value and number of wa1t cycles mserted. 
The value nght hand two columns show the t1m1ng m1mmum and max1mum for an external clock at 24M Hz d1v1ded by 2, prescale value of zero 
and zero wa1t status 

Figure 14-9. External Interrupt Timing 

RISING EDGE DETECTION FALLING EDGE DETECTION 

INTn 
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14 - Electrical Characteristics 

Table 14-10. Timer/Watchdog Timing Table (Voo = 5V ± 10% TA = · 40"C to+ as·c, Cload = 50pF, 
INTCLK = 12MHz, Output alternate function set as Push-pull) 

Value 
No Symbol Parameter Unit 

Min. Max. 

1 TwWDOL WDOUT Low Pulse Width 620 ns 

2 TwWDOH WDOUT High Pulse Width 620 ns 

3 TwWDIL WDIN Low Pulse Width 350 ns 

4 TwWDIH WDIN High Pulse Width 350 ns 

Figure 14-10. Timer/Watchdog Timing 
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14 - Electrical Characteristics 

Table 14-11. SPI Timing Table (Voo = 5V ± 10% TA =- 40"C to+ 85"C, Cload = 50pF, INTCLK =12M Hz, 
Output alternate function set as Push-pull) 

Value 
No Symbol Parameter Unit 

Min. Max. 

1 TsDI Input Data Set-up Time 100 ns 

2 ThDI (1) Input Data Hold Time 1/2 TpC+100 ns 

3 TdOV SCK to Output Data Valid 100 ns 

4 ThDO Output Data Hold Time -20 ns 

5 TwSKL SCK Low Pulse Width 300 ns 

6 TwSKH SCK High Pulse W1dth 300 ns 

Note: 1 TpC 1s the Clock period. 

Figure 14-11. SPI Timing 
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14 - Electrical Characteristics 

Table 14-12. A/D External Trigger Timing 

OSCIN OSCIN 
Value(3) 

N' Symbol Parameter Divided by 2 (2) Not Divided by 2 (2) Unit 

Min. Max. Min. Max. Min. Max. 

1 TWLOW External trigger 2 xTpc Tpc 83 ns pulse width 

2 TWHIGH 
External trigger 

2xTpc Tpc 83 - ns pulse distance 

External trigger 
3 TWEXT active edges 276n x Tpc 138n x Tpc n x 11.5 - J.IS 

distance (1) 

ADTRG falling 
4 Tdsm edge and first Tpc 3 xTpc .5 xTpc 1.5 X Tpc 41.5 125 ns 

conversion start 

Notes: 
1. n = number of autoscanned channels (1 < n < 8) 
2 Vanable clock (Tpc = OSCIN clock penod) 
3. CPUCLK = 12MHz 

Figure 14-12. AID External Trigger Timing 
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3 

/ 
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14 - Electrical Characteristics 

Table 14-13. A/D Internal Trigger Timing 

OSCIN 

N' 

1 

2 

3 

4 

Notes: 
1. 
2. 
3. 

Symbol Parameter Divided by 2 (2) 

Min. 

TWHIGH 
Internal trigger 

Tpc 
pulse width 

Twww 
Internal trigger 

6 xTpc pulse distance 

Internal trigger 
TWEXT active edges 276n x Tpc 

distance (1) 

Internal delay 
between INTRG 

Twsm rising edge and Tpc 
first conversion 
start 

n = number of autoscanned channels (1 < n < 8) 
Variable clock (Tpc ~ OSCIN clock penod) 
CPUCLK ~ 12MHz 

Max. 

3 xTpc 

Figure 14-13. AID Internal Trigger Timing 
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3 x Tpc 250 - ns 

138n x Tpc n x 11.5 f.!S 

.5 X Tpc 1.5 X Tpc 41.5 125 ns 

-
I 
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/ 
/ 

~ 
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14 - Electrical Characteristics 

Table 14-14. A/D Channel Enable Timing 

OSCIN OSCIN 
Value (3) 

N" Symbol Parameter Divided by 2 (2) Not Divided by 2 (2) Unit 

Min. Max. Min. Max. Min. Max. 

1 TWEXT 
CEn Pulse width 

276n x Tpc 138n xTpc n x 11.5 (1) - J.!S 

Notes: 
1. n = number of autoscanned channels (1 < n < 8) 
2. Vanable clock (Tpc = OSCIN clock penod) 
3. CPUCLK = 12MHz 

Figure 14-14. AID Channel Enable Timing 

(Periph.clock) 
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14- Electrical Characteristics 

Table 14-15. A/D Analog Specifications 

Parameter Typical (1) Minimum 

Analog Input Range 
Avec 3 

Conversion time 11.5 

Sample time 3 

Power-up time 60 

Resolution 8 8 

Monotonicity GUARANTEED 

No missing codes GUARANTEED 

Zero input reading 00 

Full scale reading 

Offset error .5 

Gain error .5 

Dill. Non Linearity ±.3 ±.2 

Int. Non Linearity 

Absolute Accuracy 

S/N 45 

Avec! Avss Resistance 13.5 16 

Input Resistance 12 8 

Hold Capacitance 

Input Leakage 

Notes: 
1 
2. 

The values are expected at 25 degree Centigrade w1th Avec= 5V 
"LSBs", as used here, has a value of Avcc/256 

3 @24M Hz external clock 
4. Including sample t1me 

Maximum 

Avec 
Vee 

FF 

1 

1 

±.5 

1 

1 

49 

11 

15 

30 

3 

5. 
6 

It must be mtended as the mternal senes resistance before the sampl1ng capac1tor 
Th1s IS a typ1cal expected value, but not a tested production parameter. 

Units (2) Notes 

v 

v 

flS (3, 4) 

flS (2) 

flS 

bits 

Hex 

Hex 

LSBs (6) 

LSBs (6) 

LSBs (6) 

LSBs (6) 

LSBs (6) 

dB 

Kohm 

Kohm (5) 

pF 

!.!A 

If V(1) 1s the value of the 1-th transition level (0 < 1 < 255), the performance of the NO converter has been valued as follows 
OFFSET ERROR= dev1at1on between the actual V(O) and the ideal V(O) (=1/2 LSB) 
GAIN ERROR= dev1at1on between the actual V(255) and the 1deal V(255) (=AVCC-3/2 LSB) 
DNL ERROR= max {[V(1)- V(I-1)]/LSB -1} 
INL ERROR= max {[V(1) - V(O)]/LSB- 1} 
ABS. ACCURACY= overall max conversion error 
S/N rat1o has been valued by sampling a sinusoidal input waveform and then calculating 1ts Fast Founer Transform. 

18/20 
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Table 14-16. Multifunction Timer Unit External Timing 

OSCIN 
Divided 

N" Symbol Parameter by 2 

(3) 

1 Twc1W External clock/trigger pulse width 2n x Tpc 

2 Twcro External clock/trigger pulse distance 2n x Tpc 

3 TWAED Distance between two active edges 6 x Tpc 

4 TWGW Gate pulse w1dth 12 X Tpc 

5 TWLBA 
Distance between TINS pulse edge and 

2 x Tpc 
the following TINA pulse edge 

6 TWLAB 
Distance between TINA pulse edge and 

0 
the following TINS pulse edge 

7 TWAD Distance between two TxiNA pulses 0 

8 Twowo Minimum output pulse width/distance 6 x Tpc 

Notes: 
1. n ~ 1 1f the input is rising OR fall1ng edge sens1t1ve 

n ~ 3 if the 1nput 1s nsing AND falling edge sensitive 
2. In Autodiscrimination mode 
3. Variable clock ( Tpc ~ OSCIN penod) 
4. INTCLK ~ 12 MHz 

Figure 14-15. Multifunction Timer Unit External Timing 

TINA 

TlNB 

GATE 

TINA 

TINS 

TOUTO 

TOUT! 
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OSCIN Value (4) 
Not 

Divided Unit Note 
by 2 Min. Max. 

(3) 

n x Tpc n x 83 - ns 1 

n x Tpc n x 83 ns 1 

3 x Tpc 249 - ns 

6 xTpc 498 - ns 

Tpc 83 ns 2 

0 ns 2 

0 - ns 2 

3 xTpc 249 ns 

19/20 r== SGS-lHOMSON --------------- ~""fl llll~@[Rl©;~~l':(i;WJIQ:"'-"0~ ---------------

207 



14 • Electrical Characteristics 

Table 14-17. SCI Timing Table (Voo = 5V ± 10% TA =- 40"C to+ 85"C, Cload = 50pF, INTCLK = 12MHz, 
Output alternate function set as Push-pull) 

Value 
No Symbol Parameter Condition Unit 

Min. Max. 

1 x mode FcK/8 Hz 
FRxCKIN Frequency of RxCKIN 

16 x mode FcKi4 Hz 

1 x mode 4 TcK s 
TWRxCKIN RxCKIN shortest pulse 

16 x mode 2TcK s 

1 x mode FcK/8 Hz 
FrxCKIN Frequency ofTxCKIN 

16 x mode FcK/4 Hz 

1 x mode 4 TcK s 
TwrxCKIN TxCKIN shortest pulse 

16 x mode 2TcK s 

1 Tsos 
DS (Data Stable) before rising 1 x mode reception with Tpc/2 ns edge of RxCKIN RxCKIN 

2 Tdo1 TxCKIN to Data out delay Time 1 x mode transmission with 2.5 TPc ns 
external clock C load <100pF 

3 Tdo2 CLKOUT to Data out delay Time 1 x mode transmission with 350 ns 
CLKOUT 

Note: FcK= 1ffcK 

FIG 1: RECEPllON 1\HH EXTERNAL CLOCK IX MODE FlG 2: TRANSMISSION WITH EXTERNAL CLOCK IX MODE 

RXCKIN TXCKIN -
DATA IN DATA OUT 

2 

FIG 3: TRANSMISSION WITH CLKOUT IX MODE 

CLKOUT 

DATA OUT --I'"'""'- ,.---------

3 
VR001437 
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