{yy SGS-THOMSO
>/ Mﬂ@ﬁ@@&@@m@wm"@

ST9027, ST9028

16K ROM / 256 RAM HCMOS MCUs

m Registeroriented 8/16 bit CORE with
RUN, WFI and HALT modes

m Minimum instruction cycle time : 500ns
(12MHz internal)

a InternalMemory :

ROM RAM
ST9027 16K 256
ST9028 16K 256

224 general purpose registers available as RAM,
accumulators or index registers (register file)

m 40-pin Plastic Dual in line Package for ST9027

m 44-lead Plastic Leaded Chip Carrier packagefor
S§T9028C

m 56-pin Plastic Dual in line Package for
ST9028B

s DMA controller, Interrupt handler and Serial Pe-
ripheral Interface as standard features

= Up to 40 fully programmable I/0O pins
= Up to 8 external plus 1 non-maskableinterrupts

m 16 bit Timer with an 8-bit Prescaler, able to be
used as a Watchdog Timer

= 16 bit Multifunction Timer, with an 8-bit Prescaler
and 12 operatingmodes

m Serial Communications Interface with asynchro-
nous and synchronous capability

m Rich Instruction Set and 14 Addressingmodes

m Division-by-Zero trap generation

= Versatile developmenttools, including assembler,
linker, C-compiler, archiver, graphic oriented de-
buggerand hardware emulators

m Real Time Operating System

m Windowed and One Time Programmable EPROM
parts available for prototyping and pre-production
developmentphases

February 1997

PLCC44
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(Ordering Information at the end of the Datasheet)
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ST9027, ST9028

Figure 1-1. 40 Pin DIP Package

Vgs O 1 4 1 OSCOUT
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A9/P11 [ 5 36 [1 P53
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D5/A5/P05 [ 13 28 [0 P37/SOUT
D6/A6/P06 [ 14 27 1 P27/RDSTB5/BUSACK/INT3
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Note 1. This pin is also the VP p input for the EPROM based devices
Figure 1-2. 44 Pin PLCC Package
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Note 1. This pin is also the VPP input forthe EPROM based devices
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ST9027, ST9028

Figure 1-3. 56 Pin DIP Package

P32/TOINB/INT6 O 1 56 A P33/TOOUTB/INT7
P31/TOOUTA/INT5 O 2 55 0 P34/RXCLK/WDOUT
P30/TOINA/INT4 O3 54 0 P35/CLKOUT/TXCLK/WDIN
P57 04 531 P36/SIN
P56 O 5 520 P37/SOUT
P55 06 51 p P27/RDSTB5/BUSACK/INT3
nc g7 50 0 P26/RDRDY5/BUSREQ
P54 08 49 p P25/WRRDY5
P53 09 48 O P24/WRSTB5/INT1
P52 g 10 47 0 P23/SDO/INTO
P51 g 11 46 0 /W
P50 g 12 45 DS
oscouTt g 13 44D AS
VSS O 14 43 aAVDD
Vvss Ois 423VDD
OSCIN O 16 410 P22/SCK/INT2
Reserved (2) O 17 40 @ P21/SDI/WAIT
RESET() g 18 39 O P20/P/D/NMI
P10/A8 O 19 38pnc
P11/A9 O 20 37Anc
P12/A10 g 21 36 Hnc
nc gaz 35 P PO7/A7/D7
P13/A11 023 34 A P06/A6/D6
P14/A12 0 24 33 g P05/A5/D5
P15/A13 O 25 32 D P04/A4/D4
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P17/A15 Q27 30 p P02/A2/D2
P00/A0/D0O O 28 29 B PO1/A1/DA
VR002039
Note 1. This pin is also the VP p input for the EPROM based devices
SGS-THOMSON 9/194

&7

MICROELECTROHIGS




ST9027, ST9028

1.1GENERAL DESCRIPTION

The ST9027 and ST9028 (following mentioned as
ST902X) are ROM members of the ST9 family of
microcontrollers, completely developed and pro-
duced by SGS-THOMSON Microelectronics using
a proprietary n-wellHCMOS process.

The ROM parts are fully compatible with their
EPROM versions, which may be used for the pro-
totyping and pre-production phases of develop
ment, and can be configured as : stand-alone
microcontrollers with 16K bytes of on-chip ROM,
microcontrollers able to manage up to 16K bytes of
external data memory, or as parallel processing
elements in a system with other processors and
peripheral controllers.

A key point of the ST902X architecture is its modu-
lar approach which allows software commonality
with all other members of the ST9 family.

The nucleus of the modular design of the ST902X
is the advanced Core which includes the Central
Processing Unit (CPU), the Register File, a 16 bit
Timer/Watchdog with 8 bit Prescaler, a Serial Pe-
fipheral Interface supporting S-bus, 1°C-bus and
IM-bus Interface, plus two 8 bit /O ports. TheCore
has independent memory and register buses al-
lowing a high degree of pipelining to add to the ef-
ficiency of the code execution speed of the
extensive instruction set.

Figure 1-4. ST902X Block Diagram

The powerful /0 capabilities demanded by micro-
controller applications are fulfilled by the ST902X
with up to 40 I/O lines dedicated to digital In-
put/Output. These lines are grouped into up to
three 8 bit I/O Ports plus two 6-bit1/O ports and can
be configuredon a bit basis under software control
to provide timing, status signals, an address/data
bus for interfacing external memory, timer inputs
and outputs, external interrupts and serial or paral-
lel /0O with or without handshake.

Three basic memory spaces are available to sup-
port this wide range of configurations: Program
Memory (internal), Data Memory (internal/exter-
nal) and the Register File, which includes the con-
trol and status registers of the on-chip peripherals.

The 16 bit MultiFunction Timer, with an 8 bit Pres-
caler and 12 operating modes allows simple use
for complex waveform generation and measure-
ment, PWM functions and many other system tim-
ing functions by the usage of the two associated
DMA channels for each timer.

Completing the device is a full duplex Serial Com-
munications Interface with an integral 110 to
375000 baud rate generator, asynchronous and
byte synchronous capability (fully programmable
format) and associated address/wake-up option,
plus two DMA channels.

16-Bit TIMER/WATCHDOG+SPI

16 k Bytes
ROM

256 Bytes
RAM

256 Bytes
REGISTER FILE

1l

I

[ MEMORY BUS
=7
@ REGISTER BUS ﬁ ﬁ ﬁ
/0 PORT 0 IO PORT 1 /O PORT 2 e | JopoRTs H1x16:bit TIMER I/0 PORT 5
(Address/Data) (Address) (SPI) WITH DMA WITH DMA | |WITH HANDSHAKE

i

——

=

VRO1995A
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ST9027, ST9028

1.2 PIN DESCRIPTION

AS. Address Strobe (output, active low, 3-state).
Address Strobe is pulsed low once at the beg@s-
ning of each memory cycle. The rising edge of A
indicates that address, Read/Write (R/W), and
Data Memory signals are validfor programor data
memory transfers. Under program control, AS can
be placed in a high-impedance state along with
Port 0 and Port 1, Data Strobe (DS) and R/W.

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 0 for each memory transfer. During a
write cycle, data out is valid at the leading edge of
DS. During a read cycle, Data In must be valid prior
to the trailing edge of DS. When the ST902x ac-
cesseson-chip memory, DS is held high during the
whole memory cycle. It canbe placedin a highim-
pedance state along with Port 0, Port 1, and
R/W.

R/W. Read/Write (output, 3-state). Read/Write de-
termines the direction of data transfer for external
memory transactions. R/W is low when writing to
external program or data memory, and high for all
other transactions. It can be placed in a high im-
%esdance state along with Port 0, Port 1, AS and

RESET. Reset (input, active low). The ST is initiak
isedby the Resetsignal. With the deactivationof RE-

[57 SGS-THOMSON
I MicroEEGTRGNISE

SET, program execution begins from the Program
memotry location pointed to by the vector contained
in program memoty locations 00hand01h.

OSCIN, OSCOUT. Oscillator (input and output).
These pins connect a parallel-resonant crystal
(24MHz maximum), or an external source to the
on-chip clock oscillator and buffer. OSCIN is the in-
put of the oscillator inverter and internal clock gen-
erator; OSCOUT is the output of the oscillator
inverter.

Vpp. Main Power Supply Voltage (5V = 10%)
Vss. Digital Circuit Ground.

P0.0-P0.7,P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P5.0-
P5.7 I/O Port Lines (Input/Output, TTL or CMOS
compatible). 32/36/40 lines grouped into 1/0 ports
of 8 and 4/6/8 bits, bit programmable under pro-
gram control as general purpose 1/O oras alternate
functions.

1.2.1 I/O Port Alternate Functions

Each pin of the 1/0O ports of the ST902x may as-
sume software programmable Alternative Func-
tions as shown in the Pin Configuration Drawings.
Table 1-1 shows the Functions allocated to each
I/O Port pins and a summary of packagesfor which
they are available.
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ST9027, ST9028

PIN DESCRIPTION (Continued)

Table 1-1. ST902x I/O Port Alternate Function Summary

I/OPORT | Name | Function Alternate Function Pin Assighment
Port.bit SDIP56 | PDIP40 | PLCC44
P0.0 A0/DO I/O Address/Data bit 0 mux 28 8 10
PO.1 A1/D1 I/O Address/Data bit 1 mux 29 9 11
Po.2 A2/D2 I/O Address/Data bit 2 mux 30 10 12
P0.3 A3/D3 I/O Address/Data bit 3 mux 31 11 13
P0.4 A4/D4 I/O Address/Data bit 4 mux 32 12 14
P0.5 A5/D5 I/O Address/Data bit 5 mux 33 13 15
P0.6 A6/D6 I/O Address/Data bit 6 mux 34 14 16
P0.7 A7/D7 I/O Address/Data bit 7 mux 35 15 17
P1.0 A8 0] Address bit 8 19 4 4
P1.1 A9 O Address bit 9 20 5 5
P1.2 A10 0] Address bit 10 21 6 6
P1.3 At 0] Address bit 11 23 7 7
P14 Al12 0] Address bit 12 24 - 8
P15 A13 0] Address bit 13 25 - 9
P1.6 Al4 0] Address bit 14 26 - -
P1.7 Al5 0] Address bit 15 27 - -
P2.0 NMI I Non-Maskable Interrupt 39 16 18
P2.0 P/D O Program/Data Space Select 39 16 18
P2.1 SDI I SPI Serial Data In 40 17 19
P2.1 WAIT [ External Wait Input 40 17 19
p2.2 INT2 I External Interrupt 2 41 18 20
P2.2 SCK 0] SPI Serial Clock 41 18 20
P2.3 INTO I External Interrupt O 47 23 25
P2.3 SDO O SPI Serial Data Out 47 23 25
pP2.4 INT1 I External Interrupt 1 48 24 26
P2.4 WRSTB5 | Handshake Write Strobe P5 48 24 26
pP2.5 WRRDY5 O Handshake Write Ready P5 49 25 27
P2.6 RDRDY5 O Handshake Read Ready P5 50 26 28

12/194
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ST9027, ST9028

PIN DESCRIPTION (Continued)

Table 1-1. ST902x I/O Port Alternate Function Summary
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I/OPORT | Name | Function Alternate Function Pin Assignment
Port.bit SDIP56 | PDIP40 | PLCC44
P2.6 BUSREQ I External Bus Request 50 26 28
pP2.7 INT3 I External Interrupt 1 51 27 29
P2.7 RDSTB5 | Handshake Read Strobe P5 51 27 29
P2.7 BUSACK 0 External Bus Acknowledge 51 27 29
P3.0 INT4 I External Interrupt 4 3 35 37
P3.0 TOINA I MF Timer O Input A 3 35 37
P3.1 INT5 I External Interrupt 5 2 34 36
P3.1 TOOUTA O MF Timer 0 Output A 2 34 36
P3.2 INT6 I External Interrupt 6 1 33 35
P3.2 TOINB I MF Timer O Input B 1 33 35
P3.3 INT7 I External Interrupt 7 56 32 34
P3.3 TOOUTB O MF Timer 0 Output B 56 32 34
P3.4 RXCLK I SCI Receive Clock Input 55 31 33
P3.4 WDOUT 0] T/WD Output 55 31 33
P3.5 CLKOUT O SCI Byte Sync Clock Output 54 30 32
P3.5 TXCLK I SCI Transmit Clock Input 54 30 32
P3.5 WDIN I T/WD Input 54 30 32
P3.6 SIN I SClI Serial Input 53 29 31
P3.7 SOuT O SCI Serial Output 53 28 30
P5.0 O IO Handshake Port 5 12 39 43
P5.1 O IO Handshake Port 5 11 38 42
P5.2 O IO Handshake Port 5 10 37 41
P5.3 O IO Handshake Port 5 9 36 40
P5.4 O IO Handshake Port 5 8 - 39
P5.5 O IO Handshake Port 5 6 - 38
P5.6 O IO Handshake Port 6 5 - -
P5.7 O IO Handshake Port 7 4 - -
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ST9 - Architecture (ST902x)

2 CORE ARCHITECTURE

2.1 CORE ARCHITECTURE

The Core or Central Processing Unit (CPU) of the
ST9includes the 8 bit Arithmetic Logic Unit and the
16 bit Program Counter, System and User Stack
Pointers. The microcoded Instruction Set is highly
optimised for both byte (8 bit) and word (16 bit)
data, BCD and Boolean data types, with 14 ad-
dressing modes.

Three independent buses are controlled by the
Core, a 16 bit Memory bus, an 8 bit Register ad-
dressing bus and a 6 bit Interrupt/DMA bus con-
nected to the interrupt and DMA controllers in the
on-chipperipherals and the Core. This multiple bus
architecture allows a highdegree of pipelining and
parallel operation, giving the ST9 its efficiency in
both numerical calculations and communication
with the on-chip peripherals.

Figure 2-1. Address Spaces

2.2 ADDRESS SPACES

The ST9 has three separate address spaces:

- Register File: 240 8-bit registers plus up to 64
pages of 16 bytes each, located in the on-chip
peripherals.

- Data memory with up to 64K (65536) bytes
- Program memory with up to 64K (65536) bytes

The Data and Program memory spaces will be ad-
dressed in further detail in the next section.

2.2.1 RegisterFile
The Register File consists of:
- 224 general purpose registers R0 to R223

- 16 system registers in the System Group
(R224 to R239).

- /O pages depending on the configuration of
the ST9, each containing up to 16 registers,
with paging facilities based on the top group
(R240 to R255).

64K

B4K
PROGRAM DATA,
MEMORY MEMORY
REGISTER
FILE
VAQO430
01-95 $CS-THOMSON 157194
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ADDRESS SPACES (Continued)
Figure 2-2. Register Grouping

Figure 2-3. Page Pointer Configuration

255
240
239
224
223

F PAGED REGISTERS

E SYSTEM REGISTERS

} 64 PAGES

uP TO

PAGE 63

D R255
——————————————— PAGE 0
c
B
_A ______________ R240
9
U — PAGE POINTER
——————————————— 224
? GENERAL R224
's ______________ PURPQSE
_______________ REGISTERS
5
e
3
T
1
_______________ 15
ol® 0 RO
YADG4+32 YAQG433
Figure 2-4. Addressing the RegisterFile
REGISTER FILE
255
240 | F PAGE REGISTERS
239
554 | £ SYSTEM REGISTERS
223 [
- GROUP D
R195
. (ROC3h) R207
. ro
8 L (1100) (0011)
8
. » GROUP C
6
5 R195
4
3 R192 )
GROUP B
2
1
0 15
0 0
VRD00118
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ST9 - Architecture (ST902x)

ADDRESS SPACES (Continued)

2.2.2 Addressing Registers

All registers in the Register File and pages can be
specified by using a decimal, hex or binary ad-
dress, e.g. R231, RE7h or R11100111b is the
same register.

The registers can be referred to by their hexadect
mal group address, so that registers R0-R15 form
group 0, R160-R175form group A and so on.

Working Register Addresses

The 8-bit register address is formed by 2 nibbles,
for example, for register R195 or RC3h or
R11000011, 1100 specifies the 13th group (i.e.
group C) and 0011 specifies the 3rd register in that
group.

2.2.3 Input/Qutput Ports

The Input/Output ports are located in two areas.
The port registers for Ports 0-5 are located at the
bottom of the System register group in locations
R224 to R229.

Each Port has three associated Control registers,
which determine the individual pin modes (I/O,
Open-Drain etc). These registers are located in
pages 2 and 3.

Table 2-1. Register File Organization

Working registers are addressed by supplying the Hex. Decimal Function |Register File
least significant nibble in the instructionand adding Address Address Group
it to the most significant nibble found in the Regis-
ter Pointer (R233). Working register addressing is FO-FF 240-255 Paged Group F
shown in Figures 2-4. Registers
System Registers EO-EF | 224239 | VM | GroupE
The 16 system registers at addresses R224 to egisters
R239 form Grroup E. . DO-DF 208-223 Group D
The system registers are addressable using any of
the 4 register addressing modes and the most sig- CO-CF 192-207 Group C
nificant nibble will, in all cases, be 14 (0Eh).
Paged Registers BO-BF 176-191 Group B
There are a maximum of 64 pages each containing AO-AF 160-175 Group A
16 registers. These are addressedusing the regis-
ter addressing modes with the addition of the Page 90-9F 144-159 Group 9
Pointer register, R234. This register selects the 80-8F 198-143 General Group 8
page to be addressed in group F and once set, Purpose
does not need to be changed if two or more regis- 70-7F 112-127 Registers Group 7
ters on the same page are to be addressedin suc-
cession. 60-6F 96-111 Group 6
Therefore if the Page Pointer, R234, is set to 5, the 50-5F 80-95 Group 5
instructions
spp 5 40-4F 64-79 Group 4
1d R242, r4

. . . . 30-3F 48-63 Group 3
will load the contents of working register r4 into the
third register (R242) of page 5. 20-2F 32-47 Group 2
These paged registers hold data and control regis- i -
ters related to the on-chip peripherals, and thus the 10-1F 16-31 Group 1
configurationdepends upon the petripheral organt 00-0F 00-15 Group 0
sation of each ST9 family member. i.e. pages only
existif the peripheral exists.
Available pages are shownin Table 2-2.

LNy SGS5-THOMSON 17/194
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ADDRESS SPACES (Continued)

Table 2-2. Group F Peripheral Organization

Applicable for ST902x
DEC 00 02 03 09 24 25
DEC HEX 00 02 03 09 18 19
R255 RFF | RESERVED RESERVED
R254 RFE - PORT 3
R253 RFD
R252 RFC WCR RESERVED
R251 RFB
R250 RFA WD
R249 RF9 VET 0
R248 RFS scl
R247 RF7
R246 RF6
R245 RF5 EXT INT
R244 RF4
R243 RF3
R242 RF2 RESERVED
R241 RF1
R240 RFO

18/194 [Nz SGS-THOMSON
’I MICREGELECTRENIGS



ST9 - Architecture (ST902x)

2.3 SYSTEMREGISTERS

Following is the description of System Registers.
For PORTO to PORT5 Registers, please refer to
I/O Port Chapter.

Figure 2-5. System Registers

R239 (EFh) SYS. STACK POINTER LOW
R238 (EEh) SYS. STACK POINTER HIGH
R237 (EDh) USER STACK POINTER LOW
R236 (ECh) USER STACK POINTER HIGH
R235 (EBh) MODE REGISTER
R234 (EAh) PAGE POINTER

R233 (Egh) REGISTER POINTER 1
R232 (E8h) REGISTER POINTER 0
R231 (E7h) FLAGS

R230 (E6h) CENTRAL INT. CNTL REG
R229 (E5h) PORT5

R228 (E4h) RESERVED

R227 (E3h) PORT3

R226 (E2h) PORT2

R225 (E1h) PORT1

R224 (EOh) PORTO

"_l SGS-THOMSON

2.3.1 Central Interrupt Control Register

This Register CICR is locatedin the system Regis-
ter Group at the address R230 (E6h). Please refer
to “INTERRUPT” and “DMA” chapters in order to
get the background of the ST9 interrupt philoso-
phy.

CICR R230 (E6h) System Read/Write

Central Interrupt Control Register

Reset Value : 10000111
7 0

GCEN| TLIP [ TLI | IEN | IAM [CPL2|CPL1|CPLO

b7 = GCEN: Global Counter Enable. This bit is the
Global Counter Enable of the Multifunction Timers.
The GCEN bitis ANDed with the CE (Counter En-
able) bit of the Timer Control Register (explainedin
the Timer chapter) in order to enable the Timers
when both bits are set. This bit is set after the Re-
set cycle.

b6 = TLIP: Top Level Interrupt Pending. This bit is
automatically set when a Top Level Interrupt Re-
quest is recognized. This bit can also be set by
Software in order to simulate a Top Level Interrupt
Request.

b5 = TLI: Top Level Interrrupt bit When this bit is
set, a Top Level interrupt request is acknowledged
depending on the IEN bit and the TLNM bit (in
Nested Interrupt Control Register). If the TLM bit is
reset the top level interrupt acknowledgement de-
pends on the TLNM alone.

b4 = IEN: Enable Interrupt This bit, (when set), al-
lows interrupts to be accepted. When reset no in-
terrupts other than the NMI can be acknowledged.
It is cleared by interrupt acknowledgementfor con-
current mode and set by interruptreturn (iret). It
can be managed by hardware and software (ei
and di instruction).

b3 = IAM: Interrupt Arbitration Mode. This bit cov-
ers the selection of the two arbitration modes, the
Concurrent Mode being indicated by the value “0”
and the Fully Automatic Nested Mode by the value
“1”. This bit is under software control.

b2-b0 = CPL2-CPLO: Current Priority Level. These
three bits record the priority level of the interrupt
presently under service (i.e. the Current Priority
Level, CPL). For these priority levels 000 is the
highest priority and 111 is the lowest priority. The
CPL bits can be set by hardware or software and
give the reference by whichfollowing interrupts are
either left pending or able to interrupt the current
interrupt. When the present interrupt is replaced by
one of a greater priority, the current priority value is
automatically stored until required.

19/194
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SYSTEM REGISTERS (Continued)

2.3.2 Flag Register

The Flag Register contains 8 flags indicating the
statusofthe ST9. During an interruptthe flag register
is automatically stored inthe system stack area and
recalled at the end of the interrupt service routine so
that the ST9 is returned to the original status. This
occurs for all interrupts and, when operating in the
nested mode, up to seven versions of the flag regis-
ter may be stored.

FLAGR R231 (E7h) System Read/Write
Flag Register

Reset value: undefined
7 0

C z S v DA | H UF | DP

b7 = C: Carry Flag. The carry flag C is affected by
the following instructions:

Addition (add, addw, adc, adcw),
Subtraction(sub, subw, sbc, sbcw),
Compare (cp, cpw),

Shift Right Arithmetic (sra, sraw),

Rotate (rrc, rrecw, rlc, rlew, ror, rol),
Decimal Adjust (da),

Multiply and Divide (mul, div, divws).

When set, it generally indicates a carry out of the
most significant bit position of the register being
used as an accumulator (bit 7 for byte and bit 15 for
word operations).

The carry flagcan be setby the Set Carry Flag (sc£)
instruction, clearedby the Reset Carry Flag (rc £) in-
struction, and complemented (changed to “0” if “17,
andvice versa) by the ComplementCarry Flag(cc 1)
instruction.

b6 = Z: Zero Flag. The Zero flag is affected by the
following instructions:

Addition (add, addw, adc, adcw),
Subtraction(sub, subw, sbc, sbcw),
Compare (cp, cpw),

Shift Right Arithmetic (sra, sraw),

Rotate (rrc, rrecw, rlc, rlecw, ror, rol),
Decimal Adjust (da),

Multiply and Divide (mul, div, divws),
Logical (and, andw, or, orw, xOr, XOrw,
cpl),

Increment and Decrement (inc,
decw),

Test(tm, tmw, tcm, tcmw, btset).

In most cases, the Zero flag is set when the register
being used as an accumulatorregister is zero, follow
ing one of the above operations.

incw, dec,
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b5 = S: Sign Flag. The Sign flag is affected by the
same instructions as the Zero flag.

The Sign flag is set when bit 7 (for byte operation)
or bit15 (for word operation) of the registerused as
an accumulatoris one.

b4 = V: Overflow Flag. The Overflow flag is af-
fected by the same instructions as the Zero and
Sign flags.

When set, the Overflow flag indicates that a two’s-
complementnumber,in a resultregister, is in error,
since it has exceeded the largest (or is less than
the smallest), number that can be represented in
twos-complement notation.

b3 = DA: Decimal Adjust Flag. The Decimal Adjust
flagis used for BCD arithmetic. Since the algorithm
for correcting BCD operations is different for addi-
tion and subtraction, this flag is used to specify
which type of instruction was executed last, so that
the subsequent Decimal Adjust (da) operationcan
performits function correctly.

The Decimal Adjust flag cannot normally be used
as atest condition by the programmer.

b2 = H: Half Carry Flag. The Half Carry flag indi-
cates a carry out of (or a borrow into) bit 3, as the
result of addingor subtractingtwo 8-bit bytes, each
representingtwo BCD digits. The Half Carry flag is
used by the Decimal Adjust (da) instructionto con-
vert the binary result of a previous addition or sub-
traction into the correct BCD result.

Like the Decimal Adjust flag, this flag is nhot nor-
mally accessedby the user.

b1 =UF: User Flag. Bit1 in the flag register (UF) is
available to the user, but it must be set or cleared
by an instruction.

b0 = DP: Data/Program Memory Flag. This bit in
the flag register indicates which memory area is
addressed. Its value is affected by the Set Data
Memory (sdm) and Set Program Memory (spm) in-
structions.

If the bit is set, the ST9 addresses the Data Mem-
ory Area; when the bit is cleared, the ST9 ad-
dresses the Program Memory Area. By reading
this bit, the user can verify in which memory area
the processor is working. The user writes this bit
with the sdm or spm instructions.
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SYSTEM REGISTERS (Continued)

2.3.3 Register Pointing Techniques

Two registers, R232 and R233, within the system
register group, are available for register pointing.
R232 and R233 may be used together as a single
pointer for a 16 register working space or sepa-
rately for two 8 register spaces, in which case
R232 becomes Register Pointer 0 (RP0) and R233
becomes Register Pointer 1 (RP1).

The instructions srp, srp0 and srpl (the Set
Register Pointer instructions) automatically inform
the ST9whetherthe Register File is to operate with
a single 16-register group or two 8-register groups.
The srp0 and srp1 instructions automatically set
the twin 8-register group mode while the srp in-
struction sets the single 16-register group mode.
There is no limitation on the order or positions of
these chosen register groups other than they must
be on 8 or 16 register boundatries.

The addressing of working registers involves use of
the Register Pointervalue plus an offsetvalue given
by the number of the addressed working register.

When addressing a register, the most significant
nibble (bits 4-7) gives the group address and the
least significant nibble (bits 0-3) gives the register
within that group.

REGISTER POINTER 0

RP0O R232 (E8h) System Read/Write
Register Pointer 0

Reset Value : undefined
7 0

RG7 | RG6 | RG5 [ RG4 | RG3 | RPS | D1 | DO

b7-b3=RG7-RG3: Register Group number. These
bits contain the number (from 0 to 31) of the group
of working registers indicated in the instructions
srp0 or srp. When using a 16-register group, a
numberbetween0 and31 mustbe usedin the srp
instruction indicatingone of the two adjacent 8-reg-
ister group of working registers used. RG7 is the
MSB.

b2 = RPS: Register Pointer Selector. This bit is set
by the instructions srp0 and srp1 to indicate thata
double register pointing mode is used. Otherwise,
the instruction s rp resetsthe RPS bit to zero to indi-
cate that a single register pointing mode is used.

b1,b0=D1,D0: These bits are fixed by hardware to
zero and are not affected by any writing instruction
trying to modify their value.

REGISTERPOINTER 1

RP1 R233 (E9h) System Read/Write
Register Pointer 1

Reset Value : undefined
7 0

RG7 | RG6 | RG5 | RG4 | RG3 | RPS | D1 | DO

"_l SGS-THOMSON

This register is used only with double register
pointing mode; otherwise, using single register
pointing mode, the RP1Rregister has to be consid-
ered as reserved and not usable as a general pur-
pose register.

b7-b3 = RG7-RG3: Register Group number. These
bits contain the number (from 0 to 31) of the group
of 8 working registers indicated in the instructions
srpl. Bit 7 is the MSB.

b2 = RPS: Register Pointer Selector. This bit is
automatically set by the instructions srp0 and
srpl to indicate that a double register pointing
mode is used. Otherwise the instruction srp reset
the RPS bit to zero to indicate that a single register
pointing mode is used.

b1,b0 = D1,D0: These bits are hardware fixed to
zero and are not affected by any writing instruction
trying to modify their value.

Note. If working in twin 8-register group mode but
only using srp0 (i.e. only using one 8-register
group) the unused register (R233) is to be consid-
ered as reserved and not usable as a general pur-
pose register.

The group of registers immediately below the sys-
tem registers (i.e. group D, R208-R223) can only
be accessedvia the Register Pointers. To address
group D then, it is necessary to set the Register
Pointer to group D and then use the addressing
procedure for working registers. The programmer
is required to remember that the group D should be
used as a stacking area. This point is also covered
in the Stack Pointers paragraph.
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SYSTEM REGISTERS (Continued)

EXAMPLES
Using the Single 16 Register Group

When the system is operatingin the single 16-reg-
ister group mode, the registers are referred to as
r0-r15. In this mode, the offset value (i.e. the num-
ber of the working register referred to) is supplied
in the address (preceded by a smallr, e.g. r5) and
is added to the Register Pointer 0 value to give the
absolute address.

For example, if the Register Pointer contains the
value 70h, then working register r7 would have the
absolute address, R77h.

In this mode, the single 16-registers group will al-
ways start from the lowest even number equal or
lower to the number given in the instruction.

Example: srp #3 is equivalentio srp #2.

Figure 2-6. Single 16 Register pointing Mode

Using the Twin 8-Register Group

When working in the twin working group mode, the
registers pointed by Register Pointer 0 (RPOR), are
referred as r0-r7 and those pointed by Register
Pointer 1 (RP1R), are referredto as r8-r15, regard-
less of their absolute addresses. In this mode,
when operating with the first 8 working registers
(i.e. r0 - r7) the working register number acts as an
offset which is added to the value in Register
Pointer 0.

So if Register Pointer 0 contains the value 96, then
working register 0 has the absolute address 96,
working register 5 has the absolute address 101,
and so on. The second group of working registers,
r8-r15, has the offset values 0 to 7 respectively (i.e.
r8 has the offset value 0, r9 has the offset value 1,
and so on), this offset value being added to the
value in Register Pointer 1.

For example, given that the value in Register
Pointer 1 is 32, then working register 12 supplies
an offset value of 4 (given by 12 minus 8) to the
value in Register Pointer 1 to give an absolute ad-
dress of 36.

Figure 2-7. Double Register pointing Mode

255
255
GROUP F
GROUP F
240
239 240
239
GROUP E REGISTER PQINTER 1
GROUP E
REGISTER POINTER 0 REGISTER PQINTER O
224 224
4 1
o GROUP 8 7
r WORKING REGISTER e
rQ
|
GROUP 4 WORKING ] ]
REGISTER 7 2
r1s
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') VAQDO98
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SYSTEM REGISTERS (Continued)

2.3.4 Page Configuration

The pages are available to be used for the storage
of control information (such as interrupt vector
pointers) relevant to particular peripherals. There
are up to 64 pages (each with 16 registers) based
on registers R240-R255. These paged registers
are addressable via the page pointer register
(PPR), which is system register R234.

To address a paged register the page pointer regis-
ter (R234) must be loaded with the relevant page
number using the spp instruction (Set Page Pointer)
and subsequently any address from the top (F)
group (R240-R255) will be referredto that page.

For example if register 23 contains the value 44,
the following sequence loads the third register
R242 on page 5 with the value 44.

spp 5
1d R242, R23

PPR R234 (EAh) System Read/Write
Page Pointer Register

Reset value : undefined
7 0

PP7 | PP6 | PP5 | PP4 | PP3 [ PP2 | D1 | DO

b7-b2 = PP7-PP2: Page Pointer. These bits con-
tain the number (between 0 to 63) of the page cho-
sen by the instruction s sp (Set Page Pointer). PP7
is the MSB of the page address. Once the page
pointer has been set, there is no need to refresh it
unless a different page is required.

b1-b0=D1,D0: Thesebits are fixed by hardwareto
zero and are not affected by any writing instruction
trying to modify their value.

PAGE 0 containsthe control registers of:
- the external interrupt

- the watchdogtimer

- the wait logic states

- the serial peripheral interface (SPI)

[57 SGS-THOMSON
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2.3.5 Mode Registers

This register MODER is located in the System
Register Group at the address 235.

Using this register it is possible:

- to select either internal or external System and
User Stack area,

- to manage the clock frequency

- to enable the Bus request and Wait signals
when interfacing external memory.

MODER R235 (EBh) System Read/Write
Mode Register

Reset value : 11100000
7 0

SSP | USP | DIV2 [ PRS2 | PRS1| PRS0 [BRQEN HIMP

b7 = SSP: System Stack Pointer. This bit selects
internal (in the Register File) or external (in the ex-
ternal Data Memory) System Stack area, logical
“1” for internal, and logical “0” for external. After
Reset the value of this bitis “1”.

b6 = USP: User Stack Pointer. Same as bhit 7 for
the User Stack Pointer;

b5 =DIV2: OSCIN Clock Divided by 2. This bit con-
trols the divide by 2 circuit which operates on the
OSCIN Clock. A logical “1” value means that the
OSCIN clock is internally divided by 2, and a logical
“0” value means that no division of the OSCIN
Clock occurs.

b4-b2 = PRS2-PRS0: ST9 CPUCLK Prescaler.
These bits load the prescaling module of the inter-
nal clock (INTCLK). The prescaling value selects
the frequency of the ST9 clock, which can be di-
vided by 1 to 8. See Clock chapter for more infor-
mation.

b1 = BRQEN: Bus Request Enable. This bit is a
software enable of an External Bus Request.
When set to “1”, it enables a Bus Request on the
BUSREQ pin.

b0 = HIMP: High Impedance Enable. When Port 0
and/or Port 1 are programmed as multiplexed ad-
dress and Data lines to interface external Program
and/or Data Memoty, these lines and the Memory
interface control lines (AS, DS, R/W) can be forced
into the High Impedance state by setting to “1” the
HIMP bit. When this bit is reset, it has no effecton
PO and P1 lines.

If Port 1 is declared as an address AND as an I/O
port (example: P10 ... P14 = Address, and P15 ...
P17 =1/0), HIMP has no effect on the /O lines

(in the previous example: P15 ... P17).
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SYSTEM REGISTERS (Continued)

2.3.6 Stack Pointers

There are two separate, double register stack
pointers available (named System Stack Pointer
and User Stack Pointer), both of which can ad-
dress registers or memory.

The stack pointers point to the bottom of the stacks
which are filled using the push commands and
emptied using the pop commands. The stack
pointer is automatically pre-decremented when
data is “pushed in” and post-incremented when
datais “popped out”.

For example, the register address space is se-
lected for a stack and the corresponding stack
pointer register contains 220. When a byte of data
is “pushed”into the stack, the stack pointerregister
is decremented to 219, then the data byte is
“loaded” into register 219. Conversely, if a stack
pointer register contains 189 and a byte of data is
“popped” out, the byte of data is then extracted
from the stack and then the stack pointer registeris
incremented to 190.

The push and pop commands used to manage
the system stack area are made applicable to the
user stack by adding the suffix U, while to use a
stack instructionfor a word a W is added.

For example push inserts data into the system
stack, but an added U indicates the user stack and
W means a word, so the instruction pushuw loads
a word into the bottom of the user stack.

If the User Stack Pointer register contains 223
(working in register space) the instruction pushuw
will decrement User Stack Pointer register to 222
and then load a word into register R222 and R221.

When bytes (or words) are “popped out” the values
in those registers are left unchanged until fresh
data is loaded into those locations. Thus when
data is “popped” out from a stack area, the stack
content remains unchanged.

Note. Stacks must not be located in the pages or
the systemregister area.
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The System Stack area and The System Stack
Pointer

The System Stack area is used for the storage of
temporarily suspended system and/or control reg-
isters, i.e. the Flag register and the Program
counter, while interrupts are being serviced. For
subroutine execution only the Program Counter
needs to be saved in the System stack area.

There are two situations when this occurs automat-
ically, one being when an interruptoccurs and the
other when the instruction call subroutine is used.
When the system stack area is inthe Register File,
the stack pointer, which points to the bottom of the
stack, only needs one byte for addressing,in which
case the System Stack Pointer Low Register
(R239) is sufficient for addressing purposes. As a
result the System Stack Pointer High Register
(R238) becomes redundant BUT must be consid-
ered as reserved (please refer also to “spurious”
memory access section). Clearly when the stack is
external a full word address is hecessary and so
both registers are used to point, the even register
providing the MSB and the odd register providing
the LSB.

The User Stack area and User Stack Pointer

The User Stack area is completely free from all in-
terferencefrom automatic operations and so it pro-
vides a totally user controlled stacking area, that
area being in any part of the memory which is of a
RAM nature, or the first 14 groups of the general
Register File i.e. not in the System register or
Paged group.

The User Stack Pointer consists of two registers,
R236 and R237, which are both used for address-
ing an external stack, while, when stacking in the
Register File, the User Stack Pointer High Regis-
ter, R236, becomes redundantbut must be consid-
ered as reserved.
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SYSTEM REGISTERS (Continued)

Stack location

Care is necessary when managing stacks as there
is no limit to stack sizes apart from the bottom of
any address space in which the stack is placed.
Consequently programmers are advised to use a
stack pointervalue as high as possible, particularly
when using the Register File as a stacking area.
This will also benefit programmers who may locate
the stacks in group D using, for example the in-
struction 1d R237, #223 which loads the value

Figure 2-8. System and/or User Stack in
Register Stack Mode

223 into the User Stack Pointer Low Register. The
Programmer will not need to remember to set the
Register Pointer to 208 to gain access to registers
in the D-group, a problem outlined in Register
Pointing Techniques paragraph.

Stacks may be located anywhere in the first 14
groups of the Register File (internal stacks) or the
data memory (external stacks). It is not necessary
to set the data memory using the instruction sdm
as externalstack instructions automatically use the
data memory.

Figure 2-9. System and/or User Stack in

REGISTER FILE

R255

STACK POINTER L

STACK POINTER H

RO

VA00434

Memory Stack Mode
DATA MEMORY
SYSTEM REGISTERS
STACK POINTER L
STACK POINTER H
STACK
— _l ______

VA00435

USP R236 (ECh) System Read/Write
User Stack Pointer High Byte

Reset value: undefined
7 0

SSP R238 (EEh) System Read/Write
System Stack Pointer High Byte

Reset value: undefined
7 0

USP15USP14USP13|USP12|USP11 USP10[ USP9 [ USP8

SSP15[SSP14|SSP13|SSP12|SSP11[SSP10[ SSPY [ SSP8

USP R237 (EDh) System Read/Write
User Stack Pointer Low Byte

Reset value: undefined
7 0

SSP R239 (EFh) System Read/Write
System Stack Pointer Low Byte

Reset value: undefined
7 0

USP7 [USP6 | USP5 | USP4 | USP3 | USP2 [ USP1 [ USPO

SSP7|SSP6| SSP5| SSP4 | SSP3 | SSP2 [ SSP1 | SSPO

[57 SGS-THOMSON
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Notes:
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3 MEMORY

3.1 INTRODUCTION

The memory of the ST902x is divided into two
spaces:

- Data memory with up to 64K bytes
- Program memory with up to 64K bytes

Thus, there is a total of 128K bytes of addressable
memory space.

The 12/16K bytes of on-chip ROM memory of the
ST902x are selected at memory addresses 0
through 2FFFh (hexadecimal) in the PROGRAM
space.

The DATA space includes the 256 bytes of on-chip
RAM memory at addresses 0000h through 00FFh
(8T9027,ST9028 only).

Off-chip data memory, addressed using the multi-
plexed address and data buses (Ports 0 and 1)
may be divided into the Program and Data spaces
by the external decoding of the Program/Data se-
lect pin (P/D) available as an Alternate function
output.

Figure 3-1. Memory Map

The memory spaces are selected by the execution
of the sdm and spm instructions (Set Data Memory
and Set Program Memory, respectively). There is
no need to use either of these instructions again
until the memory area required is to be changed.
This requirement is not necessary in two cases:
first, whenoperating with external stacks (the Data
memoty is automatically selected) and, secondly,
when using the memory indirect to memoryindirect
post-increment addressing mode (the memory
types are specified in the instructions: 1dpp,
ldpd, 1lddp, 1ddd).

Program instructions and data in the immediate
addressing mode are always read from the Pro-
gam space. For example:

sdm
1d R80,#99

will load R80 with the value 99 decimal from the
program space.

(ST9028B) (ST9028B)
16384 16384
(8T9027/28 (8T9028C)
12288 —
(8T9020) ROM NOT ACCESSIBLE 4096
ON ST9020 (ST9020/27)
256
0000 VECTOR TABLH 0000 | RAM
INTERNAL  EXTERNAL INTERNAL EXTERNAL
PROGRAM DATA SPACE
SPACE
VR01996B
01-95 [Nz SGS-THOMSON 277194
I MicroEEGTRGNISE
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Either the Data Memory or the Program Memory,
both external or internal, can be addressed using
any of the memory addressing modes.

The 16-bit memory address may be supplied di-
rectly using the absolute memory location address
or indirectly using a pair of registers. In addition the
address can be given by anindexed mode when a
short (byte) or long (word) offsetis addedto an in-
directbase word address.

Table 3-1. First 6 Bytes of Program Space

0 Address high of Power on Reset routine

1 Address low of Power on Reset routine

2 Address high of Divide by zero trap Subroutine
3 Address low of Divide by zero trap Subroutine
4 Address high of Top Level Interrupt routine
5 Address low of Top Level Interrupt routine

3.2 PROGRAM SPACE DEFINITION

The Program memory space of the ST902x, from
the 16K bytes of on-chip ROM memory to the full
64K bytes with off-chip memory expansion, is
available to the user on the ST9028B. At ad-
dresses greater than the first 16K bytes of pro-
gram space, the ST9028B executes external
memorty cycles for instruction fetches.

The first 256 memory locations from address 0 to
FFh hold the Reset Vector, the Top-Level (Pseudo
Non-Maskable) interrupt, the Divide by Zero Trap

28/194
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Routine vector and, optionally, the interrupt vector
table for use with the on-chip peripherals and the
external interrupt sources. Apart from this case no
other part of the Program memory has a predeter-
mined function.

Each vector is contained in two consecutive byte
locations, the high order address held in the lower
(even) byte, the low order address held in the up-
per (odd) byte, forming the address which is
loaded into the Program Counterwhen selected by
the interrupt vector provided by the interrupt
source. This should point to the relevant Interrupt
Service routine provided by the user for immediate
response to the interrupt.

3.3 DATASPACE DEFINITION

The ST9027, 28 addresses the 256 bytes of on-
chip RAM memory from addresses 0000 to 255
(0000h to 00FFh). It may also address up to 16K
locations of External Data through the External
Memory Interface when decoded with the P/D pin.
The on-chip general purpose registers may be
used as additional RAM memory for minimum chip
count systems.

The Data Space is selected by the execution of the
sdm instruction. All subsequentoperand and stack
memory references will access the Data Space.

When a separate Data Spaceis notprovided, data
may also be stored in external RAM or ROM mem-
ory withinthe Program Space.
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4 INTERRUPTS

4.1 INTRODUCTION

The ST9 responds to peripheral events and exter-
nal events through its Interrupt channels. When
such an event occurs, if previously enabled and
accordingto a priority mechanism, the current pro-
gram execution can be suspended to allow the
ST9 to execute a specific response routine. If the
event generates an interrupt request, the current
program status is saved after the current instruc-
tion is completed and the CPU control passes to
the Interrupt Service Routine.

The ST9 CPU can receive requests from the fol-
lowing type of sources:

- On-chip peripherals
- External pins
- Top-Level Pseudo-non-maskable interrupt

According to the on-chip peripheral features, an
event occurrence can generate an Interrupt re-

4.2 INTERRUPT VECTORIZATION

The ST9 implements an interrupt vectoring struc-
ture that allows the on-chip peripheral to identify
the location of the first instruction of the Interrupt
Service Routine (IVR) automatically.

When the interrupt request is acknowledged, the
peripheral interrupt module provides, through its
Interrupt Vector Register (IVR), a vector to point
into the vector table of locations containing the
start addresses of the Interrupt Service Routines
(defined by the programmer).

Each peripheral has a specific IVR mapped within
its Register File pages.

The Interrupt Vector table, containingthe list of the
addresses of the Interrupt Service Routines, is lo-
cated in the first 256 locations of the Program
Memory. The first 6 locations of the Program Mem-
oty are reserved for:

quest depending on the selected mode. Address Content
Up to eight external interrupt channels, with pro- _ _
grammable input trigger edge, are available. In ad- 0 Address high of Power on Reset routine
dition, a dedicated interrupt channel, set to the ’ Address low of P R .
Top-level priority, can be devoted either to the ex- ress low of Power on Reset routine
ternal pin NMI (to provide a Non-Maskable-Inter . iy _
rupt) o? to the '(I'imgr/Watchdog. Interrupt service 2 Address high of Divide by zerotrap Subroutine
routines are addressed through a vector table 3 Address low of Divide by zero trap Subroutine
mappedin Program Memory.
4 Address high of Top Level Interrupt routine
Figure 4-1. Interrupt Flow
5 Address low of Top Level Interrupt routine
NORMAL With one Interrupt Vector register, it is possible to
PROGRAM address more interrupt service routines; in fact,
FLOW INTERRUPT several peripherals share the same interrupt vec-
SERVICE tor register among several interrupt channels. The
ROUTINE most significant bits of the vector are user pro-
grammable to define the base vector address in-
I side the vector table in the program memory, the
CLEAR least significant bits are controlled by the interrupt
INTERRUPT SERVICED IT module in hardware to select the specific vector.
_ PENDING BIT Note: The first 256 locations of the program mem-
| ory can contain program code. Other than the Re-
set vector, they are not exclusively reserved to the
IRET vector table.
INSTRUCTON Warning. Although the Divide by Zero Trap oper-
ates as an interrupt, the FLAG Register is not
pushed onto the system Stack automatically. As a
VRO01833 resultit must be regarded as a subroutine, and the
. acknowledge routine must end with theRET instruc-
tion.
01-95 . 29/194
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INTERRUPT VECTORIZATION (Continued)

Figure 4-2. Vectors and Associated Routines

REGISTER FILE

PROGRAM MEMORY

65535
USER INT. SUBROUTINE
USER DIVIDE BY ZERO
ROUTINE
IVR USER
|| MAIN PROGRAM
240 USER
39 TOP LEVEL ISR
255 1T S
obD__ILO g ADDRESS — }—
EVEN [HI
|, VECTOR
SO opLEVEL — TABLE
[
3_[LO
5> DIVIDE BY ZERO — }—
! LOpoWER ON RESET—
o [Ar_ CTENEYRAESET J
L RESET
TOP LEVEL REQUEST CPU DETECTION
DIVISION BY ZERO VA00221
Figure 4-3. Interrupt Architecture, Example of priority Allocations
RESET WDGEM
JIMER WATCH-DOG End of Count
TUP o NMI
IEN
TOP_LEVEL PRIQRITY n UE
TLNM HIGH[ST
o | _CORE CHANNEL Al CHANNEL B| CHANNEL C| [CHANNEL Dl sl I| A/D | -0 |o
- 1 | | 1 1 —I—1 9 m
= = —
al » L 1l 1 1 | Il I |
@ l l | II II I| | I| E
M | | | | | I v
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- —
ggl| s 7777l I [_! I I A l -5 |ns]
oy o 22 || I I I | I= |_¢ |ns
& | | I I I —
& 7 ' ' ' -7
CPL PRL_ || PR | PR || PR || PRL PRL LONEST
o] ][e]1]x]l]1]e]x]]e]e|[x]]1]e][x] 1]1]0]]e]e]:
El on |F'A0-| IMBQ 1PEO) IMCO PO IMBO IPDO| NP u IP |
— I i [ s i | B s [ = |
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INT AQ INT D@
INT A1 INT D1
INT B@ INT CO
INT B1 INT €1
VROO0146
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4.3 INTERRUPT PRIORITY LEVEL ARCHITEC-
TURE

The ST9 supports a fully programmable interrupt
priority structure. Figure 4-4 shows a conceptual
description.

9 priority levels are available to define the channel
priority relationship. Each channel has a 3 bit field,
PRL (Priority Level), that defines its priority level
among 8 programmable levels. The ninth level
(Top Level Priority) is reserved for the
Timer/Watchdog or the External Pseudo Non-
Maskable Interrupt. The On-chip peripheral chan-
nel and the eight external interrupt sources can be
programmed within eight priority levels: level 7 has
the lowest priority, level 0 has the highest priority.

If several units are located at the same priority level,
an internal daisy chain, fixed for each ST9 device,
definesthe priority relationshipwithin that level.

The PRL bits are used to define the priority level for
interrupt requests.

Top level priority interrupt (highest) can be as-
signed either to the external Pseudo Non-Mask-
able interrupt or to the internal Timer/Watch-Dog.
An Interrupt service routine at this level cannot be
interrupted in any arbitration mode. Its mask can
be both maskable (TLI) or non-maskable (TLNM).

Figure 4-4. Interrupt Logic

4.4 PRIORITY LEVEL ARBITRATION

The 3 bits of CPL (Current Priority Level) in the
Central Interrupt Control Register contain the prior-
ity of the currently running program (CPU priority).
CPL is set to 7 (lowest priority) upon reset and can
be modified during program execution either by
software or automatically by hardware according
to the selected Arbitration Mode.

During every instruction an arbitration phase is
made between every channel capable of generat-
ing an Interrupt, each priority level is compared to
all the other requests. If the highest priority request
is an interrupt, it mustbe higherthan the CPL value
in order to be acknowledged.

The priority of the Top Level Interrupt overrides
every otherpriority.

If two or more requestsoccur at the same instant of
time and at the same priority level, an on-chipdaisy
chain, specific to every ST9 version, selects the
channel with the highest position in the chain. The
position in the chain is shownin table 4-1.

ST9 provides two interrupt arbitration modes: Con-
current and Nested modes. The Concurrent mode
is the standard interrupt arbitration mode while the
Nested mode improves the effective interrupt re-
sponse time when a nesting of the service routines
is required according to the request priority levels.

PICR

FROM INTERRUPT
SOURCE

| [
a
Y

CICR
2 1 0 4
[cPe|cPLifcpo] [ iEn ]

FROM ANOTHER

=IN

PRL2 c C

PRL1

IPRLO A OUTA

>
Y INTERRUPT
CC
TO CORE

1

Bl

o}
INTERRUPT SOURCE l/

HARDWARE INTERRUPT
DAISY CHAIN

VA00300
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PRIORITY LEVEL ARBITRATION (Continued)

The control bit IAM (CICR.3) selects the Concur-
rent Arbitration mode (when reset to “0”) or the
Nested Arbitration Mode (when set to “17).

Table 4-1. Daisy Chain Priorities
Applicable for ST902x

Highest Position INTA

INTB

INTC

INTD
MFTIMERO
Lowest Position SClI

4.4.1 Concurrent Mode

This mode is selected when the IAM bit is cleared
(reset condition). The arbitration phase, performed
during every instruction, selects the request with
the highest priority level.
Ifthe highestpriority requestis an interrupt request
and its priority value is higherthan the Current Pri-
ority Value CICR.2,1,0 (R230.2,1,0), the interrupt
request willbe acknowledged at the end of the cur-
rent instruction. The interrupt Machine Cycle per-
forms the following steps:
- 1. Disables all the maskable interrupt requests
by clearing CICR.IEN

2. Pushesthe PC low byte into the system stack
- 3. Pushesthe PC high byte into the system stack
4. Pushesthe Flag register into the system stack

- 5. Loads the PC with the 16-bit vector stored in
the Vector Table, pointed to by the Interrupt
Vector Register (IVR).

Figure 4-5. Example of a Sequence of Interrupt Requests with :

- Concurrent mode

- El set to 1 during the interrupt routine execution

PRIORITY LEVEL

CPL IS SET TO 7

-------------------- )

————————————————————————————————————————————————————— MAIN PROGRAM )

INTERRUPT 2 HAS PRIORITY LEVEL 2
INTERRUPT 3 HAS PRIQRITY LEVEL 3
INTERRUPT 4 HAS PRIORITY LEVEL 4
INTERRUPT 5 HAS PRIORITY LEVEL 5

INT.2
CPL =7

INT.3 )

CPL =7

CPL =7

VROOO152

32/194

L[v7 SGS-THOMSON
Y/ ricronicTRcHICS




ST9 - Interrupts (ST902x)

PRIORITY LEVEL ARBITRATION (Continued)

The Interrupt Service Routine must be concluded
with the iret instruction. The iret instruction
executes the following operations:

- 1. Popsoff the Flag register from the system Stack
- 2. Pops off PC high byte from the system Stack
- 3. Pops off PC low byte from the system Stack

- 4. Enables all the un-masked Interrupts, by set-
ting the CICR.IEN bit

The suspended program execution is thus recov-
ered at the interrupted instruction. All pending in-
terrupts existing, or having occurred during the
interrupt service routine execution, remain pending
until the Enable Interrupt instruction (even if it is
executed during the interrupt service routine).

NOTE: When Concurrent mode is selected, the
source priority level is meaningful only during the
arbitration phase, where it is compared to all the
other priority levels and the CPL, but no trace is
kept of its value during the Interrupt Service Rou-
tine. Therefore, if other requests are issued, once
the global CICR.IEN is enabled again, they will be
acknowledged regardless of the Interrupt Service
Routine priority value; if nocare is takenby the pro-
grammer, unpleasantside effects can take place.

A typical case is the following: 3 pending requests
with different priority levels (ie 2,3,4) generate re-
quests at the same time (because the associated
events occurred during the same instruction). The
threeinterrupt service routines set InterruptEnable
(IEN, CICR.4) by the ei instruction at the begin-
ning of the routine to avoid a high interrupt re-
sponse time to requests with a priority higher than
the one under service (usually, the higher the prior-
ity, the sooner the routine must be executed). Un-
fortunately, what will happen in this case is thatthe
three interrupt servicing routines will be executed
exactly in the opposite order of theirpriority. Inter-
rupt routine level 2 will be acknowledgedfirst, then,
when the e1i instructionis executed, it willbe inter-
rupted by interrupt routine level 3, which itself will
be interruptedby interrupt routine level 4. When in-
terrupt routine level 4 is completed, interrupt rou-
tine level 3 will be recovered and finally, interrupt
routine level 2.

Therefore, it is recommended, in concurrent
mode, to avoid the insertion of the ei instruc-
tion in the interrupt subroutine, which can trig-
ger this LIFO (Last In, First Out) sequence of
interrupt processing.

Figure 4-6. Example of a Sequence of Interrupt Requests with :

- Concurrent mode
- Elunchanged by the interrupt routines

| PRIORITY LEVEL

INTERRUPT O HAS PRIORITY LEVEL @
INTERRUPT 2 HAS PRIORITY LEVEL 2
INTERRUPT 3 HAS FRIQRITY LEVEL 3
INTERRUPT 4 HAS PRIQRITY LEVEL 4
INTERRUPT & HAS PRIDRITY LEVEL 6

INT.3
CPL =5
CPL =5
~
64— ez
= =
.
tn O CPL =7
7 s g -—1--———--1 MAIN )
Q
VYROOO153
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PRIORITY LEVEL ARBITRATION (Continued)
Figure 4-7. Interrupt Mode Flow-Chart

INT

SET INTERRUPT
PENDING BIT

e
et

(1)

CONCURRENT MODE

YES

PRIORITY > CPL ?

ARBITRATION
START

NO

NESTED MODE

NO

PRIORITY > CPL ?

RESET EI
PUSH PC LOW ->@SP, SP<-SP+1
PUSH PC HIGH ->@SP, SP<-SP+1
PUSH FLAGS ->@SP, SP<-SP+1
GET VECTOR + ADDRESS FROM TABLE

CPL -> NICR
CPL’ <- CPL INT SRC
PUSH PC LOW ->@SP, SP<-SP+1
PUSH PC HIGH ->@SP, SP<-SP +1
PUSH FLAGS ->@SP, SP<-SP+1
GET VECTOR + ADDRESS FROM TABLE

yr

INTERRUPT SERVICE ROUTINE

INTERRUPT SERVICE ROUTINE

(MAY SET EI TO RENABLE INTERRUPT) (INTERRUPTABLE))
(2 @
h 4 h 4
IRET IRET

POP FLAGS <-SP, SP<-SP-1
POP PC HIGH <-SP, SP<-SP-1
POP PC LOW <-SP, SP<-SP-1

SET EI

POP FLAGS <-SP, SP<-SP-1

POP PC HIGH <-SP, SP<-SP-1

POP PC LOW <-SP, SP<-SP-1
CPL < NICR

>

VR001835

Notes:

1. The interruptarbitration starts 6 CPUCLK cycles before the end of execution of each instruction (5 cycles during WFI).
2. Clearinterrupt pending bit
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PRIORITY LEVEL ARBITRATION (Continued)

4.4.2 Nested Mode

The difference of the Nested mode to the Concur-
rent mode consists of the modification of the CPL
value during the interrupt processing. The arbitra-
tion phase is basically identical to the concurrent
Mode, however once the request is acknowledged,
the current CPL value is saved in the Nested Inter-
rupt Control Register (NICR, R247 page 0) by set-
ting the NICR bit corresponding to the CPL value
(i.e.if the CPL is 3, NICR.3bit willbe set). The CPL
value is then updated with the Priority value of the
request just acknowledged, in this way the next ar-
bitration cycle will be performed againstthe priority
level of the Service Routine in progress.

The Interrupt Machine Cycle will perform the fol-

lowing steps:

- Disable all the maskable interrupts by clearing
IEN

- Save the CPL value into the special stack
NICR to hold the priority level of the suspended
routine

- Store in CPL the priority level of the acknow-
ledged routine, so that the next request priority
will be compared with the one of the routine
under service

- Pushthe PC-low byte into the System Stack
- Pushthe PC-high byte into the System Stack
- Pushthe Flag Register into the System Stack

Figure 4-8. Example of a Sequence of Interrupt Requests with :

- Nested mode

- El set to 1 during the interrupt routine execution

PRIORITY LEVEL INTERRUPT ¢ HAS PRIORITY LEVEL O
INTERRUPT 2 HAS PRIORITY LEVEL 2
INTERRUPT 3 HAS PRIQORITY LEVEL 3
e INT.
o ? INTERRUPT 4 HAS PRIORITY LEVEL 4
- INTERRUPT 5 HAS PRIORITY LEVEL 5
INTERRUPT & HAS PRIORITY LEVEL 6
1 —
2 { A INT.2
CPL = 2
3
4 4+ INT3)] | INT e ]
§F Femme e INTE e e
o
I e L s
el
CAL = 7
7 L{MAIN PROGRAM |- — = = — = - — o o o ] MAIN PROGRAN )
CPL IS SET TO 7 VROOO154
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PRIORITY LEVEL ARBITRATION (Continued)

- Load the PC with the vector pointed by IVR.

The iret Interrupt Return instruction executes the
following steps:

- 1. Pop off the Flag Register from the System
Stack

- 2. Pop off the PC-high byte from the System
Stack

- 3. Pop off the PC-low byte from the System
Stack

4. Enable all the unmasked interrupts by set-
ting the |EN bit

- 5. Recover the interrupted routine priority level
by popping the value from the special register
(NICR) and by copying it into CPL.

The suspendedexecution is thus recovered at the
interrupted instruction.

REMARKS

1) Dynamic priority level modification: the main
program and routines can be specifically priori-
tized. Since CPL is represented by 3 bits in a
read/write register, it is possible to modify dynami-

cally the current priority value during the program
execution. This means that a critical section can
have a higher priority with respect to other interrupt
requests. Furthermore it is possible to prioritize
even the Main Program execution by modifying
CPL during its execution.

2) Maximum number of nestings: No more than 8
routines can be nested. If an interrupt routine at
level N is being serviced, no other Interrupts lo-
cated at level N can interrupt it. This guarantees a
maximum number of 8 nested levels including the
Top Level Interrupt request.

3) Priority level 7: Interrupt requests at level 7 can-
not be acknowledged as their priority cannot be
higher than the CPL value. This canbe of usein a
fully polled interrupt environment.

A nested/concurrent mode sequence is given on
Figure 4-10. This example clearly shows that
Nested and Concurrent modes are defined by the
user. Note that here the Y axis is referenced by
CPL, instead of the source priority level, and that
Interrupt 1 stays pending, having a priority level
lower than CPL.

Figure 4-9. Example of a Sequence of Interrupt Requests with :

- Nested mode
- El unchanged by the interrupt routiness

PRIORITY LEVEL

INT.3

CPL = 5
_________ MAIN
M~
Q
___________ Sz INT.6
o=
ay| crL=8
b L =7
____________ 2= 1 — — — - MAIN_PROGRAM)
“ VRO0O155

INTERRUPT O HAS PRICRITY LEVEL O
INTERRUPT 2 HAS PRIQRITY LEVEL 2
INTERRUPT 3 HAS PRIQRITY LEVEL 3
INTERRUPT 4 HAS PRIQRITY LEVEL 4
INTERRUPT 6 HAS PRICRITY LEVEL 6

CPL = 3
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PRIORITY LEVEL ARBITRATION (Continued)

Figure 4-10. Example of a Nested and Concurrent Mode Sequence

A PRIORITY LEVEL INTERRUPT 1 HAS PRIQRITY LEVEL 5
INTERRUPT 2 HAS PRIORITY LEVEL 2
0 INTERRUPT 3 HAS PRIDRITY LEVEL 3
INTERRUPT 4 HAS PRIORITY LEVEL 2
INTZ  INT3 INTERRUPT 5 HAS PRIDRITY LEVEL 0
INTERRUPT & HAS PRIORITY LEVEL 1
1 INTERRUPT 7 HAS PRIORITY LEVEL 2
\
24— INT2 INT1
CPL=2
INT4 | INTB/INTZ
. J S E [ INT3 )
CPL=3
a ] PROGRAM | INT4 |(INT6 Y INT7 ) INT4 ] MAIN PROGRAM )
INT1 CPL=4 *
ei
[T R = INT! fe—mm———— o INT1 )
CPL=5* CPL=5
el
5_
-—— CPL set io 4
74 { MAIN PROCRAM | ————— ] MAIN 1AM bit = 0
CPL=7 CPL=7 ¥ TIME
: -
- NESTED MODE =|- CONCURRENT MODE ——————— ==
VA0O489
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4.5 EXTERNAL INTERRUPTS

The standard ST9 core contains 8 external inter-
rupts sources grouped into four pairs.

Table 4-2. External Interrupt Channel Grouping

External Interrupt Channel
INT7 INTDA
INT6 INTDO
INT5 INTCA
INT4 INTCO
INT3 INTB1
INT2 INTBO
INTA INTA1
INTO INTAO

Each source has a trigger control bit TEAQ,.. TED1
(R242.EITR.0,..,7 Page 0) to select triggering on
the rising or falling edge of the external pin. If the
Trigger control bit is set to “17, the corresponding
pending bit IPAQ,..,IPD1 (R243,EIPR.0,..,7 Page
0) is seton the input pin rising edge, if it is cleared,
the pending bitis set on the falling edge of the input
pin. Each source can be individually masked
throughthe corresponding controlbit IMAO,..,IMD1
(EIMR.7,..,0). See Figure 4-12.

The priority level of the external interrupt sources
can be programmed among the eight priority levels
with the control register EIPLR (R245). The priority
level of each pair is software defined using the bits
PRL2,PRL1. For each pair, the even channel
(A0,B0,C0,D0) of the group has the even priority
level and the odd channel (A1,B1,C1,D1) has the
odd (lower) priority level. Figure 4-11 shows an ex-
ample of priority levels.
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Figure 4-11. Priority Level Examples

PL2DPL1DPL2C PL1CPL2BPL1BPL2A PL1A
|1|0|0|0|1|0|0|1|EILR
SOURCE PRIORITY SOURCE PRIORITY
INT.DO: 100=4 INT.AO: 010=2
INT.D1: 101=5 INT.A1: 011=3
INT.CO: 000=o"| rINT.BO: 100=4
INT.C1: oo1=1J LINT.B1: 101=5
VR000151

- The source of the interrupt channel A0 can be
selected between the external pin INTO (when
IAOS = “1”, the reset value) or the On-chip
Timer/Watchdog peripheral (when IA0S = “07).

- The source of the interrupt channel BO can be
selected between the external pin INT2 (when
(SPEN,BMS)=(0,0)) or the on-chip SPI petriph-
eral.

All other interrupt channels have an input pin as

source, however, the input line may be multiplexed

with an on-chip peripheral I/O or connected to an
input pin that performs also other function (as in
the case of the handshake feature).

Table 4-3. Internal/External Interrupt Source

Channel Internal Interrupt | External Interrupt
Source Source
Timer/Watchdog
INTAO End of Count INTO
INTBO SPI Interrupt INT2
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EXTERNAL INTERRUPTS (Continued)

Figure 4-12. External Interrupts Control Bits and Vectors

End of count

Watchdog/Timer 1AOS

R VECTOR  [v7lvevsjv4o]o[o[X]
Priority level [(XTXIO] INT AO
_ _ _ request
INT 0 pin (5 Mask bit [IMAO] Pending bit[ iPA0
VECTOR  |v7lvelvsialolo[1 ]
INT 1 pin Priority level INT A1
request
Mask bit [|MA1] Pending bit[|pa{ .
SPEN,BMS TEBO
SPI Interrupt
L J + VECTOR [v7lvelvslva] o] 1 o[ X]
1| | Priority level XIXL0) INT BO
. 0 0’ _ request
INT 2 pin 5 0,0 l Mask bit [IMB0| Pending bit[IPBO
* TEBH
4 VECTOR [v7lvelvsiva o[ 1]1]X]
INT 3 pin _+_ | | Priority level XI[XT1 INT B1
- -+_ request
| =1 [ Mask bit | IMB1| Pending bit| IPB1
TECO
7] [VECTOR v7lvelvsiva[1[o[o [X]
INT 4 pin 4 || Priority level XIXT0] INT CO
request
l Mask bit |imco|Pending bit ||PCO
TEC1
7] [VECTOR [v7velvsiva 1[o]1[X]
INT 5pin 5 | | Priority level XIXT1] INT C1t
reques
l Mask bit |IMC1| Pending bit [ IPC1
TEDO
T | VECTOR lvzvelvsival 1] 1o X]
INT 6 pin 5 || Priority level XTXTo] INT DO
request
L Mask bit |IMDo| Pending bit | |IPDoO
TED1
7] [vECTOR [vavelvsival 1] 1]1[X]
INT 7 pin [ || Priority level XIXT1] INT D1t
reques
l Mask bit |IMD1| Pending bit | |PD1
— Shared channels, see warning VR00C440
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4.6 TOP LEVEL INTERRUPT

The Top Level Interrupt channel can be assigned
either to the external pin NMI or to the
Timer/Watchdog according to the status of the
control bit EIVR.TLIS (R246.2, Page 0). If this bit is
high (the reset condition) the source is the external
pin NMI, if it is low, the source is the Timer/ Watch-
dog End Of Count. When the source is the NMI ex-
ternal pin, the control bit EIVR.TLTEV (R246.3;
Page 0) selects between the rising (if set) or falling
(if cleared) edge generating the interrupt request.
Whenthe selected event occurs, the CICR. TLIP bit
(R230.6) is set. Depending on the mask situation,
a Top Level Interrupt request may be generated.
Two kinds of masks are available, a Maskable
mask and a Non-Maskable mask. The firstmask is
the bit CICR.TLI (R230.5): it can be set or cleared
to enable or disable respectively the Top Level In-
terrupt request. If it is enabled, the global Enable
Interrupt bit CICR.IEN (R230.4) must also be en-
abled in order to allow a Top Level Request.

The second mask NICR.TLNM (R247.7) is a set-
only mask. Once set, it enables the Top Level In-

Figure 4-13. Top Level Interrupt Structure

terrupt request independently of the value of
CICR.IEN and it cannot be cleared by program.
Only the processor RESET cycle can clear this bit.

The Top Level Interrupt Service Routine cannot be
interrupted by any other interrupt request, in any
arbitration mode, even by another Top Level Inter-
rupt request.

Warning. The interrupt machine cycle of the Top
Level Interrupt does not clear the CICR.IEN bit,
and the corresponding i ret doesnot set it.
Please refer to additional warning on page 40.

4.7 ON-CHIP PERIPHERAL INTERRUPTS

The general structure of the peripheral interrupt
unit is described here, however each on-chip pe-
ripheral has its own specific interrupt unit contain-
ing one or more interrupt channels, or DMA
channels. Please refer to the specific peripheral
chapter for the description of its interrupt features
and control registers.

WATCHDOG ENABLE
WDEN — 9 CORE
/ RESET
WATCHDOG TIMER TLIP
END OF COUNT MUX PENDING TOP LEVEL
D—» INTERRUPT
T e REQUEST
NMI [] } OR 1{
TLIS
TLTEV
TLNM T~
TL ——
IEN ——
L VA00294
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ON-CHIP PERIPHERAL INTERRUPTS (Continued)
The on-chip peripheral interrupt channels provide

the following control bits:

- Priority Level (PRL, 3 bits)

These bits define the source priority level

7 the lowest priority (the interrupt cannot
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- Interrupt Vector Register (IVR, up to 7 bits)

curs. Can be set/cleared by software to gener-
ate/cancel pending interrupts and give the

status for Interrupt polling.

Set by hardware when the Trigger Event oc-
- Interrupt Mask bit (IM)

- Interrupt Pending bit (IP)

The IVR points to the vector table which itself
contains the interrupt routine start address.

If IM = “0”, no interrupt request is generated. If
IM =“1"an interrupt request is generated when-

ever IP = “1”and CICR.IEN = “1”.

Figure 4-14. Wait For Interrupt Timing
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4.8 WAITFOR INTERRUPT INSTRUCTION

The Wait For Interrupt instruction suspends pro-
gram execution until an interrupt request is ac-
knowledged. During the WEFI instruction, the
CPUCLK is halted while INTCLK keeps running.
Under this state, the power consumption of the
processor is lowered by the CORE power con-
sumption value.

Figure 4-15. Interrupt Acknowledge Timing

4.9 INTERRUPT RESPONSE TIME

Interrupt requests are sampled 6 CPUCLK cycles
before the end of the instruction. If Wait For Inter-
rupt is in progress, requests are sampled every 5
CPUCLK cycles. If the interrupt request comes
from an externalpin, the programmed event hasto
be set a minimum of one CPUCLK cycle before the
sampling time.

INTERRUPT MACHINE CYCLE

M1 M2
Tt | T2 | T3] T1 | T2 1 2 |

3| 4| 5|6 |

MEMORY WRITE MEMORY WRITE

7| 89 |[10]MN

s T [T ]

I_I_

I [ |

| | |
| 1 | |
| FETCH OPCODE | FETCH 2™ BYTE #PUSHPCL | #PUSHPCH |
" DISCARDED ' DISCARDED ! !
_____ |
MEMORY WRITE MEMORY READ MEMORY READ
TT T2 T3| T T2 | T3
12 |13 | 14|15 |16 17 18 | 19| 20| 21 | 22 | 23 | 24 | 25 | 26

| | |
AS | | |
| | | |
| | | | | | |
| 1 | | | | |
I 1 I I I I I
| | | | | | |
| | | | | | |
| 1 | | | | |

S | 1 | | |
DS | | | I | | | | | | | | | | |
| 1 | | | | |
I 1 I I | | nd I
| #PUSH FLAGS | | READ VECTORHIGH | READ VECTORLOW | FETCH OPCODE | FETCH 2 BYTE |
I 1 I T T T 1
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INTERRUPT RESPONSE TIME (Continued)

In order to guarantee the falling/rising edge detec- - 28 internal clock cycles (CPUCLK), if a Wait
tion, input signals must be kept low/high for a mini- For Interruptis in progress

mum of one CPUCLK cycle. _ 32 internal clock cycles (CPUCLK), if the ac-
An interrupt machine cycle takes 26 internal clock knowledge cycle follows a DMA transfer with
cycles (CPUCLK), with some exceptions as fol- Register File

lows:

Figure 4-16. External Interrupt Response Time

INTERRUPT
CURRENT INSTRUCTION EXECUTION MACHINE CYCLE

v L] Upiintn

INT # PIN _/,/

INT # ON CHIP 2 /”'

INT SAMPLE /--\

VR001415
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4.10 INTERRUPT REGISTERS

CICR R230 (E6h) System Read/Write
Central Interrupt Control Register
Resetvalue: 1000 0111 (87h)

7 0

EITR R242 (F2h) Page 0 Read/Write
External Interrupt Trigger Event Register

Reset value: 0000 0000 (00h)
7 0

GCEN| TLIP | TU IEN | IAM | CPL2 [ CPL1 | CPLO

TED1 | TEDO | TEC1 | TECO | TEB1 | TEBO | TEA1 | TEAO

b7 = GCEN: Global Counter Enable bit. When set
the 16 bit MultiFunction Timers are enabled (see
Timer Control Register in MULTI FUNCTION
TIMER chapter)

b6 = TLIP: Top Level Interrupt Pending bit. Set by
hardware when the Trigger Event occurs. Cleared
by hardware when the Top Level Interrupt is ac-
knowledged.

b5 = TU: Top Level Interrupt bit. If TLI =*17, and
IEN is set, a Top Level Interrupt request is gener-
atedas TLIPis set. If TLI=“0", a requestis gener-
atedonly if TLNM is set.

b4 = IEN: Interrupt Enable. If IEN = “0”, no mask-
able Interrupt requests are generated. This bit is
cleared by the interrupt machine cycle and it is set
by the IRET instruction of maskable routines.

b3 = IAM: Interrupt Arbitration Mode. If IAM = “0”,
Concurrent Arbitration Mode is selected; If IAM =
“1” Nested Mode is selected.

b2-b0 = CPL2, CPL1, CPLO: Current Priority
Level. Defines the Current Priority Level under
service. CPL=0is the highest priority. CPL=7 is the
lowest priority. This bits may be modified directly
by the interrupt hardware when the Nested Inter-
rupt Mode is used.
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If TExy bit is set, the pendingbit will be set upon the
rising edge of the input signal.

If TExy is cleared, the pending bit will be set upon
the falling edge of the input signal.

All bits are set/resetonly by software.

b7 =TED1: Trigger Event of Interrupt Channel D1
b6 = TEDO: Trigger Event of Interrupt Channel DO
b5 =TECA1: Trigger Event of Interrupt Channel C1
b4 =TECO: Trigger Event of Interrupt Channel CO
b3 = TEB1: Trigger Event of Interrupt Channel B1
b2 = TEBO: Trigger Event of Interrupt Channel BO
b1 =TEA1: Trigger Event of Interrupt Channel A1
b0 = TEAO: Trigger Event of Interrupt Channel A0

EIPR R243 (F3h) Page0 Read/Write
External Interrupt Pending Register

Reset value: 0000 0000 (00h)
7 0

IPD1 | IPDO | IPC1 | IPCO | IPB1 | IPBO | IPA1 | IPAO

L[v7 SGS-THOMSON
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b7 =IPD1: interrupt Pending bit Channel D1
b6 = IPDO: Interrupt Pending bit Channel DO
b5 = IPC1: interrupt Pending bit Channel C1
b4 =1PCO: Interrupt Pending bit Channel CO
b3 = IPB1: Interrupt Pending bit Channel B1
b2 = IPBO: Interrupt Pending bit Channel BO
b1 =IPA1: Interrupt Pending bit Channel A1
b0 =IPAO: Interrupt Pending bit Channel AO

IP bits are hardware set upon the occurence of the
triggereventand areresetby the interrupt acknow-
ledge machine cycle.

Note. IP bits may be set by the programmer to im-
plement a software interrupt.
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INTERRUPT REGISTERS (Continued)

EIMR R244 (F4h) Page0 Read/Write
External Interrupt Mask-bit Register
Reset value: 0000 0000 (00h)

7 0

EIVR R246 (Feh) Page0 Read/Write
External Interrupt Vector Register

Reset value: xxxx 0110 (X6h)
7 0

IMD1 | IMDO | IMC1 | IMCO | IMB1 | IMBO | IMA1 | IMAO

V7 V6 V5 V4 |TLTEV| TLIS | IAOS [EWEN

EIMR bits are set/reset by software

When the IM bit is set (and the global IEN is en-
abled), an interrupt request is generated if the cor-
responding IP bit is set. When IM = “0”, no request
will be generated.

- IMxy = “17: an interrupt request can be acknow-
ledged (depending on IEN)

- IMxy =“0": an interrupt request is masked.

b7 = IMD1: Interrupt Mask of Interrupt Channel D1
b6 = IMDO: /nterrupt Mask of Interrupt Channel DO
b5 = IMC1: Interrupt Mask of Interrupt Channel C1
b4 = IMCO: Interrupt Mask of Interrupt Channel CO
b3 = IMB1: Interrupt Mask of Interrupt Channel B1
b2 = IMBO: Interrupt Mask of Interrupt Channel BO
b1 = IMA1: Interrupt Mask of Interrupt Channel A1
b0 = IMAO: /nterrupt Mask of Interrupt Channel AO

EIPLR R245 (F5h) Page 0 Read/Write
External Interrupt Priority Level Register

Resetvalue: 1111 1111 (FFh)
7 0

PL2D | PL1D | PL2C | PL1C | PL2B | PL1B | PL2A | PL1A

EIPLR bits are set/reset by software

b7-b6 = PL1D, PL2D: Priority level for the Group
INTDO, INTD1

b5-b4 = PL1C, PL2C: Priority level for the Group
INTCO, INTC1

b3-b2 = PL1B, PL2B: Priority level for the Group
INTBO, INTB1

b1-b0 = PL1A, PL2A: Priority level for the Group
INTAQ, INTA1

"_l SGS-THOMSON

b7-b4 = V7 to V4: Most significant nibble of Exter-
nal Interrupt Vector. Not initialized by reset.

b3 = TLTEV: Top Level Trigger Event bit When
set, the Top Level event is triggered on rising edge
of NMI input pin. Triggering on the falling edge of
the NMI input pin is activated when this bit is “0”
(reset value)

b2 =TLIS: TopLevel Input Selection bit This bit se-
lects the source of the Top Level Interruptbetween
the external NMI pin (when “17, the reset value)
and the Timer/Watchdog End of Count (when “0”).

b1 =1A0S: Interrupt A0 Selection bit When set, the
External Interruptpinis selected as the External In-
terrupt Channel AQ source. When reset the source
is the Timer/Watchdog End of Count interrupt.

b0 = EWEN: External Wait Enable bit When set,
this bit enables the WAIT input pin to stretch the
external memory access cycle. For more details of
the WAIT mode, the reader should refer to the
Clock and Wait chapter or External memory Inter-
face chapter.

NICR R247 (F7h) Page 0 Read/Write
Nested Interrupt Control Register

Reset value: 0000 0000 (00h)
7 0

TLNM | HL6 | HL5 | HL4 | HL3 [ HL2 | HL1 | HLO

b7 =TLNM: Top Level Not Maskable.

If TLNM = “1", a top level request is generated as
TLIP is set. Once TLNM is set, it can be cleared
only with an hardware reset

bx = HLx: Hold Level x These bits are set to “1”
when, in Nested Mode, an interrupt service routine
at level x is interrupted from a request with higher
priority (other than the Top Levelinterrupt request).
Itis cleared by the iret execution when the rou-
tine at level x is recovered.
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WARNING

If a Maskable Top Level Interrupt is generated, and
if the TLI pending bit is cleared by software, any
further External Interrupt request is stopped until a
new Top Level Interruptis generatedand serviced.
The conditions causing this are the following :

1) The Top Level Interrupt is maskable.

2) The arbitration cycle of the Top Level Interrupt
happens during the first INTCLK cycle of the Dl in-
struction.

3) The TLIP bit is cleared (Top Level Interrupt
pending bit, R230, bit 6).

4) The IEN bit is set (Interrupt Enable bit, R230, bit
4).

A workaround to avoid this situation may be imple-
mented in software, by exchangingthe DI instruc-
tion in the program with any other instruction that
clears [EN.

Forexample :
sSTrp # 28 ; System Register Group

bres r6.4 ; Reset bit 4 (equivalent
to DI)
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5 ON-CHIP DMA

5.1 INTRODUCTION

The ST9 includes on chip Direct Memory Access
(DMA) channels to provide high-speed data trans-
actions between peripherals and memory or the
Register File. Multi-channel DMA is fully supported
by peripherals with their own controller and DMA
channel(s). Each DMA channeltransfers data to or
from contiguous locations of the Register File, Pro-
gram Memory or Data Memory. The maximum
number of transactions that each DMA channel
can perform is 222 if the Register File is selected,
or 65536 if Programor Data Memory is selected.

The DMA controller in the Peripheral uses an indi-
rect addressing mechanism to DMA Pointers and
Counter Registers stored in the Register File. This
is the reason thatthe maximum number of transac-
tions for Register File is 222, as two Registers are
allocated for the Pointer and Counter. Register
pairs are used for memory pointers and counters to
offer the full 65536 byte and count capability.

The ST9 supports a fullyprogrammable DMA priority
structure included within the interrupt structure.

Figure 5-1. DMA Overview

5.2 DMA PRIORITY LEVEL ARCHITECTURE

The 8 priority levels used for interrupts are also
used to prioritize the DMA requests, which are ar-
bitrated in the same arbitration phase as interrupt
requests. If the event occurrence requires a DMA
transaction, this will take place at the end of the
current instruction execution. When an interrupt
and a DMA request occur simultaneously, on the
same priority level, the DMA request is serviced
before the interrupt.

Note however that an interrupt priority request
must be higher than the CPL value in order to be
acknowledged. For a DMA transaction request, it
must be equal to or higher than the CPL value in
order to be executed.

Thus only DMA transaction requests can be ac-
knowledged when CPL =7.

DMA requests do not modify the CPL value as the
DMA transactionis non-interruptable.
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DMA TRANSACTIONS (Continued)

Figure 5-2. DMA Between Registers and peripherals
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Figure 5-3. DMA Between Memory and peripherals
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5.3 DMA TRANSACTIONS

The purpose of on-chip DMA channel is to transfer
a block of data from/to the peripheral to/from Reg-
ister File or Memory. Each DMA transfer consists
of three operations:

- A load from/to the peripheral data register to a
location of Register File (or Memory) ad-
dressed through the DMA Address Register (or
Register pair)

- A post-increment of the DMA Address Register
(or Register pair)

- A post-decrement of the DMA transaction
counter, which contains the number of transac-
tions that have still to be performed.

If the DMA transaction is made between the pe-
ripheral and the Register File (Figure 5-2), one
register is required to hold the DMA Address and
one to hold the DMA transaction counter. These
two registers must be located in the Register File:
the DMA Address Register in the even addressed
register, the DMA transaction Counter in the fol-
lowing register (odd address). They are pointed to
by the DMA Transaction Counter Pointer Register
(DCPR) located in the page registers of the periph-
eral. In orderto selectthe DMA transactionwiththe
Register File, the control bit DCPR.RM (bit 0 of
DCPR) mustbe set.

The Transaction Counter Register must be initial-
ized with the number of DMA transfers to perform
and will be decremented after each transaction.
The DMA Address Register must be initialized with
the starting address of the DMA table in the Regis-
ter File, and is increased after each transaction.
These two registers must be located between ad-
dresses 00h and DFh of the Register File.

If the transaction is made between the peripheral
and Memory Space (Program or Data Memory),
a register pair (16 bits) is required for the DMA Ad-
dress and for the DMA transaction Counter (Fig-
ure 5-3. Thus, two register pairs must be locatedin
the Register File. The DMA Transaction Counter is
pointed to by the DMA Transaction Counter
Pointer Register (DCPR), the DMA Address is
pointed to by the DMA Address Pointer Register
(DAPR), both DCPR and DAPR are located in the
page registers of the peripheral. When selecting
the DMA transaction with memory, the control bit
DCPR.RM (bit 0 of DCPR) must be cleared to “0”.

"_l SGS-THOMSON

To select between Program or Data Memory, the
control bit DAPR.DP (bit 0 of DAPR) must be
cleared or set respectively.

Once the DMA table is completed (the transaction
counter reaches 0 value), an Interrupt request to
the CPU is generated.

The DMA transaction Gounter must be initialized
with the number of transactions to perform and will
be decremented after each transaction. The DMA
Address must be initialized with the starting ad-
dress of the DMA table and is increased after each
transaction. These two register pairs must be lo-
cated betweeen addresses 00h and DFh of the
RegisterFile.

Once a DMA channel is initialized, a transfer can
start. The direction of the transfer (data from/to pe-
ripheral to/from memory or Register File) is auto-
matically defined by the type of peripheral and
programming mode.

When the Request Pending bit is set by a hard-
ware event (or by software), and the DMA Mask bit
is set, a DMA request is generated. If the Priority
Level of the DMA source is higher than or equal to
the Priority Level under service (CPL) the DMA
transfer is executed at the end of the current in-
struction. DMA transfer reads/writes data from/to
the location pointed by the DMA Address Register,
increments the DMA Address register and decre-
ments the Transaction Counter Register. When
the content of the Transaction Counter is decre-
mented to zero, the DMA Mask bit (DM) is cleared
and an interrupt request is generated according to
the Interrupt Mask bit (End of Blockinterrupt). This
End-of-Block interrupt request is taken into ac-
count dependingon the PRL value.

WARNING. DMA requests are not acknowledged
if the top level interrupt service is in progress.

5.4 DMA CYCLE TIME

DMA and Interrupt requests are sampled 6
INTCLK cycles before the end of the instruction. If
Wait For Interruptis in progress, requests are sam-
pled every 5 INTCLK cycles. DMA transactionsare
executedif their priority allows it.

A DMA transfer with the Register file takes 8
CPUCLK cycles, except when the Wait For Inter-
rupt is in progress (10 CPUCLK cycles).

A DMA transfer with the memory takes 16
CPUCLK cycles except when the Wait For Inter-
rupt is in progress (18 CPUCLK cycles).
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Figure 5-4. DMA Transactionto Memory
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Figure 5-5. DMA Transaction from Memory
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5.5 THE SWAP-MODE

An extra feature of ST9 DMA channels of some pe-
ripherals (i.e the MultiFunction TIMER) is the
SWAP mode. This feature allows transaction from
two DMA tables alternatively. All the DMA descrip-
tors in the Register File are thus doubled. Two
DMA transaction counters and two DMA address
pointers allow the definition of two fully inde-
pendent tables (they only have to belong the same
space, Register file or Data memory or Program
memory). The DMA transaction is programmed to
start on one of the two tables (say table 0) and, at
the end of block, the DMA controller automatically
swaps to the other table (table 1) by pointingto the
other DMA desctriptors. In this case, the DMA mask
(DM bit) control bit is not cleared, but the End Of
Block interrupt request is generated to allow the
optional updating of the first data table (table 0).

Untilthe swap mode is not disabled, the DMA con-
troller will continue to swap between DMA Table 0
and DMA Table 1.

5.6 DMA REGISTERS

As each peripheral DMA channel has its own con-
trol registers, the following register list should be
considered as a general example. The names and
register bit allocation shown here may be different
from those found in the peripheral chapters.

DCPR Address set by Peripheral Read/Write
DMA Counter Pointer Register

Reset value: undefined
7 0

C7 C6 C5 C4 C3 c2 C1 RM

b7-b1 = C7-C1: DMA Transfer Counter Register(s)
Address

b0 = RM: Register File/Memory SelectorIf set, the
DMA transactions are done with the Register File;
if cleared, the DMA transactions are done with the
Program or Data memory (see DAPR.DP)
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IDCR Addressset by Peripheral Read/Write
Generic Peripheral Interrupt and DMA Control

Reset value: undefined
7 0

IP DM IM | PRL2 [ PRL1 | PRLO

b5 = IP: Interrupt Pending. Set by hardware when
the Trigger Event occurs. Cleared by hardware
when the requestis acknowledgedfor DMA cycles
and externalinterrupts only. Can be set/cleared by
software in order to generate/cancela pending re-
quest. Identicalin function to IP of ICR.

b4 = DM: DMA Mask. If DM = “0” no DMA request
is generatedwhen the trigger event occurs. This bit
is cleared whenever the transaction counter
reaches zero (unless SWAP mode is active).

b3 = IM: Interrupt Mask. If IM = “0” no interrupt re-
quest is generated. If IM = "1” DMA requests de-
pend on DM bit value as shown above.

b2-b0 = PRL2, PRL1, PRLO: Priority Level Defini-
tion of the source priority level. PRL = 0 is highest
priority. If PRL = 7, no interrupt can be acknow-
ledged, DMA requests will be.

DAPR Addressset by Peripheral Read/Write
DMA Address Pointer Register

Reset value: undefined
7 0

A7 A6 A5 A4 A3 A2 Al DP

b7-b1 = A7-A1: DMA Address Register(s) Address

b0 = DP: Data/Program Memory Selector:
(DAPR.RM s “0) if set the DMA transactions are
made with the Data Memory; if cleared the DMA
transactions are made with the Program Memory.
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6 CLOCK

6.1 INTRODUCTION

The ST9 Clock generatormodule generates the in-
ternal clock for the ST9 core and the on-chip pe-
ripherals. The Clock generator can be drivenby an
external crystal circuit, connected to the OSCIN
and OSCOUT pins, or by an external pulse gener-
ator, connected to OSCIN.

6.2 CLOCK MANAGEMENT

The oscillator circuit generates an internal clock
signal with the same period and phase as at the
OSCIN input pin. The maximum frequency allowed
is 24MHz.

As shown in Figure 6-1, the CLOCK1 signal drives
a programmable divider by two. If the control bit
MODER.DIV2 (R235.5) is set, the internal clock
CLOCK2 is CLOCK1 divided by two; otherwise, if
DIV2 bit is cleared, the clock signal CLOCK2 has
the same period and phase as CLOCK1. CLOCK2
drives the internal clock INTCLK delivered to all
ST9 on-chip peripherals and acts as the central
timebase for all timing functions (e.g. Multifunction
Timer or Serial Communications Interface Baud
Rate generator).

The maximum frequency allowed for INTCLK is
12MHz. For internal operating frequencies above
8MHz, it is recommended to work with the Clock
Divider active in order to provide a duty cycle of
50% for INTCLK.

Figure 6-1. Peripheraland Core Clocks

CLOCK2 also drives a programmable prescaler
which generatesthe basic time base, CPUCLK, for
the instruction executer of the ST9 core. This al-
lows the user to slow the program execution time
to reduce power dissipation, and to locally speed
up certain code segments for time critical routines.
The internal peripherals are not affected by the
CPUCLK prescaler. The prescaler value divides
the input clock by the value programmed in the
control bits MODER.PRS2,1,0 (R235.4,3,2). If the
prescaler value is zero, no prescale is made, thus
CPUCLK has the same period and phase as
CLOCK2 and INTCLK. If the value is differentfrom
0, the prescaling is equal to the value plus one,
ranging thus from two (PRS2,1,0 = 1) to eight
(PRS2,1,0 = 7). The clock generated is shown in
Figure 6-2. It must be noticed that the prescaling of
the clock does not keep the duty cycle to 50%, but
stretches the high level of the clock until comple-
tion.

When External Memory Wait (or Bus Request or
Wait for Interrupt) events occur, CPUCLK is
stretched on the high level for the whole period re-
quired by the function.

Note. The added wait cycles refer to the INTCLK
frequency and not the original CPUCLK.

Figure 6-3 shows an example of a memory access
cycle with the CPUCLK prescaled by 2 and with 5
added Wait states.

— MEMORY WAIT STATE
BUS REQUEST
WAIT FOR INTERRUPT
] CLOCK
—L DIVIDE PRESCALER
— 0sC — ——  CPUCLK
L CLOCKT BY2 | Jclockz2| 1708 CONTROL (CORE CLOCK)
MAX MAX INTCLK
24MHz 12MHz (PERIPH. CLOCK)
L VADDA448
01-95 [Nz SGS-THOMSON 537194
Y nicromEcTRGHICS
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6.3 CLOCK CONTROL REGISTER
The ST9 clock division by 2 and the clock prescak Figure 6-2. Core Clock Prescaling

ing are controlled by the MODER register.

Note. This registercontainsbits with otherfunctions.
Only the bits relating to control of the clock are
shown here.
we T LML
MODER R235 (EBh) System Read/Write
Mode Register
Reset Value : 1110 0000 (EOh) i
JEREpEpEpEpEpEpEpE
7 0
e N N N N
X X | DIv2 [PRS2 |PRST|PRSO| X X ot 7 | | | | |
b5 = DIV2: OSCIN Divided by 2. This bit controls the o T LI L
divide by 2 circuit which operates on the OSCIN FEET 1] 1]
Clock. A logical “1” value means that the OSCIN
clock is internally divided by 2, anda logical “0” value o LI
means that no division of the OSCIN Clock occurs. m | L]
b4-b2 = PRS2, PRS1, PRSO: Prescaling of ST9 " s
Clock. These bits define the prescaler value used to U
prescale the CPUCLK from INTCLK. When these VADOZED
three bits are reset, the CPUCLK is not prescaled,
and is equal to INTCLK; in all other cases, the inter-
nalclock is prescaled by the value of (PRS2,1,0+1).

Figure 6-3. Memory Access with a Clock Prescalerby 2 and 5 Wait Cycle

+
| T1 | T2 | TW| TW| TW| TW| TW| T3 |
INTCLK
CPUCLK | | | | | | ||
PORT1 hod A8-A15 X
PORT6 < AO-A7 X
PORTO -
(READ) X ___A0-A7 DO-D7 IN >
PORTO
(WRITE) X mA7 X Do-D7 OUT X
BTN/ N
DS T
(READ) \
DS .
(WRITE) \
RIW X X
P/D X X
| | I |
L VA00259
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6.4 OSCILLATOR CHARACTERISTICS

The on-chip oscillator circuit (Figure 6-4) is an in-
verting gate circuit.

Note. Owing to the Q factor required, Ceramic
Resonators may not provide a reliable oscillator
source.

InHalt mode, set by means of the HALT instruction,
the parallel resistor R is disconnected and the os-
cillator is disabled, forcing the internal clock
CLOCKT1 to a high level and OSCOUT to a high
level.

To exit the HALT condition and restart the oscilla-
tor, an external RESET pulse is required of a mini-
mum duration of 12ms (Figure 6-7).

It mustbe noted that if the Timer/Watchdog watch-
dog functionis enabled,a HALT instructionwill not
disable the oscillator. This to avoid stopping the
watchdog if, by an error, a HALT code is executed.
When this occurs, the ST9 CPU falls into an end-
less loop ended by the watchdog (or external) re-
set.

Figure 6-5. Crystal Oscillator
CRYSTAL CLOCK

ST9

OSCIN

OScouT

[
C ||:|| | C
L1% % L2

™* VA00267
* Recommended for oscillator stability

Figure 6-4. Internal Oscillator Schematic

| 1
L 1
R
RIN |ii| RC)IJT
LA |
LJ LJ
OSCIN OSCoUT
VAD0269
Note: ROUT<50Q R>1MQ  300Q < RIN < 500Q

Figure 6-6. External Clock

EXTERNAL CLOCK
ST9
OSCIN OSCOUT
1 ]
NC
CLOCK
INPUT VA00268

Table 6-1. Crystal Specification (CO <= 7pF)

Table 6-2. Oscillator Transductance

Frequency |C1=C2=56pF|C1=C2=47pF|C1=C2=22pF gm Min Typ Max
(MHz) Rs Max Rs Max Rs Max
mA/V 3 58 9.5
24
20 25 70 Legend:
Rs: Parasitic Series Resistance of the quartz crystal (upper limit)
16 40 60 150 CO: Parasitic capacitance of the quartz crystal (upper limit, < 7pF)
C1, C2: Maximum Total Capacitances on pins OSCIN and
12 80 100 250 OSCOUT(the value includes the external capacitance tied to
thepin plus the parasitic capacitance of the board and of the
device)
8 180 240 600 gm: Transconductance of the oscillator
Note.The tables are relative to the fundamental quartz crystal only
4 700 800 600 (not ceramic resonator).
[N7 SGS-THOMSON 557194
Y hicromEeTRGHIES



ST9 - Clock (ST902x)

OSCILLATOR CHARACTERISTICS (Continued)

Figure 6-7. Oscillator Start-up Sequence

CC MAX

CC MIN

OSCIN
OSCOoUT

12ms t

t
VA00295
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7 RESET

7.1 INTRODUCTION

The processor Reset overrides all the other condi
tions and forces the ST9 to the reset state. During
Reset, the internal registers are set to the reset
value, as shown in Table 7-1 for the system and
Page 0 Registers and the I/O pins are set to the
Bidirectional Weak Pull-up mode (see Warning).
The programmer must then initialize the ST9 sys-
tem and peripheral control registers to give the re-
quired functions.

7.2 RESET GENERATION

The reset condition canbe generatedby the exter-
nal pin RESET or by the on-chip Timer/Watchdog.

The on-chip Timer/Watchdog generates a reset
condition if the watchdog mode is enabled
(WCRWDEN cleared, R252 page 0), and if the
programmed period elapses without the specific
code (AAh,55h) written to the appropriate register.
The input pin RESET is not driven low by the on-
chip reset generated by the Timer/Watchdog.

During reset, the DS output signal is kept low and
the AS output is toggled with the crystal frequency
(input at OSCIN) divided by 32. This condition is
recognized by off-chip Z-bus peripherals as a reset
condition.

Figure 7-8. Signal to be applied on Reset Pin

Reset

: 7 //V 0 7?/ =5

|
0.3V !
I

‘7

tRL= Minimum Low State
RESET = 53 OSCIN Cycles

VR000166

01-95
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7.3 RESET PIN TIMING

The RESET pin has a Schmitt trigger input circuit
with hysteresis. The internal reset is generated by
the external pin synchronized with the internal
clock. The power up reset circuit must keep the
RESET input low for a minimum of the crystal
startup period plus 53 crystal periods.

Once the RESET pin reaches a logical “1”, the
processor exits from the reset status after 67 crys-
tal periods from the rising edge (DS is set). The
processor then fetches from Program Memory lo-
cations 0 and1 (power-onreset vector) and begins
program execution from the address contained in
the vector. If the ST9 is a ROMLESS version, with-
out on-chip program memory, ports Port0, Port1
(and Port6 for ST905x family) are set to external
memory mode (i.e Alternate Function) and the
memory accesses are made to external Program
memory with wait cycles insertion.

WARNING: /O pins are set to the Weak Pull-up
mode during the Reset cycle. This state is forced
during the reset sequence, but the I/0 pins can be
in a random state for up to 64 crystal periods.

The application circuit must take this into account if
it can lead to critical situations in the external cir-
cuitry.

7.4 PROCESSOR SYNCHRONIZATION UNDER
RESET

During reset, a specific procedure has been imple-
mented to synchronizetwo or more oscillators in a
multi-micro ST9 based system, for example a ma-
jority voting high reliability system. Figure 7-9
shows the principle schematic for the multi-micro-
processor synchronization. The master processor
delivers the synchronous signal, output at its AS
pin, to the R/W pin of the slave processors. The
R/W pin is, under reset status, set to input with a
weak (10kQ typical) pull up resistor. The slave
processor(s) synchronizes its internal clock phase
with the clock received at its R/W pin. To guarantee
the phase synchronization, the reset status must
be at least 32x31 = 992 crystal periods. All the
processors must have the same input clock.

57/194
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RESET (Continued)
Table 7-1. Internal Registers Reset Values
ﬁiﬂs;:: System Register Reset Value Page 0 Register Reset Value

F (SSPLR) undefined Reserved
E (SSPHR) undefined (SPICR) 00h
D (USPLR) undefined (SPIDR) undefined
C (USPHR) undefined (WCR) 7Fh
B (MODER) EOh (WDTCR) 12h
A (Page Ptr) undefined (WDTPR) undefined
9 (Reg Ptr 1) undefined (WDTLR) undefined
8 (Reg Ptr 0) undefined (WDTHR) undefined
7 (FLAGR) undefined (NICR) 00h
6 (CICR) 87h (EIVR) x2h
5 (PORTS5) FFh (EIPLR) FFh
4 Reserved (EIMR) 00h
3 (PORT3) FFh (EIPR) 00h
2 (PORT2) FFh (EITR) 00h
1 (PORT1) FFh Reserved
0 (PORTO) FFh Reserved

Figure 7-9. Synchronization Under Reset

RESET
CLOCK QSCIN AS
ST9
RESET R/W —
GSCIN AS [
ST9
RESET R/W
OSCIN crq AS =
RESET R/W
VRO00165
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RESET (Continued)

Figure 7-10. Exit From Reset Timing

T>53 OSCIN CYCLES ———|

1

SCIN CYCLES

1

T<3 QSCIN CYCLES

T\
T
|
T
| 3
|
|
i
[

EXTERNAL
RESE

START PROGRAM
EXECUTION
L
I
N
1
| |
[
| |
[
[
[
-
1

CLK

|FETCH ADDRD|FETCH ADDR1| |FETCH 1 BYTElFETCH 2n BY‘IEl

vROO1406
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Notes:
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8 EXTERNAL MEMORY INTERFACE

8.1 INTRODUCTION

In the event of an application requiring more
ROM space than available on-chip, or for easier
program management and customization with
external memory or peripherals, the ST9 micro-
controller provides an external memory interface.
The external memory interface provides the
memory lines and timing and status control sig-
nals, plus enhanced features including program-
mable memory wait cycles, bus
request/acknowledgecycles and shared memory
bus access control.

The ST9 Memory Control Unit automatically recog-
nizes if a memory location belongs to on-chip
memory. When the memory location is on-chip, it
performs a machine cycle without DS generation,
andthe accessis performedon-chip. If the location
does not belong to on-chip memory, an access to
off-chip memory is performed (generating the DS
low pulse) through the Ports 0, 1 (and 6 for ST905x
family).

During Reset, AS and DS are driven to petform exter-
nal peripherals resetand to implement, in conjunction
withthe RW pin, a multi-microprocessor synchroniza:
tionprocedure (see Clock and Reset chapters).

8.2 CONTROL SIGNALS

AS

Address Strobe (Output, Active low, Tristate). The
rising edge of AS indicates that Memory Address,
R/W and P/D Memory signals are valid.

ASis releasedin high-impedanceduringa Bus ac-
knowledgecycle or underprocessor control by set-
ting the HIMP bit (MODER.0).

DS

Data Strobe (Output, Active low, Tristate). Data
Strobe provides the memory data timing during ex-
ternal memory access cycle. When internal mem-
ory is accessed, DS is kept high during the whole
memory cycle. During an External memory write
cycle, the data output at Port 0 is valid when DS is
active. During a read cycle, the data at Port 0 must
be valid before the trailing edge of DS.

DS is releasedin high-impedanceduring a Bus Ac-
knowledgecycle or underprocessor control by set-
ting the HIMP bit (MODER.0).

01-95
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R/W

Read/Write (Output, Active low, Tristate). The RW
output signal identifies the type of memory cycle.
When R/W = “1”, the_ memory cycle is a Memory
Read cycle; when R/W =“07, itis a Memory Write
Cycle. R/W output signal is defined at the begin-
ning of the memory cycle and is stable until the
next Memory cycle.

R/W is released in high-impedance during Bus ac-
knowledge cycle or under processor control by set-
ting the HIMP bit.

PD

Program/Data Memory (Alternate Function Out-
put, Active low). The P/D output signal selects be-
tween Program and Data Memory. When P/D =
“1”, the memory referencedby the processoris the
Program Memory; when P/D = “07, the memory ref-
erenced is the Data Memory. The P/D output sig-
nal is defined at the beginningof the memory cycle
and is stable until the nextMemory cycle.

P/D is enabled by software as the Alternate Func-
tion output of a parallel port bit (refer to the Pin
Configuration and Alternate Function tables to
identify the specificport and pin).

WAIT

External Memory Wait (Input, Active low). The
WAIT input signal indicates to the ST9 that the ex-
ternal memory requires more time to complete the
memory access cycle. The memory cycle will then
be stretched. WAIT is enabled by setting EWEN
(EIVR.0 R246 Page 0).

BREQ
Bus Request (Input, Active low). The BREQinput
signal indicates to the ST9 that a bus request has
tried or is trying to gain control of the memory bus.
BREQ is enabled by setting BRQEN (MODER.1
R235).

BACK

Bus Acknowledge (Alternate Function Output, Ac-
tive low). The BACK output signal indicates that
the ST9 has relinquished control of the memory
bus in response to a bus request.
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CONTROL SIGNALS (Continued)

PO

Port 0 (Input/Output, Push-Pull/Open-Drain/Weak
Pull-up). Port0 can be configuredas abit program-
mable Parallel I/O port or as External Memory in-

terface for multiplexed Low-Address/Data
(A0-7/D0-7).
P1

Port 1 (Input/Output, Push-Pull/Open-Drain/Weak
Pull-up). Port1 can be configuredas abit program-

mable Parallel I/0 port or as External Memory in-
terface for the High-Address (A8-A15).

P6 (When available)

Port 6 (Input/output, Push-Pull/Open-Drain/Weak
Pull-up). This port, when available, can be config-
ured as bit programmable Parallel I/O port or as
External Memory interface for the Low-Address
(A0-7), allowing a non-multiplexed memory bus
capability.

Figure 8-1. ST9 Accessing External Program and Data Memory.
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8.3 MEMORY ACCESS CYCLE

Each memory access cycle is composed of three
CPUCLK phases:T1, T2, T3. Duringphase T1, the
memory address is output upon AS falling edge
and is valid upon the rising edge of AS. Port1 and
Porté maintain the address stable until the next T1
phase.

If the Memory access cycle is a Read cycle, Port0
pins are released to high impedance with the fall-
ing edge of DS until the next AS falling edge.

If the Memory access is a Write cycle, PortO is held
active, the data is output during T2 and is main-
tained until the next address is output (upon the
falling edge of AS). DS is pulled low during T2 only
if the Memory access is an External Memory ac-
cess. If the memory cycle is a Memory Read, it is
pulled low at the beginning of T2. If it is a Memory
Write, DS is kept low from the middle of T2 until the
middle of T3.

Figure 8-2. External Memory Read/Write.

8.4 STRETCHED ACCESS CYCLE

The ST9 can interfaceto memory with slow access
times by automatically inserting additional Wait cy-
cles during the External Memory cycle. On-chip
memory accesses do not require WAIT cycles and
run at the full speed of CPUCLK.

Three Wait cycle sources are available:

- The input pin WAIT from external sources

- Theinternal programmable Wait cycle generator
- Internal memories with stretched access cycle

The input pin WAIT (when enabled) is sampled on
the CPUCLK falling edge of phase T2. If active
(low), one INTCLK clock cycle will be added. Dur-
ing the added clock cycle, the WAIT pin is sampled
again. CPUCLK is stretched for as long as the
WAIT inputis active.

The internal programmable WAIT cycle generator
allows the extension of the External Memory cycle
automatically by the programmednumber of WAIT

&7

cycles. Two three bit fields in the Wait Control Reg-
ister WCR (R252 Page 0) allow the stretching of
+ Program and Data Memory access cycles inde-
- - 3 pendentlyby 0to 7 cycles. WPM2,1,0(WCR.5,4,1)
contain the number of Program memory wait cy-
| cles to be added, WDM2,1,0 (WCR.2,1,0) contain
CPUCLK — the number of Data memory wait cycles to be
added.
PORT1 A15- A8
[ [ [ | Table 8-1. Number of wait cycles added
PORTS A7-ho WDM2 |WDM1|WDMo| Nb of Clock
' WPM2 |WPM1|WPMO| cycleadded Note
PORTO _
(READ) AT-RO0 <DO'D7 IN> <: 0 0 0 0 No Wait cycle
0 0 1 1
PORTO A7-AO D0-D7 OUT 0 1 0 2
(WRITE)_ 0 1 1 3
— 1 0 0 4
AS 1 0 1 5
. N 1 1 0 6
DS 1 1 1 7 Reset Value
(READ)
= R
(WRITE)
RIW
[ [ I [ |
P/D X:
| 1 1 1 1
VR000441
+
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STRETCHED ACCESS CYCLE (Continued)
Figure 8-3. External Memory Read/Write Sequence with External Wait.

INTCLK

™

T2

T™W

T™W T™W

T3

WAIT

WA

/1]

CPUCLK

PORT1

PORT6

PORTO
(READ)

A7-A0

/DO-D7I

\

)

Do- D7 OUT

\
VR000442
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STRETCHED ACCESS CYCLE (Continued)
Figure 8-4. External Memory Read/Write Sequence with Programmable Wait.

T1

INTCLK

PROGRAMMED WAIT CYCLES

T3

CPUCLK

-/

/L

L&

PORT1

A15- A8

PORT6

A7- A0

PORTO
(READ)

A7 - A0

6

\

0-D7IN>—

PORTO
(WRITE)

A7-A0

(READ)

DS
(WRITE)

RW

P/D

VR000443

&7
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8.5 SHARED BUS

Whenthe ST9 runs in a multi-master bus system, it
is hecessary to release the bus control to other bus
master(s). This operation can be performed by the
Bus Request/Acknowledge capability supported
by the ST9.

Once enabled by setting BRQEN (MODER .1
R235),B BREQis sampled by the ST9 upon the fall-
ing edge of the internal clock during the phase T3.
When the BREQ signal is sampled low, the
CPUCLK clock is stretched and the External Mem-
ory signals (AS, DS, R/W, PO, P1(, P6 for ST905x))
are released to high-impedance. The input signal

BREQis then continuously monitored, and when it
is sampled high the External Memory interface
pins are driven again by the ST9 after two addi-

Figure 8-5. Bus Request/Acknowledge Timing.

tional internal clock cycles. These cycles are used
to fully drive and propagate the control and data
sighals through the external memory bus before
CPUCLK s restarted.

The output signal BACK is driven low during the
whole period when the External Memory interface
is released to highimpedance.

Under the Reset status, the bits of the I/O port(s)
associated to BREQ and BACK are set to Bidirec-
tional Weak pull-up mode and the enable bit
BRQEN is cleared. To enable this function, the
program must set the BACK port as an Alternate
Function output and enable (set to “1”) the bit
BRQEN.

| T3 | TACKI | TACK M ™I | X2 | T
| | | | | 1
! L ! ! !
wew || I I
| : ! : ] 1 ]
BUSREQ [ l I I ! I ' I !
I L I ! I ! I !
T 1 71 T I 1 ! I
| T U R A R
INT BREQ | ! ! i I : ! | ! : !
1 ! o [ | H 1 ! !
] | v/ t 1 ™ 1 > 1 !
I : ! | ' I H I i 1
BUSACK : I | I : | y 1 | I | 1
1 | 1 |7 1 1 1 | | 1
1 ! | L | | ! 1 ! | !
: | I [T | | 1 1 | | |
H | LA 1 I I H 1 H I
CPUCLK I I I I 1 I I I I I I
! | ! 1 I I 1 1 ! I I
| | 1 | | 1 1 | | |
: 1 | | 1 1 | L 1
1 I I
PORT! A15 — AB . /—n—o—(l ; | A15 — AB XA15 - AB
| 1 1 | T T T f T
: : : 1 1 L L | L
PORTE A7 - AQ | /—n—t—al | | A7 — AD XA? - AQ
| 1 | | T T T f T
I I : 1 I I 1 I I I
PORTO _Lfh7 _ o W) . I I ; I I (a7 a0
(READ) | I [ I I I i I i
1 I ! 1 I I 1 1 I |
: : I | L L 1 L
PORTO _ - A7 — A0
(weiey D7 — 08 ou)— | : D7 — DO OUT X
T I S
I | I ! : I 1 1 I 1
1 | I 1 1 I I 1
1 I I ! | I | 1 1 I I
1 I | : : : : 1 | | |
| | T T T T 1
== 1 I | | 1 | / 1 1 I | 1
0s I 7~ ] ] I I I I i
I ! 1 I I 1 1 I | 1
1 : : : : / 1 1 1 1 :
W e —t + t I
—_— I 1 I I T T T { 1
1 1 1 | ’l‘.r 1 1 L 1 1 1 1 1
P/D X
T T T T .l'll! L] T T L T 1 1 T
1 1 1 | 1 1 | 1 1 1 1 1
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SHARED BUS (Continued)

Whenit is required to disable the externalbus, but
to keep the processor running in the on-chip mem-
oty, the external memory bus can be disabled by
software programming of the HIMP (MODER.0)
control bit. By setting HIMP, the External Memory
Interface (AS, DS, R/W and Port0, Port1 (and
Port6), if not configured as I/O lines) is set into a
high impedance state. In this way, the external
memorybus can be used by anotherresource (e.g.
diagnostic equipment or external programming of
system memories) and the ST9 program can con-
tinue accessing the on-chip memory. This feature
can also be useful for high security applications
where the flow and addresses of the on-chip secu-
rity algorithms must not be shown on the external
address pins.

When running in internal memory, disabling the ex-
ternal bus will reduce the noise emitted by the mi-
cro.

8.6 PORTS PO, P1 INITIALIZATION AFTER RE-
SET

The Port 0 and Port 1 initialization after reset de-
pends on the configuration of the ST9 as shown in
Table 8-2.

If the device has on-chip Program memory (ROM
or EPROM), the ports (or the existing parts of
them) are set to Bidirectional Weak Pull-up Mode.

If the device is ROMLESS or a ROM device with
the ROMless function enabled, the ports (or the ex-
isting part of them) are set to Alternate Function
Push-Pull Mode, providing the Address and Data
lines to interface to the external Program and Data
Memory from Reset.

Table 8-2. Port status after Reset

The disabling o‘f t’he External Memory Interface by Device Port 0, 1, 6 Initialization

settingHIMP = “1” can be interrupt driven by apply-

ing the “Bus Request” input signal to an External ROM Bidirectional Weak-Pull-Up

Interrupt pin. In this case the bus disable response EPROM (PxCO, PxC1, PxC2 = 0,0,0; Data = 1)

time will be longer than the automatic system using

the BREQrequest, however the ST9 can continue Memory Address and Data Alternate

to executethe programwritten in the on-chip mem- ROMLESS | Function Push-Pull

ory. (PxCO0, PxC1, PxC2 = 1,1,0; Data = 1)
LNy SGS5-THOMSON 67/194
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8.7 PIPELINE

The ST9 implements pipe-line stages on instruc-
tion fetch and execution in order to increase the
execution speed. The instruction execution is in
fact hidden by the Memory access cycles: the exe-
cution of one instructionis overlappedwith the pre-
fetch of the two successive bytes. The fetch of the
first byte (opcode) is identified by the machine cy-
cle M1, the fetch of the second byte by M2.

Figure 8-6. Instruction Pipe-line Stages

The 2 bytes instructions, whose executiontime is 6
CPUCLK cycles, have the instruction execution
hidden by the following instruction prefetch. For
those instructions that require an execution time
longer than the time to prefetchthe following bytes,
perform memory access during their execution or
interrupt the sequential memory access, the pipe is
flushed.

CPUCLK

M1 M2

INSTRUCTION N-1 [ FETCH 1 I FETCH 2

I 1 1 1 1 1
M T2 T3 M T2 73T T2 13T T2 T3 M T2 T3 |7 T2 13

M1

M2 M1 M2

DECOD

ACCESS REGISTERS
AND EXECUTE

INSTRUCTION N

FETCH 1 I FETCH 2

INSTRUCTION N+1

ACCESS REGISTERS
AND EXECUTE

T reTon |

DECQDE|

FETCH 2

ACCESS REG.
DECODER AND EXECUTE

e e

PRE-FETCH

re—— INSTRUCTION COMPLETION ——=

Yy ___

I

]

1

1

]

]

I

I

]

I
T
HIDDEN EXECUTION

VRO 79
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ST9 - External Memory Interface (ST902x)

8.8 “SPURIOUS” MEMORY READ ACCESSES

The ST9in certain cases produces external mem-
ory accesses which may be regarded as “Spuri-
ous” in their nature. While these do not affect the
correct operation of the ST9, these accesses may
cause misunderstandings when developing and
debugging applications as the signals AS and DS
are produced, and Ports 0, 1, (6 for ST905x) output
updated addresses (if used to interface to external
memory).
The spurious reading cycle is produced when exe-
cuting specific instructions. This is one of 4 cases:
double reading, reading before writing, reading
when the stack is internal or prefetch reading.
- DOUBLE READING
A memory location read by the ST9 is read two
times consecutively (instead of one).

Involved instruction(s):
DIV ; divide (16/8)
The first byte of the code following DIV is fetched
two times. The double reading does not occur if the
Overflow flag was set by DIV, or if Divide by zero
was trapped. The P/D line remains high during the
cycle.
- READING BEFORE WRITING
A memory location which is to be written to by
the ST9 is previously read.
Involved instruction(s):
1D (rr)+, (r)+

rr,r

;load (byte)
:Memory, Register
The destination memory locationis readbefore be-

ing written. The P/D line reflects the memory space
of the destinationmemory location.

- READING WHEN THE STACK IS INTERNAL
If the System and/or User Stack has been pro-
grammed to use the Register File, a memory

While a byte is being POped fromthe Register File,
a memory location in Data Space is read in parallel
with its address given by SSPHR+SSPLR for pOP
instructions and by USPHR+USPLR for POPU in-
structions. The external data is ighored.

POPW RR ; POP (word) from System Stack
POPUW RR ; POP (word) from User Stack

While the high er address byte is being popped
from the Register File, a memory location in Data
Space is read in parallel with its address given by
SSPHR+SSPLR for POPW instructions and by
USPHR+USPLR for poPUW instructions. No spuri-
ous reading is made for the lower byte.

RET : Return from Subroutine

While the Program Counter Higher and Lower
bytes are PoPed from the Register File, two mem-
ory locations are read at addresses given by
SSPHR+SSPLR.

IRET ; Return from Interrupt

While the Program Counter Higher and Lower
bytes and the FLAGS are poped from the Register
File, three memory locations are read at addresses
given by SSPHR+SSPLR. When working with In-
ternal Stacks, SSPHR and USPHR contents are
don't care from the pointof view of program execu-
tion, but they must be considered RESERVED by
the User as the instructions listed in this section
perform updatingof SSPHR/USPHR, togetherwith
the spurious reading.

- PREFETCH READING
Due to the ST9 Pipeline, instructions which
stop the Core or which perform program
branches can fetch bytes of the following pro-
gram code while the pipeline is being flushed.

Involved instruction(s):

location of Data Space is POPed in parallel. WE'I ; Wait For Interrupt
Involved instruction(s): reads two bytes of the following code.
POP R ;POP (byte) from System Stack HALT Halt
. (R) - (”y ) - ”y CALL(rr) ; Unconditional Call subroutine
; read one _byte of the following code in Program
igig (i) : POP (l::yte) fr?m U”ser Stack space (P/D high).
L3y S5s-THOMSON oortod
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8.9 REGISTERS

WCR R252 (FCh) Page 0 Read/Write
Wait Control Register
Reset Value: 0111 1111 (7Fh)

7 0

X | WDGEN [WDM2|WDM1 |WDMO|WPM2 | WPM1 |WPMO

b7 = Reserved, reads as a “0”.
b6 = WDGEN: refer to Timer/Watchdog chapter.

WARNING. Resetting this bit to zero has the effect
of setting the Timer/Watchdog to the Watchdod
mode. Unless this is desired, this mustbe set to “1”.

b5-b3 = WDM2-0: Data Space Wait Cycles. These
bits contain the number of INTCLK cycles to be
added automatically to external Data memory ac-
cesses. WDM = 0 gives no additional wait cycles,
WDM = 7 provides the maximum7 INTCLK cycles
(this is the reset condition in orderto allow the use
of slow access time external memory, if faster
memory is used, then this value may be modified
by the User).

70/194
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b2-b0 =WPM2-0: Program Space Wait Cycles.
These bits contain the number of INTCLK cycles to
be added automatically to external Program mem-
oty accesses. WPM = 0 gives no additional wait cy-
cles, WPM = 7 provides the maximum 7 INTCLK
cycles (this is the reset condition in order to allow
the use of slow access time external memory, if
faster memory is used, then this value may be
modified by the User).

Note. the number of clock cycles added refer to
INTCLK and NOTto CPUCLK.

WARNING. The Wait Control Register is reset to
give the maximum number of Wait cycles for exter-
nal memory. To give the optimum performance of
the 8T9 when used in single-chip mode (no exter-
nal memory) the WDM2,1,0 and WPM2,1,0 bits
should be resetto “0”.
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9 I/0 PORTS

9.1 INTRODUCTION

The ST9 is provided with dedicated lines for in-
put/output. These lines, grouped into 8-bit ports,
can be independently programmed to provide
parallel input/output, or to carry input/output sig-
nals 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 compatible.

Figure 9-1. /O Register Map

9.2 CONTROL REGISTERS

Each port PX has a Data Register PX, and three
associated control registers (PXC0, PXC1, PXC2)
which define the port line configuration and allow
dynamic change in port configuration during pro-
gram execution. Ports and control registers are
mapped into the Register File as shown in Fig-
ure 9-1 Ports and control registers are treated like
any other general-purpose register. There are no
special instruction for port manipulation, any in-
struction 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.

Applicable to ST902x
GROUP E GROUP F
PAGE2 PAGE 3
FFh Reserved R255
FEh P3C2 R254
FDh P3C1 R253
FCh P3CO R252
FBh Reserved R251
FAh pP2C2 R250
Foh P2C1 R249
F8h P2CO0 R248
F7h Reserved | HDCTL5 R247
Feh P1C2 P5C2 R246
E5h P5DR R229 F5h P1C1 P5C1 R245
E4h R228 F4h P1CO P5CO R244
E3h P3DR R227 F3h Reserved | R243
E2h P2DR R226 F2h PoC2 Reserved R242
Et1h P1DR R225 F1h POC1 R241
EOh PODR R224 Foh POCO R240
01-95 "_l %chgﬂ%@%&@"s 71/194
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CONTROL REGISTERS (Continued)

During the reset state, all the Ports are set as bidi-
rectional/weak pull-up mode, with the output data
register set to FFh. This conditionis also held after
reset (except for Ports 0, 1 (, 6 for ST905x)in ROM-
less devices, see Memory chapter) and can be re-
defined under software control at any time.

9.3 PORT BITSTRUCTURE AND PROGRAMMING

By programming the control bits PXC0.n and
PXC1.n (see Figure 9-2) it is possible to configure
bit PX.n as Input, Output, Bidirectional or Alternate
Function Output, where X is the number of the 1/0
port, and n the bit within the port (n=0t07).

When programmed as input, it is possibleto select
the input level as TTL or CMOS by programming
the control bit PXC2.n.

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
Bidirectional. This is an Open-drain configuration
with a high pull-up resistor value (turned on by writ-
ing a “17), to avoid the requirement for external re-
sistances.

Figure 9-2. Control Bits

The basic structure of the bit PX.n of a general pur-
pose port PX is shown in Figure 9-3.

Independently to the chosen configuration, when
the User addresses the port as an destinationreg-
ister 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 ad-
dressed 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 PX.nis programmed as Input: (Figure 9-4)
- The Output Buffer is forced tristate

- The data present on the I/O pin is sampled into
the Input Latch at the beginning of the execution
of the instruction which is accessing the port.

- 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
PX.n is reconfigured as Output or Bidirectional,
the data stored in the Output Slave Latch is re-
flectedon the I/O pin.

Bit 7 Bit0
PXC2 PXC27 PXC2n PXC20
PXCH1 PXC17 PXC1n PXC10
PXCO PXC07 PXCOn PXC00
Table 9-1. Port Bit Configuration Table
PXC2n 0 1 0 1 0 1 0 1
PXC1n 0 0 1 1 0 0 1 1
PXCOn 0 0 0 0 1 1 1 1
PXn Configuration BID BID ouT | out IN IN AF AF
PXn Output wP oD PP oD HI HI PP oD
PXn Input TTL TTL TTL TTL | cMOS | TTL TTL TTL

Legend:

X = Port OD = Open Drain

n Bit WP = Weak Pull-up

AF = Alternate Function PP = Push-Pull
HI = High Impedance BID = Bidirectional
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TTL =TTL Standard Input
CMOS= CMOS Standard Input
IN = Input

OUT =Output
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PORT BIT STRUCTURE AND PROGRAMMING (Continued)
Figure 9-3. Basic Structure of an 1/0 Port Pin

1/0 PIN
| 1
PUSH PULL
TRISTATE cwis
OPEN DRAIN
WEAK PULL-UP
OUTPUT SLAVE LATCH o ALTERNATE
FUNCTION (IN)
ALTERNATE
INPUT
FUNCTION —o ~o—¢ ‘\ BIDIRECTIONAL
(ouT) ALTERNATE
FUNCTION
INPUT QUTPUT QUTPUT
BIDIRECTIONAL oo
\
OUTPUT MASTER LATCH INPUT LATCH
! |
¢ INTERNAL DATA BUS <
VAQD222
Figure 9-4. Input Configuration Figure 9-5. Output Configuration
1/0 PIN 1/0 PIN
1 1
T 1| T
m
TRISTATE OPEN DRAIN
CMOS PUSH—-PULL m
QUTPUT SLAVE LATCH JALTERNATE OUTPUT SLAVE LATGH 4 JALTERNATE
FUNCTION FUNCTION
A
oo o—0o
OUTPUT MASTER LATCH INPUT LATCH QUTPUT MASTER LATCH INPUT LATCH
\
Z INTERNAL DATA BUS ; Z INTERNAL DATA BUS Z
VA00224 VA00225
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PORT BIT STRUCTURE AND PROGRAMMING (Continued)

When PX.n is programmed as Output: (Figure 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 I/O pin, at the
end of the execution of each instruction.

When PX.n is programmed as Bidirectional: (Fig-
ure 9-6)

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

- The data present on the I/0 pin is sampled into
the Input Latch at the beginning of the execu-
tion of each instruction

- The data stored in the Output Master Latch is
copied into the Output Slave Latch, driving the
IO pin, at the end of the execution of each in-
struction.

WARNING. Due to the unique feature of the bidi-
rectional mode of reading the external pin instead
of the output latch, particular care must be taken
with arithmetic/logic and boolean instructions per-
formedon a bidirectional port pin.

These instructions use a read-modify-wtite sequence,

and the result wntten in the port register depends on
thelogical level presenton the external pin.

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

Figure 9-6. Bidirectional Configuration

For example:
Port register content external port value
OFh 03h

(Bits 3 and 2 are externally forced to 0)
Making a bset instruction on bit 7 will return:

Port register content external port value
83h 83h

(Bits 3 and 2 have beencleared.)

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 I/O port.

When PX.n is programmed as Alternate Function
Output (Figure 9-7) except fo Analog Inputs :

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

- The data present on the I/O pin is sampled into
the Input Latch at the beginning of the execu-
tion of eachinstruction

- A signal coming from an on-chip Function is al
lowed to load the Qutput Slave Latch driving
the 1/0 pin. Signal timing is under control of the
Function. If no Function is connected to PX.n
the 1/0 pin is driven to a high level in Push-pull
configuration and is driven to high impedance
in open drain configuration.

Figure 9-7. Alternate Function Configuration

VADO226

1/0 PIN 1/0 PIN
/Qﬂ | /aﬂ
WEAK PULL—UP
OPEN DRAIN
DFEN DRAIN m PUSH—PULL it
QUTPUT SLAVE LATCH ALTERNATE
OUTPUT SLAVE LATCH
ALTERNATE
- FUNCTION (IN)
FUNCTION
ALTERNATE
FUNCTION (OUT)
OUTPUT MASTER LATCH INPUT LATCH INPUT LATCH
¢ INTERNAL DATA BUS Z 3 INTERNAL DATA BUS <

VADO0227

74/194

L[v7 SGS-THOMSON
Y/ ricronicTRcHICS




ST9 - 1/0 Ports (ST902x)

9.4 ALTERNATE FUNCTION ARCHITECTURE

Each single I/O pin may access three different
types of ST9 internal signals:

- Databusline (I/0)
- ‘Alternate Function’ Input
- Alternate Function Output

Each pin configuration is made by software, thus
allowing the User to choose the type of signal to
access a pin. The choice of type of signalis made
with the registers PXC2, PXC1, PXCO0 of the I/0
Port X (Please refer to the previous section for
more details)

Pins Declared as an I/0

A pin declared as an I/O is a pin connected to the
I/0O buffer. In such a case, this pin may eitherbe an
Input or an Output or an I/O depending on the
value storedin (PXC2, PXC1, PXC0)

Figure 9-8. Example of 3 Alternate Function
Inputs

ALTERNATE FUNCTION
INFUT

MODULE 1

ALTERNATE FUNCTION
1/0 PIN INFUT

MODULE 2

ALTERNATE FUNCTION
INPUT

MODULE 3
VROOATT

Figure 9-9. Example of 3 Alternate Function
Inputs

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 se-
lected 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. As more than one module can use the same in-
put Alternate Function line, it is under User soft-
ware control to enable a module to use the input
Alternate Function.

The digital /O remains operational even when us-
ing the Alternate Function input. The exception to
this is for an 1/0O port bit connected to analog volt-
ages (forthe Analogto Digital Converter- R50 only).

Pin Declared As An Alternate Function Output
A pindeclared as an Alternate function output cor-
responds to (PXC2,PXC1,PXC0)=1,1,10r0,1,1.
Several Alternate Function outputs may drive a
common pin. In such a case, the Alternate Func-
tion output signals are ANDed before driving the
common pin. The User has therefore to select, by
software, the Alternate Function Output required
by enabling it and disabling all other Alternate
Function Outputs on the same pin (a disabled Al-
ternate Function Output outputs a “1”).

The inputs to on-chip Functions and Alternate
Function Outputs are predefined for each I/O
pin of an ST9. Please refer to the Alternate
Function Table at the beginning of this
datasheet for the exact configuration.

Figure 9-10. Example of One I/O Pin Configu-
ration

+
— ouTPUT  MODULE 1 RDRDY
I/OPIN P27
WRRDY DMA
- P2.6 RDSTB HANDSHAKE
UTPUT
1/0 PIN #FAND_ o MODULE 2 WRSTB
Port INT3
— OUTPUT MODULE 3 2 CORE
P/D
VROOB171 N VRO00C171
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ALTERNATE FUNCTION (Continued)

General Configuration

A single pin may be used, according to different
phases of the software, as an 1/0O or connected to
an inputor an Alternate Function output. An exam-
ple is given in Figure 9-10.

WARNING: When a pin is connected to an Input
Function and to an Alternate Function output, the
User must be aware of the fact that the Alternate
Functionoutputsignal always inputto the Alternate
Function module(s) declared as input(s).

Figure 9-10 shows an example where the signal
PID also enters RDSTB and INT3.

9.51/0 STATUS AFTER WFI, HALT AND RESET

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

76/194

WARNING: I/O pins are set to the Weak Pull-up
mode during the Reset cycle. This state is forced
during the reset sequence, but the I/0 pins can be
in a random state for up to 64 crystal periods.

The application circuit must take this into account if
this can lead to critical situations in the external cir-
cuitry.

Mode PO P1, P6 /0
. No Affect (clocks
WFI High Next output from ST9

Impedance | Address .
running)

No Affect (clocks

HALT High Next output from ST9
Impedance | Address
stopped)
RESET Bidirectional Weak

Pull-up
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10 HANDSHAKE/DMA CONTROLLER

10.1 INTRODUCTION

The handshake module allows the User to config-
ure an 1/0O Port under handshake control or to sup-
port DMA operations, driven by an on-chip 16 bit
Multifunction TIMER, between Data/Program
Memory or Register File and an I/O port.

The module supports data exchange with hand-
shake through port PX (where PXis predefinedby
the ST9 configuration) with up to 4 handshake
lines: 2 Outputs (RDRDY and WRRDY) connected
as Alternate Function Outputs and 2 Inputs
(RDSTB and WRSTB).

Input, Output and Bidirectional Handshake modes
are available.

Input Functions RDSTB and WRSTB are always
associated to external interrupt channels. To syn-
chronize handshake protocols generating interrupt

requests (as the following paragraphwill show) the
User must program the interrupt control 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 Out-
put connectionof other ST9 peripherals.

DMA transfers can move data from Data/Program
Memory or Register File to the 1/0 Port with Hand-
shake capability or viceversa, using either the Mul-
tifunction Timer CAPTO or COMPO DMA
Channels. In Figure 10-1 the four on-chip lines that
connect the module to the on-chip Multifunction
Timer to support DMA transfers are shown (DD
(Data Direction), CO_SYNCHR(COmpare SYN-
CHronism), CA_SYNCHR (CApture SYNCHro-
nism) and On Chip Event).

Figure 10-1. Handshake/DMA Controller Module Block Diagram
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10.2 PROGRAMMABLE HANDSHAKE MODES

10.2.1 Input Handshake

Two Input Handshake Modes are available to syn-
chronise input transitions on port bits programmed
as Inputor Bidirectional. Output or Alternate Func-
tion bits are not affected.

In the timings, READ PORT is an ST9 internal sig-
nal that transfers data from the Input Latches onto
the Data bus.

Two Lines Input Handshake

When this mode is selected WRRDY is set to indi-
cate that data can be loaded into the Input Latches
of the Input and Bidirectional port pins. Data pre-
sent on the pins is read when the peripheralforces
a low level on WRSTB and is sampled on the rising
edge of 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.

Figure 10-3. Two Line Input Handshake Timing

The User is suggested to program the External In-
terrupt 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 inter-
rupt service routine, read the data furnishedby the
peripheral as soon as it is available.

Figure 10-2. Two Line Input Handshake

5Tg K DATA
EXTERNAL
PERIPHERAL
WRSTB [
WRRDY -
VROGD173

ryi

WRSTB \ / SAMPLE \

L (
ryl

PORT X DATA IN X

/I, \

WRRDY

READ PORT

" .

ILd
ryl
i

VROOO448
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HANDSHAKE MODES (Continued)

One Line Input Handshake

Figures 10-4 and 10-5 illustrate the timing associ-
ated with the One Line (WRRDY) Input Handshake
Mode.

When this mode is selected the ST9 sets WRRDY
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. As data is strobed into the port only when
WRRDY goes high, the forced low state of
WRRDY will prevent the Input Latch data from
changing while ST9 is reading the port. When the
ST9 read cycle finishes, WRRDY is set.

Figure 10-5. One Line Input Handshake Timing

Figure 10-4. One Line Input Handshake

sT9 K DATA
EXTERNAL
PERIPHERAL
WRRDY -
VROO0D174

INTCLK

READ PORT

ryl ‘ \
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HANDSHAKE MODES (Continued)

10.2.2 Output Handshake

Two Output Handshake Modes are available to
synchronize output transitions on port bits pro-
grammed as Output or Bidirectional. /0O pins pro-
grammed as Input or Alternate Function Output
are not affected.

In the timing diagrams, WRITE PORT is the inter-
nal signal that transfersdata from the Internal Data
Bus into the Port Output Master Latches.

Two Lines Output Handshake

Figure 10-7 illustrates the timing associated with
the Two Lines (RDRDY, Output Hand-
shake Mode (Figure 10-6).

When this mode is selected RDRDY is reset to in-
dicate 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 in-
dicate 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 re-
ceived on RDSTB indicating that the peripheral
has taken the data. Both low and high level on

Figure 10-7. Two Line Output Handshake Timing

RDSTB must last at least one ST9 INTCLK cycle.
The User is suggested to program the External In-
terrupt 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 inter-
rupt service routine, furnish new data as soon as
the previous datais taken by the peripheral.

Figure 10-6. Two Line Output Handshake
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HANDSHAKE MODES (Continued)

One Line Output Handshake Figure 10-8. One Line Output Handshake

Figure 10-9 illustrates the timing associated with
the One Line (RDRDY) Output Handshake Mode

Figure 10-8.

When this mode is selected RDRDY is reset to in-

dicate that no significant data is present on the 7Y DATA p
Output and Bidirectional port pins. When the Out-

put Slave Latches are written to, RDRDY is set to EXTERNAL
indicate that data is ready for theperipheraldevice. PERIPHERAL
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 VROO0176
new data is ready on the port pins.

RDRDY

Figure 10-9. One Line Output Handshake Timing

INTCLK
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HANDSHAKE MODES (Continued)

10.2.3 BidirectionalHandshake

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 Bidi
rectional port pins programmed as Weak Pull-up
become Push-pull. Open-drain configurationis not
modified. /0O bits set to Input, Output or Alternate
Function Output are not affected.

Figure 10-11 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, RDSTB) 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 In-
ternal Data Bus into the port Output Master
Latches and READ PORT is the sighal that trans-
fers data fromthe Input Latches onto the Data Bus.
When Bidirectional Handshake mode is selected
the Output Buffers of the Bidirectional port pins are
forcedtristate, WRRDY is set to indicate that data
can be loaded into the Input Latches and RDRDY
is reset to indicate that no significant data is pre-
sentin the Output Slave Latches.

Input Transitions. Data present on the pins is
sampled when the peripheralforces a low level on
WRSTB. When a rising edge on WRSTB occurs,
WRRDY goes low signifying that the Input Latches

Figure 10-11. Bidirectional Handshake Timing

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 one ST9 INTCLK cycle.

The User is suggested to program the External in-
terrupt 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 inter-
rupt service routine, read the data furnishedby the
peripheral as soon as it is available.

Figure 10-10. Four Line Bidirectional
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HANDSHAKE MODES (Continued)

Output Transitions. When the Output Slave
Latches are written to, RDRDY is set to indicate
that data is ready for the peripheral device. When
RDSTB goes low, data is allowed out onto the port
pins. When a risingedge is receivedon RDSTB, in-
dicating that the peripheral has taken the data, the
Output Buffers are forced tristate and RDRDY
goes low. Both low and high level on RDSTB must
last at least one INTCLK cycle.

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

Figure 10-12. Bidirectional Application Example

10.2.4 Application example: Mapping an ST9
ontothe memorybus of another ST9

Figure 10-12 shows a possible application of the
bidirectional handshake protocol, used to connect
an ST9 as 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 de-
coder enables, with a low level, the generation of
RDSTB or WRSTB when DS 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 Exter-
nal Interrupt Sources, programmedto generatean
interrupt request when a rising edge occurs. The
slave ST9 interrupts the master raisihng RDRDY
when new data is ready in the port Output Slave
Latches and raising WRRDY when the Input
Latches can be filled with nhew data. According to
the interrupt request received, the master ST9 can
read the ready data from the slave (RDRDY inter-
rupt routine) or write other data into the slave
(WRRDY interrupt routine).

PX <: A(7:0)/D(7: D) > PO
LATCHES AS
SLAVE ST9 =0 MASTER ST9
__ DECODER
RDSTR
a[15:8) P
_— R/W
wrste = = BS
RDRDY INT1
WRRDY INT2
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10.3 PROGRAMMABLE DMA MODES

The Handshake Module supports DMA operations
controlled by either the CAPTO or COMPO DMA
Channel of a Multifunction Timer. The User en-
ables this function writing a “0” in the DENbit in the
HDCTL register and selects the DMA Channel by
writing the DCH bit: “0” for CAPTO0, “1” for COMPO.

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 Qutput), “1” to performthe 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 In-
put latches (depending on DD), during the DMA
operationswhen 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
Handshake protocol.

If ho 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, a “1” selects the On Chip
Event generated by the Timer as the Output or In-
put 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 Handshakeis disabled, DST selects how to con-
trol the Qutput Strobe. If enabled, the Handshake
controls the Output Strobe.

10.3.1 DMA Transfers Driven By Timer CAPTOQ
Channel With Handshake

The following descriptions are made assumingthat
DMA transfers are driven by Multifunction Timer 0.
The following table shows the DMA Port capabilr
ties of the ST9 family:

MultiFunction Handshake
Timer Port
MFTO 5
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10.3.2 DMA 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="0", DD="1”", DCH="0")

- the Handshake WRSTB line is connected off-
chip to the Timer TOINA line

- TOINA 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 WRSTB line as DMA Request and
the WRRDY line as DMA Acknowledge.

WRRDY is set to indicate that data can be loaded
into the InputLatches of the Input (or Bidirectional)
port pins. Data present on the port pinsis sampled
when the peripheralforces a low levelon WRSTB.
When a rising edge on WRSTB (TOINA) occurs
WRRDY goes low, signifying thatthe InputLatches
are full and further loading must be inhibited until
the ST9 reads the port, and a DMA request is is-
sued. When the port register is read, during the
DMA transfer, WRRDY is set.

Figure 10-13.DMA with 2 Line Input Hand-
shake Mode

c
A
TIMER O|F}—]{1/0

5 EXTERNAL
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DMA ACKNOWLEDGE

WRRDY -
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PROGRAMMABLE DMA MODES (Continued)

10.3.3 DMA 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
transfers driven by the Timer CAPTO DMA
Channel (DEN="0", DD="0", DCH="0")

- the Handshake BRDSTB line is connected off-
chip to the Timer TOINA line

- TOINA DMA requests are enabled on rising
edges

- RDSTB interrupt requests are disabled

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

When Two Lines Output Handshake is selected,
RDRDY is reset to indicate that no significantdata
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 value, whose
usual meaning is that ST9 is ready to provide the
following data by DMA transfers, is normally writ-
ten by the DMA initialization routine.

When a rising edge is received on RDSTB
(TOINA), indicating that the peripheral has taken
the data, RDRDY is reset and a DMA request s is-
sued to get the next data. When the ST9 Output
Slave Latches are written, during the DMA trans-
fer, RDRDY is set again. If the User wants to get

Figure 10-14. DMA output transfers with 2
lines output handshake

data from ST9 as soon as RDSTB goes low, exter-
nal latches clocked by RDSTB can be added to
create a pipeline stage, that is at each RDSTB low
pulse on the falling edge the peripheral 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.

10.3.4 DMA input transfers with one line input
handshake

When

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

- the port is enabled to support DMA input op-
erations driven by the Timer CAPTO DMA
Channel (DEN="0", DD="1", DCH="0")

- the Timer TOINA 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 TOINA
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, dur-
ing the DMA transfer requested by a rising (or
falling) edge on the Timer TOINA line, 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.

is selected

Figure 10-15. DMA input transfers with one
line input handshake
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PROGRAMMABLE DMA MODES (Continued)

10.3.5 DMA output transfers with one line out-
put handshake

When

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

- the port is enabled to support DMA output
transfers driven by the Timer CAPTO DMA
Channel (DEN="0", DD="0", DCH="0")

- the Timer TOINA 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 TOINA line as DMA Request, and the Hand-
shake RDRDY line as DMA Acknowledge. RDRDY
is reset to indicate that no significant data is pre-
sent on the Output (or Bidirectional) port pins.
When the ST9 Output Slave Latches are written,
RDRDY is setto indicate that data are ready for the
peripheral device. The first data, whose usual
meaning is that the ST9 is ready to provide the fol-
lowing data by DMA transfers, is normally written
by the DMA initialization routine.

When a rising (or falling) edge is received on
TOINA, 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.

Figure 10-16. DMA output transfers with one
line output handshake
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10.3.6 DMA input/output transfers 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="0", DCH="0")

- the Handshake WRSTB and RDSTB lines are
ANDed and connected off-chip to the Timer
TOINA line

- TOINA DMA requests are enabled on rising
edges

- WRSTB and RDSTB 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 DMA Input transfers
(DD="1") and the Handshake and RDRDY
lines as DMA Requestand DMA Acknowledge for
DMA Output transfers (DD="0").

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
sampled when the peripheral forces a low level on

. When a rising edge on WRSTB (TOINA)
occurs WRRDY goes low, signifying that the Input
Latches are full and further loading must be inhib-
ited until the ST9 reads the port, and a DMA re-
quest is issued. When the port register is read,
during the DMA transfer, WRRDY is set.

Figure 10-17. DMA input/output transfers with
bidirectional handshake

C
A
TIMER O|F|—{1/0
5 CQUTPUT DMA
ACKNOWLEDGE
ROROY EXTERNAL
OUTPUT DMA
ADSTR REQUEST " | PERIPHERAL
WRSTH INPUT DMA
REQUEST
TAINA |
INPUT DMA
ACKNOWLEDGE

WRRDY

VROOD185

L[v7 SGS-THOMSON
Y/ ricronicTRcHICS




ST9 - Handshake (ST902x)

PROGRAMMABLE DMA MODES (Continued)

DMA Output Transfers. When Bidirectional
Handshakeis selected, RDRDY is reset to indicate
that no significant data is present on the Bidirec-
tional port pins. When the Qutput 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 pro-
vide the following data by DMA transfers, is nor-
mally written by the DMA initialization routine.

When RDSTB goes low data is allowed onto the

ort pins. When a rising edge is received on
EDS i B (TOINA), 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
Latches are written during the DMA transfer,
RDRDY is set again.

In the output data flow there is one pipeline stage,
that is at each RDSTB low pulse on the falling edge
the peripheralgets data transferredinto the port by
the previous DMA transfer and on the rising edge
issues a DMA request to getthe nextdata.

Example. Asthe direction of DMA transfersis con-
trolled by software, the User must define a protocol
to control the sequence of input/outputdata trans-
fers.

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). Inthe interruptroutine 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 10-18 shows how the application example
of Figure 10-17 (an ST9 connected as a slave of
another ST9) is modified when data transfer
from/to the slave ST9 is performed by DMA trans-
fers.

10.3.7 DMA Transfers Driven By Timer

DMA 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
transfers driven by the Timer COMPO DMA
Channel (DEN=0", DCH="1%)

data transferredby DMA transfers on port pins pro-
grammed as Output or Bidirectionalcan be strobed
using the Handshake RDRDY line.

When One Line Output Handshake is selected
RDRDY is resetto 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 changingon the Output
Slave Latches, RDRDY goes low. RDRDY is set
again whenthe new data is ready on the port pins.

Figure 10-18. Bidirectional Application Example With DMA Transfer

PX <: A(7:0)/D(7: D) > PO
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10.4 HANDSHAKE/DMA CONTROL REGISTERS

To program the Handshake and DMA modes, the
User has to write the Handshake/DMA Control reg-
ister (HDCTL) according to the table shown in
page 84. The different handshake protocols and
the Port behaviour during DMA operations are ex-
plainin the previous paragraphs.

HDCTL5 Read/Write
Handshake/DMA Control Register

Reset Value: 1111 1111 (OFFh)
7 0

HS7 | HS6 | HS5 | DEN | DD | DST | DCH 1

b7-b5 = HS7, HS6, HS5: Handshake Mode Selec-
tion. These bits allow selection of the Handshake
direction and the numberof lines used in the hand-
shake as shownin the following table.

Table 10-1. Module Configuration Table

b4 = DEN: DMA Enable. This bit (when reset) en-
ables the DMA function with handshake through
I/0O Port 5. DMA is disabled when this bit = “1”.

b3 = DD: DMA Data Direction. The direction of the
DMA transfers through I/O Port 5 is set by this bit.
A “1"sets DMA Input and a “0” sets DMA Output.

b2 = DST: DMA Strobe. This bit, when set, enables
the use of the Multifunction Timer 0 On-Chip Event
to trigger the DMA transaction.

b1 = DCH: DMA Channe/When DST is set, allow-
ing the DMA transactions to be triggered by Multi-
function Timer 0, DCH selects the MFT source, a
“1” selects the COMPO source, a “0” selects the
CAPTO source.

b0 = DO. This bit is fixed by hardware to a high
level.

Handshake Modes HS7 HS6 HS5
Disabled X 1 1
Output (2lines) 1 1 0
Output (1line) 0 1 0
Input (2lines) 1 0 1
Input (1line) 0 0 1
Bidirectional (2lines) X 0 0

88/194

L[v7 SGS-THOMSON
Y/ ricronicTRcHICS




ST9 - Handshake (ST902x)

CONTROL REGISTERS (Continued)
Figure 10-19. Handshake/DMA Control Registers

Applicableto ST902x
GROUP E GROUP F
PAGE 2 PAGE 3
FFh Reserved i R255
FEh P3C2 R254
FDh P3CH1 R253
FCh P3CO Reserved R252
FBh Reserved i R251
FAh P2C2 R250
Foh P2C1 R249
F8h P2C0 R248
F7h Reserved HDCTL5 R247
F6h P1C2 P5C2 R246
E5h P5DR R229 F5h P1C1 P5C1 R245
E4h R228 F4h P1CO P5C0 R244
E3h P3DR R227 F3h Reserved R243
E2h P2DR R226 F2h POC2 R242
E1h P1DR R225 F1h POCA1 R241
EOh PODR R224 Foh POCO R240
[O7 v Rl ] ==
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11 SERIAL PERIPHERAL INTERFACE

11.1 INTRODUCTION

The Serial Peripheral Interface (SPI) is integrated
into the Core module of the ST9 and provides a
general purpose shift register based peripheral al-
lowing several external peripherals to be linked
through an SPI protocol bus. In addition, special
modes allow reduced software overhead with 1°C-
bus and IM-bus Communication standards.

The SPI uses 3 lines comprising Serial Data In
(8DI) and Alternate Function outputs Serial Data
Out (SDO) and Synchronous Serial Clock (SCK).
Additional I/0O pins may act as device selects or IM-
bus address ident signals.

Figure 11-1. Block Diagram

Its Main Features are:
- Full duplex 3-wire synchronous transfer
- Master operation only

- 1.5MHz max bit transfer frequency
(INTCLK = 12MHz, 93KHz for S-bus/C-bus)

- 4 Programmable bit rates

- Programmable clock polarity and phase
- BusyFlag

- End of transmission interrupt

- Additional hardware to facilitate more
complex protocols

INT2 SDO SDI SCK/INT2
’—D {1} {H |
i
READ BUFFER
SERIAL PERIPHERAL INTERFACE DATA REGISTER
* (SPIDR) ‘5‘253
END OF DATA BUS
TRANSMISSION
[aV]
g INT2
POLARITY
PHASE
MULTIPLEXER
BAUD RATE
INTERNAL
SERIAL
CLOCK
INTCLK TO MSPI
BMS | ARB |BUSY]cPoL]cPHALSPR1]SPRO CONTROL
R254 LOGIC
STo INTERRUPT  SERIAL PERIPHERAL CONTROL REGISTER ( SPICR)
INTBO
* Gommon for Transmit and Receive VR000347
01-95 91/194
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11.2 FUNCTIONAL DESCRIPTION

The SPI, when enabled, receives input data from
the ST9 Core internal data bus into SPIDR, and
originates the Serial Clock (SCK) based upon di-
viding of the internal processor clock (INTCLK).
The data is parallel loaded into the 8 bit shift regis-
ter (from the internal bus) during a write cycle and
then shifted out serially through the SDO pin (Most
Significant bit first) to the slave device, which re-
sponds by sendingits data to the master device via
the SDI pin. This implies full duplex transmission
with data-out and data-in both synchronized with
the same clock signal. Thus the transmitted byte is
replacedby the bytereceived, eliminating the need
to have separate “Tx empty” and “Rx full” status
bits.

When the shift register is loaded, data is parallel
transferred to the read buffer and data becomes
available for the ST9 during a following read cycle.

The SPI requires three pins on an I/O port:

SCK Serial Clock signal
SDO Serial Data Out
SDI Serial Data In

An additional output bit of an I/0 port may be used
to performthe slave chip select signal.

Figure 11-2. A Typical SPI Network

PORTY

PORTY[———— ¢
cs sTR
ST6308
ST93C46A
ON SCREEN
ST MCU 1K EEPROM DISPLAY
DO DI SK S0 SCK
oife |
SDO
SCK

VADO436
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11.2.1 Input Signal Description
Serial Data In (SDI)

Data is transferred serially from a slave toa master
on thIS line, most significant bit first. In an S-
BUS/I°C-bus configuration, SDI line senses the
value forced on the data line (by SDO or by another
peripheral connected to the S-bus/FC-bus envi-
ronment).

11.2.2 Qutput Signal Description
Serial Data Out (SDO)

The SDO pin is configured as an output for the
master device. This is obtained by programming
the corresponding I/O pin as an output alternate
function. Data is transferred serially from a master
toaslaveon SDO, most significant bit first. This pin
is forcedto the high impedance state when the SPI
is disabled and is set to “1” when arbitration is lost
(during an S-bus/I°C-bus protocol transmission).
The master device always allows data to be ap-
plied on the SDO line one half cycle before the
clock edge in order to latch the data for the slave
device.

Master Serial Clock (SCK)

The master device uses SCK to latch the incoming
data on the SDlline. This pin is forced to a high im-
pedance state when SPI is disabled (SPEN,
SPICR.7 = “0"), in order to avoid clock contention
fromdifferent masters in a multi-master system.
The master device generates SCK from INTCLK.
SCK is used to synchronize the transfer of data
both in and out of the device through its SDI and
SDO pins. The SCK type and its relationship to
data are controlled by the CPOL and CPHA bits in
the Serial Peripheral Control Register.

This input is provided with a digital filter which
cleans spikes lasting less thanone INTCLK period.

Two bits (SPR1 and SPRO0) in the Serial Peripheral
Control Register, SPICR (R254) select the clock
rate. Four frequencies can be selected, two in a
high frequency range (mostly used with the SPI
protocol) and two in a medium frequency range
(mostly used for more complex protocols).
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11.3 INTERRUPT STRUCTURE

SPI peripheralis associated with external interrupt
channel BO (pin INT2). Multiplexing between the
external pin and SPI internal source is controlled
by the SPEN and BMS bits according to the follow-
ing table.

The two possible SPlinterrupt sources are: End of
transmission (after each byte) and S-bus/I°C-bus
start condition. Care should be taken when tog-
gling SPEN or/and BMS bits from (0,0) status, this
should be done by masking the interrupt channel
BO (reset of EIMR.IMBO, bit 2 of External Interrupt
Mask Register). Furthermore it is necessary to
clear possible spurious requests on the corre-
sponding channel by resetting the interrupt pend-
ing bit EIPR.IPBO (bit 2 of External Interrupts
Pending Register).

The INT2 input Function is always mapped together
with the SCKinput Functlon to allow start/stopbit de-
tectionwhen using S-bus/FC-bus protocols.

A delay instruction (e.g. a NOP instruction) should
be inserted between the SPEN toggle instruction
and the interrupt pending bit reset instruction.

Table 11-1. Interrupt Configuration

SPEN BMS Interrupt Source

0 0 External channel INT2

S-bus/I’C bus start or
stop condition

End of one byte
transmission

Figure 11-3. SP11/0O Pins

SCK

P/D SDO SPI

SDI

SDI
P21
P/D

SCK
P22 I 1] 1 P22
LATCH INT2
P23 é r
LATCH 7 1 P97

- INT2
ST90XX

P21
LATCH ‘ | .

DATA BUS

+ VR000343
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11.4 SPIREGISTERS

SPI uses two registers mapped on page 0 of the
registerfile:

SPIDR R253 (FDh) Page(0 Read/Write
SPI Data Register

Reset Value: 0000 0000b (00h)
7 0

D7 D6 D5 D4 D3 D2 D1 Do

b7-b0 = DO-D7: SP/ Data Bits. This register con-
tains the data transmitted and received by the SPI.
Data is transmitted b7 first, and receives incoming
data into b0. Transmission is started by writing to
this register.

SPICR R254 (FEh) Page 0 Read/Write
SPI Control Register

Reset Value: 0000 0000b (00h)
7 0

SPEN | BMS | ARB | BUSY | CPOL | CPHA | SPR1 | SPRO

b7 = SPEN: Serial Peripheral Enable. When set,
the two alternate functions SCK and SDO are en-
abled. When disabled, SCK and SDO are kept in
high impedance. Furthermore, SPEN affects the
selection of the source for interrupt channel BO.
Transmission will start by simply writing the data
into the SPIDR Register.

b6 = BMS: S-bus/F C-bus Mode Selector. This bit
should be set to “1” when the SPlis usedin an S-
bus/I°C-bus protocol. It enables S-bus/I°C-bus ar-
bitration, clock synchronization and Start/ Stop
detection.

When this bit is resetto 707, a reinitialisation of the
SPI logic is performed allowing recovery proce-
dures after a Rx/Tx failure. BMS (and SPEN) af-
fects the selection of the source for interrupt
channel BO.

b5 = ARB: Arbitration flag bit. This bit is set when
the SPI, in S-bus/I°C-bus mode, loses arbitration,
and is reset when an S-bus/I*C-bus stop condition
is detected. ARB can be reset by software. When
ARB s set automatically,the SDO pin isset to high
value until a write instruction on SPIDR is per
formed.

94/194

b4 = BUSY: SP/Busy Flag. BUSY flag is set when
a transmission is in process. This bit allows the
user to monitorthe SPI status by polling its value.

b3 = CPOL:Transmission Clock Polarity. CPOL
controls the normal or steady state value of the
clock when data is not being transferred.

As the SCK line is held in a high impedance state
when the SPlis disabled (SPEN = “0"), the SCK pin
must be connectedto Vss or Ve througha resistor
according to the CPOL state. Polarity should be
selected during the reset routine according to the
value set into all peripherals and must not be
changed during program execution.

b2 = CPHA: Transmission Clock Phase. CPHA
controls the relationship between the data on the
SDI and SDO pins and the clock produced at the
SCK pin. CPHA bit selects the clock edge which
captures data and allows it to change state. It has
its greatest impact on the first bit transmitted
(MSB) because it does (or does hot) allow a clock
transition before the first data capture edge.

Figure 11-5 shows the relationship between
CPHA, CPOL and SCK, and indicates active clock
edges and strobetimes.

SCK
CPOL CPHA on
Figure 11-5
0 0 (a)
0 1 (b)
1 0 (c)
1 1 (d)

b1-b0 = SPR1,SPRO0: SP/ Rate. Thesetwo bits se-
lect one (out of four) baud rates to be used as SCK.

Clock SCK Frequency
SPR1 SPRO Divider (INTCLK = 12MHz)
0 0 8 1500kHz (T = 0.67ps)
0 1 16 750kHz (T =1.33us)
1 0 128 93.75kHz (T = 10.66us)
1 1 256 46.87kHz (T =21.33us)
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11.5 WORKING with DIFFERENT PROTOCOLS

The SPI peripheré':ll offers the following facilities to
work with S-bus/I"C-bus and IM-bus protocols:

- Interrupt request on start/stop detection
- Hardware clock synchronisation

- Arbitration lost flag with an automatic set of
dataline

Note that the I/O bit associated to the SPI should
be returned to a defined state as a normal I/O pin
before changing the SPI protocol.

The following paragraphs provide information to
manage these protocols.

11.5.1 1°C-bus Interface

I2C-bus is a two-wire bidirectional data-bus, the
two lines being SDA (Serial DAta) and SCL (Serial
CLock). Both are open drain lines to allow arbitra-
tion. As shown in figure 11-6, data is toggled with
clock low and Start and Stop conditions are de-
tected when a high to low (start) or a low to high
(stop) transition on the SDA line occurs with the
SCL line high.

Each transmission consists of nine clock pulses
(SCLIine). The first8 pulsestransmitthe byte (msb
first), the ninth is used by the receiver to acknow-
ledge.

Figure 11-5. SPI Data and Clock Timing

Figure 11-4. S-Bus/I?C-bus Peripheral Com-
patibility without S-Bus Chip Select
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DIFFERENT PROTOCOLS (Continued)
Table 11-2. Typical I°C-bus Sequences

Set SDO portbit to 0

interrupt request

Phase Software Hardware Notes
SPICR.CPOL, CPHA=0,0
SPICR.SPEN =0 Set polarity and phase

INITIALIZE SPICR.BMS =1 SCK, SDO IN HI-Z SPI disable

SCK pin set as AF output 8CL, SDA=1,1 START/STOP interrupt
SDI pin set as input Enable
Set SDO port bit to 1
SDO pin set as output _ _ -

START Open Drain SDA=0,SCL=1 START condition

receiver START detection

SPICR.SPEN =1
SDO pin as Alternate Function
output load data into SPIDR

TRANSMISSION

SCL=0
Start transmission
interrupt request

Managed by interrupt routine
load FFh when receiving end of
transmission detection

SPICR.SPEN =0

SCK, SDOin HI-Z

SPI disable

Set SDO port bit to 1

interrupt request

ACKNOWLEDGE Poll SDA I_ine SCL, SDA =1 only ?ftrans_,njitting
Set SDAline only if receiving
SPICR.SPEN =1 SCL=0 only if transmitting
SDO pin set as output Open Drain SDA = 1
STOP SPICR.SPEN =0 - STOP condition

Figure 11-6. SPI Data and Clock Timing

1st BYTE

SDA _w/ %

X7 &

' n BYTE

N X

(X

|
|
I
\ !
| |
| |
\ | |
| |
| |
SCL ! !
§ \_/T\_/E\_/ /e\ o\ | L /1N /2\ 8 9
| |
i !
CLOCK PULSE CLOCK PULSE
FOR ACKNOWLEDGEMENT FOR ACKNOWLEDGEMENT
START DRIVEN BY SOFTWARE DRIVENBY SW o105
CONDITION CONDITION
VR000188
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DIFFERENT PROTOCOLS (Continued)

The data on the SDAline is sampled with the low to
high transition on the SCL line.

SPI Working With I12C-bus

To use the SPI with the I°C-bus protocol, the SCK
line is used as SCL, the SDI and SDO lines, exter-
nally wired-OR'd, are used as SDA. All the output
pins must be configured as open drain (see Fig-
ure 11-4).

Table 11-2 shows the typical I°C-bus sequencedi-
vided in 5 phases:initialize, start, transmission, ac-
knowledge and stop.

Software and hardware will take care of each
phase. A master to slave transmission can be
managed as example accordingto the following ta-
ble.

During the transmission phase, the following IC-
bus features are also supported by hardware.

Clock Synchronization

In a multimaster 12C-bus system, when more mas-
ters generate their own clock, synchronization is
needed. The first master which releases the SCL
line stops internal counting, restarting only when

Figure 11-7. SPI Arbitration

the SCL line goes high (released by all the other
masters). In this way, devices using different clock
sources and different frequencies can be inter-
faced.

Arbitration Lost

When more masters are sendingdata on SDAline,
the following mechanismis performed: if the trans-
mitter sends a “1” and SDA line is forcedlow by an-
other device the ARB flag (SPICR.5) is set and the
SDO bufferis "switched off. (ARB s reset and SDO
buffer is “switched on” when SPIDR is written to
again). WhenBMS is set to “1”the peripheralclock
is supplied through the INT2 line by the external
clock line (SCL). Due to potential noise spikes
(which mustlast longer than one INTCLK period to
be detected), RX or TX may gain a clock pulse.
Referring to Figure 11-7, if ST9-1 detects a noise
spike and gains a clock pulse, it will stop its trans-
mission in advance and hold the clock line low
causing ST9-2 to be frozen at the 7th bit. To exit
and recover from this condition the BMS bit must
be reset to “0”, this will cause the reset of the SPI
logic, aborting the current transmission. An End of
Transmission interruptis generated after this reset
sequence.

STo-1 ST92
INTERNAL SERIAL INTERNAL SERIAL
CLOCK CLOCK
1] Dsc;K sc;K<II R
MSPI L L L MSPI
CONTROL T T T CONTROL|
LOGIC LOGIC]
! INT 2 INT2 |
BHS BHS
ST9-2-SCK | 1] | 2 | | 3 | | 4 | | 5 | | 6 | | 7 |
SPIKE
SN
ST9-1-8CK [ 1] [ 2 ] [ 3 | Jay] 5 1 [ 6 | [ 71 [ 8 |
N
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‘_ SGCS-THOMSON 97/194
I MicroEEGTRGNISE



ST9 - Serial Peripheral Interface (ST902x)

DIFFERENT PROTOCOLS (Continued)

11.5.2 S-Businterface

S-bus is a three-wire bldlrectlonal data-bus, with
functlonal features similar to I°C-bus. leferently
from 12C-bus, the START/STOP conditions are
given by encoding the information on 3 wires in-
stead of 2, as shown in Figure 11-8. The additional
line is referred as SEN.

SPI Working With S-bus

The S- bus protocol uses the same pin configura-
tion as 1°C-bus for generating the SCL and SDA
lines. The additional SEN line is managed through
a standard ST9 I/O port under software control
(see Figure 11-9).

Figure 11-9. S-bus Configuration

Figure 11-8. Mixed S-bus and I°C-bus system

|

|

T

| ol

4 5 6
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Figure 11-10. ST9 and InterMetal Peripheral
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DIFFERENT PROTOCOLS (Continued)

11.5.3 IM-Bus Interface

The IM-bus has a bidirectionaldata line and a clock
line, and in addition it requires an IDENT line that
distinguishes an address from a data byte (Fig-
ure 11-11). Unlike the I?C-bus protocol, the IM-bus
protocol sends the least significant bit first, this re-
quires a software routine which reverses the bit or-
der before sending, and after receiving a data byte.
Figure 11-10 shows the connections foran IM-bus
peripheralto an ST9 SPI. The SDO and SDI pins
are connected to the bidirectional data pin of the
peripheral device. The SDO alternate function is
setin Open Drain (external 2.5KQ pull-upresistors
are required).

With this type of configuration, data is sent to the
peripheralby writing the data byteto SPIDR. To re-
ceive data from the peripheral, the User should

Figure 11-11. IM bus Timing

write FFh into SPIDR in order to generate the shift
clock pulses. As the SDO line is set to the Open
Drain configuration, the incoming data bits that are
set to one do not affect the SDO/SDI line status
(which defaults to a high level due tothe FFhin the
transmit register), while incoming bits that are set
to “0” pull the input line low.

In software it is necessary to initialise the ST9 SPI
with CPOL and CPHA set to “1”, “1”. By using a
general purpose I/O as the IDENT line and forcing
it to a logical “0” when writing to SPIDR, an address
is sent (orread). Then, by setting this bit to a logical
“1” and writing to SPIDR, data is sent to the periph-
eral. When all the address and data pairs are sent
it is necessary to drive the IDENT line low and high
to create a short pulse. In this way the stop condi-
tionis generated.
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VR000172
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Notes:
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12 TIMER/WATCHDOG

12.1 INTRODUCTION

A programmable 16-bit down counter with an 8-bit
prescaler is included in the ST9 Core. This Timer
can be programmed to be used as a general pur-
pose 16-bit Timer, with associated input and out-
put pins for timing functions, or as a Watchdog
Timer offering security against possible processor
malfunctions due to hardware or software failures.

The Timer/Watchdog functions can use inputs
from an externalpin and an Alternate Function out-
put of an I/O Port. The Input pin can be used inone
of the four programmable input modes:

- event counter,

- gated external input mode,
- triggerable input mode,

- retriggerable input mode.

Figure 12-1. Block Diagram

The output pincan be used to generatea squareor
a Pulse Width Modulated signal.

An interrupt generated by the unit (when running
as a 16-bit Timer/counter and not as Watchdog)
can be used as a Top Level Interruptor as aninter-
rupt source connected to channel A0 of the exter-
nal interrupt structure (replacing the INT1 interrupt
input).

The clock for the countercan bedriven either by an
external clock or an internal clock equalto INTCLK
divided by 4.

When using an external 24MHz crystal (INTCLK =
12MHz), the End Of Count rate is:

5.59 sec. for Max. Count (Timer Const. = FFFFh,
Prescaler Const. = FFh)

333 nsec. for Min. Count (Timer Const. = 0000h,
Prescaler Const. = 00h)

WDTPR WDTRH,WDTRL
INIl-:N |Nnim1 INIMD2 & BIT PRESCALER| 16 BIT COUNTER END OF
(READ AND WRITE)|[(READ AND WRITE) COUNT
INPUT
WDIN [}— & ]
CLOCK CONTROL LOGIC
TIMER/WATCHDOG CLOCK
MUX
INTCLK /4 — o=
OUTMOD WROUT QUTEN
| | |
WDOUT [Jee
OUTPUT CONTROL LOGIC
NMI
INTO [}
i \
— WDGEN
INTERRUPT
CONEOLULOGIC A0S
— TLIS
|—— RESET
L = TOP LEVEL INTERRUPT REQUEST
= INTAQ REQUEST
VADO303
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12.2 FUNCTIONAL DESCRIPTION

12.2.1 Timer/Counter Input Modes

Setting the Input Enable (INEN) bit enables the in-
put mode which is selected via the INMD1 and
INMD2 bits. When INEN is reset to zero, the input
section is disabled and the values of INMD1 and
INMD2 are don’t-care.

Event Counter Mode
(INMD1 = “0", INMD2 = “0")

The Timer is driven by the signal applied to the in-
put pin which acts as an external clock. The unit
works therefore as an event counter. The event is
a high to low transition of the input signal.

Spacing between trailing edges should be at least
350ns (i.e. the maximum Watchdog Timer input
frequencyis 2.9MHz with INTCLK = 12MHz).

Gated Input Mode
(INMD1 =“0", INMD2 = “1")

The Timer uses the Watchdog internal clock
(INTCLK divided by 4) and starts and stops the
Timer according to the input pin. When the status
of the Input pin is High the Timer Watchdog count
operation proceeds, and when Low, counting is
stopped.

Retriggerable Input Mode
(INMD1 =“1", INMD2 = “1")

A Timer/Watchdog start is caused by:

a) a set of the Start-Stop bit, or

b) a Highto Low (low trigger) transition on the input
pin.

In orderto stop the Timer, it is only necessary to re-
set the Start-Stop bit to zero.

Triggerable Input Mode
(INMD1 =“1", INMD2 = “0")

In this mode when the Timer is running
(TIMER/WATCHDOG internal clock), a High to
Low transition of the input pin causes the counting
to start from the initial value. When the Timer is
stopped (ST_SP bit equal to zero), a High to Low
transition of the input pin has no effect.

12.2.2 Timer/Watchdog Output Modes

OUTPUT modes are selected using 2 bits of
WDTCR (R251): OUTEN (Output Enable) and
OUTMD (Output Mode).

When OUTMD = “0”, the Timer outputs a signal
with a frequency equal to half the End Of Count
repetition rate. With INTCLK = 12MHz, this allows
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generation of a square wave with a period ranging
from666ns to 11.18 seconds.

The value of the WROUT bit is transferred to the
output pin at the End Of Count and the value is
held until the next End of Count when OQUTMD =
“17. This allows the user to generate PWM signals,
by modifying the status of WROUT between End of
Count events, based on software counters decre-
mented on the Timer/Watchdog interrupt.

OUTEN = “1” enables the output function selected
via OUTMD

When OUTEN = “0”, the output is disabled and the
output pin is held at a “1” level to allow several al-
ternate functions on the same pin.

12.2.3 Timer/Counter Control
Start/Stop

ST_SP (WDTCR.7) enables down-counting. Anin-
struction which sets this bit will cause the Timer to
start at the beginning of the following instruction.
Resetting this bit will stop the counter.

If the counter is stopped and restarted, counting
will resume from the last value unless a hew con-
stant has been entered in the Timer registers. A
new constant can be written with the counter run-
ning. The new value will be loaded at the following
End Of Count (EOQC).

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

Single/Continuous Mode

SINGLE MODE: At End Of Count the Timer stops,
reloads the constant, and resets the Start/Stop bit
(WDTCR 6) (user may check the current status by
reading this bit). Restarting is done by setting the
Start/Stop bit. Note that the Timer constant is re-
loaded only if it has been modified during the stop
period.

CONTINUOUS MODE: At End Of Count the
counter automatically reloads the constant and re-
starts. It is stopped only if the Start/Stopbit is reset.
This Mode bit can be written with the Timer
stopped or running. It is possible to toggle the
S_C bit and start the counter with the same instruc-
tion.
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FUNCTIONAL DESCRIPTION (Continued)

12.2.4 Timer/Watchdog Mode

In this mode (WDGEN = “0”) the countergenerates
a fixed time basis. When End Of Count is reached
the Timer generates a system Reset.

The time base is user-defined and must be written
in the Timer registers before entering Watchdog
mode. In Watchdog mode it is possible to modify
only the Prescaler Constant. This new value will be
loaded when the counter restarts.

Resetting WDGEN (bit 6 of the Wait Control Regis-
ter) causes the counter to start regardless of the
value of the Start-Stop. In order to prevent a system
reset the sequence AAh, 55h should be entered in
WDTLR (Watchdog Timer register low). Once the
writing of 55h has been performed the Timer re-
loads the constant and counting restarts from the
presetvalue.

Figure 12-2. Timer /Watchdog in Watchdog Mode

The minimum time between the writing of the AAh
and 55h codes is zero, i.e. the writing is sequential,
and the maximum time is given by the Watchdog
timeout period.

In Watchdog-mode a halt instruction is regarded
as illegal. Execution of the halt instruction stops
further core executionby the CPU and interrupt ac-
knowledgment, but does not stop INTCLK or
CPUCLK or the Watchdog Timer, which will cause
a System Reset when reaching the End of Count.
Furthermore ST_SP, S_C and input mode selec-
tion bits are “don’t-care”. Hence regardless of their
status, the counter always runs in Continuous
Mode driven by the internal clock.

The Output mode should not be enabled since that
particular mode of operationis meaningless.

COUNT
VALUE

]

WATCHDOG START COUNTING DOWN

RESET

WRITE WDTRH,WDTRL ——

WDEN=0

WRITE AAh,55h
INTO WDTRL

PRODUCE
COUNT RELOAD

SOFTWARE FAIL
(E.G. INFINITE LOOP)
OR PERIPHERAL FAIL

VA00220
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12.3 TIMER/WATCHDOG INTERRUPT

When enabled, the Timer/Watchdog will issue an
interrupt request at every End Of Count.

A pairof controlbits, IAOS (EIVR.1, Interrupt AO se-
lection bit) and TLIS (EIVR.2, Top Level Input Se-
lection bit) allow the selection of 2 interrupt sources
(the Timer/Watchdog End of Count or an external
pin) in two different ways, as a top level non mask-
able interrupt (Software Reset) or as a source for
channel A0 of the externalinterrupt logic.

In the Watchdog mode the End Of Count always
causes a system reset.

A block diagram of the interruptlogic is givenin Fig-
ure 12-3 (Note: software traps can be generated by
settingthe appropriate interrupt pendingbit):

The following table shows all the possible configu-
rations of the interrupt/reset sources which involve
the Timer/Watchdog:

Figure

12-3. Interrupt Sources

INTO [ ] 1

TIMER WATCHDOG
END OF COUNT

1 RESET

WDEN {WCR.6)

MUX |——= INTAQ REQUEST

L 1405 (EIVR.1)

MUX TOP LEVEL
INTERRUPT REQUEST

NMI [—— 1
T— TLIS (EIVR.2)} VADO293
Table 12-1. Interrupt Configuration
Control Bits Enabled Sources Watchdog
Ti S
WDGEN A0S TLIS Reset INTAO Top Level | |ImerStatus

0 0 0 WDG/Ext Reset SW TRAP SW TRAP Watchdog
0 0 1 WDG/Ext Reset SW TRAP Ext Pin Watchdog
0 1 0 WDG/Ext Reset Ext Pin SW TRAP Watchdog
0 1 1 WDG/Ext Reset Ext Pin Ext Pin Watchdog

1 0 0 Ext Reset Timer Timer Timer

1 0 1 Ext Reset Timer Ext Pin Timer

1 1 0 Ext Reset Ext Pin Timer Timer

1 1 1 Ext Reset Ext Pin Ext Pin Timer

Note.
WDG = Watchdog function
SW TRAP = Software Trap
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12.4 TIMER/WATCHDOG REGISTERS

The Timer/Watchdog has 4 registers mapped into
Group F, Page 0 of the Register File.

WDTHR (R248): Timer/Watchdog Counter High
Register

WDTLR (R249): Timer/Watchdog Counter Low
Register

WDTPR (R250): Timer/Watchdog Prescaler
Register

WDTCR (R251): Timer/Watchdog Control Register

Three additional control bits are mapped in the fol-
lowing registers of Page 0:

- watchdog mode enable, WCR.6
- top level interrupt selection, EIVR.2
- interrupt A0 channel selection, EIVR.1

Note: The registers containing these bits also con-
tain other functions. Only the bits relevant to the
operation of the Timer/Watchdog are shown here.

Counter Registers

This 16 bitregisteris used toload the 16 bitcounter
value. The registers can be read or written “on the

fly”.

WDTHR R248 (F8h) Page 0 Read/Write
Timer/Watchdog Counter Register, High byte

Reset value: undefined
7 0

R15 | R14 | R13 | R12 | R11 | R10 | R9 | R8

WDTLR R249 (F9h) Page 0 Read/Write
Timer/Watchdog Counter Register, Low byte.

Reset value: undefined
7 0

R7 | R6 [ RS | R4 | R3 | R2 | R1 | RO

WDTPR R250 (FAh) Page 0 Read/Write
Timer/Watchdog Prescaler Register

Reset value: undefined
7 0

PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PR1 | PRO

[57 SGS-THOMSON
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b7-b0 = PR7-PRO: Timer/Watchdog Prescaler.
The value stored in this Register is used to select
the prescaling factor from 1 (loading 00h) to 256
(loading FFh).

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

WDTCR R251 (FBh) Page(0 Read/Write
Timer/Watchdog Control Register

Reset value: 0001 0010 (12h)
7 0

ST_SP| S_C |INMD1{INMD2{ INEN [OUTMD[WROUT|OUTEN

b7 = ST_SP: Start/Stop Bit. Setting this bitto a “1”
starts the countingoperation (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 whenthis bitis “0”

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

b3 = INEN: /nput Enable. This bit enables (“1”) and
disables (“0”) the input section

b2 = OUTMD: Qutput Mode. When this bit is “17,
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
transferredto the Output pin when OUTMD = “1”| it
is user definable to allow PWM output (at reset
WROUT = “17)

b0 = OUTEN: Ouiput Enable bit. The outputis en-
abled by setting this bit to “1”, and disabled by re-
settingto “0”
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TIMER/WATCHDOG REGISTERS (Continued)

WCR R252 (FCh) Page 0 Read/Write
Wait Control Register
Resetvalue:0111 1111 (7Fh)

7 0

EIVR R246 (F6h) Page0 Read/Write
External Interrupt Vector Register
Reset value: xxxx 0110 (X6h)

7 0

X |WDGEN| X X X X X X

X X X X X | TLIS [IAOS| X

b6 = WDGEN: Watchdog Enable Bit (active low).
Resetting this bit to zero via software enters the
Watchdog mode. Once reset, it cannotbe setto “1”
by the user program. At system reset, the Watch-
dog mode is disabled
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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/Timer end of count, when = “17, it is the exter-
nal pin NMI.

b1 =1AOS: Interrupt channel A0 Selection Bit. This
bit allows the Timer/Watchdog interruptto channel
through the external Interrupt A0 source, allowing
the setting of user-definedpriority levels.

WARNING. To avoid spurious interrupt requests,
an access to the IAOS bit must be made only when
the interrupt logic is disabled (i.e. after the DI in-
struction). 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 IAOS
write instruction.
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13 MULTIFUNCTION TIMER

13.1 INTRODUCTION

The Multifunction Timer is a 16-bit Up/Down
counter, driven by the output of an 8-bit prescaler
which may be driven by INTCLK/3 (giving a mink
mum timing resolution of 250ns at INTCLK =
12 MHz) or by an external source.

This timer is supported by two 16-bit Comparison
Registers (CMPOR, CMP1R) for generating
timed functions and two 16-bit Capture/(re)Load
Registers (REGOR, REG1R) for timing and vari-
able timebase functions. These features coupled
with 2 input pins (TxINA and TxINB) and 2 Alter-
nate Function output pins (TxOUTA and
TxOUTB), where x = the number of the Timer,
give the Timer 12 operating modes including
automatic PWM generation and frequency meas-
urement.

Severalfunctionalconfigurations are possible, €.g.:

- 2 input captures on two different external lines
and 2 independent output compare functions
(counter in free running mode), or 1 output
compare on a fixed repetition rate.

- 1 input capture, 1 counter reload and 2 inde-
pendent output compares.

Figure 13-1. MFT Simplified Block Diagram

- 2 alternate autoreloads and 2 independentout-
put compares.

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

When two timers are presenton ST9 chip, a com-
bined mode is available.

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

The two external inputs (TxXINA/TxINB) 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 configurationof each input s fixed by the Input
Control Register (ICR).

CARTURE /LOAD

LOGIC

|_ DMA CONTROLLER |
CAPTURE/LOAD REG 0

CAPTURE/LOAD REG 1

b

8 BIT
CLOCK —™ b
PRESCALER

16 BIT U/D COUNTER

COMPARATOR
|
COMPARE REG 0 COMPARE REG 1
|_ DMA CONTROLLER |
VADD304
01-95 ‘— SCS-THOMSON 107/194
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INTRODUCTION (Continued)

Each of the two output pins (TxXOUTA/TxOUTB)
can be drivenfrom 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 generatedby twoof the three sources men-
tioned above, i.e. Over/Underflow event and Com-
pare 0 event. This sighal can be used internally as
synchronism for another on-chip petripheral or as
strobefor anl/O port (see I/0 port chapter).

Figure 13-2. Detailed Block Diagram

Five maskable interrupt sources referring to an
End Of Count condition, 2 input captures and 2
output compares, can generate 3 differentinterrupt
requests (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 op-
erations. Each DMA request (associated to a cap-
ture 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 di-
rection, and two for the transfer synchronization).

A SWAP mode is also available to allow high speed
continuoustransfers (see Interruptand DMA chapter).

SOF TWARE SOFTWARE
EXT. EVENT O EXT. EVENT O
BIVALUE CAPTURE / LDAD OVF /UNF
ONE SHOT/CONT. — LOGIG
DMA CONTROLLER
CAPTURE /LOAD REG. O CAPTURE /LOAD REG. 1
T CAFT 0 CAPT 1 ]
LOAD O LGAD 1
PRS
NTCLK =5 1
oSBT UP 1 15 BT CouNTER
OVF /UNF
EXT.CLOCK CLEAR—= N
COMPARATOR
COMP 0 T COMP 1
| | TO THE CPU
COMP. O COMP 1 INTERRUPT LOGIC
CAPT 1 .
o . DMA CONTROLLER CAPT o |
5 = = " " - | cro
géé o - £ 9 - Z COMP 1 oM
el py 5 5o §o cowp o —
= [ b=
sz xS3E 2 258 88 L+ | cwo
Pt tttt bbb OVF /UNF | o
FUNCTION DEFIN. FUNCTION DEFIN. —3— |ocro
ocM 0
EVENT PROGRAMM. ACTION ON DUTPUT (AQ) L1
Pin INA Pin INB Pin OUTA Pin OUTB VROOD449
108/194 L3z 56s-THOMSON

MICRGELEGTRENICS



ST9 - Multifunction Timer (ST902x)

13.2 FUNCTIONAL DESCRIPTION

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

13.2.1 One Shot Mode

When the counter generates an ovetflow (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
softwaretrigger. The One Shot Mode is entered by
setting TMR bit CO.

13.2.2 Continuous Mode

Whenever the counter reaches an End Of Count,
the counting sequence is automatically restarted
and the counter is reloaded from REGOR (or
REG1R when selected in Biload Mode). Continu-
ous Mode is entered by resetting TMR bit CO.

13.2.3 Trigger And Retrigger Modes

A trigger event may be generated either by soft
ware action (setting either CP0 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 A0-
A1 and B0-B1in 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 Re-
trigger Mode, every trigger (used as a reload and
start count) received while the counter is running
automatically reloads the counter from REGOR (or
REG1R when the register is selected in Biload
Mode). Trigger/Retrigger Mode is set by the REN
bitin TMR.

TxINA input refers to REGOR and TxINB input re-
fersto REG1R.

WARNING. If the Trigger Mode is selected when
the counteris in Continuous Mode, then every trig-
gerto reloadthe counter startingvalue is disabled,
So it is not possible to synchronize the counting cy-
cle by hardware or software.

"_l SGS-THOMSON

13.2.4 Gate Mode

In this mode the counting operation is performed
only when the external gate input is active (logical
state “0”). The selection of TxINA or TxINB input as
gate input is made through INO-IN3 bits in ICR.

13.2.5 Capture Mode

REGOR and REG1R registers may be inde-
pendently set in Capture Mode by setting RMO or
RM1in TMR, so thata capture of the current count
value can be performed either on REGOR or
REG1R, via software action (by setting CPO or
CP1 in the FLAGR register) or a programmable
event on the externalinput 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 CP0/CP1 bit set
and the subsequent CP0/CP1 bit reset.

13.2.6 Up/Down Mode

The countercan countup or downdependingonthe
state of the UDC bit (Software Up/Down) in TCR, or
on the configuration of the externalinput pins, which
have priority over UDG (see Input pin assignmentin
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).

13.2.7 Free Running Mode

The timer performs full range counting (inupor down
mode) without reloading from REGOR at an End Of
Count. This mode is automatically selected eitherin
Bicapture Mode or by setting REGOR for capture
function (Continuous Mode must also be set). In
Autoclear Mode, free running with modulo less than
2% may be obtained (see AutoclearMode).
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FUNCTIONAL DESCRIPTION (Continued)

13.2.8 Monitor Mode

When RM1 bitin TMR is reset and the timer is not
in Bivalue Mode, then REG1R acts as monitor, re-
producing the current U/D counter content ena-
bling the ST9 to read the counter “on the fly”.

13.2.9 Autoclear Mode

A clear command forces the counter to the value
0000h or OFFFFh, when counting in up or down
count mode respectively. The counter reset may
be obtainedeither directly, through CCL bitin TCR,
or by entering the Autoclear Mode, through CCPO0
and CCMPO fields in TCR.

Every capture performed on REGOR (if CCP0 =
“17), 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 meas-
urement of delta time between successive captures
on REGOR, while the Clear On Compare mode al
lows free running with modulo less than 2'6.

13.2.10 Bivalue Mode

Depending on the value of RMO bit in TMR, the
Biload Mode (RMO = “0”) or the Bicapture Mode
(RM0O = “17") canbe selectedas explained in the fol-
lowing table:

Table 13-1. Bivalues Modes

TMR bits
RMO RM1 BM

Timer
Operating Modes

0 X 1
1 X 1

BiLoad mode
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 reloadregister (RMO = “0” in TMR).

At any End Of Count, the counter reloading is per-
formed alternately from REGOR and REG1R, (a
low level for BM bit always sets REGOR as the cur-
rent register, so that, aftera Low to High transition
of BM bit, the first reload is always from REGOR).

Every software or extemal trigger event on REGOR
performs a reload from REGOR resetting the Biload
cycle. In One Shot mode (reload made by a software
or extemaltrigger), 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 captureregister (RM0 = “1”in TMR).

Every capture event, software simulated (by set-
ting CPO flag) or from the TxINA input line, cap-
tures the current counter value alternately into
REGOR and REG1R. 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.

13.2.11 Parallel Mode

Whenthere are two timerson 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 in-
put is connectedto the system clock line.

By loading the Prescaler Register of Timer 1 with
the value 00h the two timers (Timer 0 and Timer 1)
are driven by the same frequency in parallel mode.

13.2.12 Autodiscriminator Mode

Figure 13-3. Parallel Mode Description

TIMER O

INTCLK /3 ——{PRESCALER 0 PRESCALER 1—am] TIMER 1

VROOO217
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The phase difference sign of two overlapped
pulses (respectively on TxINB and TxINA) gener-
ates a one step up(down) count, so that the
up/down control and the counter clock are both ex-
ternal. The setting of the UDC bit in the TCR regis-
ter has no effectin this configuration.
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13.3 INPUT PIN ASSIGNMENT

The two external inputs (TxINA and TxINB) of the
timer can be individually configuredto catcha par
ticular external event (i.e. rising edge, falling edge,
rising and falling edges) by programming the two
relevant bits (AO, A1 and B0, 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 ta-
ble.

Table 13-2. Input Pin Function

| C Reg. TxINA Input TxINB Input
IN3-INO bits Function Function
0000 not used not used
0001 not used Trigger
0010 Gate not used
0011 Gate Trigger
0100 not used Ext. Clock
0101 Trigger not used
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 not used
1100 Autodiscr. Autodiscr.
1101 Trigger Ext. Clock
1110 Ext. Clock Trigger
1111 Trigger Gate

Some choices in the externalinput pin assighment
are defined in conjunction with RM0 and RM1 bits
in TMR.

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

- a trigger signal on TxINA input pin performs an
U/D counter load if RM0 =0, or an external
capture if RMO = “17.

- a trigger signal on TxINB input pin always per-
forms an external capture on REG1R. The
TxINB input pin is disabled when the Bivalue
Mode is set.

Note. For proper operation of the External Input
pins, the following must be observed:

— the minimum external clock/trigger pulse width
cannotbe less than the system clock (INTCLK) pe-
riod if the input pin is programmed as rising or fall-
ing edge sensitive.

— the minimum external clock/trigger pulse width
cannot be less than the prescaler clock period

[57 SGS-THOMSON
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(INTCLK/3) if the input pin is programmed as rising
and falling edges sensitive (valid also in Autodis-
crimination mode). - the minimum delay between
two clock/trigger pulse active edges must be
greater than the prescaler clock period
(INTCLK/3), while the minimum delay betweentwo
consecutive clock/trigger pulses must be greater
thanthe system clock (INTCLK) period.

— 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 in-
put pin B pulse) and the edges of the input pin B
pulse, mustbe at least the system clock (INTCLK)
period.

— if a number N of external pulses must be
counted using a Compare Register of a Timer in
External Clock mode, then the Compare Register
used must be loaded with the value [X +/- (N-1)],
where X is the starting counter value and the sign
is chosen depending if in Up or Down count mode
respectively.

The sixteen external input functional modes avail-
able (referring to Table 13-2) are:

13.3.1 TXINA=1/O- TxINB=1/0

Input pins A and B are not used by the Timer. The
counter clock is internally generated and the
up/down control may be made only by software ac-
tion through the UDC (Software Up/Down) bit in
the TCR register.

13.3.2 TxINA =1/O - TXINB = Trigger

The signal applied to input pin B acts as a trigger
signal on REG1R register. The prescaler clock is
internally generated and the up/down control may
be made only by software action through the UDC
bit in the TCR register.

13.3.3 TxINA = Gate - TXINB=1/O

The signal applied to input pin A acts as a gate sig-
nal 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 con-
trol may be made only by software action through
the UDC bitin the TCR register.

TCINA (Gate Input) - L I

Internal Counter Clock .I_I_I_l_l_l_l_l_l_

A count occurs here
VRODD218

111/194




ST9 - Multifunction Timer (ST902x)

INPUT PIN ASSIGNMENT (Continued)

13.3.4 TxINA = Gate - TxINB = Trigger

Bothinput pins A and B are connectedto the timer,
with the resulting effect of combining the actions
due to the above explained configurations.

13.3.5 TXINA =1/0 - TxINB = Ext. Clock

The signal applied to inputpin Bis used as the ex-
ternal clock for the prescaler. The up/down control
may be made only by software action through the
UDC bit inthe TCR register.

13.3.6 TxINA = Trigger- TxINB = 1/O

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

TOINA (Trigger Input) I

Internal Counter Clock | | | | | | | | |

A count occurs here (x)
VROOO189

(*) The timer is in One shot mode and REGOR in Reload mode

13.3.7 TXINA = Gate - TxINB = Ext. Clock

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

TOINA (Gate Imput} 01T

TOINB (Ext. Counter Clock} M_ILrn

A count occurs here
VRO00190
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13.3.8 TxINA =Trigger - TxINB = Trigger

The signal applied to input pin A (or B) acts as trig-
ger signal for the REGOR (or REG1R) register per-
forming the action for which the register has been
programmed. The counter clock is internally gen-
erated and the up/down control may be made only
by software action through the UDC bit in the TCR
register.

13.3.9 TxINA = Clock Up - TxINB = Clock
Down

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

X = don't caore

TOINA (Up Count Cloek) TNy —yx—xx—

Counter Increment

TOINB (Down Count Clock) minln

Counter Decrement
VRODO191

13.3.10 TxINA = Up/Down - TXINB = Ext Clock

An High (orLow) 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 asclock for the prescaler. Setting the UDC bit
in the TCR register has no effect in this configura-
tion.

Down Count
Up Count

TOINA (UP /DOWN)

TOINB (Ext. Counter Clack} [7] 11

I b
Counter Decrement

Counter Increment
VYR000192
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INPUT PIN ASSIGNMENT (Continued)

13.3.11 TxINA = TriggerUp - TxINB =Trigger
Down

Up/down control is performed through both input

X = don't care
TOINA (Trigger Up) _[ 7| XXX
—*Up Count Mode

TOINE (Trigger Down) m|

——
Down Count Mode

VROOD193

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.

Down Count
TOINA (UP/DOWN) Up Count
Internal Counter Clock | I | I | I | | | |

Counter
Decrement

Counter Increment VROOG194

13.3.12 TxINA = Up/Down - TxINB = 1/O

AnHigh (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 nho ef-
fect in this configuration.

13.3.13 Autodiscrimination Mode

The phase between two pulses (respectively on in-
put pin B and input pin A) generates a one stepup
(or down) count, so that the up/down control and
the counter clock are both external. Thus, if the ris-
ing edge of TxINB arrives when TxINA is at level
“0” the timer is incremented (no action if the rising
edge of TxINB arrives when TxINA is at level “17).
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 “17).

Setting the UDC bit in the TCR register has no ef-
fectin this configuration.

ToNA T LT 1

UP /DOWN
AUTODESCRIMINATOR

TOINB | I I |

T Counter Decrement

Counter Increment
VROOO1B5
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13.3.14 TxINA = Trigger - TxINB = Ext. Clock

The signal applied to input pin A acts as a trigger
signalon REGOR register performing the action for
which the register was programmed (i.e. a reload
or capture),while the signal applied to inputpin B is
used as clock for the prescaler.

TOINA (Trigger Input) |

TOINB (Ext. Counter Clock) M mHEg

A count occurs here*
VRO0D196

(*) The timer is in One shot mode and REGOR in reload mode
13.3.15 TxINA = Ext. Clock - TxINB = Trigger

The signal applied to input pin B acts as a trigger,
performinga captureon REG1Rregister, while the
sighal applied to the input pin A is used as clock for
the prescaler.

13.3.16 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).
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13.4 OUTPUTPIN ASSIGNMENT

Two external outputs are available for each timer
when programmed as Alternate Function Qutputs
of the /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.

Eachof the two outputpins canbe 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/Un-
derflow event and Compare 0 event by program-
ming 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 I/O port (see Handshake chapter).

Output Waveforms
Table 13-3. On-chip Event Settings

MFTO Handshake Trigger Port 5
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Depending on the different programmed values of
OACR and OBCR the following example waveforms
can be generatedon TxOUTA and TxOUTB pins.

Configuration where TxOUTA is driven by
Over/Underflow (OUF) and Compare 0 event
(CM0), while TxOUTBiis driven by the Over/Under-
flow and Compare 1 event (CM1).

OACR is programmed with TxOUTA preset to “0”,
OUF sets TXOUTA, CMO0 resets TxOUTA and CM1
does not affectthe output.

OBCR is programmed with TxOUTB preset to “0”,
OUF sets TxOUTB, CM1 resets TxOUTB while
CMO does not affect the output.

Configuration where TxOUTA is driven by

DACR = [101100X0]
OBCR = [110001X1]

TOOUTA L1 L
OUF COMPQ OUF COMPO

COMP1 COMP1
TOOUTB | LI L
QUF OUF
VROD0197

Over/Underflow, Compare 0 and Compare 1, while
TxOUTB is driven by both Compare 0 and Com-
pare 1.

OACR is programmed with TxOUTA preset to “0”.
OUF toggles the Output 0 as do CM0 and CM1.
OBCR is programmed with TxOUTB preset to “1”.
OUF does not affect the output while CMO resets
TxOUTB and CM1 setsiit.

0ACR = [101100X0]
0BCR = [110001X1] COMP1  COMP1
ToouTA T LI LT 1y
OUF QUF
COMPO  COMPO
COMP1  COMP1
TOOUTB
COMPQ COMPO
VRO00198
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OUTPUT PIN ASSIGNMENT (Continued)

Configuration where TxOUTA is driven by
Over/Underflow and Compare 0, while TxOUTB is
driven by Over/Underflowand 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”.
OUF toggles TxOUTB, CM1 sets it and CMO0 has
no affect.

OACR
CBCR

[101100X0]
[110001%1]

TOOUTA T | :
OUF COMPO OUF COMPO

COMP1  COMP1
Toouts L1 L1 |1
OUF OUF
VROCA198

Output Waveform Samples In Biload Mode

TxOUTA s programmedto monitor the two time in-
tervals (11 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 CM0 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/CMO values, three differ-
ent example waveforms have been drawn starting
from the above mentioned configuration of OBCR.
Inthe last case, with a different programmedvalue
of OBCR, only Compare 0 drives TxOUTB, tog-
gling the output.

Configuration where TxOUTA is driven by
Over/Underflow and Compare 0, while TxOUTB is
drivenby Compare 0 and 1.

OACR is programmed with TxOUTA preset to “1”.
Of#JF sets TXOUTA, CMO resets it and CM1 has no
affect.

OBCR is programmed with TxOUTB preset to “0”.
OUF has no affect, CM0 sets TxOUTB and CM1
togglesit.

[101100X0]
[110001X1]

ToouTta [ ] 1 i

OUFCOMPG OUFCOMPQ

OACR =
OBCR =

DACR = [111101%0]
1 t1 1 t2 1
TOOUTA
OUF OUF
OBCR = [001011X0]

(;) COMPO < REGO < COMP1 < REG!

COMPO COMP1

b) COMPO < COMP1 < REGO < REG1
COMP1  COMP1

TOOUTB (x) -<

COMPO COMPQ

COMP1 COMP1
TOOUTB
R < MPO < MP1 < REG!
COMPO COMPO c) REGD < COMPD co EG
COMP1
VROO0205
s
COMPO
0BCR = [011111X0]
TOOUTE | |
COMPC COMPO
VROOD206
Note (*) Depending on the CMP1R/CMPOR values
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13.5 INTERRUPT AND DMA

13.5.1 Timer Interrupt

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

Table 13-4. Timer Interrupt Structure

Interrupt Source Vector Address
COMP 0
COMP 1 xxxx x110
CAPTO
CAPT 1 xxxx x100
Overflow/Underflow xxxx x000

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 Interrupt/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 CP0) happens be-
fore the corresponding pending bit is reset, an
overrun condition occurs. This condition is flagged
in two dedicated overrun bits, concerning the
Comp0 and Capt0 sources, and placed in the
Timer Flag Register (FLAGR).
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13.5.2 Timer DMA

Two Independent DMA channels, associated to
Compare 0 and Capture 0 sources, respectively al-
low DMA transfers from Register File/Memory to
Comp0 Register and vice versa from Capt0 Regis-
ter to Register File/Memory (also transfers in/from
Memory from/into an I/O port are available). Their
priority is hardware set as follows:

- 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 Interrupt/DMA Mask register (IDMR).

The two End of Block procedures, associated to
each Interrupt mask and DMA mask combination,
follow the standard architecture as shownin the In-
terrupt and DMA chapters.

13.5.3 DMA Pointers

The 6 programmable most significant bits of the
Timer Address and Counter Pointer registers
(DAPR-DCPR) are common to both channels
(Comp0 and Capt0 sources). As a consequence,
the Comp0 and Capt0 Address pointers are
mapped by pair in the Register File, as well as the
Comp0 and Capt0 DMA Counter pair.

The different address specification, in order to
point either Capt0 or Comp0 pointers, is provided
by the Timer according to the channel under serv-
ice (replacing the address bit 1 with “0” for CAPTO
or with “1” for COMPQ), when D0 biton DCPR reg-
ister 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 respectively.

In the case of register to register transfers (se-
lected by programmingthe value “1” into bit 0 of the
DCPR register), only one pair of pointers are re-
quired and the pointers are mappedinto one group
of adjacent positions.

DAPR (the DMA/Address Pointer Register) in this
case in not used, but mustbe consideredreserved.
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INTERRUPT AND DMA (Continued)

Figure 13-4. Map Pointer for Register to
Prog/Data Memory Transfer
Register File
Comp0 16 bit
Address Addr Pointer
Pointers YYYYYY11(l)
Capto 16bit | Y'Y YYY10(h)
Addr Pointer
YYYYYYO1(l)
YYYYYYO00(h)
Comp0O DMA
DMA 16 bit Counter
Counters XXXXXX11(1)
Capt0 DMA XXXXXX10(h)
16 bit Counter
XXXXXX01(1)
XXXXXX00(h)

Figure 13-5. Map Pointer for Register to Regis-
ter Transfer

Register File

8 bit Counter XXXXXX11

Compare 0

8 bit Addr Pointer XXXXXX10

8 bit Counter XXXXXX01

Capture 0

8 bit Addr Counter XXXXXX00
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13.5.4 Priority During The DMA Transactions

Each Timer DMA transaction is a 16-bit operation,
therefore two different bytes must be transferred
subsequently. This is accomplished by two DMA
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 exe-
cuting this transfer. Furthermore, once one request
is being served, its hardware priority is kept at the
highest level regardless to the other Timer internal
sources, i.e. once a Comp0 request is being
served, it keeps a higher priority on the Capt0
channel, even if a Capt0 request occurs between
the two byte transfers.

13.5.5 The DMA Swap Mode

After a complete data table transfer, the transac-
tion counter is reset and an End Of Block condition
occurs, the block transferis 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, al-
lowing high speed continuous 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 (D2-D7) for the pair of pointers, thus pointing
to an updated pair, after a block has been com-
pletely transferred. This allows the User to be up-
dating or reading the first block, and to update the
pointer values while the second is being trans-
ferred. These two toggle bits are software writable
and readable, mapped in DCPR bit 2 for the CM0
channel, and in DAPR bit 2 for the CP0 channel
(thougha DMA event on a channel, in Swap mode,
modifies a field in DAPR and DCPR common to
both channels, the DAPR/DCPR content used in
the transfer is always the bit related to the correct
channel).

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 (CMO0 and CPO0).
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INTERRUPT AND DMA (Continued)

13.5.6 The DMA End Of Block Interrupt Routine

This Interrupt requestis 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 sub-
mitted 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
makes the user sure that NO DMA request has
been lost in the meantime.

Return.

WARNING: The EOB bits are read/write bits only
for testing reasons. Writing a logical “1” by soft-
ware (when SWEN bit is set) will cause a spurious
interrupt request. During normal operation, these
bits mustonly be reset by software.

13.5.7 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 be-
fore 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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13.6 TIMER DMA EXTERNAL MODES ON I/0
PORTS

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

The relevant I/0O port must then be programmedin
DMA mode and the right direction of the port cho-
sen by the HDCxR register of that port (see Hand-
shake chapter).

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

13.6.1 CMO Channel External Mode

This mode is enabledwhen DCTD (DMA Compare
Transaction Destination) bit is equal to “1” in the
IDCR register.

This mode allows only Output transfers, from Reg-
ister File/memory to the 1/O port, under a request
caused by a CMQ event or a software request (writ-
ing “1” in the CMO flag). An application for this is a
data flowunder DMA to be output at fixed times.

The synchronization with the 1/O port is accom-
plished by aninternal 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 se-
lected in the HDCTL Register of the port (see
Handshake chapter).

13.6.2 CPO Channel In External Mode

This mode is enabled when DCTS (DMA Capture
Transaction Source) bit is equalto “1” in the IDCR
register.

This mode allows bi-directional transfers controlled
(when the I/O port is programmed in DMA In-
put/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 Qutput mode).

The DMA request can be either an External CPT0
request (Timer External input A) or a software re-
quest (by writing “1” in the CPO0 Flag).

This, along with a further internal synchronization sig-
nal, generated by the Timer Unit, allows handshake
operations managedby the I/O portwhile thedirection
ofthedatato reador write onthel/Oportis fixed by the
value of the DD bitinthe HDCTL register.
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MODES ON I/0 PORTS (Continued)

13.6.3 DMA Channel Synchronization

A CP0 DMA request can be generated also by a
CMO event, simply by setting the Timer External In-
put A on rising and falling edges sensitive, con-
necting it by hardware or software (though the
IOCR register) to the Timer OUT 0, and program-
ming the CMO action as outputtoggle.

Thiswill cause a CP0 requestto be generatedafter

Figure 13-6. Timer DMA Channels Synchronization

each CMO condition, thus synchronizing the 2
DMA channels (see the following application ex-
ample).

The DCTS bit must be set and DCTD bit must be
reset in the IDCR register. Figure 13-6 shows an
example of two channel synchronisation. A new
byte will be sent out through the 1/0 port at an inter-
val specified by the COMPO value mapped in the
look-up table.

RF /PM. /DM
— [ NOTE: THE |/0 PORT DIRECTION
DMA TRANSFER |SEF—~ IS FIXED BY THE DD BIT
I &-;: IN THE HDCTL REGISTER
DMA S ||
TABLE -
INT & DMA
[ PATTERN TABLE :[
INPUT EDGE
DETECTOR
ON—CHIP
:| EVENT
1/0
CONNECTION
(SOF TWARE) CAPTURE O REGISTER
] 16 BIT COUNTER
TOGGLE COMPARE O REGISTER
QUTPUT |
RF /PM. /DM, IDCR.DCTS=1 : CAPTURE DMA IN PORT MODE
IDCR.DCTD=D : COMPARE DMA IN NORMAL MODE
] INT & DMA HDCTL.DST=0 : NORMAL STROBE (M2ST3)
f
DMA DMA TRANSFER
TABLE
| TIME TABLE
VROD0450
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13.7 REGISTER DESCRIPTION

Twenty control and data registers are associated
to each Multifunction timer, and are located in the
Group F 1/0 pages of the ST9 Register File.

The registers of the Multifunction Timers are lo-
cated in the I/O pages as follows:

Note thatunused registers mustbe regardedas re-
servedregisters.

In the following pagesthere is a detailed description
of everyregisterwiththe meaning and the functionof
everybit. The registeris referredto withoutthe abso-
lute address which is dependenton the number of
thetimer used (the configurationand the functionsof
the internal bits of i.e. TCR - TIMO are the same as
for TCR- TIM1).

Table 13-5. Multifunction Timer Register Map (Group F)

Applicable to ST902x

Page 10 Page 9

Page 0Ah Page 09h
R255 IMDR - TIMO FFh
R254 FLAGR - TIMO FEh
R253 OBCR - TIMO FDh
R252 OACR - TIMO FCh
R251 PRSR - TIMO FBh
R250 ICR - TIMO FAh
R249 TMR - TIMO Foh
R248 TCR- TIMO IOCR F8h
R247 CMP1LR - TIMO F7h
R246 CMP1HR - TIMO Féh
R245 CMPOLR - TIMO F5h
R244 CMPOHR - TIMO F4h
R243 REG1LR - TIMO IDCR - TIMO F3h
R242 REG1HR - TIMO IVR - TIMO F2h
R241 REGOLR - TIMO DAPR - TIMO Fih
R240 REGOHR - TIMO DCPR - TIMO Foh
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REGISTER DESCRIPTION (Continued)

13.7.1 Register0 (REGOR) Registers

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

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

Reset value: undefined
7 0

13.7.3 Compare 0 (CMPOR) Registers

This pair of Registers (CMPOL and CMPOH) is
used to store 16-bit values to be compared to the
U/D countercontent.

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

Reset value: undefined
7 0

R15 | R14 | R13 | R12 | R11 | R10 R9 R8

R15 | R14 | R13 | R12 | R11 | R10 R9 R8

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

Reset value: undefined
7 0

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

Reset value: undefined
7 0

R7 R6 R5 R4 R3 R2 R1 RO

R7 R6 R5 R4 R3 R2 R1 RO

13.7.2 Register1 (REG1R) Registers

This pair of registers (REG1LR and REG1HR) is
used (as REGOR) to capture values from the U/D
counteror to load presetvaluesintothe U/D counter.

REG1HR R242 (F2h) Read/Write
Capture Load Register 1 (High)

Reset value: undefined
7 0

13.7.4 Compare 1 (CMP1R) Registers

This pair of Registers (CMP1L and CMP1H) is
used (as CMPOR) to store 16-bit values to be com-
pared to the U/D counter content.

CMP1HR R246 (Fe6h) Read/Write
Compare 1 Register (High)

Reset value: undefined
7 0

R15 | R14 | R13 | R12 | R11 | R10 R9 R8

R15 | R14 | R13 | R12 | R11 | R10 R9 R8

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

Reset value: undefined
7 0

CMP1LR R247 (F7h) Read/Write
Compare 1 Register (Low)

Reset value: undefined
7 0

R7 R6 R5 R4 R3 R2 R1 RO

R7 R6 R5 R4 R3 R2 R1 RO
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REGISTER DESCRIPTION (Continued)

13.7.5 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

13.7.6 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 0000b (00h)
7 0

CEN | CCPO | CCMPO | CCL | UDC |UDCS| OF0 | CS

OE1 | OEO | BM | RM1 [ RMO | ECK | REN | CO

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 REG1R capture. No
effect when this bit is reset.

b5 = CCMPO: Clear on Compare. When this bit is
set, a clear of the counterand a reload of the pres-
caler are performed on CMPOR compare. No ef-
fect when this bit is reset.

b4 = CCL: Counter clear. When this bit is set, the
counter is cleared without generation of interrupt
request. No effectwhen this bitis reset.

b3 = UDC: Software Up/Down. Whenthe direction
of the counter is not fixed by TxINA and/or TxINB
(see par. 10.3) 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” meansthatthe counteris using the Up
mode counting. Reading “0” means that the Down
mode counting is in use.

b1 = OF0: OVF/UNF state. This bit is read only and
is set if an Overflow or an Underflow occurs during
a Capture on Register 0.

b0 = 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” in-
dicates that the counter is halted.
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b7 = OE1: Quiput 1 Enable. Setting this bit enables
the Output 1 (TxOUTB) of the relevanttimer. When
this bit is reset, the TxOUTB is disabled and forced
tothe logic state “1”. The relevant I/O bit must also
be setto Alternate Function.

b6 = OEO: Quiput 0 Enable. Setting this bit enables
the Output 0 (TxOUTA) of the relevanttimer. When
this bit is reset, the TxXOUTA is disabled and forced
tothe logic state “1”. The relevant I/O bit must also
be setto 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, dependingon
the value of RMO bit (TMR - bit 3), the Biload or Bi-
capture mode is selected.

b4 = RM1: REG1R mode. When this bit is set, the
REG1R can be used to capture the value of the
counter. When the bit is reset, the REG1R moni-
tors the value of the counter. The selection per-
formed by this bit has no effect when the Bivalue
Mode is enabled.

b3 = RMO: REGOR mode. When this bit is set, the
REGOR can be used to capture the value of the
counter (also the Bicapture mode can be selected
if the BM bitis equalto 1). Whenthe bitis reset, the
REGOR can be usedto load the new value of the
counter (also the Biload mode can be selected if
the BM bit is equal to “17).

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 dependingon INO- IN3 configuration
in ICR. When ECK bit is set, different functions are
performed depending on the number of the rele-
vant timer. For odd timers (Timer 1, Timer3 andso
on) setting the ECK bit enables the Parallel mode
where the prescaler of the odd timer is driven by
the prescaler output of the even timer.
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REGISTER DESCRIPTION (Continued)

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

b0 = CO: Continous/One shot mode. When this bit
is reset, the Continuous mode is selected (with
autoreloadon condition). The bit mustbe setto se-
lect the one shot mode. The following table sum-
marizes the different operating modes depending
on the values of RM0, RM1 and BM bits.

Table 13-6. Timer Operating Modes

13.7.7 Externallnput Control Register(ICR)

By this register it is possible to program the func-
tion and the operation to be performed on TxINA
and TxINB inputs.

ICR R250 (FAh) Read/Write
External Input Control Register

Reset value: 0000 xxxxb (0Xh)
7 0

IN3 IN2 IN1 INO A0 Al BO B1

&7

TMR Bits Timer Operating Modes |  07-04 = IN3,IN2,IN1,INO: Input pin_assignment.
BM RM1 RMO The different functions of TxINA and TxINB inputs
of every timer can be selected by INO - IN3 bits as
1 X 0 Biload mode explainedbelow.
1 X 1 Bicapture mode b3-b2 = A0, A1: TxINA event programming. The
following TxINA configurations can be selected ac-
Load from REGOR and cording to the values of A0 and A1 bits:
0 0 0 Monitoron REG1R b1-b0 = BO, B1: TxINB event programming. The
following TxINB configurations can be selected ac-
0 1 0 Load from REGOR and cording to the values of BO and B1 bits:
Capture on REG1R
GCapture on REGOR and A0/BO A1/B1 TxINA/TxINB Configuration
0 0 1| Monitoron REG1R _
0 0 No operation
Capture on REGOR and 0 1 Falling edge sensitive
0 1 1 REG1R 1 0 Rising edge sensitive
1 1 Rising and falling edges
| C Reg. TxINA Input TxINB Input
IN3-INO bits Function Function
0000 not used not used
0001 not used Trigger
0010 Gate not used
0011 Gate Trigger
0100 not used Ext. Clock
0101 Trigger not used
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 not used
1100 Autodiscr. Autodiscr.
1101 Trigger Ext. Clock
1110 Ext. Clock Trigger
1111 Trigger Gate
SCS-THOMSON 123/194
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REGISTER DESCRIPTION (Continued)

13.7.8 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 00h value, so that the prescalerdivides by
1 and the maximum counter clock is generated
(OSCIN frequency divided by 6 when MODER 5 =
DIV2bit is set).

PRSR R251 (FBh) Read/Write
Prescaler Register

Reset value: 0000 0000b (00h)
7 0

P7 | P6 | P5 | P4 [ P3 [ P2 | P1 | PO

The binary value stored (by programmer) in the
PRSRregisteris equal to [dividervalue - 1]. For ex-
ample, loading PRSR with 24 makes the prescaler
divide by 25.
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13.7.9 Output A Control Register (OACR)

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

- OVF/UNF being an Overflow or Underflow
eventon 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 B1 of the relevant
source can cause one of the following four effects
on TxOUTA (which can be preset previously):

BO B1 Event
0 0 Set
0 1 Toggle
1 0 Reset
1 1 Nop

Note: In any case of contemporary events the action will be taken
which results from 'ANDing’ the B1-BO fields. Through this register
the action of COMPO on the on-chip event can be also selected.

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

Reset value: xxxx xx0xb
7 0

BO B1 BO B1 BO B1 CEV | OP

< COMPO > < COMP1 > < OVF/UNF >

b7-b6 = BO, B1: Control bits of COMPO. Control
bits for event driven by COMPO.

b5-b4 = BO, B1: Control bits of COMP1. Control
bits for event driven by COMP1.

b3-b2 = BO, B1: Control bits of OVF/UNF. Control
bits for eventdriven 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 bitis reset.

b0 = OP: Control bit of TxOUTA preset. The value
of thisbit 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).
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REGISTER DESCRIPTION (Continued)

13.7.10 Output B Control Register (OBCR)

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 B1 of the relevant
source can cause one of the following four effects
on TxOUTB (which can be previously preset):

BO B1 Event
0 0 Set
0 1 Toggle
1 0 Reset
1 1 Nop

Note: In any case of contemporary events the action will be taken
which results from ’ANDing’ the B1-BO fields. Through this register
the action of Overflow/Underflow on the on-chip event can be also
selected.

OBCR R253 (FDh) Read/Write
Output B Control Register

Reset value: xxxx xx0xb
7 0

BO B1 BO B1 BO B1 OEV | OP

< COMPO > < COMP1 > < OVF/UNF >

b7-b6 = B0, B1: control bits of COMPO. Control
bits for event driven by COMPO.

b5-b4 = BO, B1: control bits of COMP1. Control
bits for event driven by COMP1.

b3-b2 = BO, B1: control bits of OVF/UNF. Control
bits for event driven by OVF/UNF.

b1 = OEV: On-Chip Eventon OVF/UNF. Whenthis
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.

b0 = OP: control bit of TxOUTB preset. The value
of this bit is the presetvalue of TxOUTB outputpin.
Reading this bit, it returns the current state of the
TxOUTB output pin (i.e. useful when this output is
selected in toggle mode).

"_l SGS-THOMSON

13.7.11 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 possi-
ble to generate software captures. It is hecessary
to clear the capture flag before subsequent
sofware captures can be generated. By reading
this register, user can know which source has gen-
erated an interrupt (several sources may share the
same interrupt vector).

FLAGR R254 (FEh) Read/Write
Flags Register

Reset value: 0000 0000b (00h)
7 0

CPO | CP1 | CMO [ CM1 | OUF | OCPO | OCMO| A0

b7 = CPO: Flag on Capture 0. This bit is set aftera
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 aftera
capture on REG1R register. Writing “1” acts as a
software capture on REG1R, except when in Bi-
capture mode.

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

b4 = CM1: Flag on Compare 1. This bit is set after
a successfulcompare on CMP1R 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/DMA request oc-
curs 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/DMArequest oc-
curs before having reset the event flag CMO0.

b0 = AO: Capture Interrupt Function. When this bit
is setthe Interruptis generated by an AND function
of REGOR/REG1R captures while when the A0 bit
is reset, the Interrupt is generated by an OR func-
tion of REGOR/REG1R captures.
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REGISTER DESCRIPTION (Continued)

13.7.12 Interrupt/DMA Mask Register (IDMR)

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

- Capture on REGOR (CPO field),

- Capture on REG1R (CP1l bit - only Interrupt
mask),

- Compare on CMPOR (CMO field),

- Compare on CMP1R (CMT1I bit- only Interrupt
mask), and

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

IDMR R255 (FFh) Read/Write
Interrupt/DMA Mask Register

Reset value: 0000 0000b (00h)
7 0

GTIEN | CPOD | CPol | CP11 | CMOD | CMoI [ CM11 | OUI

< CP0 ><CP1>< CMO ><CMi>

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 bitis
reset, all the Interrupts of timer are disabled.

b6 = CPOD: Capture 0 DMA Mask. Capture on
REGOR DMA is enabledwhen CPOD = “1."

b5 = CPOI: Capture 0 Interrupt Mask. Capture on
REGOR interrupt is enabled when CP0OI = “1”.

b4 = CP1l: Capture 1 Interrupt Mask. Capture on
REG1R interrupt is enabled when CP1l="1".

b3 = CMOD: 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 = CM1l: Compare 1 Interrupt Mask. Compare
on CMP1R interrupt is enabled when CM11 = “1”.

b0 = OUI: Overflow/Underflow Interrupt Mask.
Overflow/Underflow condition interrupt is enabled
when OUI = “1”.

Note. The following Registers show in square
brackets ([ ]) the Register address in the case of an
odd numbered (1, 3, 5...) Multifunction Timer being
available on-chip. If only one Timer is present
these addresses may be ignored.
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13.7.13 DMA Counter Pointer Register (DCPR)

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

DCPR R240 (FOh)[R244 (F4h)] Read/Write
DMA Counter Pointer Register

Reset value: undefined
7 0

DCP7 | DCP6 | DCP5 | DCP4 | DCP3 | DCP2 | DMA | REG

SRCE | MEM

L[v7 SGS-THOMSON
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b7-b2 = DCP7-DCP2: MSB of DMA counter regis-
teraddress. 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 = DMA-SRCE: DMA source selection (hard-
ware programmed). This bit is hardware fixed by
the Timer DMA logic and is set if the DMA destina-
tionis a Compare on CMPOR register and reset if
the DMA source is a Capture on REGOR register.

b0 = REG/MEM: DMA area selection. Whenthis bit
is set, it selects the Source/Destinationof the DMA
area from/into Register File while when it is reset,
the Source/Destinationof the DMA area is from/to
the External Program or Data Memory (according
with the value of DO bitin DAPR).
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REGISTER DESCRIPTION (Continued)

13.7.14 DMA Address Pointer Register
(DAPR)

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

DAPR R241 (F1h)[R245(F5h)] Read/Write
DMA Address Pointer Register

Reset value: undefined

7 0
DAP7 | DAP6 | DAP5 | DAP4 | DAP3 | DAP2 | DMA | PRG/
SRCE | DAT

b7-b2 = DAP7-DAP2: MSB of DMA Address regis-
ter 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 (hard-
ware programmed). This bit is hardware fixed by
the Timer DMA logic and is set if the DMA destina-
tion is a Compare on CMPOR register and reset if
the DMA source is a Capture on REGOR register.

b0 = PRG/DAT: 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).

13.7.15 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 inter-
rupt subroutines managed by every timer.

Only one Interrupt Vector Register is available for
every timer and is able to manage the three inter-
rupt groupsbecause the 3 least significantbits 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
register can be used to check the relevant flag of
the interrupt source.

IVR R242 (F2h)[R246 (F6h)] Read/Write
Interrupt Vector Register

Reset value: xxxx xxx0b
7 0

V4 V3 V2 Vi Vo Wi Wo Do

b7-b3 = V4 - VO: MSB of the Vector address.
These bits are user programmable and contain the
five most significant bits of the Timer interrupt vec-
toraddressesin the program memotry. 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 memory (see
Interruptand DMA chapters).

b2-b1 = W1 - W0: Vector Address bits. These bits
are equivalentto bit 1 andbit 2 of the Timer inter-

- rupt vector addresses in the program memory.
REG/MEM | PRG/DAT | DMA Source/Destination They are fixed by hardware depending on the
0 0 Program memory group of sources which generated the interrupt re-
0 1 Data memory quest as follows:
1 0 Register file b0 = DO. Thisbit is fixedby hardware. It always re-
1 1 Register file turns the value “0” if read.
w1 wo Interrupt Source
0 0 Overflow/Underflow eveninterrupts
0 1 Not available
1 0 Capture eventinterrupts
1 1 Compare event interrupts
L[vy SCS-THOMSON 127/194
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REGISTER DESCRIPTION (Continued)

13.7.16 Interrupt/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.

IDCR R243 (F3h)[R247 (F7h)] Read/Write
Interrupt/DMA Control Register

Resetvalue: 1100 0111b(C7h)
7 0

CPE | CME | DCTS | DCTD |SWEN| PL2 | PL1 | PLO

b7 = CPE: Capture 0 EOB. This bit is set by hard-
ware when the End Of Block condition is reached
during a Capture 0 DMA operation 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 bitis set by hard-
ware when the End Of Block condition is reached
duringa Compare 0 DMA operationwith the Swap
mode enabled. When the Swap mode is disabled
(SWEN bit = “0”) the CME bitis 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
REGORregister. Whenthe DCTSbit is set the ST9
port is selected as DMA transfer source (with this
DMA channelthe ST9 port can also be destination
dependingon the value of the DD bitin the HDCTL
register of the port - see I/0 port chapter9).

b4 = DCTD: DMA Compare Transfer Destination.
This bit selects the destination of the DMA opera-
tion 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 des-
tination.

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: /nterrupt/DMA priority level.
With these three bits it is possible to select the In-
terrupt and DMA priority level of every single timer
within eight different levels (see Interrupt/DMA
chapter).
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13.7.17 1/0 Connection Register (IOCR)

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

IOCR R248 (F8h) Read/Write
I/O Connection Register

Reset value: 1111 1100b (FCh)
7 0

SC1 | SCo

L[v7 SGS-THOMSON
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b7-b2 = not used.

b1 = SC1: Select Connection Odd. SC1 selects if
connection between TxOUTA and TxINA for ODD
timers is made on-chip or externally (physically on

pins)
SC1 =“0": TxXOUTA and TxINA unconnected

SC1 = “1”: TxOUTA and TxINA connected inter-
nally

b0 = 8CO: Select Connection Even. SCO selects if
connection between TxXOUTA and TxINAfor EVEN
timers is made on-chip or externally (physically on

pins)
SC0="0": TxOUTA and TxINA unconnected
SC0="1"TxOUTAand TxINAconnectedinternally
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14 SERIAL COMMUNICATIONS INTERFACE

14.1 INTRODUCTION

The ST9 Serial Communications Interface (SCI)
offers a means of full-duplex serial data transfer to
a wide range of external equipments.

The SCI has the following features:

Full duplex character-oriented synchronous
and asynchronous operation

Synchronous serial port expansion capability

Transr_nit, receive, Iine_ status, and device ad-
dress interrupt generation

Integral Baud Rate Generator capable of 1%ividing
the input clock by any value from 2 to 2 °-1 (16
bit word) and generating the internal 16X clock
for asynchronous operation or 1X clock for syn-
chronous operation

Fully programmable serial-interface charac-
teristics:

Figure 14-1. SCI Block Diagram

-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:

- Local loopback for communications link fault
isolation

- Auto-echoforcommunications link fault isolation

Separate interrupt/DMA channels for both
transmit and receive

g ST9 CORE BUS
DMA DMA
CONTROLLER CONTROLLER
TRANSMIT ADDRESS RECEIVER
BUFFER COMPARE BUFFER
REGISTER REGISTER REGISTER
TRANSMIT FRAME CONTROL RECEIVER
SHIFT SHIFT
REGISTER STATUS REGISTER
CLOCK and
BAUD RATE
GENERATCR
ALTERNATE
FUNCTION
{1 {1 {1 [1—
SQUT TXCLK /CLKOUT RXCLK SIN
VAQDI69
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14.2 FUNCTIONAL DESCRIPTION

SCl can run in three operationalmodes: Figure 14-3. Asynchronous mode
- Asynchronous mode -
- Synchronous mode | - PARITY &
. . I/O | START BIT DATA
- Serial expansion mode ¥ ISTOP BIT
Each of these three modes output data with the 16 :, 16 _,_1: |16 _,_1:
|

same serial frame format. The differences are de- !

rived from the clock rate (1X, 16X) and the sam- CLOCK ! i
pling clock (for the serial expansionmode). |

Asynchronous Mode VA00271

In this mode, data and clock can be asynchronous
(the emitter and receiver can have their own clock .
to sample received data), each data bit is sampled ~ Figure 14-4. Synchronous Mode

16 times per clock period. Thus the baudrate clock
shouldbe set to the +16 Mode and the frequency of V(T‘ DATA PARITYd

the clock input (from an external source or the in- STOP BIT
ternal baud-rate generator output) set to suit this.

Synchronous Mode
. START BIT
In this mode, data and clock are synchronous,

each data bit is sampled once per clock period. CLOGK
Serial Expansion Mode

This mode is used to access to an external syn- VAQo272

chronous peripheral.

The transmitter will provide the clock waveform Figure 14-5. Serial Expansion Mode
only during the period that data is being transmit-

ted through CLKOUT pin (the Data Envelope). The
datais latched on the rising edge of this clock. 110 DATA
Whenever the SCl is to receive data in the serial

port expansion mode, the clock waveform must be
supplied externally, synchronous with the data to

the ST9. The SCI will latch the incoming data on
the rising edge of the receiver I/O expansion clock. CLOCK J J-”
The clock input is supplied on pin RXCLK.

VA00273

Figure 14-2. Sampling Times in Asynchronous Format

SDIN |
SDINCK : |
I
|
I
I

| | | | | !
RXD |

RXCK | }|

VR001409
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FUNCTIONAL DESCRIPTION (Continued)
14.2.1 Serial Frame Format

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

This format is used by the SCl in all modes:

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 from
5 to 8 bits long for both synchronous and asynchro-
nous 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) depending on number of “17s in DATA.

ADDRESS/9TH: The Address/9th Bit is optional
and may be added to any word format. It is used in
both synchronous or asynchronous mode to indi-
cate that the data is an address (bit = “17).

The ADDRESS/9TH bit is useful when several mi
crocontrollers are exchanging data on the same
serial bus. Individual microcontrollers can stay idle
on the serialbus, waiting for a transmitted address.
When a microcontroller recognizes its own ad-
dress, it can begin Data Reception, likewise, on the
transmit side, the microcontroller can transmit an-
other address to begin communication with a dif-
ferent microcontroller.

The ADDRESS/9TH bit can be used as an addr
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
bitis programmedto be 1, 1.5, 2,0r 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.

Figure 14-6. SCI Character Format

Data transfer

Data to be transmitted by the SCl is first loaded by
the program into the Transmitter Buffer Register.
The SCI will transfer the data into the Transmitter
Shift Register when the Shift Register becomes
available (empty). The Transmitter Shift Register
converts the parallel data into the serial format for
transmission through the SCI Alternate Function
output, Serial Data Out. After the completion of the
transfer, the transmitter buffer register interrupt
pending bit will be updated.

If the selected word format is less than 8 bits, the
unused most significant bits are “don’tcare”.

Incoming serial datafrom the Serial Data Inputpin is
converted into parallel data for reception in the Re-
ceiver Shift Register. At the end of the input, the data
portion of the received word is transferred from the
Receiver ShiftRegister intothe Receiver Buffer Reg-
ister. All Receiverinterrupt conditions are updated at
the time of transfer.

If the selected characterformatis lessthan8bits, the
unusedmost significantbits will have the value “1”.

The Frame Control and Status block creates and
checks the character configuration (Data length
and stop bits), and the source for the transmit-
ter/receiver clock.

The integral 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. The baud rate generator can use
INTCLK or the Receiver clock input RXCLK.

The Address bit/D9 is optional and may be added
to any word format. It is commonly used in network
or machine control applications. When enabled
(AB, CHCR.4 = “1”), an address or ninth data bit
can be added to a transmitted word by setting the

START DATA PARITY ADDRESS 8TOP
: 1,15225 16X
# bits 1 5,6,7.8 0.1 0.1 123 1X
NONE
states oDD gI-I\IF
EVEN
S$GS-THOMSON 1817194
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FUNCTIONAL DESCRIPTION (Continued)

Set Address bit (SA, IDPR.5). This is then ap-
pended to the next word entered into the (empty)
Transmitter Buffer Register and then cleared by
hardware.

On character input an Address Bit set can indicate
that the data precedingthe bit is an address which
may be comparedin hardware with the value in the
Address Compare Register (ACR) to generate an
Address Match interrupt when equal.

The Address bit and Address Comparison Regis-
ter can also be combined to generate an Address
Interrupt in 4 modes to suit different protocols,
based upon the status of the Address Mode En-
able bit (AMEN, IDPR.7) and the Address Mode bit
(AM, CHCR.7).

Table 14-1. Address Interrupt Modes

If 9th Data Bit = 1

If Character Match

If Character Match and 9th Data Bit = 1

If Character Match on Word Immediately Following
Break

The character match Address Interrupt mode may
be used as a powerfulcharacter search mode, giv-
ing an interrupt on reception of a predetermined
character e.g. Carriage Return or End of Block
codes.

The Line Break condition s fully supported for both
transmission and detection. Line Break is sent by
setting the SET_BREAK bit (SB, IDPR.6). This
causes the transmitter output to be held low (after
all buffered data has been transmitted) for a mini-
mum of one complete word length and until the SB
bit is Reset.

Testing of the communications channel may be
performed using the facilities of the SCI. Auto Echo
mode (SCI SOUT disconnected, SIN pin internally
connectedto SOUT pin) and Loopback mode (SCI
transmitter and receiver sections disconnected
from SOUT and SIN pins and directly connected
internally) may be used individually or together.

132/194

Figure 14-7. Auto Echo Configuration

TRANSMITTER SouT
RECEIVER SIN
VR000210 |
Figure 14-8. Loop Back Configuration
TRANSMITTER LOGICAL 1 SOUT
RECEIVER SIN
VR000211

Figure 14-9. Auto Echo and Loop Back Config.

TRANSMITTER SOouT
RECEIVER SIN
VR000212
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FUNCTIONAL DESCRIPTION (Continued)
14.2.2 Clocks And Serial Transmission Rates

The communication bit frequency of the SCl trans-
mitter and receiver sections can be provided from
the integral Baud Rate Generator(allowing a maxr
mum asynchronous bit rate of 350k Baud) or from
external sources (maximum bit rate 175k Baud).
This clock is divided by 16 for asynchronous mode
(CD, CCR.3, =“0"), or dividedby 1 for synchronous
modes (CD =“17).

External Clock Sources. The External Clock in-
put pin TXCLK may be programmedby bits TXCLK
(CCR.7) and OCLK (CCR) to be: the transmit
clock input (respecting the 16 and +1 timing re-
quirements), to act as the output of the Baud Rate
Generator (allowing an external divider circuit to
provide the receive clock for split rate transmit and
receive e.g. 1200/75baud), or to be CLKOUT, the
clock output for the synchronous mode.

The Receive clock input via RXCLK input function
is enabled by the XRX bit CCR.5, this input should
be set according to the setting of the CD bit.

Baud Rate Generator. The integral Baud Rate
Generatoris a 16-bit programmable divide by “N”
counter which can be used to generate the clocks
for the transmitter and/or receiver. The minimum
baud rate divisor is 2 and the maximum divisor is
2161 Afterinitialization 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

WARNING. Programmingthe baud rate division to
0 or 1 will stop the divisor.

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 1X
clock for synchronous and serial port expansion
modes for the receiver and the transmitter. An ad-
ditional 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 for the
input clock source. In this case, INTCLK should be
chosen to provide a suitable frequency for division

"_l SGS-THOMSON

by the Baud Rate Generator to give the required
transmit and receive bit rates.

Suitable INTCLK frequencies and the divider val-
ues for standard Baud rates are shownh in Ta-
ble 14-2.

Notes:

1) Writing to a Baud Rate Generator Register im-
mediately disables and resets both the SCI baud
rate generator, the transmitter and receiver cir-
cuitry. After writing to the remaining Baud Rate
Generator Register, the transmitter and receiver
circuits are enabled. The Baud Rate generator will
load the new value and start counting.

Thus to initialize the SCI, the user should first in-
itialize one Baud Rate Generator Divisor Register.
This will reset all SCI circuitry. Initialize all other
SCI registers for the desired operating mode, and
then, to enable the SClI, initialize the remaining
Baud Rate Generator Register.

2) For synchronous receive operation, the data
and receive clock must not have significant skew
between clock and data. The received data and
clock are internally synchronizedto INTCLK clock.

For synchronous transmit operation,a generalpur-
pose I/O port pin must be programmed to output
the CLKOUT signal from the baud rate generator.
Ifthe SCl is provided with an external transmission
clock source, there will be a skew equivalentto two
INTCLK periods between clock and data.

The synchronous data will be transmitted on the
fall of the transmit clock. The synchronous re-
ceived data will be latched into the SCI on the ris-
ing edge of the provided receive clock.

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/10 = 150 Kby-
tes/s

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

133/194
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FUNCTIONAL DESCRIPTION (Continued)
Table 14-2. SCI Baud Rate Generator Divider Values

INTCLK: 7680.000 KHz

Baud Rate |Clock Factor Desi(rkzdzr req S Divisor Actl.;:altgaud Act;.lka|_l|2|;req Deviation
ec Hex

50.00 16 X 0.80000 9600 2580 50.00 0.80000 0.0000%
75.00 16 X 1.20000 6400 1900 75.00 1.20000 0.0000%
110.00 16 X 1.76000 4364 110C 109.99 1.75985 0.0083%
300.00 16 X 4.80000 1600 0640 300.00 4.80000 0.0000%
600.00 16 X 9.60000 800 0320 600.00 9.60000 0.0000%
1200.00 16 X 19.20000 400 0190 1200.00 19.20000 0.0000%
2400.00 16 X 38.40000 200 00C8 2400.00 38.40000 0.0000%
4800.00 16 X 76.80000 100 0064 4800.00 76.80000 0.0000%
9600.00 16 X 153.60000 50 0032 9600.00 153.60000 0.0000%
19200.00 16 X 307.20000 25 0019 19200.00 307.20000 0.0000%
38400.00 16 X 614.40000 13 000D 36923.08 590.76923 3.8462%
76800.00 16 X 1228.80000 6 0006 80000.00 ( 1280.00000 4.1667%

INTCLK: 11059.20 kHz
Baud Rate |Clock Factor Desi(rkzdzr red > Divisor Actl.;:altiaud Act;.lka|_l|2|;req Deviation

ec Hex

50.00 16 X 0.80000 13824 3600 50.00 0.80000 0.0000%
75.00 16 X 1.20000 9216 2400 75.00 1.20000 0.0000%
110.00 16 X 1.76000 6284 188C 109.99 1.75990 0.0058%
300.00 16 X 4.80000 2304 0900 300.00 4.80000 0.0000%
600.00 16 X 9.60000 1152 0480 600.00 9.60000 0.0000%
1200.00 16 X 19.20000 576 0240 1200.00 19.20000 0.0000%
2400.00 16 X 38.40000 288 0120 2400.00 38.40000 0.0000%
4800.00 16 X 76.80000 144 0090 4800.00 76.80000 0.0000%
9600.00 16 X 153.60000 72 0048 9600.00 153.60000 0.0000%
19200.00 16 X 307.20000 36 0024 19200.00 307.20000 0.0000%
38400.00 16 X 614.40000 18 0012 38400.00 614.40000 0.0000%
76800.00 16 X 1228.80000 9 0009 76800.00 ( 1228.80000 0.0000%
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FUNCTIONAL DESCRIPTION (Continued)

14.2.3 Input Signals

SIN: Serial Data Input. This pin is the serial data
input to the SCI receiver shift register.

TXCLK: External Transmitter Clock Input. This
pin is the external input clock driving the SCI trans-
mitter. The TXCLK frequency must be greaterthan
or equal to 16 times the transmitter data rate (de-
pendingon the selectionof X16 or X1 clock operat-
ing mode). The use of the TXCLK pin is optional.

RXCLK: External Receiver Clock Input. This in-
put is the clock to the SCI receiver when using an
external clock source to the SCI baud rate gener-
ator. INTCLK is normally the clock source. A 50/50
duty cycle is not required for this input, however,
the short period must last more than two INTCLK
periods. The use of the RXCLK pin is optional.

14.2.4 Qutput Signals

SOUT: Serial Data Qutput. This Alternate Func-
tion output signal is the serial data output from the
SCl transmitter shift register.

CLKOUT: Clock Output. The Alternate Function
of this pin outputs either the data clock from the
transmitter to an external shift register in the serial
expansionmode or the clock output fromthe 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.

[57 SGS-THOMSON
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14.3 INTERRUPTS AND DMA

14.3.1 Interrupts

The SCl is able to generate interrupts from multiple
sources. Receive interrupts include data pending,
receive errors (overrun, framing and parity), ad-
dress or break pending. Transmit interrupts are
software selectable for either the Transmit Holding
Register Empty (HSN, IMR.7 = “1”) or for the
Transmit Shift Register Empty (HSN = “07).

Typical Usage of the Interruptsprovided by the SCI
is shownin Figure 14-10.

The SCl is able to generate interrupt requests on
10 events. Several of these events share the same
interrupt vector, so it is necessary to poll ISR, the
Interrupt Status Register, to determine the active
trigger. These bits should be reset by the program-
mer during the Interrupt Service routine.

The four major levels of interrupt are encoded in
hardware to provide two bits of the interrupt vector
register, allowing the position of the block of
pointer vectors to be resolved to a block size of 8
bytes.

Table 14-3. SCI Interrupt Vector

Interrupt Source Vector Address
Transmitter Buffer or
Shift Register Empty xxx x110
Transmit DMA end of Block
Received Ready
Receive DMA end of Block xxxx x100
Break Detector XXX X010
Address Word Match
Receiver Error xxxx x000

The SCI interrupts have an internal priority struc-
ture in order to resolve simultaneous events.

Table 14-4. SCI Interrupt Internal Priority

Receive DMA Request Highest Priority
Transmit DMA Request

Receive Interrupt

Transmit Interrupt Lower Priority

135/194




ST9 - Serial Communication Interface (ST902x)

INTERRUPTS AND DMA (Continued)
Figure 14-10. SCI Interrupt Typical Usage
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INTERRUPTS AND DMA (Continued)

14.3.2 DMA

Two DMA channels are associated with the SCl,
for transmit and for receive. These follow the regis-
ter scheme as describedin DMA chapter. It should
be noted that, after initializing the DMA counter
and pointer registers and enabling DMA, data

14.4 CONTROL REGISTERS

The relative pages of the SCl in the ST9 are:

- SClnumber 1: page 24 (18h)

- SClnumber 2: page 25 (19h) (when available)
The SClis controlledby the following registers:

transmission is triggered by a characterwritten into )
the Transmit Holding register. Address Register
When DMA is active the Receive Data Pending bit _ .
(RXDP, ISR.2), and the Transmit status bit intertupt R240 (FOh) gece'verPDMf T;{ansfafm”
sources are replaced by the DMA End Of Block Inter- ounter Pointer Register
rupt sources fortransmitand receive, respectively. Ro41 (F1h Receiver DMA S Add
. ecelver ource ress
The last DMA data word of a block of data will T ] R ogieter
cause a DMA cycle followed by a transmit inter-
rupt. This sequence will signal to the ST9 core to . .
reinitialize the transmit DMA block counter. The Redz (Fah) (T:r:un;:r'tgirl?tgrARL;aigfearCtlon
Transmit End of Block status bit (TXEOB) should
be reset by software in order to avoid undesiredin- . _—
terrupt routines, especially in the initialisation rou- R243 (F3n) ;Lad”;?:t:giEt'\é'fRZef;lgft'o”
tine (after reset) and after entering the End Of 9
B!oqk interrrupt routine. R244 (F4h) Interrupt Vector Register
Similarly the last DMA data word of a block of data
will cause a DMA cycle followed by a receiverdata R245 (F5h) Address Compare Register
ready interrupt. This sequence will signal to the
ST9 core to reinitialize the receiver DMA block .
counter. The Received End of Block status bit R246 (Fen) Interrupt Mask Register
(RXEOB) should be reset by software in order to :
avoid undesired interrupt routines, especially in the R247 (F7h) Interrupt Status Register
initialisation routine (after reset) and after entering _ _
the End Of Block interrupt routine. R248 (F8h) Receive B“f;er Register same
Address as Transmitter Buffer
Remark: If properly initialized, the DMA controller Register (Read Only)
starts a data transfer after and only if the running
program has loaded the Transmitter Buffer Regis- Ro48 (Fsh) Transmitter Buffer Register
terwitha value. In orderto execute properlya DMA same Address as Receive Buffer
transmission, the End Of Block interrupt routine Register (Write only)
must include the following actions:
- Load the Transmitter Buffer Register (TXBR) R249 (Foh) Interrupt/DMA Priority Register
with the first byte to transmit.
- Restore the DMA counter (TDCPR) R250 (FAh) Character Configuration Register
- Restore the DMA pomter (TDAPR) . R251 (FBh) Clock Configuration Register
- Reset the transmitter end of block bit TXEOB
(IMR.5) R252 (FCh) Baud Rate Generator Register
- Reset the transmitter holding empty bit TXHEM
(ISR.1) R253 (FDh) Baud Rate Generator Register
- Enable DMA
R254 (FEh) Reserved
R255 (FFh) Reserved
LNy SGS5-THOMSON 137/194
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CONTROL REGISTERS (Continued)

RDCPR R240 (FOh) Read/Write
Receiver DMA Transaction CounterPointer
Reset value: undefined

7 0

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

Reset value: undefined
7 0

RC7 | RC6 | RC5 | RC4 | RC3 | RC2 | RC1 | RRM

TA7 | TA6 | TA5 | TA4 | TA3 | TA2 | TA1 | TDP

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.

b0 = RR/M: Receiver Register File/Memory Selec-
tor. Ifthis bit = “1” the Register File will be selected
as Destination, if this bit = “0” the Memory space
will be selected.

RDAPR R241 (F1h) Read/Write
Receiver DMA Source Address Pointer

Reset value: undefined
7 0

RA7 | RA6 | RA5 | RA4 | RA3 | RA2 | RA1 | RD/P

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.

b0 = TD/P: Transmitter DMA Data/Program Mem-
ory Selector.If memory (TR/M = “0”) has beense-
lected 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
Interrupt Vector Register

Reset value: undefined
7 0

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.

b0 = RD/P: Receive DMA Data/Program Memory
Selector. If memory (RR/M = “0”) has been se-
lected for DMA transfers, when this bit = “1” re-
ceiver DMA transferswill 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

TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TRM

b7-b1 = TC7-TC1: Transmitter DMA Counter
Pointer. TDCPR contains the address of the
pointer (in the Register File) of the DMA transmitter
transaction counter.

b0 = TR/M: Transmitter Register File/Memory Se-
lector. If this bit = “1” the Register File will be se-
lected as Source, if this bit = “0” the Memory space
will be selected.
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V7 V6 V5 V4 V3 EV2 | EVH 0

b7-b3 = V7-V3: SC/ Interrupt Vector Base Ad-
dress. User programmable interrupt vector bits for
transmitter and receiver

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

EV2 EV1 Interrupt source

Receiver Error
(Overrun, Framing, Parity)
Break detect or
address match

0 0

Receiver data ready/receiver
DMA End of Block

Transmitter buffer or
shift register empty

transmitter DMA End of Block

L[v7 SGS-THOMSON
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b0 = DO: This bit is fixed by hardware. It always re-
turns the value “0” whenread.
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CONTROL REGISTERS (Continued)

ACRR245 (F5h) Read/Write
Address/Data Compare Register

Reset value: undefined
7 0

AC7 | AC6 | AC5 | AC4 | AC3 | AC2 | ACT | ACO

b7-b0 = AC7-ACO0: Address/Compare Character.
With either 9th bit address mode, address after
break mode, or character search, the received ad-
dress 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: 0xx0 0000b
7 0

HSN |RXEOB|TXEOB| RXE | RXA | RXB | RXDI [ TXDI

b7 = HSN: Holding or shift register empty interrupt.
This bit selects the source of interrupt/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 DMA block counter.
RXEOB should be reset by software in order to
avoid undesired interrupt routines, especially in the
initialisation routine (after reset) and after entering
the End Of Block interrupt routine.

"_l SGS-THOMSON

Writing “0” in this bit will cancel the interrupt re-
quest.

Note. RXEOB can only be written with a “0”
(RXEOB = set only by the ST9 core).

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 in-
terrupt routines, especially in initialisation routine
(after reset) and after enteringthe End Of Blockin-
terrrupt routine.

Writing “0” in this bit will cancel the interrupt re-
quest.

Note. TXEOB can only be writtenwith 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 setto “0”, the Receiver Address Pending (RXAP)
bit cannotgenerate an interrupt.

b2 = RXB: Receiver Break Mask. When this bit is
set to “07, 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 ef-
fecton DMA transfers.

b0 = TXDI: Transmitter Data Interrupt Mask. When
this bit is set to “0”, neitherthe Transmitter Holding
or Shift Register Empty (TXHEM) bit or the Trans-
mitter End of Block (TXEOB) bit can generate an
interrupt. TXDI has no effecton DMA transfers.
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CONTROL REGISTERS (Continued)

ISR R247 (F7h) Read/Write
Interrupt Status Register

Reset value: undefined
7 0

OE FE PE | RXAP | RXBP | RXDP [TXHEM|TXSEM

b7 = OE: OverrunError Pending. This bitis setto 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 SCl is programmedin an address mode, and is
monitoring for an address, this interruptis asserted
and the corrupted data element is transferred 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 cor-
rect even orodd parity bit. Itis cleared by writing a
zero into PE.

b4 = RXAP: Receiver Address Pending. RXAP is
setto “1” after an interrupt acknowledgedin the ad-
dress mode. The source of this interruptis given by
the couple of bits (AMEN, AM) as detailed in the
“Interrupt/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). Itis 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 Re-
ceiver 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.

b0 = 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 Register bits can be reset by
writing a “0” but it is not possible to write a “1”into
any bit in this register. It is mandatory to clear the
interrupt source by writing a “0” in the pending bit
when executing the interrupt service routine.
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When servicing an interrupt routine, the User
should reset ONLY the pending bit relative to the
setrviced interrupt routine (and not reset the other
pending bits).

RXBR R248 (F8h) Read only
Receive Buffer Register

Reset value: undefined
7 0

RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO

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 se-
lected character format is less than 8 bits, unused
most significant bits will forced to “1”.

TXBR R248 (F8h) Write only
Transmitter Buffer Register

Reset value: undefined
7 0

TD7 | TD6é | TD5 | TD4 | TD3 | TD2 | TD1 | TDO

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

IDPR R249 (Foh) Read/Write
Interrupt/DMA Priority Register

Reset value: undefined
7 0

AMEN| SB SA | RXD | TXD | PRL2 | PRL1 | PRLO

b7 = AMEN: Address Mode Enable. This bit, with
AM (R250), decodes the desired addressing/9th
data bit/character match operation.

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 match
with word immediately following Break

In an addressed mode the SCI will monitor the in-
put serial data until its address is detected.

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

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

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-
acteris encountered (e.g. Carriage Return).

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 Regis-

ter. 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 trans-
mission. Setting this bit indicates an addressword.
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 RXDis setto “1”, the RXDP bit
can request a DMA transfer. This bit is reset by
hardware when the transaction counter value dec-
rements 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 bitis reset by hardware when the transac-
tion counter value decrements to zero. At thattime
a transmitter End Of Block interrupt can occur.

b2-b0 = PRL2, PRL2, PRLO: SC/ Interrupt/DMA
Priority bits. The priority for the SClis encodedwith
(PRL2,PRL1,PRLO). A priority value of 0 has the
highest priority, a value of 7 has nho 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

"_l SGS-THOMSON
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CONTROL REGISTERS (Continued)

CHCR R250 (FAh) Read/Write
Character Configuration Register
Reset value: undefined

7 0

CCR R251 (FBh) Read/Write
Clock Configuration Register

Reset value: 0000 0000 (00h)
7 0

AM EP | PEN | AB | SB1 | SBO | WL1 | WLO

XTCLK] OCLK | XRX [XBRG| CD | AEN | LBEN |STPEN

b7 = AM: Address Mode. decodes the desired ad-
dressing/9th data bit/character match operation in
conjunctionwith AMEN (IDPR.7, R249).

b6 = EP: Even Parity. When parity is enabled, this
bit selects between even or odd parity. If thisbit is
equalto “0”, odd parity will be selected. If this bit is
equalto “1”, even parity will be selected.

b5 = PEN: Parity Enable. When this bit is equal to
“1”, a patity 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/9thbit

(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
transmitand receive character format will include a
bit betweenthe parity bit and the first stop bit. This
bit can be used to address the SCI or as a ninth
data bit.

b3-b2 = SB1-SB2: Stop Bits. This bit field specifies
the number of stop bits to be included in the data
format

Number of stop bits
SB2 SB1
in 16X mode| in 1X mode
0 0 1 1
0 1 1.5 2
1 0 2 2
1 1 25 3

b1-b0 = WL1, 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
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b7 = XTCLK:

b6 = OCLK: These two bits select the source for
thetransmitter clock. The following table shows the
coding of XTCLKand 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)
Pin = CLKOUT (outputs the
Serial exp. mode clock)

1 1

b5 = XBX: External Receiver Clock Source. If this
bit is “17, the receiver will use the external receiver
clock pin for its clock source. The external clock
must be equalto 16times the data rate or equal to
the data rate dependingon the bit CD.

b4 = XBRG: Baud Rate GeneratorClock 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).

b3 = CD: Clock Divisor. I1f CD = “1”, both the re-
ceiver and the transmitter will be in 1X clock mode.
In 1X clock mode, the transmitter will transmit 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 value will determine the synchro-
nous/asynchronous SCI configurationmode.

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 drivendirectly by the receiverdata-in pin
(SIN). The receiver remains connected to the re-
ceiver data-in pin (SIN) and is operational, unless
loopback mode is also selected.
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CONTROL REGISTERS (Continued)

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

b0 = STPEN: Stick Parity Enable. If this bit is set to
“17, the transmitter and the receiver will use the op-
posite parity type selected by the even parity bit
(EP).

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

Reset value: undefined
15 8

BG15 | BG14 | BG13 | BG12 | BG11 | BG10 | BG9 | BG8

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

Reset value: undefined

Parity
EP SPEN (Transmitter & Receiver)
0 (odd) 0 Odd
1 (even) 0 Even
0 (odd) 1 Even
1 (even) 1 QOdd

Figure 14-11. SCI Functional Scheme

7

0

BG7

BG6

BG5

BG4

BG3
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b15-b0: The Baud Rate generatoris a programma-
ble divide by “N”counter which can be used to gen-
erate the clocks for the transmitter and/or receiver.
This counterdivides the clock input by the value in
the Baud Rate Generator Register. The minimum
baud rate divisor is 2 and the maximum divisor is
2161 Atter 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.

If setto O or 1, the Baud Rate Generatoris stopped.
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ST9027, ST9028

REGISTER MAP

1 INTRODUCTION

1 CORE ARCHITECTURE 15
CICR R230 (E6h) System Read/Write Central Interrupt Control Register 19
FLAGR R231 (E7h) System Read/Write Flag Register 20
RPO R232 (E8h) System Read/Write Register Pointer 0 21
RP1 R233 (E9h) System Read/Write Register Pointer 1 21
PPR R234 (EAh) System Read/Write Page Pointer Register 23
MODER R235 (EBh) System Read/Write Mode Register 23
USP R236 (ECh) System Read/Write User Stack Pointer High Byte 25
USP R237 (EDh) System Read/Write User Stack Pointer Low Byte 25
SSP R238 (EEh) System Read/Write System Stack Pointer High Byte 25
SSP R239 (EFh) System Read/Write System Stack Pointer Low Byte 25
2 INTERRUPTS 27
CICR R230 (E6h) System Read/Write Central Interrupt Control Register 42
EITR R242 (F2h) Page0 Read/Write External Interrupt Trigger Event Register 42
EIPR R243 (F3h) Page0 Read/Write External Interrupt Pending Register 42
EIMR R244 (F4h) Page0 Read/Write External Interrupt Mask-bit Register 43
EIPLR R245 (F5h) Page0 Read/Write External Interrupt Priority Level Register 43
EIVR R246 (F6h) Page0 Read/Write External Interrupt Vector Register 43
NICR R247 (F7h) PageO0 Read/Write Nested Interrupt Control Register 43
3 ON-CHIP DMA 45
DCPR  Address set by Peripheral Read/Write DMA Counter Pointer Register 50
IDCR Address set by Peripheral Read/Write Generic Peripheral Interrupt and DMA Control 50
DAPR Address set by Peripheral Read/Write DMA Address Pointer Register 50
4 CLOCK 51
MODER R235 (EBh) System Read/Write Mode Register 52
5 RESET 55
6 EXTERNAL MEMORY INTERFACE 59
WCR R252 (FCh) Page0 Read/Write Wait Control Register 68
7 1/OPORTS 69
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8 HANDSHAKE/DMA CONTROLLER
HDCTL5 Read/Write

9 SERIAL PERIPHERAL INTERFACE
SPIDR R253 (FDh) Page0 Read/Write
SPICR R254 (FEh) Page0 Read/Write

10 TIMER/WATCHDOG

WDTHR R248 (F8h) Page0 Read/Write
WDTLR R249 (F9h) Page0 Read/Write
WDTPR R250 (FAh) Page0 Read/Write
WDTCR R251 (FBh) Page0 Read/Write

11 MULTIFUNCTION TIMER

REGOHR R240 (FOh) Read/Write
REGOLR R241 (F1h) Read/Write
REG1HR R242 (F2h) Read/Write
REG1LR R243 (F3h) Read/Write
CMPOHR R244 (F4h) Read/Write
CMPOLR R245 (F5h) Read/Write
CMP1HR R246 (F6h) Read/Write
CMP1LR R247 (F7h) Read/Write
TCR R248 (F8h) Read/Write
TMR R249 (F9h) Read/Write
ICR R250 (FAh) Read/Write
PRSR R251 (FBh) Read/Write
OACR R252 (FCh) Read/Write
OBCR R253 (FDh) Read/Write
FLAGR R254 (FEh) Read/Write
IDMR R255 (FFh) Read/Write
DCPR  R240 (FOh)[R244 (F4h)] Read/Write
DAPR R241 (F1h)[R245(F5h)] Read/Write
IVR R242 (F2h)[R246 (F6h)] Read/Write
IDCR R243 (F3h)[R247 (F7h)] Read/Write
IOCR R248 (F8h) Read/Write
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Handshake/DMA Control Register

SPI Data Register
SPI Control Register

Timer/Watchdog Counter Register, High byte
Timer/Watchdog Counter Register, Low byte.
Timer/Watchdog Prescaler Register
Timer/Watchdog Control Register

Capture Load Register 0 (High)
Capture Load Register 0 (Low)
Capture Load Register 1 (High)
Capture Load Register 1 (Low)
Compare 0 Register (High)
Compare 0 Register (Low)
Compare 1 Register (High)
Compare 1 Register (Low)
Timer Control Register
TimerMode Register

External Input Control Register
Prescaler Register

Output A Control Register
Output B Control Register
Flags Register

Interrupt/DMA Mask Register
DMA Counter Pointer Register
DMA Address Pointer Register
Interrupt Vector Register
Interrupt/DMA Control Register
IO Connection Register

75
86

89
92
92

99
103
103
103
103

105
119
119
119
119
119
119
119
119
120
120
121
122
122
123
123
124
124
125
125
126
126
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12 SERIAL COMMUNICATIONS INTERFACE 127
RDCPR R240 (FOh) Read/Write Receiver DMA Transaction Counter Pointer 136
RDAPR R241 (Fih) Read/Write Receiver DMA Source Address Pointer 136
TDCPR R242 (F2h) Read/Write Transmitter DMA Transaction Counter Pointer 136
TDAPR R243 (F3h) Read/Write Transmitter DMA Destination Address Pointer 136
IVR R244 (F4h) Read/Write Interrupt Vector Register 136
ACR R245 (F5h) Read/Write Address/DataCompare Register 137
IMR R246 (F6h) Read/Write Interrupt Mask Register 137
ISR R247 (F7h) Read/Write Interrupt Status Register 138
RXBR R248 (F8h) Readonly Receive Buffer Register 138
TXBR R248 (F8h) Writeonly  Transmitter Buffer Register 138
IDPR R249 (F9h) Read/Write Interrupt/DMA Priority Register 139
CHCR R250 (FAh) Read/Write Character Configuration Register 140
CCR R251 (FBh) Read/Write Clock Configuration Register 140
BRGHR R252 (FCh) Read/Write Baud Rate Generator Register, High byte. 141
BRGLR R253 (FDh) Read/Write Baud Rate Generator Register, Low byte. 141

L5 SGS-THOMSON 147io4
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15 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
VoD Supply Voltage -03t07.0 \
AVpp, AVsg Analog Supply Voltage Vss =AVgss < AVpp < Vpp Vv
A\ Input Voltage —0.3t0 Vpp+0.3 \'
Vo Output Voltage —0.3to Vpp+0.3 \
TsTG Storage Temperature —-55t0 + 150 °C

lINy Pin Injection Current Digital Input -5to +5 mA
Maximum Accumulated Pin injection Current in the device -50 to +50 mA

Note: Stresses above those listed as “absolute maximum ratings” may cause permanentdamage to the device. This is a stressrating only and
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect
device reliability. All voltages are referenced to VSS

RECOMMENDED OPERATING CONDITIONS

Value
Symbol Parameter Unit
Min. Max.

Ta Operating Temperature -40 85 °C

Vpp Operating Supply Voltage 45 55 A
fosce External Oscillator Frequency 24 MHz
fosal Internal Clock Frequency (INTCLK) 12 MHz

148/194
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DC ELECTRICAL CHARACTERISTICS
Vbp =5V + 10% Ta =—40 °C to + 85°C, unless otherwise specified)

. Value .
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
VinHck Clock Input High Level External Clock 0.7 Vbb Vpp+ 0.3 \
ViLck Clock Input Low Level External Clock -03 0.3 Vbp A
. TTL 2.0 Vpp + 0.3 \
ViH Input High Level
CMOS 0.7 Vpbp Vpp + 0.3 \
TTL -03 0.8 \
ViL Input Low Level
CMOS -03 0.3 Vbp \
ViHRs RESET Input High Level 0.7 Vbp Vpp + 0.3 A
ViLRs RESET Input Low Level -0.3 0.3 Vpp \
VHvYRs RESET Input Hysteresis 0.3 1.5 A
Vou Output High Level Push Pull, lload =— 0.8mA| Vpp-0.8 \'
Push Pullor Open Drain,
VoL Output Low Level load = 1.6mA 0.4 \
Weak Pull-up Current Bidirectional Weak Pull-
lwpu up, Voo = OV -50 - 200 - 420 pA
. Input/Tri-State,
ILkio I/O Pin Input Leakage OV < Vin < Vop -10 +10 A
likrs | Reset Pin Input Leakage | OV < Vin < Vo - 30 +30 pA
Active Pull-up Input _
lLkap Leakage 0V <ViN<0.8V 10 +10 pA
lLkos OSCIN Pin Input Leakage |0V < Vin < VDD -10 +10 pA

Note: All 1/O Ports are configured in Bidirectional Weak P ull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave
external clock. No peripheral working.

AC TEST CONDITIONS

TTL INPUT

FORCING CONDITION
0.45v

0.8V,
CMOS INPUT

X
-
X
X

FORCING CONDITION

PUSH-PULL OUTPUT
TEST CONDITION

WEAK PULL—UP QUTPUT

TEST CONDITION

"1" SOURCE CURRENT = 0

"1" SOURCE CURRENT = -0.8mA

“0" SINK CURRENT = 1.6mA

“0" SINK CURRENT = 1.BmA

VAQQU17

L[v7 SGS-THOMSON
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AC ELECTRICAL CHARACTERISTICS

Vbp =5V 10% Ta =—40 °C to + 85°C, unless otherwise specified

Symbol Parameter Test Conditions Max. Unit
(f osd) Value
Run Mode Current 24 MHz 40 mA
Ibp no CPUCLK prescale
Clock divide by 2 4 MHz 12 mA
Run Mode Current 24 MHz 25 mA
Iop2 Prescale divide by 2
Clock divide by 2 4 MHz 8 mA
WFI| Mode Current 24 MHz 15 mA
lwri no CPUCLK prescale
Clock divide by 2 4 MHz 5 mA
IHALT HALT Mode Current 10 A
150/194 SGS-THOMSON
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CLOCK TIMING TABLE
(Voo =5V + 10%, Ta = —40°C to + 85°C

Value

N° Symbol Parameter Unit Note
Min. Max.

1 |TpC OSCIN Clock Period 41.5 ns 1
83 ns 2

2 TrC, TfC OSCIN Rise and Fall Time 12 ns

3 | TweL, TwCH OSCIN Low and High Width 17 25 ns 1
38 ns 2

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

CLOCK TIMING

¥

VIH =0.8VDD
I
OSCIN :
|
I
: V||_ =0‘2VDD
I : |
o _I
T | T
3 2 3 VAQO116
LS5 SGS-THOMSON 151/194
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EXTERNAL BUS TIMING TABLE (Vpp =5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK =
12MHz, unless otherwise specified)

Value (Note)
N° Symbol Parameter OSCIN Divided | OSCIN Not Divided |, . Unit
Min. |Max.
By 2 By 2
Address Set-up Time
1 | TsA (AS) before A5 1 TpC (2P+1) —22 TWCH+PTpC-18 | 20 ns
2 | ThAS (A) Address Hold Time after AS T TpC -17 TwCL —13 25 ns
3 | TdAS (DR) AS T toData Avalilable (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) DS | to Address Float 12 ns
— ) TwCH+TpC
6 | TwDSR DS Low Pulse Width (read) TpC (4P+2W+3)-20 (2P+W1) —16 105 ns
7 | TwDSW DS Low Pulse Width (write) TpC (2P+2W+2) -13 | TpC (P+W+1) —13 70 ns
8 | TdDSR (DR) | DS | toDataValid Delay (read) | TpC (4P+2W-3)-50 3"5 H+TpC(2P+W+1 75 | ns
9 | ThDR (DS) Datato DS T Hold Time (read) |0 0 0 ns
10 | TdDS (A) DS T to Address Active Delay | TpC —7 TwCL -3 35 ns
11 | TdDS (AS) DS Tto AS ! Delay TpC —18 TwCL 14 24 ns
12 | TsR/W (AS) RW SetupTime before AS T TpC (2P+1)-22 TwCH+PTpC -18 20 ns
13 | TaDsR (rw) |DS T 1o RW and AddressNot | g TwCL -5 33 ns
Valid Delay
14 | TdDW (DSW) m‘iﬁ)Data ValidtoDS I Delay |1 op,1y)_32 | TwCH+PTpC 28 | 10 ns
15 | ThDS (DW) Data Hold Time after DS T (write)| TpC —9 TwCL -5 33 ns
Address Valid to Data Valid TwCH+TpC
16 | TdA (DR) Delay (read) TPC (6P+2W+45) =68 | a5\ o 64 140 | ns
17 | TdAs (DS) AS T to DS | Delay TpC —18 TwCL —14 24 ns
EXTERNAL WAIT TIMING TABLE (Vop = 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 Divided |, . Unit
Min. |Max.
By 2 By 2
1 |TdAs (WAIT) |ASTto WAIT! Delay 2(P+1)TpC —29 2(P+1)TpC —29 40 | ns
2 | TdAs (WAIT) | AS T to WAIT L Min. Delay 2(P+W+1)TpC -4 | 2(P+W+1)TpC —4 80 ns
3 |TdAs (WAIT) |AS 1 to WATT | Max. Delay 2(P+W+1)TpC —29 | 2(P+W+1)TpC —29 Si‘g’* ns

Note: (for both table) The value in the left hand two columns show the formula used to calculate the timing minimum or maximum from the
oscillator clock period, prescale value and number of wait cycles inserted.
The value in the right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value

of zero and zero wait status.

Legend:

P = Clock Prescaling Value

W = Wait Cycles

152/194

TpC =OSCIN Period
TwCH =High Level OSCIN half period
TwCL =Low Level OSCIN half period
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EXTERNAL BUS TIMING

| T | T2 | T3 |

CPUCLK I | | | | I |

R/W X X

12, 13
e 13
PORT1 i L ;
o X X
I T I
1 : 16 - : |
: I 3 I !
[ |
ks X 7o {Fo
P12 | | I 1 9 [
| 1} | | | . :
AS | F 5 | | | |
_M I ~ 8 X | 11 I |
4 P & l T B
_ | [ | P
DS | 1 |
(READ) 47 I !
b | :..L..]:
|
1 1 1
PORTO — | _
(WRITE) X a7-40 )(I: D7-D0 QUT | x
| 14 4, 7 d15 |

DS
(WRITE) _1 I

EXTERNAL WAIT TIMING
| ™ | T2 | T™ww | T3 |
cPuok [ [ LML L
. | 7!
AS \ '[
I 3 1
f 1
05 i \READ\ WRITE, E /
2 !
- ] | | /4
WAIT i 1 w’j
| | | | VA00115
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HANDSHAKE TIMING TABLE (Vop = 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 Divided | Min. | Max. | Unit
By 2 By 2
Min. Max. Min. Max.
RDRDY, WRRDY Pulse >ToC TpC
1 TwRDY Width in One Line P+W p1 _18 (P+W+1) — 65 ns
Handshake (P+W+1) 18
2 |TwsTB RDSTB, WRSTB Pulse | o0 45 TpC+12 95 ns
Width
TdST RDSTB, or WRSTB 1 (TpC-TwCL)
3 |(roY) to RDRDY or WRRDY | TpC+45 +45 87 1 ns
4 TsPD Port Data to RDRDY T | (2P+2W+1) -I;WEHP; 16 ns
(RDY) Set-up Time TpC —25 TpC 25
TsPD Port Data to WRRDY |
5 (RDY) Set-up Time in One Line 43 43 43 ns
Handshake
Port Data to WRRDY |
ThPD Hold
® | RoY) Time in One Line 0 0 0 ns
Handshake
TsPD Port Data to WRSTB T
7 |(sB) Set-up Time 10 10 10 ns
ThPD Port Data to WRSTB T
8 |(sTB) Hold Time 25 25 25 ns
RDSTBD 7T to Port Data
9 IF?S)TB Delay Time in 35 35 35 ns
Bidirectional Handshake
T4STB RDSTB_T to Port High-Z
10 (PHZ) Delay Time in 25 25 25 ns
Bidirectional Handshake

Note: The value in the left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock
period, prescale value and number of wait cycles inserted.

The value in the right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value
of zero and zero wait status.

Legend:
P = Clock Prescaling Value (R235.4,3,2)
W = Programmable Wait Cycles (R252.2.1.0/5,4,3) + External Wait Cycles

154/194 ‘ SCS-THOMSON
I MicroEEGTRGNISE




ST9027, ST9028

HANDSHAKE TIMING

i 1 '
™
| |
| |
READY #& _'I
1 2 11 3 I : i
1 1 : L
STROBE \ll l P! '
I I I
il I | 14|
I I : I =
1 1] | | !
QUTPUT ){
HANDSHAKE
[l |1 |
’ N
ONE LINE . =
INPUT )Q :D(
HANDSHAKE , - : ;
1 |
: | 7.1 8 |
TWO LINES '
INPUT ){ }(
HANDSHAKE , — ,
L g i 10
| | 1
BIDIRECTIONAL ){” N
HANDSHAKE Yy ¥
VAQO113
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vop = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF,
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified)

Value (Note)

N° Symbol Parameter . . Unit
OSCIN Divided OSCIN NotDivided :
Min. | Max.
By 2 By 2
TpC+8 TwCL+12 50 ns
1 | TdBR (BACK) BREQ ! to BUSACK
TpC(6P+2W+7)+65 |TpC(3P+W+3)+TwCL+65 360 | ns
2 |TdBR(BACK) |BREQT to BUSACK? 3TpC+60 TpC+TwCL+60 185 | ns
3 | TdBACK (BREL) | BUSACK! toBus 20 20 20 | ns
Release
4 | TdBACK (BACT) BUSACK T to Bus 20 20 20 | ns

Active

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period,
prescale value and number of wait cycles inserted.

The value right hand two columns show the timing minimum and maximum for an external clock at 24MHz divided by 2, prescale value of zero
and zero wait status.

BUS REQUEST/ACKNOWLEDGE TIMING

I I I I m I T2 I I

wrew [ L1 L1 L L1 LI

—
cruck [\ [ ) _/

BUSREG L 3§\ L\ 3 ///////4{

1
|
I
BUSACK |
|

MEMINT

VADO114

Note : MEMINT = Group of memory interface signals: E, E, Rm, PO0-P0O7, P10-P17
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EXTERNAL INTERRUPT TIMING TABLE (Vop = 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 [ OSCIN Not Unit
Divided By | Divided By | Min. |Max.
2 Min. 2 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 timing minimum or maximum from the oscillator clock period,

prescale value and number of wait cycles inserted.

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero

and zero wait status.

EXTERNAL INTERRUPT TIMING

RISING EDGE DETECTION

-
8]

FALLING EDGE DETECTION

{,_

VAOO112

L[v7 SGS-THOMSON
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SPI TIMING TABLE (Vpp = 5V £ 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz,
Output Alternate Function set as Push-pull)

Value
N° 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 Qutput 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 Width 300 ns
Note: TpCis the OSCIN Clock period.
SPITIMING
-~
I I
1 |_-. 5 —_i h
SCK A\ /
I
1 I
| s | P
I
! I !
I
sSDC :
1 1 I
1! 2 |
rl—hJ-I—-I
I ! |
l ! VAQ0109
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WATCHDOG TIMING TABLE(Vbp =5V +10%, Ta = — 40 °C to +85°C, Cload = 50pF,
CPUCLK = 12MHz, Push-pull output configuration, unless otherwise specified )

Values
N° Symbol Parameter Unit
Min. Max.
1 TwWDOL WDOUT Low Pulse Width 620 ns
2 | TwWWDOH WDOUT High Pulse Width 620 ns
3 | TwWDIL WODIN High Pulse Width 350 ns
4 | TwWWDIH WDIN Low Pulse Width 350 ns

WATCHDOG TIMING

Y
R

WDOUT

-

WDIN

)]

e
P

VAQD110
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MULTIFUNCTION TIMER UNIT EXTERNAL TIMING

OSCIN | OSCIN Value (4)
Divided Not
N° | Symbol by2 [ Divided Unit | Note
by 2 Min. Max.
3) 3)
1 Twcrw | External clock/trigger pulse width 2nxTpe | nxTpe n x 83 - ns 1
2 TweTp External clock/trigger pulse distance 2nxTpe | nxTpe n x 83 - ns 1
3 Twaep Distance between two active edges 6xTpc | 3xTpc 249 - ns
4 Twaw Gate pulse width 12 xTpc | 6 x Tpc 498 - ns
Distance between TINB pulse edge and
5 Twisa the following TINA pulse edge 2xTpe Tpe 83 i ns 2
Distance between TINA pulse edge and
6 Twiag the following TINB pulse edge 0 0 i ns 2
7 Twap Distance between two TxINA pulses 0 0 - ns 2
8 Twowp | Minimum output pulse width/distance 6xTpc | 3xTpe 249 - ns
Notes:
1. n=1 ifthe inputis rising OR falling edge sensitive
n =3 ifthe input is rising AND falling edge sensitive
2. In Autodiscrimination mode
3. Variable clock ( Tpc = OSCIN period )
4. INTCLK =12 MHz
MULTIFUNCTION TIMER UNIT EXTERNAL TIMING
2z
TINA / \ / \._
TINB 3
3
GATE \ /
4
TINA / N
l—5 7 6 5 6
TINB / /
1 ]
(n=3)
TouTO / \ /—\—
TOUT
VROO1403
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SCITIMING TABLE (Vpbp =5V + 10%, Ta =— 40 °C to +85°C, Cload = 50pF, INTCLK = 12MHz,
Outputalternate funtion setas Push-pull)

Value
N° [ Symbol Parameter Condition Unit
Min. Max.
Fcw/8 Hz
Freckin | Frequency of RxCKIN 1 x mode
16 x mode Fo/d Hz
4 Tek s
TWRXCKINl - Ry CKIN shortest pulse 1 x mode
16 x mode 2 Tek s
Few/8 Hz
Freckin | Frequency of TxCKIN 1 x mode
16 x mode Fo/d Hz
4 Tek s
TWTXCKIN| Ty GKIN shortest pulse 1 x mode
16 x mode 2 Tex s
DS (Data Stable) before rising 1 x mode recention with
1| Tees edge of RxCKIN RxCKIN p Trc/2 ns
2 | Tdpy TXCKIN to Data out delay Time | 1 X mode transmission with 2.5 Tro s
external clock C load <100pF
3 | Tdpe CLKOUT to Data out delay Time |1 X mode transmission with | 350 s
CLKOUT

Note: FCK = 1/TCK

FIG 1: RECEPTION WITH EXTERNAL CLOCK 1X MODE

FIG 2: TRANSMISSION WITH

EXTERNAL CLOCK 1X MODE

<7}

RXCKIN _I p— TXCKIN | ey I_
DATA IN DATA DUT
1 2
FIG 3: TRANSMISSION WiTH CLKOUT 1X MODE
CLKOUT I_
DATA OUT
3
VROO01437
SGS-THOMSON 161/194
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PACKAGE MECHANICAL DATA

40-Pin Plastic Dual In Line Package(B)

E1 Dim. mm inches
Min | Typ | Max | Min | Typ | Max
— A | 22 48 [0.086 0189
LA | c Al [ 051 177 [0010 0063
atL - B | o038 058 | 0015 0023
o1 E Bl 097 152 |0.055 0.065
} c [ o2 03 |0.008 0.009
D1 D [50.30 5222|1980 20,560
i | - [ - -1-1T-1-
E 16.3 0,641
N ;oL E 12.9 0.508
K| -] -1-1-1-1-
K1 Il Il K2 - - - - - -
] — L [318 444 | 125 0174
[ el 2.54 0.10
% % Number of Pins
1 N/2 VRDO1725 N 40
44-Lead Plastic Leaded Chip Carrier Package (C)
NE Dim. mm inches
_ﬁu_m_b;r_oFF_'in_s“l h Min | Typ | Max | Min | Typ | Max
Pin 1 A [420 457 [0.165 0.180
s ———— t AT [ 064 0025
! A——
} g ﬂ K1 g sf ™M1 In A3 | 229 3.04 [0.090 0.120
g : i B |0.331 0533]0.013 0.021
i g 3 ot = B1 [0.661 0.812]0.026 0032
T I = D [1740 17.65] 0685 0.695
ND:E I i1 03 D1 D1 [1651 16.66 ] 0.650 0656
1§ E i el Wi D3 12.70 0.500
1= : oyl E [1740 17.65] 0685 0695
¥ B 1 L] E1 [1651 16.66] 0650 0,656
cmoTe= === — = E3 1270 0500
- E3 . Al K1 : :
E1 e 127 0.050
E A3 Number of Pins
A N 44
ND 11
VRO01534 NE 11
162/194 SCS-THOMSON
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56-Pin Plastic Dual In Line Package, 600 Mil Width

Dim. mm inches
E1 Min | Typ | Max | Min | Typ | Max
A 5.08 0.200
A1 | 051 0020
|} A B |03 059 [0.014 0.023
At L Bi | 075 142 |0.030 0.056
e 020 036 | 0.008 0014
' D 52.12 2,052
m o7 - - - - - -
E 1854 0730
N ;L E1 13.72 0540
"y N N N I
i B - e T-T-T- -1
_/ ‘/_ L [ 254 381 | 100 0.150
| { el 1.78 0070
Number of Pins

1 N/2 VRO01725
N 56
ORDERING INFORMATION

Sales Type Frequency Temperature Range Package
8T9027B1/XX 24MHz 0°Cto + 70°C PDIP40
8T9028C1/XX 24MHz 0°Cto + 70°C PLCC44
8T9028B1/XX 24MHz 0°Cto + 70°C SDIP56
8T9027B6/XX 24MHz -40°Cto +85°C PDIP40
8T9028C6/XX 24MHz -40°Cto +85°C PLCC44
8T9028B6/XX 24MHz -40°Cto +85°C SDIP56

Note: “XX" is the ROM code identifier that is allocated by SGS-THOMSON after receipt of all required options and the related ROM file.
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$T9020, ST9027, ST9028 OPTION LIST

Please copy this page (enlarge if possible) and complete ALL sections.
Send the form, with the ROM code image required, to your local SGS-THOMSON sales office.

Customer Company : [ ]

Company Address : Lo ]

Telephone:: [, |

FAX: [, |

Contact : Lo | Telephone (Direct) - [....................... ...

Please confirm device required :

[ ] ST9027 [ ] ST9028 [ ]1ST9028
16K ROM 16K ROM 16K ROM
256 RAM 256 RAM 256 RAM
PDIP40 PLCC44 PSDIP56
Temperature Range [ 10,+70°C [ 1-40°C,+85°C
Special Marking [ ] (Yes) 13 characters for ST 9027 LTI Er T ]
[ 1 (Yes) 11 characters for ST 9028 LT rrrrrrr
[ ] (No)
Note : 2Authorized characters are letters, digits, ., -, '/ and spaces only.

Please consult your local SGS-THOMSON sales office for other marking details if required.

Code : [ ] EPROM (27128, 27256)
[ ] HEXformatfiles on IBM-PC compatible disk

filename: [ ................ .. . ]
Confirmation : [ ] Code checked with EPROM device in application
Yearly Quantity forecast: [ ...................... .. ] kunits
- for a periodof : Lo ] years
Preferred Productionstartdates : [ .................... . ] (YY/MM/DD)
Customer Signature :
Date :
164/194 L[yy SGS-THOMSON
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