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ST7285C

1 GENERAL DESCRIPTION

1.1 INTRODUCTION

The ST7285C HCMOS Microcontroller Unit is a
member of the ST7 family of Microcontrollers ded-
icated to car radio applications with RDS capabili-
ty. The device is based on an industry-standard 8-
bit core and features an enhanced instruction set.
The device is normally operated at an 8.664MHz
oscillator frequency for RDS compatibility but,
thanks to the fully static design, operation is possi-
ble down to DC, when RDS functionality is not re-
quired. Under software control, theST7285C may
be placed in either WAIT, SLOW or HALT modes,
thus reducing power consumption. The enhanced
instruction set and addressing modes afford real
programming potential. In addition to standard 8-
bit data management, the ST7285C features true
bit manipulation, 8x8 unsigned multiplication and
indirect addressing modes.

Figure 1. ST7285C Block Diagram

The device includes an on-chip oscillator, CPU,
ROM, RAM, 62 /O lines and the following on-chip
peripherals: Analog-to-Digital converter (ADC),
two industry standard SPI serial interfaces, a Seri-
al Communications Interface, an fC interface, a
digital Watchdog Timer, two independent 16-bit
Timers, one featuring an External Clock Input, and
both featuring Pulse Generator capabilities, 2 In-
put Captures and 2 Output Compares. RDS Filter,
Demodulator and GBS circuitry for car radio appli-
cations is also included.

NOTE. FOR THIS DEVICE, SGS-THOMSON
CAN ONLY RECEIVE MOTOROLA S19 FORMAT
FOR ROM CODES.

RDScomp [ - RDS — 8
. — PAO - PA7
Egg f"f —|_I|FILTER,DEMOD,GBS [ > PORTA o Pin 65..72
ref  —» -
MPX _.»D_l *‘P\ A/D Converter
oscn ——{ osc |-tiers| oo
out 8 )
<+ PORTB s PBO 3P25
RESET 6 BT CORE Pin 73..
ALU " 4"‘>| Timer A
2
Power on Reset < - Timer B
E 8
PCO - PC7
ARS —» Sies]  PORTC e o512
©
AINT = & [ SPIB
‘ Watchdog ‘0 a
Ll
" dnad SPIA
V.. / TEST —»| | ROM or EPROM | O )
PP . 48k Q|+ PORTD |<+>8 2%01;[2)5
RAM > |+ 12C
3k
PHO-PH5 6 8 PEO-PE7
Pin 53..58 | PORTH |&» |e» PORTE | Pin 25..32
PGO-PG7 _8 8 PF0- PF7
Pin 45..52 [__PORTG |« |« PORTF | Pin 33..40
Lflz %2 LTJ LTJ VR01735P
VDD VSS VDDP VSSP VDDA VSSA _

*On EPROM or OTP versions only.
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ST7285C

1.2 PIN DESCRIPTION

All I/0Os from Port A to Port D, as well as PHO, 1
and 2, feature alternate function compatibility.
Software selectable input pull-ups are available on

ports featuring interrupt capability (PC4, PCS5,
PD4, PD5, PFO-PF3, PG3).

PC6/IC2 B ]

PB4/OC1_A

PB3/IC2_A

PB7/BEEP/
CLKOUT
PB6/CLKEXT
PB5/0C2_A
PB2/IC1_A
PB1/RDI
PBO/TDO
PAT7/IAIN7
PAG/AING
PAS/AINS
PA4/AIN4
PA3/AIN3
PA2/AIN2
PA1/AIN1
PAO/AINO

< 807978777675 747372717069 68 67 66 65

11 54

VSSP —1 64 = VSSA

VDDP —?2 63 — vDDA
oscouT 3 62 — MPX

OSCIN —4 61 — RDSREF
PCO/MISO_H—5 60 — RDSFIL
PC1/MOSI_H—6 59 — RDSCOMP
PC2/SCK_B—7 58 1 PH5
PC3/SS_B 8 57 1 PH4
pc4/oc2_BC—9 (110) 56 — PH3
pcs/oc1_B 10 (110) 55 | PH2/RDSDATA

1 PH1/RDSCLKOUT

*) On EPROM/OTP versions only

PC7/C1_ B 12 53 [—1 PHO/RDSQUAL
PDO/MISO_A—]13 52 1 PG7
PD1/MOSI A—14 51 [—1 PG6
PD2/SCK_AC15 50 /3 PG5
PD3/SS_ A 16 49 [ PG4
PD4 —]17 (19) (11) 48 —a PG3
PD5 —]18 (19) 47 [ PG2
pDe/sCL  []19 46 [— PG1
PD7/SDA [20 45 [—1 PGO
RESET —21 44 1 ARS
VPP*TEST |22 43 1 AINT
VDD —23 42 [ VvDDP
B S RIR Rinix a1k ninin (A

Do Ll d oY RER

i T o o o o i T o O o o O o I a R o

1574
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ST7285C

Pin | Pin Name(s) Basic Function Alternate Function Remarks
1 | Vssp (e_‘arrsound for Output Buff- This pin is connected to pin 41
Power Supply for Out- L )
2 | Vppp put Buffers - This pin is connected to pin 42
3 | OSCouT Oscillator Output pin.
4 | OSCIN Oscillator Input pin.
5 | Pcomiso_B | 110 Port PCO SPI B master in/slave
out data input/output
SPI B Master Out/ Alternate function or I/O. The 1/O configuration
6 | PC1/MOSI_B | I/O Port PC1 Slave In Data Input/ is software selectable as triggered input or
Output push pull output.
7 | PC2/SCK_B | I/O PortPC2 SPI B Serial Clock
8 | PC3/SS_B I/0 Port PC3 SPI B Slave Select
Output Compare 2
9 | PC4/0C2_B I/O Port PC4 0: 'Il?il:ner B P Alternate function or I/O. Software selectable
SumiiCommare T as triggered input, push pull output, or trig-
10 | PC5/0C1_B I/O Port PC5 utpu mp gered interrupt input with pull up (Interrupt 110).
on Timer B
11 | Pcenic2 B | 110 Port PC6 Input Capture 2
on Timer B
12 | pc7nci B | 1o PortPC7 Input Capture 1
on Timer B.
13 | PDOMISO_A | 1/0 Port PDO SPI A Master In/Slave Alternate function or 1/0. The I/O co.nfiguration
Out Data Input/Output| is software selectable as triggered input or
SPI A Master Out/ push pull output.
14 | PD1/MOSI_A | I/O Port PD1 Slave In data Input/
Output
15 | PD2/SCK_A | I/O Port PD2 SPI A Serial Clock
16 | PD3/SS_A I/0 Port PD3 SPI A Slave Select
17 | PD4 I/O Port PD4 - Software selectable as triggered input, push
pull output, open drain output or triggered in-
18 | PD5 VO Port PD5 ) terrupt input with pull up (Interrupt 19).
19 | PD6/SCL 1/0 Port PD6 I°C Serial Clock Alternate function or I/0. The I/O configuration
2 . is software selectable as triggered input or
20 | PD7/SDA 1/0 Port PD7 1“C Serial Data open drain output.
Bidirectional. An active low signal forces MCU
21 | RESET General Reset ) |n|t|aI|zatlop. This event is the top _prl0r|ty non-
maskable interrupt. As an output, it can be
used to reset external peripherals.
2o | TEST RESERVED ) Inpgt. This pin MUST be tied directly to Vgg
during normal operation.
23 | Vpp _Povyer _Supply forall log- )
ic circuitry
— Except for output buffers and pull-ups.
Ground for all logic cir-
24 | Vsg . -
cuitry
25 | PEO 1/0 Port PEO -
26 | PE1 1/0 Port PE1 -
27 | PE2 1/0 Port PE2 -
28 | PE3 1/0 Port PE3 - Software selectable as triggered input or push
29 | PE4 1/0 Port PE4 - pull output.
30 | PE5S 1/0 Port PE5 -
31 | PE6 1/0 Port PE6 -
32 | PE7 1/0 Port PE7 -
7/117 Ky’




ST7285C

Pin | Pin Name(s) Basic Function Alternate Function Remarks
33 | PFO 1/0 Port PFO - _ )
s [ | Sofare setectani o ogered ot 2 st
35 | PF2 /0 Port PF2 _ terrupt input with pull up (Interrupt 12).
36 | PF3 1/0 Port PF3 -
37 [ PF4 1/0 Port PF4 -
38 | PF5 1/0 Port PF5 - Software selectable as a triggered input or as
39 | PF6 1/0 Port PF6 - a push pull output.
40 | PF7 1/0 Port PF7 -
41 | Vgsp Srrsound for Output Buff- - This pin is connected to pin 1.
Power Supply for Out- L .
42 | Vppp put Buffers - This pin is connected to pin 2.
43 | AINT Reserved - Must be tied to 5V
44 | ARS Reserved - Must be tied to 5V
45 | PGO 1/0 Port PGO - Soft | bl ) di h
76 TPGT 70 PoriPGI - oftware selectable as triggered input or pus
pull output.
47 | PG2 1/0 Port PG2 -
Software selectable as triggered input, a push
48 | PG3 1/0 Port PG3 - pull output, open drain output, or triggered in-
terrupt input with pull up (Interrupt 11).
49 | PG4 I/0 Port PG4 -
50 | PG5 I/0 Port PG5 -
51 | PG6 I/O Port PG6 -
52 | PGY VO Port PG7 . Software selectable as triggered input or push
53 PHO/ I/O Port PHO RDS Quality signal pull output. Note that PHO, 1, 2 offer alternate
EE{EQUAL S 5S GBS Clook o function capabilities for test purposes.
ock Out
54 | roscLkour | VO PortPHL signal
55 PH2/ I/O Port PH2 RDS GBS Data signal
RDSDATA g
56 | PH3 I/0 Port PH3 - Soft lectabl i d input or high
=7 Pra 70 Porl PHA - oftware selectable as triggered input or hig
voltage (10V max) open drain output.
58 | PH5 I/O Port PH5 -
. Used to feed the Demodulator from an external
59 | RDSCOMP RDS Comp Input signal filter when the internal filter is switched off.
60 | RDSFIL SRi;)nSalFlltered Output Used for Demodulator test purposes.
61 | RDSREF RDS Input Reference
62 | MPX RDS input signal
63 |V, Analog Power Suppl
DDA 9 PPy For RDS and ADC circuits
64 | Vssa Analog Ground
65 | PAO/AINO I/0 Port PAO
66 | PAT/AIN1 /O Port PA1 Alternate function or I/O. The I/O configuration
67 | PA2/AIN2 I/0 Port PA2 is software selectable as triggered input or
68 | PA3/AIN3 I/O Port PA3 . push pull output. Note that when a pin is used
69 | PA4/AIN4 I/O Port PA4 Analog inputto ADC as Analog input it must not be configured as an
70 | PAS/AINS 1/O Port PAS output to avoid conflicts with the analog volt-
71 | PAG/AING /0 Port PAG age to be measured.
72 | PA7/AIN7 I/0 Port PA7

3

8/117




ST7285C

Pin | Pin Name(s)

Basic Function

Alternate Function

Remarks

SCI Transmit Data

73 | PBO/TDO I/O Port PBO out
74 | PB1/RDI I/O Port PB1 SCI Receive Data In
75 | PB2ICL A | /O Port PB2 Input capture 1
- on Timer A
76 | PB3/IC2 A /O Port PB3 Input_ capture 2 Alternate function or 1/0. The 110 co.nflguratlon
- on Timer A is software selectable as triggered input or
ush pull output.
77 | PBa/oc1 A | 170 Port PB4 Outputcompare 1| PUsh p P
- on Timer A
78 | PBS/IOC2_A | 1/0 Port PB5 Output compare 2
- on Timer A
79 | PB/CLKEXT | 1/0 Port PB6 External Clock on
Timer A
PB7/BEEP/ This pin can be a push pull output delivering
80 I/O Port PB7 BEEP or CPU Clock. | the Beep signal (2KHz) or the CPU clock, ac-
CLKOUT - ) . .
cording to the miscellaneous register settings.
9/117 Ky[




ST7285C

1.3 MEMORY MAP

Table 1. Memory Map

Address Block Register name Reset Remarks
Status

0000h Data Reg 00h R/W Register
0001h Data Direction Reg 00h R/W Register
0002h Port A Not Used Absent
0003h Not Used Absent
0004h Data Reg 00h R/W Register
0005h Data Direction Reg 00h R/W Register
0006h Port B Not Used Absent
0007h Not Used Absent
0008h Data Reg 00h R/W Register
0009h Port C Data Direction Reg 00h R/W Register
000Ah Option Reg --00----b R/W Register
000Bh Not Used Absent
000Ch Data Reg 00h R/W Register
000Dh Port D Data Direction Reg 00h R/W Register
000Eh Option Reg --00----b R/W Register
000Fh Not Used Absent
0010h Data Reg 00h R/W Register
0011h Data Direction Reg 00h R/W Register
0012h PortE Not Used Absent
0013h Not Used Absent
0014h Data Reg 00h R/W Register
0015h Port F Data Direction Reg 00h R/W Register
0016h Option Reg ----0000b R/W Register
0017h Not Used Absent
0018h Data Reg 00h R/W Register
0019h Port G Data Direction Reg 00h R/W Register
001Ah Option Reg ----0---b R/W Register
001Bh Not Used Absent
001Ch Data Reg 00h R/W Register
001Dh Port H Data Direction Reg 00h R/W Register
001Eh Not Used Absent
001Fh Not Used Absent
0020h Miscellaizte;us Reg- 00h see register description
0021h Data I/O Reg XXh R/W Register
0022h SPIA Control Reg Oxh R/W Register
0023h Status Reg 00h Read Only Register
0024h WDG Watchdog register 7Fh see register description
0025h Data I/0 Reg XXh R/W Register
0026h SPIB Control Reg Oxh R/W Register
0027h Status Reg 00h Read Only Register

3
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ST7285C

Reset

Address Block Register name Remarks
Status

0028h CR: Control Register 00h R/W Register
0029h SR1: Status Register 1 00h Read Only Register
002Ah SR2: Status Register 2 00h Read Only Register
002Bh 12c CCR: Clock Control Register 00h R/W Register
002Ch OAR1: Own Address Register 1 00h R/W Register
002Dh OAR2: Own Address Register 2 00h R/W Register
002Eh DR: Data Register 00h R/W Register
002Fh

RESERVED
0030h
0031h Control Reg2 00h R/W Register
0032h Control Regl 00h R/W Register
0033h Status Reg XXh Read Only Register
0034h Input Capturel High Register XXh Read Only Register
0035h Input Capturel Low Register XXh Read Only Register
0036h Output Comparel High Register XXh R/W Register
0037h Output Comparel Low Register XXh R/W Register
0038h Timer A Counter High Register FFh Read Only Register
0039h Counter Low Register FCh Read Only Register
003Ah Alternate Counter High Register 00h Read Only Register
003Bh Alternate Counter Low RegisteR 00h Read Only Register
003Ch Input Capture2 High Register XXh Read Only Register
003Dh Input Capture2 Low Register XXh Read Only Register
003Eh Output Compare2 High Register XXh R/W Register
003Fh Output Compare2 Low Register XXh R/W Register
0040h RESERVED
0041h Control Reg2 00h R/W Register
0042h Control Regl 00h R/W Register
0043h Status Reg XXh Read Only Register
0044h Input Capturel High Register XXh Read Only Register
0045h Input Capturel Low Register XXh Read Only Register
0046h Output Comparel High Register XXh R/W Register
0047h Output Comparel Low Register XXh R/W Register
0048h Timer B Counter High Register FFh Read Only Register
0049h Counter Low Register FCh Read Only Register
004Ah Alternate Counter High Register 00h Read Only Register
004Bh Alternate Counter Low Register 00h Read Only Register
004Ch Input Capture2 High Register XXh Read Only Register
004Dh Input Capture2 Low Register XXh Read Only Register
004Eh Output Compare2 High Register XXh R/W Register
004Fh Output Compare2 Low Register XXh R/W Register
0050h SCSR: Status Register 1100000xb | Read Only Register
0051h SCI SCDR: Data Register XXh R/W Register
0052h SCBRR: Baud Rate Register 00x----xb R/W Register
0053h SCCR1: Control Register 1 XXh R/W Register
0054h SCCR2: Control Register 2 00h R/W Register
0055h PSCBRR: Receive Baud Rate Reg 00h R/W Register
0056h SCI Prescaler Reserved Reserved ST use
0057h PSCBRT: Transmit Baud Rate Reg 00h R/W Register
0058h RESERVED
0059h RESERVED
005Ah . RDS FI1 R/W Register
0058h RDS Filter RDS FI2 RIW Register

11/117 Ky’
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Address Block Register name Reset Remarks
Status
005Ch RDS DE1
gggg:} RDS Demodulator Egg BE; see register description
005Fh RDS DE4
0060h SRO -Shift Reg 0
0061h SR1 -Shift Reg 1
0062h SR2 -Shift Reg 2
0063h SR3 -Shift Reg 3
0064h SYO0 -Polynomial Reg 0
0065h SY1 -Polynomial Reg 1
0066h GS_CNT Count Reg
882;2 RDS GBS S:EIK\IRTDgtDeX#pé;eg see register description
0069h DR1 -RDSDAT Reg 1
006Ah DR2 -RDSDAT Reg 2
006Bh DR3 -RDSDAT Reg 3
006Ch QRO -QUALITY Reg 0
006Dh QR1-QUALITY Reg 1
006Eh QR2 -QUALITY Reg 2
006Fh QR3 -QUALITY Reg 3
0070h ADC Data Reg XXh Read Only Register
0071h Control/Status Reg 00h R/W Register
0072h to
007Eh RESERVED
0080h to RAM 3K Bytes
O0BFFh ) . )
. User variables and subroutine nesting
0CO00h to of which
0C7Fh STACK 128 Bytes
0C80h to
3FFER RESERVED
422%2;0 R((jgﬂlélg };ytgtse)s User application code and data
FEEEE:,O User vectors Interrupt and Reset Vectors

3
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ST7285C

2 CENTRAL PROCESSING UNIT

2.1 INTRODUCTION

The CPU has a full 8-bit architecture. Six internal
registers allow efficient 8-bit data manipulation.
The CPU is capable of executing 63 basic instruc-
tions and features 17 main addressing modes.

2.2 CPU REGISTERS

The 6 CPU registers are shown in the program-
ming model in Figure 2. Following an interrupt, all
registers except Y are pushed onto the stack in the
order shown in Figure 3. They are popped from
stack in the reverse order.

Accumulator (A). The Accumulator is an 8-bit
general purpose register used to hold operands

Figure 2. Organization of Internal CPU Registers

and the results of the arithmetic and logic calcula-
tions as well as data manipulations.

Index Registers (X and Y). These 8-bit registers
are used to create effective addresses or as tem-
porary storage areas for data manipulation. The
Cross-Assembler generates a PRECEDE instruc-
tion (PRE) to indicate that the following instruction
refers to the Y register. The Y register is never au-
tomatically stacked. Interrupt routines must push
or pop itby using the PUSH and POP instructions.

Program Counter (PC). The program counter is a
16-bit register containing the address of the next
instruction to be executed by the CPU.

ACCUMULATOR:

X INDEX REGISTER:

Y INDEX REGISTER:

15

7 0

RESET VALUE:
XX X X X X XX

7 0

RESET VALUE:
XX X X XX XX

7 0

RESET VALUE:
XX X XXX XX

7 0

CONDITION CODE REGISTER:

15

RESET VALUE = DEVICE DEPENDENT, SEE MEMORY MAP

7 0

PROGRAM COUNTER:

STACK POINTER:
X = Undefined

RESET VALUE = DEVICE DEPENDENT, SEE MEMORY MAP

7 0

RESET VALUE:
XX X X X X X X

13/117

3




ST7285C

CPU REGISTERS (Cont'd)

Stack Pointer (SP) The Stack Pointer is a 16-bit
register. Since the stack size can vary from device
to device, the appropriate number of most signifi-
cant bits are forced so as to map the stack as de-
fined in the Memory Map. The number of least sig-
nificant digits thus available to the user will depend
on the stack size, for example in the case of a 128
byte stack, 7 bits will be available whereas in the
case of a 64 byte stack, only 6 bits will be available.

The stack is used to save the CPU context during
subroutine calls or interrupts. The user may also
directly manipulate the stack by means of the
PUSH and POP instructions.

Following an MCU Reset, or after a Restore fol-
lowing a Reset Stack Pointer instruction (RSP),
the Stack Pointer is set to point to the highest loca-
tion in the stack. Itis then decremented after data
has been pushed onto the stack and incremented
after data is popped from the stack. When the low-
er limit is exceeded, the Stack Pointer wraps
around to the stack upper limit. The previously
stored information is then overwritten and there-
fore lost. The upper and lower limits of the stack
area are shown in the Memory Map.

A subroutine call occupies two locations and an in-
terrupt five locations in the stack area.

Condition Code Register (CC) The Condition
Code register is a 5-bit register which indicates the
result of the instruction just executed as well as the

Figure 3. Stacking Order

state of the processor. These bits can be individu-
ally tested by a program and specified action taken
as a result of their state. The following paragraphs
describe each bit of the CC register in turn.

Half carry bit (H) The H bitis set to 1 when a carry
occurs between bits 3 and 4 of the ALU during an
ADD or ADC instruction. The H bit is useful in BCD
arithmetic subroutines.

Interrupt mask (I) When the | bit is setto 1, all in-
terrupts except the TRAP software interrupt are
disabled. Clearing this bit enables interrupts to be
passed to the processor core. Interrupts requested
while | is set are latched and can be processed
when | is cleared (only one interrupt request per in-
terrupt enable flag can be latched).

Negative (N) When set to 1, this bit indicates that
the result of the last arithmetic, logical or data ma-
nipulation is negative (i.e. the most significant bit is
a logic 1).

Zero (Z) When set to 1, this bit indicates that the
result of the last arithmetic, logical or data manipu-
lation is zero.

Carry/Borrow (C) When set, C indicates that a
carry or borrow out of the ALU occured during the
last arithmetic operation. This bit is also affected
during execution of bit test, branch, shift, rotate
and store instructions.

STACK
7 0 (PUSH)
1 1 1
171 (1 CONDITION CODE
INCREASING DECREASING
Z ACCUMULATOR Y
MEMORY ) z MEMORY
i X INDEX REGISTER i
ADDRESSES o u ADDRESSES
PCH z
UNSTACK PCL
(POP) VR000074
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3 CLOCKS, RESET, INTERRUPTS & POWER SAVING MODES

3.1 CLOCK SYSTEM

3.1.1 General Description

The MCU accepts either a Crystal or Ceramic res-
onator, or an external clock signal to drive the in-
ternal oscillator. The internal clock (CPU CLK run-
ning at fcpy) is derived from the external oscillator
frequency (fosc). The external Oscillator clock is
first divided by 2, and an additional division factor
of 2, 4, 8, or 16 can be applied, in Slow Mode, to
reduce the frequency of the CPU clock (see
note 1); this clock signal is also routed to the on-
chip peripherals. The CPU clock signal consists of
a square wave with a duty cycle of 50%.

Figure 4. External Clock Source Connections

0sC;, OSCout
1 1
=
NC
EXTERNAL
CLOCK

Figure 5. Equivalent Crystal Circuit

OSCin OSCout

Co

3.1.2 Crystal Resonator

The internal oscillator is designed to operate with
an AT-cut parallel resonant quartz crystal resona-
tor in the frequency range specified for fs.. The
circuit shown in Figure 6 is recommended when
using a crystal, and Table 2 lists the recommend-
ed capacitance and feedback resistance values.
The crystal and associated components should be
mounted as close as possible to the input pins in
order to minimize output distortion and start-up
stabilisation time.

Use of an external CMOS oscillator is recom-
mended when crystals outside the specified fre-
quency ranges are to be used.

Figure 6. Crystal/Ceramic Resonator

0SC, OSCout
I 1

Rp

I

T T Coscout

Figure 7. Clock Prescaler Block Diagram

Coscin

CPUCLK
to CPU and
Peripherals

0SCy,
Il

Coscin D
I

OSCout
—

Rp

I Coscout

Note 1: Additional division factor of CPU clock is only available on L5/L6.
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CLOCK SYSTEM (Cont'd)
3.1.3 Ceramic Resonator

A ceramic resonator may be used as an alterna-
tive to a crystal in low-cost applications. The circuit
shown in Figure 6 is recommended when using a
ceramic resonator. Table 3 lists the recommended
feedback capacitance and resistance values. The
manufacturer of the particular ceramic resonator
being considered should be consulted for specific
information.

Table 2. Recommended Values for Crystal

Resonator

2MHz 4MHz 8MHz Unit

Rsmax 400 75 60 Q
Co 5 7 10 pF
C, 8 12 15 fF
Coscin 15-40 15-30 15-25 pF
Coscout | 15-30 15-25 15-20 pF
Rp 10 10 10 MQ
Q 30 40 60 108

3.1.4 External Clock

An external clock may be applied to the OSCin in-
put with the OSCout pin not connected, as shown
on Figure 4. The toxov and t cy specifications do
not apply when using an external clock input. The
equivalent specification of the external clock
source should be used instead of bygy O 4 cH-

See CONTROL TIMING SECTION.

Table 3.Recommended Values for Ceramic

Resonator
2-8MHz Unit
Rsmax 10 Q
Co 40 pF
C, 4.3 pF
Coscin 30 pF
Coscout 30 pF
Rp 1-10 MQ
Q 1250

Figure 8. Timing Diagram for Internal CPU Clock Frequency transistions

fosd2 LI LT LT L LT _
foscld — | | I [V B R I
fosc/8 L ’7 ’7JJ—‘
LGV S U e A PP e Sl
PSM1:PSMO 00 10
MISCELLANEOUS REGISTER
SMs 1 jj AN
New frequency Normal mode
active when active
New frequency i J4 &1, /8=0 Normal mode
requested 0s osc requested
VR02062B
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3.2 MISCELLANEOUS REGISTER

The Miscellaneous register allows one to select
the SLOW operating mode and to set the clock di-
vision prescaler factor. Bits 3 and 4 allow one to
set PB7 functionality (I/O, CPU Clock o/p or Beep
signal o/p), while bits 6 and 7 determine the signal
conditions which will trigger an interrupt request on
I/O pins having interrupt capability.

Register Address: 0020h — Read/Write
Reset Value: 00h

7 0
EIL | EIO | b5 | SK1 | CKO | SM1 [ SMO | SMS

b7, b6 - ElI1, EIO: External Interrupt Option

0 0 - Negative edge and low level (Reset state)
1 0 - Negative edge only

0 1 - Positive edge only

11 - Positive and negative edge

This selection ap IieSé:]IobaIIy to the four external
interrupts: 11, 12, 19 and 110.

b6 and b7 can be written only when the Interrupt
Mask (1) of the CC (Condition Code) register is set
to 1.

17/117

b5- Reserved
b4, b3 - SK1, CKO: Clock/Beep Output

0 0 - 1/O port (Reset state)

10-1/0O port

0 1 - CPU Clock output to pin PB7

1 1 - 2KHz Beep signal output to pin PB7
(at 8.664 MHz oscillator frequency)

b2, bl - SM1,SMO: CPU clock prescaler for Slow
Mode

0 0 - Oscillator frequency / 4

1 0 - Oscillator frequency / 8

0 1 - Oscillator frequency / 16
1 1 - Oscillator frequency / 32

b0 - SMS: Slow Mode Select

0- Normal mode - Oscillator frequency / 2
(Reset state)

1- Slow mode (Bits b1 and b2 define the prescaler
factor)
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3.3 RESETS

3.3.1 Introduction

There are four sources of Reset:

— RESET pin (external source)

— Power-On Reset (Internal source)
— WATCHDOG (Internal Source)

The Reset Service Routine vector is located at ad-
dress FFFEh-FFFFh.

3.3.2 External Reset

The RESET pin is both an input and an open-drain
output with integrated pull up resistor. When one
of the internal Reset sources is active, the Reset
pin is driven low to reset the whole application.

3.3.3 Reset Operation

The duration of the Reset condition, which is also
reflected on the output pin, is fixed at 4096 internal
CPU Clock cycles. A Reset signal originating from
an external source must have a duration of at least
1.5 internal CPU Clock cycles in order to be recog-
nised. At the end of the Power-On Reset cycle, the
MCU may be held in the Reset condition by an Ex-
ternal Reset signal. The RESET pin may thus be
used to ensure \pp has risen to a point where the
MCU can operate correctly before the User pro-
gram is run. Following a Reset event, or after exit-

Figure 9. Reset Block Diagram

ing Halt mode, a 4096 CPU Clock cycle delay pe-
riod is initiated in order to allow the oscillator to
stabilise and to ensure that recovery has taken
place from the Reset state.

During the Reset cycle, the device Reset pin acts
as an output that is pulsed low for 3 machine cy-
cles (6 oscillator cycles). In its high state, an inter-
nal pull-up resistor of about 300KQ is connected to
the Reset pin. This resistor can be pulled low by
external circuitry to reset the device.

3.3.4 Power-on Reset

This circuit detects the ramping up of \pp, and
generates a pulse thatis used to reset the applica-
tion (at approximately \Vpp= 2V).

Power-On Reset is designed exclusively to cope
with power-up conditions, and should not be used
in order to attempt to detect a drop in the power
supply voltage.

Caution : to re-initialize the Power-On Reset, the
power supply must fall below approximately 0.8V
(Vitn), prior to rising above 2V. If this condition is
not respected, on subsequent power-up the Reset
pulse may not be generated. An external pulse
may be required to correctly reactivate the circuit.

OSCILLATOR
SIGNAL

_

:)_

to ST7

INTERNAL
RESET

COUNTER

RESET

VDD

300K

}7

WATCHDOG RESET

ORDLPSS

VR2062C
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3.4 WATCHDOG TIMER SYSTEM (WDG)

3.4.1 Introduction

The Watchdog timer is used to detect the oc-
curence of a software fault, usually generated by
external interference or by unforeseen logical con-
ditions, which causes the application program to
abandon its normal sequence. The Watchdog cir-
cuit generates an MCU reset on expiry of a pro-
grammed time period, unless the program refresh-
es the counter’s contents before it is decremented
to zero.

3.4.2 Functional Description

The counter is decremented every 12,288 ma-
chine cycles, and the length of the timeout period
can be programmed by the user in 64 increments,
ranging from 12,288 machine cycles to 786,432
machine cycles, depending on the value loaded in
bits 0-5 of the Watchdog register. The application
program must be written so that the Watchdog
register is reloaded at regular intervals during nor-
mal operation.

The Watchdog is not activated automatically on
Reset, and must be activated by the user program
if required. Once activated it cannot be disabled,
save by a Reset.

During the Reset cycle, the device Reset pin acts
as an output that is pulsed low for 3 machine cy-
cles (6 oscillator cycles). In its high state, an inter-
nal pull-up resistor of about 100KQ is connected to
the Reset pin.

This resistor can be pulled low by external circuitry
to reset the device.

The Watchdog delay time is defined by bits 5-0 of
the Watchdog register; bit 6 must always be set in
order to avoid generating an immediate reset.

19/117

Conversely, this can be used to generate a soft-
ware reset (bit 7 =1, bit 6 = 0).

Once bit 7 is set, it cannot be cleared by software:
i.e. the Watchdog cannot be disabled by software
without generating a Reset. The Watchdog timer
must be reloaded before bit 6 is decremented to”0”
to avoid a Reset. Following a Reset, the Watchdog
register will contain 7Fh (bits 0-6 = 1, bit 7 = 0).

If the Watchdog is activated, the HALT instruction
will generate a Reset.

If the circuit is not used as a Watchdog (i.e. bit 7 is
never set), bits 6 to 0 may be used as a simple 7-
bit timer, for instance as a real time clock. Since no
interrupt will be generated under these conditions,
the Watchdog register must be monitored by soft-
ware.

3.4.3 Watchdog Register
Register Address: 0024h —
Reset Value: 0111 1111 (7Fh)

7 0

Read/Write

WDGA | T6 T5 T4 T3 | T2 | T1 TO

b7 =WDGA: Activation bit (is active if set)
b6-0 =T6-TO: 7-bit timer counter (Msb to Lsb)

Table 4. Watchdog Timing (f osc = 8 MHz)

WDG Register initial WDG timeout period (ms)
value
FF 197
CO 3
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3.5 INTERRUPTS

A list of interrupt sources is given inTable 5 below,
together with relevant details for each source. In-
terrupts are serviced according to their order of pri-
ority, starting with 10, which has the highest priori-
ty, and so to 111, which has the lowest priority.

The following list describes the origins for each in-

terrupt level:

— 10 connected to Software Interrupt (TRAP)

— 11 connected to Port G3

— 12 connected to Port FO, F1, F2, F3

— 13 connected to SPI A
— 14 connected to Timer A

— 15 connected to GBS interrupt

Table 5. Interrupt Mapping

— 16 connected to Timer B

— 17 connected to SPI B

— 18 connected to SCI

— 19 connected to Ports D4, D5

— 110 connected to Ports C4, C5

— 111 connected to PC

Exit from HALT mode may only be triggered by an
External Interrupt on one of the following ports:
C4(110), C5(110), D4(19), D5(19), FO(I12), F1(12),
F2(12), F3(12) and G3(I1).

If more than one input pin of a group connected to
the same interrupt line is selected simultaneously,
these will be logically ORed.

Interrupt Vector Interrupts Register Flag _ CPU
source Address name interrupts
- FFFEh-FFFFh | Reset N/A N/A RESET
10 FFFCh-FFFDh | Software N/A N/A TRAP
11 FFFAh-FFFBh | Ext. Interrupt (Port G3) N/A N/A INT1
12 FFF8h-FFF9h | Ex. Interrupt (Ports FO, F1, F2, F3) N/A N/A INT2
13 FFF6h-FFF7h | Transfer Complete SPI A Status SPIF1_A SPI_A
“ “ Mode Fault “ MODF1_A “
14 FFF4h-FFF5h | Input Capture 1 Timer A Status ICF1_A TIMER_A
“ “ Output Compare 1 “ OCF1_A “
“ “ Input Capture 2 “ ICF2_A “
“ “ Output Compare 2 “ OCF2_A “
“ “ Timer Overflow “ TOF_A “
15 FFF2h-FFF3h | RDS Block Interrupt. RDS GRP XZII GBS
16 FFFOh-FFF1h | Input Capture 1 Timer B Status ICF1_B TIMER_B
“ “ Output Compare 1 “ OCF1_B “
“ “ Input Capture 2 “ ICF2_B “
“ “ Output Compare 2 “ OCF2_B “
“ “ Timer Overflow “ TOF_B “
17 FFEEh-FFEFh | Transfer Complete SPI B Status SPIF2_B SPI_B
“ “ Mode Fault “ MODF1_B “
18 FFECh-FFEDh | Transmit Buffer Empty SCI Status TDRE SCI
“ “ Transmit Complete “ TC “
“ “ Receive Buffer Full “ RDRF “
“ “ Idle Line Detect “ IDLE “
“ “ Overrun “ OR “
19 FFEAh-FFEBh | Ext. Interrupt (Ports D4,D5) N/A N/A INT9
110 FFE8h-FFE9h | Ext. Interrupt (Port C4, C5) N/A N/A INT10
111 FFE6h-FFE7h | Byte Transmission Finished I“C Status BTF 12C
“ “ Bus Error “ BERR 12C
“ “ Stop Detection “ SSTOP 12C
‘y7 20/117
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INTERRUPTS (Cont'd)

Figure 10. Interrupt Processing Flowchart
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Note 1. See Table 5. Interrupt Mapping
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3.6 POWER SAVING MODES

3.6.1 Slow Mode

The following Power Saving mode may be select-
ed by setting the relevant bits in the Miscellaneous
register as detailed in Section3.2.

In Slow Mode, the oscillator frequency can be di-
vided by 4, 8, 16 or 32 rather than by 2. The CPU
and peripherals are clocked at this lower frequen-
cy, and therefore the RDS filter cannot operate
correctly in this mode. SLOW mode is used to re-
duce power consumption, and enables the user to
adapt clock frequency to available supply voltage.
Figure 11. Wait Mode Flow Chart

3.6.2 Wait Mode

WAIT mode places the MCU in a low power con-
sumption mode by stopping the CPU. All peripher-
als remain active. During WAIT mode, the | bit (CC
Register) is cleared, so as to enable all interrupts.
All other registers and memory remain un-
changed. The MCU will remain in WAIT mode until
an Interrupt or Reset occurs, whereupon the Pro-
gram Counter branches to the starting address of
the Interrupt or Reset Service Routine.

Refer to Figure 11 below.
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POWER SAVING MODES (Cont'd)

3.6.3 Halt Mode

The HALT instruction places the MCU in its lowest
power consumption mode. In HALT mode the in-
ternal oscillator is turned off, causing all internal
processing to be halted. During HALT mode, the |
bit in the CC Register is cleared so as to enable
External Interrupts.

All other registers and memory remain unaltered
and all Input/Output lines remain unchanged. This

state will endure until an External Interrupt (11, 12,
19, 110) or a Reset is generated, whereupon the in-
ternal oscillator is restarted. A delay of 4096 CPU
clock cycles is initiated prior to restarting the appli-
cation, in order to allow the oscillator to stabilize.

The External Interrupt or Reset causes the Pro-
gram Counter to be set to the address of the corre-
sponding Interrupt or Reset Service Routine.

Figure 12. Halt Mode Flow Chart
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4 ON-CHIP PERIPHERALS

4.1 1/0 PORTS

4.1.1 Introduction

Each 1/0 Port can contain up to 8 individually pro-
grammable 1/0Os. The MCU features seven 8-bit
Ports (A, B, C,... G) and one 6-bit-port (H). Each I/
O pin is dedicated to its main functionality, thus re-
ducing and simplifying its programmability.

The current chapter describes the generic 1/0
structure used in the MCU.

All 1/0Os are based on a generic circuit, of which a
block diagram is given inFigure 13. In most cases
the functions are simplified, and several sub-
blocks may be missing (such as, for instance, the
analog switch on ports B to H or pull-up and inter-
rupt logic for most of the 1/O ports). Some registers
may also be absent where their functionality is re-
dundant: it is therefore advisable to consult the
Memory Map in section1.3 and the pin description
in section 1.2 for proper use of any particular 1/O.

Only ports C4, C5, D4, D5, FO,F1, F2, F3, G3fea-
ture interrupt capability.

The following sub-section 4.1.2 contains generic
information on ST7 I/O ports. For information spe-
cific to this device, please refer to sub-section
4.1.3.

4.1.2 Generic I/O Features
The 1/O ports offer the following generic features:
— inputs with Schmitt trigger

— analog inputs, when connected via internal mul-
tiplexer

— interrupt generation, maskable by software

— EMI compliance thanks to reduced noise radia-
tion due to lowered cross-current in push pull
mode and reduced input susceptibility. This fea-
ture is particularly relevant in RDS applications.

Each generic 1/0 pin may be individually program-
mable by software as:

— input: no pull-up, no interrupt generation
— input: pull-up, no interrupt generation

3

— input: pull-up, interrupt generation

— input: pull-down, no interrupt generation
— output: push-pull

— output: open-drain, no pull-up

— output: open-drain, with pull-up

4.1.2.1 Port Registers

Each port may be associated with up to four regis-
ters:

— DATA REGISTER (DR)
Address 0000 0000 000x xx00b; always present.

— DATA DIRECTION REGISTER (DDR)
Address 0000 0000 000x xx01b; always present.

— OPTION REGISTER (OR)
Address 0000 0000 000x xx10b; depending on
1/0O dedication.

— PULL-UP REGISTER (PUR)
Address 0000 0000 000x xx11b; depending on
I/0O dedication.

These are not internal CPU registers and must be
accessed by reading and writing to the relevant
memory locations. Refer toTable 1- Memory Map
for the respective addresses and reset values.

4.1.2.2 Functional Description

Each 1/0O pin may be programmed independently
as an analog input if the port features analog capa-
bilities, as a digital input or a digital output with var-
ious variants, using the corresponding register
bits. When programmed as a digital input, a pull-up
or a pull-down resistor can, if present, be activated
by software. Only when enabling the pull-up, can
an interrupt function be programmed by software.
When programmed as an output, the 1/0O pin can
be programmed to operate either in push-pull or in
open-drain mode.

The interrupts generated by a port (active low) are
“ORed” to a single interrupt line that can be routed
to a CPU interrupt.

241117




ST7285C

/O PORTS (Cont'd)

Figure 13. Generic I/O Circuitry

ALTERNATE FUNCTION ENABLE

PAD

COMMON ANALOG RAIL

PAD_TRIG

<

~

SIGNAL FROM ALTERNATE ; Voo
FUNCTION 'CJ"
X
CONFIGURATION 4
DECODER
PUR
DDR
ANALOG ENABLE
OR from ADC
) ANALOG
| SWITCH
T L
J S
%) DR E
-]
[an]
<
|_
<D( ALTERNATE FUNCTION ENABLE
DR SEL
MU
\l x
OR)?IEL
NFIGURATION]
<} CONFIGU 0
DDFQ)?IEL DECODER
PUR)EIEL
S \
v
TRIGGER ENABLE
FROM
INTERRUPT OTHER
BITS |:|
~d

25/117

3




ST7285C

I/O PORTS (Cont'd)
4.1.2.3 Operating Modes

All /0O pins may be configured as inputs or outputs
by programming the corresponding bits of the DR,
DDR, OR and PUR memory-mapped registers.
Table 6 illustrates the available operating modes.
During Reset, DR, DDR, OR and PUR are initial-
ized to a Low level.

Table 6. 1/0 Operating Modes

DDR | OR | PUR | Mode Option
0 0 0 input | pull-up, no interrupt
0 0 1 input | no pull-up, no interrupt
0 1 0 input | pull-up, interrupt
0 1 1 input | pull-down, no interrupt
1 0 0 output | open-drain, pull-up
1 0 1 output | open-drain, no pull-up
1 1 0 |output | RESERVED W
1 [ 1 [ 1 Jouput | PSR ROPUTR, RO

Note: (1) This state can add static current consumption.

— Input Mode

In input mode, both the analog multiplexer and the
port buffer are switched to a high impedance state.
To avoid ringing with slowly rising or falling input
signals and to increase noise immunity, the inputs
are equipped with Schmitt-triggers.

The state of the pin is readable through the Data
Register. The pin state is read directly from the
Schmitt Trigger's output and not from the Data
Register.

There are four different input modes, as illustrated
in Table 6.

Note: Pull-up and pull-down devices are not imple-
mented by means of linear resistors, but by means
of resistive transistors.

— Interrupt function

The interrupt signals of all activated bits are
NANDed together, so that whenever at least one
of the activated inputs goes low, the port’'s com-
mon interrupt output will go high in order to acti-
vate the CPU interrupt input.

— Output Mode

In output mode, the port output buffer is activated
and drives the output according to the content of

3

the data register, DR. In this mode, the analog
multiplexer, when present, is switched to high im-
pedance and the interrupt is disabled.

Data written to the DR is directly copied to the out-
put pins. A read operation of DR will be directly
performed from the DR register, so that the output
data stored in DR is readable, regardless of the
logic levels at the output pin due to output loading.
There are three different output modes for the
standard 1/O pins as illustrated inTable 6.

— Alternate function

Alternate functions take priority over standard 1/0
programming; if a peripheral needs to use a pad,
the alternate function is automatically activated.

The signal from the peripheral is output to the pad
(automatically configured in this case in push-pull
or open drain modes without pull-up and pull-
down), and controlled directly by the peripheral.

The signal to be input to the peripheral from the
pad is taken after the schmitt trigger and is control-
led directly by the peripheral. In this case, the pin’s
state is readable as in Input Mode by addressing
the Data Register and by configuring the PAD in
Input Mode (DDR=0).

— Analog Input Mode

In analog input mode (activated by the ADC), the
analog multiplexer is activated and switches the
analog voltage present on the selected pin (pins
PAO to PA7) to the common analog rail. The com-
mon analog rail is connected to the Analog to Dig-
ital converter (see Section4.6) input. It is not rec-
ommended to change the voltage level or loading
on any port pin while conversion is in progress.
Furthermore it is not recommended to have clock-
ing pins located close to a selected analog pad.

WARNING: Before activating the Analog Input
Mode, the I/O state must be set to:

INPUT, NO PULL-UP, NO INTERRUPT

(DDR =0, OR =0, PUR = 1)

The alternate function must not be activated as
long as the pad is configured as Input with Inter-
rupt, in order to avoid generating spurious inter-
rupts.

Analog input mode is only implemented for pins
PAO to PA7. The analog input voltage level must
be within the limits stated in the Absolute Maxi-
mum Ratings.
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I/O PORTS (Cont'd)
4.1.3 /O Port Implementation

On the ST7285C, the pull down is always absent,
the pull up exists only where an interrupt facility is
present (Ports C4, C5, D4, D5, FO, F1, F2, F3,
G3). On port A, the analog inputs are directly con-
trolled by the ADC.The /O port register configura-
tions are reduced to the following.

4.1.3.1 Ports AO0-A7, BO-B7, C0-C3, C6, C7, DO-
D3, D6, D7,EO0-E7, F4-F7, GO-G2, G4-G7, HO-H5

These ports do not offer interrupt capabilities.

DDR | MODE OPTION
0 input | no pull-up, no pull-down, no interrupt
1 output push-pull (or open drain: see note)

Note: Open drain 1/O is implemented on 12C pins
(pins 19 and 20) and high voltage pins (PH3/4/5).
The design uses special 1/0 devices without P
channel, thus forbidding the push pull configura-
tion.

In this case there is neither pull up register nor op-
tion register. These registers do not exist and so
cannot be read or written to.

4.1.3.2 Ports C4, C5, D4, D5, FO-F3, G3
These ports offer interrupt capabilities.

DDR OR ME)D OPTION
0 0 input no pull-up, no pull-down,
no interrupt
0 1 input interrupt, pull-up
1 0 output | open-drain, no pull-up
1 1 output push-pull, no pull-up,
no pull-down

In this case there is no pull up register since the
pull-up is present only when the interrupt feature is
selected. This register does not exist and so can-
not be read or written to.

Switching these 1/O ports from one state to anoth-
er should be done in such a sequence as to pre-
vent unwanted side effects. Recommended safe
transitions are illustrated inFigure 14. Other tran-
sitions are potentially risky and should be avoided,
since they are likely to present unwanted side-ef-
fects such as spurious interrupt generation.

Figure 14. Recommended I/O State Transition Diagram

INPUT INPUT
Interrupt no pull-up
pull-up no Interrupt

no pull-down
(Reset state)

(::::) = DDR, OR

OUTPUT OUTPUT
open-drain push—|ou||
no pull-up no pull-up

no pull-down
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4.2 SERIAL COMMUNICATIONS INTERFACE

4.2.1 Introduction

The Serial Communications Interface (SCI) offers
a flexible means of full-duplex data exchange with
external equipment requiring an industry standard
NRZ asynchronous serial data format. The SCI of-
fers a very wide range of Baud rates thanks to the
presence of two Baud rate generator systems: the
first is of conventional type and yields common
communications Baud rates with standard oscilla-
tor frequencies; the second features a program-
mable prescaler capable of dividing the input fre-
guency by any factor from 1 to 255, thus offering a
very wide range of Baud rates even with non-
standard oscillator frequencies. Transmitter and
Receiver circuits are independent and can operate
at different Baud rates; indeed, each can select ei-
ther type of Baud rate generator. External connec-
tions are by means of two I/O pins: TDO (Port
PBO) for the Transmit Data output and RDI (Port
PB1) for the Receive Data input.

4.2.2 Features

— Full duplex, asynchronous communications
— NRZ standard format (Mark/Space)

— Dual Baud rate generator systems

— Independently programmable transmission and
reception Baud rates

— Separate Transmit and Receive Baud rates
— Programmable word length (8 or 9 bits)

— Receive buffer full, Transmit buffer empty and
End of Transmission flags

— Receiver wake-up function by the most signifi-
cant bit or by idle line

— Muting function for multiprocessor configurations
— Separate enable bits for Transmitter and Receiver
— Noise, Overrun and Frame Error detection

— Four interrupt sources with flags

— Overall accuracy better than 1% of Baud rate.
4.2.3 Serial Data Format

Serial data is transmitted and received as frames
comprising the following elements:

— An Idle Line in the "high” state prior to transmis-
sion or reception.

— A Start bitin the "low” state, denoting the start of
each character.

— Character data word (8 or 9 bits), least significant
bit first.
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— A Stop bit in the "high” state, indicating that the
frame is complete.

Word length may be selected as being either 8 or 9
bits by programming the M bit in the SCCR1 con-
trol register.

An Idle Line condition is interpreted on receiving
an entire frame of "ones”.

A Break is interpreted on receiving "zeros” for
some multiple of the frame period.

4.2.4 Data Reception and Transmission

The following description is best read with refer-
ence to the SCI Block Diagram illustrated in Figure
1, where it will be noted that the SCDR data regis-
ter is shown as two separate registers, one for
transmitted data and the other for received data.

The Serial Communications Data Register (SCDR)
performs adual function (Read And Write), since it
accesses two separate registers, one for transmis-
sion (TDR) and one for reception (RDR). The TDR
register provides the data interface between the in-
ternal bus and the output shiftregister for data to be
transmitted, while the RDR register provides an in-
terface between the input shift register and the in-
ternal bus for incoming data.

When the SCDR is read, the RDR is accessed and
its contents are transferred to the data bus. The
RDRF (RDR Full Flag) in the SCSR register is set
to "1” as soon as the word in the receiver shift reg-
ister is transferred to the RDR register.

When the SCDR is written to, the data word is
transferred to the TDR register. The TDRE flag
(TDR empty) in the SCSR register is set to "1” as
soon as the word in the TDR is transferred to the
transmit shift register.

Incoming data is received in a serial shift register
and then transferred to a parallel Receive Data
Register (RDR) as a complete word, thus allowing
the next incoming character to be received in the
shift register while the current character is still in
the RDR.

Oversampling techniques are used for data recov-
ery by discriminating between valid incoming data
and noise.

4.2.5 Receiver Muting and Wake-up Feature

In multiprocessor configurations it is often desira-
ble that only the intended message recipient
should actively receive the full message contents,
thus reducing redundant SCI service overheads
for all non addressed receivers. Communications
protocols in such configurations generally issue
the recipient address as a message header.

28/117




ST7285C

SERIAL COMMUNICATIONS INTERFACE (Cont'd)

Each receiving device decodes this address head-
er under program control and all non addressed
receivers may be placed in a sleep mode by
means of the Muting function, thus avoiding the
message contents from generating unnecessary
requests for service. This is achieved by inhibiting
all reception flags and interrupt generation when
Muting is enabled. A muted receiver may be re-
awakened in one of two ways: by Idle Line detec-
tion or by Address Mark detection. The wake-up
method may be programmed by programming the
WAKE bit in the SCCRL1 register.

Receiver wake-up by Idle Line detection takes
place as soon as the Receive line is recognised as
being idle. An Idle Line condition is detected upon
receiving 10 or 11 consecutive "ones”, depending
on whether a word has been defined as compris-
ing 8 or 9 data bits. This wake-up method is select-
ed by programming the WAKE bit to "0".

Receiver wake-up by Address Mark detection
takes place on receiving a "1” as the most signifi-
cant bit of a word, thus indicating that the message
is an address. This wake-up method is selected by
programming the WAKE bit to "1”.

4.2.6 Baud Rate Generation

The following description is best read with refer-
ence to the SCI Baud Rate and External Prescaler
Diagram illustrated in Figure 2.

The CPU Clock is first divided by 16 by the first di-
visor block, then again divided by the division fac-
tor selected for the first prescaler, indicated by PR.
This division factor can be selected to be 1, 3, 4 or
13, depending on the setting of the SCP0O and
SCP1 bits (bits 6 and 7) in the SCBRR register (re-
fer to the register description). The output from the
first prescaler will thus be the CPU Clock frequen-
cy divided by 16, 48, 64 or 208. This master clock
is available both to the conventional Baud Rate
Generator and to the External Prescaler.

The conventional Baud Rate Generator is enabled
by setting the relevant section (RX or TX) of the
External Prescaler to 00h. In this case the master
clock frequency is further divided by 1, 2, 4, 8, 16,
32, 64 or 128, depending on the settings of bits
SCTO, SCT1 and SCT2 in the case of the transmit-
ter, and SCRO, SCR1 and SCR2 in the case of the
receiver (refer to the SCBRR register description).

If the External Prescaler Receive or Transmit
Baud Rate Register, PSBRT or PSBRR is set to a
value other than zero, that section of the prescaler
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will be operational in place of the conventional
Baud Rate Generator. The output clock rate sent
to the transmitter or to the receiver will be the out-
put from the first prescaler divided by a factor
ranging from 1 to 255 set in the External Prescaler
Receive or Transmit Baud Rate Register. As can
be seen the External Prescaler option gives a very
fine degree of control on the Baud rate, whereas
the conventional Baud Rate Generator retains in-
dustry standard software compatibility.

4.2.7 SCI Register Overview

The registers described in the following para-
graphs allow full control of the various features
and parameters of the Serial Communications In-
terface. Refer also to the Memory Map.

4.2.7.1 Data Register (SCDR)
Address: 0051h — Read/Write
Reset Value: XXh

Contains the Received or Transmitted data char-
acter, depending on whether itis read or written to.

4.2.7.2 Control Register 1 (SCCR1)

Address: 0053h — Read/Write

Reset Value: XXh

Contains bits to select the desired word length and
the wake-up mode.

7 6 5 4 3 2 1 0

R8 T8 - M WAKE

Bit-7 = R8 Receive Data Bit 8

If bit M is set at one, R8 will be used to store the
9th bit on reception.

Bit-6 = T8 Transmit Data Bit 8

Used to store the 9th data bit of the transmitted
word, when 9-bit word length is selected (bit M set
to 71111).

Bit-4 = M Word Length

Determines the word length:

0 =1 Start bit, 8 Data bits, 1 Stop bit
1 =1 Start bit, 9 Data bits, 1 Stop bit

Bit-3 = WAKE Wake-Up Method

1 = Address Mark
0 = Idle Line
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4.2.7.3 Control Register 2 (SCCR2)
Address: 0054h — Read/Write
Reset Value: 00h

Contains four control bits which allow interrupts
generated by TDR Empty, Transmit Complete,
RDR Full and Idle Line to be enabled or disabled.

Also contains four control bits to enable or disable
Transmission, Reception, Receiver Wake-Up and
Send Break.

7 6 5 4 3 2 1 0

TIE TCIE RIE ILIE TE RE RWU | SBK

Bit-7 = TIE Transmitter Interrupt Enable

Authorizes an interrupt when set at one and when
the TDRE (transmission register empty) flag is set
to “1” indicating that the last word has been trans-
mitted. When TIE is at zero this interrupt is disa-
bled.

Bit-6 = TCIE Transmission Complete Interrupt En-
able

This bit setto “1” enables an interrupt when the TC
flag (transmission competed) changes to “1”.
When TCIE is at “0” this interrupt is disabled.

Bit-5 = RIE Receiver Interrupt Enable

Authorizes an interrupt when set to “1” and when
either the RDRF (Receive Data Register Full) flag
or the OR (Overspeed on Reception) flag is set to
“1”, indicating that the last word has been transmit-
ted. When TIE is set to “0”, this interrupt is disa-
bled.

Bit-4 = ILIE Idle Line Interrupt Enable

This bit at “1” enables an interrupt if the IDLE flag
changes to “1” (which corresponds to an idle line
on reception). The interrupt cannot occur if the
IDLE bitis at “0”.

Bit-3 = TE Transmitter Enable

This bit at “1” enables the transmitter. At start-up,
the transmitter sends a preamble (ten or eleven
ones). During transmission, a “0” pulse on the TE
bit (“0” followed by “1") sends a preamble after the
current word. Setting the TE bit to “0” switches the
output line to a high impedance state at the end of
the word currently being transmitted.

Bit-2 = RE Receiver Enable

The RE bit at “1” enables the receiver which be-
gins searching for a START bit. The RE bit at “0”
disables the receiver and resets the associated
status bits to “0” (RDRF, IDLE, OR, NF and FE).

1574

Bit-1 = RWU Receiver Wake-Up

The RWU bit at “1” mutes the receiver. The wake-
up mode is determined by the WAKE bit (bit 3 in
SCCR1). Aslong as RWU remains at “1”, the flags
relating to the receiver cannot rise to “1”.

Writing “0” to RWU forces an exit from the muted
state.

As soon as the wake-up sequence is recognized,
the RWU bit is forced to “0". If the wake-up select-
ed mode corresponds to the reception of a pream-
ble, the RWU bit cannot be set to “1” as long as the
reception remains idle. If the selected wake-up
mode corresponds to the reception of a “1” on the
most significant bit, the reception of this particular
word wakes up the receiver and sets the RDRF
flag to “1”, which allows the receiver to receive this
word normally and to use it as an address word.

Bit-0 = SBK Send Break

This bit set to “1” tells the transmitter to send a
whole number of BREAKS (all bits at “0” including
the stop bit). At the end of the last BREAK the
transmitter inserts an extra “1” bit in order to ac-
knowledge the START bit. If the SBK bit is set to
“1" and then to “0”, the transmitter will send a
BREAK word at the end of the current word.

4.2.7.4 Status Register (SCSR)
Address: 0050h — Read Only
Reset Value: 1100 0000b

Contains four flags which denote conditions which
can lead to interrupts if the corresponding bits of
SCCR2 are set: TDR Empty, Transmit Complete,
RDR Full and Idle Line. These flags are used for
management of the SCI interrupt system.

Also contains three flags which indicate error con-
ditions due to Overrun, Noise and Framing.

7 6 5 4 3 2 1 0

TDRE | TC |RDRF| IDLE OR NF FE

Bit-7 = TDRE Transmit Data Register Empty

Indicates that the content of the transmission data
register has been transferred into the shift register.
If the TDRE bit is at “0”, it indicates that the trans-
mission has not yet occurred and that a write oper-
ation into the data register would overwrite previ-
ous data. The TDRE bit is reset to “0” by an SCSR
access followed by a write operation into the trans-
mission data register. Data will not be transferred
to the shift register as long as the TDRE bit is not
reset to “0”".

Bit-6 = TC Transmission Complete
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The TC bit is automatically set to “1” when trans-
mission of a frame containing Data, a Preamble or
a Break is complete, if:

—TE ="1", TDRE ="1", no word is currently being
transmitted and no preamble or BREAK is await-
ing transmission.

— TE ="0" and the current word or preamble or
BREAK has been transmitted

The TC bit is a flag indicating that one of the above
sequences has occurred. This bit is reset to “0” by
an access to the SCSR followed by a write opera-
tion into the data register or when TDRE is reset to
“0”. Transmitter operation is in no way modified by
the status of this bit.

Bit-5 = RDRF Received Data Ready Flag

This bit, when set to “1”, indicates that the content
of the RDR has been transferred into the SCDR. If
a Frame Error or Noise has been detected during
reception, the corresponding flags will be set.

The RDRF bit is reset to “0” by an access to the
SCSR followed by a data register read operation.

Bit-4 = IDLE Idle Line Detect

When the idle line detect bit is set it indicates that
the receiver idle line is detected (receipt of a mini-
mum number of ones (10 when M=0, 11 when
M=1) to constitute the number of bits in the frame
format. This allows a receiver that is not in the
wake-up mode to detect the end of a message or
the preamble of a new message or to re-synchro-
nize with the transmitter. The IDLE bitis cleared by
accessing the SCSR (with idle set) followed by a
read of the data register. The IDLE bit will not be
set again until the RDRF bit has been setitself (i.e.
a new idle line occurs). The IDLE bit is not set by
an idle line when the receiver wakes up from wake
up mode.

Bit-3 = OR Overrun Error

This bit is set to “1”, when the word currently being
received in the shift register is ready to be trans-
ferred into the data register while the latter is al-
ready full (RDRF="1"). All transfers will remain dis-
abled as long as RDRF remains at “1”. Data regis-
ter content will not be lost but the shift register will
be overwritten. The OR bitis reset by an access to
the SCSR followed by a data register read opera-
tion.

Bit-2 = NF Noise Flag

This bit is set to “1” when noise is detected on an
acknowledge START bit or a data bit or a stop bit.
The NF is set to “1” when the noise is detected at
the rising edge of RDRF and is representative of
the word present in the data register. This bit does
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not generate interrupts as it appears at the same
time as RDRF which itself generates an interrupt.
The NF bit is set to “0” by a SCSR read operation
followed by a data register read operation.

Bit-1 = FE Framing Error

This bit is set to “1” when the STOP bit is not rec-
ognized on reception at the expected moment, fol-
lowing either a de-synchronization, excessive
noise or when a BREAK is received. The word will,
however still be transferred to the data register. As
in the case of the NF bit, the FEW bit does not gen-
erate an interrupt as it appears at the same time as
RDRF bit. If the word currently being transferred
causes both frame error and reception overspeed,
it will be transferred and only the OR bit will be set
to “1”. The FE bit is reset to “0” by a SCSR read
operation followed by a data register read opera-
tion.

Bit-0 = Unused

4.2.7.5 Baud Rate Register (SCBRR)
Address: 0052h — Read/Write
Reset Value: 00X----Xb

Contains two bits for selection of the first prescaler
factor, three bits for selection of the transmitter
rate divisor and three bits for the receiver rate divi-
sor.

7 6 5 4 3 2 1 0

SCP1 | SCPO | SCT2 [ SCT1 | SCTO | SCR2 | SCR1 [ SCRO

Bit-7 = SCP1 First prescaler MSB
Bit-6 = SCPO First prescaler LSB

These 2 prescaling bits allow several standard
clock division ranges:

SCP1 SCPO PR Prescaling factor
0 0 1
0 1 3
1 0 4
1 1 13

Bit-5 = SCT2 Transmitter rate divisor MSB
Bit-4 = SCT1 Transmitter rate divisor NSB
Bit-3 = SCTO Transmitter rate divisor LSB

These 3 bits, in conjunction with the 2 previous bits
define the total division applied to the bus clock to
yield the transmit rate clock in conventional Baud
Rate Generator mode.
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SCT2 SCT1 SCTO TR dividing factor
0 0 1
2
4
8
16
32
64
128

Rl r|lolololo
Rlr|lolo|lr|r|o
rlolr|lolr|lolkr

This TR factor is used only when the PSBRT fine
tuning factor is equal to O; otherwise, TR is re-
placed by the PSBRT dividing factor.

Bit-2 = SCR2 Receiver rate divisor MSB

Bit-1 = SCR1 Receiver rate divisor NSB

Bit-0 = SCRO Receiver rate divisor LSB

These 3 bits, in conjunction with the 2 previous bits
define the total division applied to the bus clock to
yield the receive rate clock in conventional Baud
Rate Generator mode..

This RR factor is used only when the PSBRR fine
tuning factor is equal to O; otherwise, RR is re-
placed by the PSBRR dividing factor.

4.2.7.6 External Receive Prescaler Division
Register (PSCBRR)

Address: 0055h —
Reset Value: 00h

Allows setting of the External Prescaler rate divi-
sion factor for the receive circuit.

Read/Write

7 6 5 4 3 2 1 0
PRBR [ PRBR | PRBR | PRBR | PRBR | PRBR | PRBR | PRBR
7 6 5 4 3 2 1 0

When the register is set to 00h, the conventional
Baud Rate Generator is used for the receive cir-
cuit, otherwise the master clock frequency is divid-
ed by the binary factor set in the PSCBRR register
(in the range 1 to 255).

4.2.7.7 External Transmit Prescaler Division
Register (PSCBRT)

Address: 0057h —
Reset Value: 00h

Read/Write

3

SCR2 | SCR1 SCRO RR dividing factor Allows setting of the External Prescaler rate divi-
sion factor for the transmit circuit.
0 0 0 1
0 0 1 2 7 6 5 4 3 2 1 0
0 1 0 4 PTBR | PTBR | PTBR | PTBR | PTBR | PTBR | PTBR | PTBR
0 1 1 8 7 6 5 4 3 2 1 0
1 0 0 16
When the register is set to 00h, the conventional
1 0 1 32 . L
Baud Rate Generator is used for the transmit cir-
1 1 0 64 cuit, otherwise the master clock frequency is divid-
1 1 1 128 ed by the binary factor set in the PSCBRTregister

(in the range 1 to 255).
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Figure 15. SCI Block Diagram
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Figure 16. SCI Baud Rate and External Prescaler Block Diagram
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4.3 16-BIT TIMER

4.3.1 Introduction

One or more Timers may be present in the MCU,
depending on product specification. Please refer
to the Block Diagram to ascertain available prod-
uct resources, and to the Memory Map for register
addresses.

Each timer consists of a 16-bit free-running coun-
ter driven by a programmable prescaler, as well as
the control logic required to implement two input
capture and two output compare registers. The
timer may be used for a variety of purposes,
amongst which pulse length measurement of up to
two input signals and generation of up to two out-
put waveforms (e.g. PWM). The Timer Block Dia-
gram is illustrated in Figure 1.

Pulse lengths and waveform periods can vary from
a few microseconds to many seconds, thanks to
the programmable prescaler. When running with a
4MHz internal CPU clock, the timer can have a
resolution of 0.5, 1 or 2us, depending on the set-
ting of the clock control bits in the Timer Control
Register (TCR2). A software selectable external
clock input pin is available.

Since the timer has a 16-bit architecture, each of
its specific functional blocks is associated with a
register pair. These registers contain the high or-
der byte and the low order byte respectively of the
related function. Access to the high order byte in-
hibits the associated timer function until the low or-
der byte is also accessed.

Correct software procedures should set bit ‘I' of
the Condition Code Register before accessing the
high order byte to prevent an interrupt from occur-
ring between accesses to the high and low order
bytes of any register.

In normal operating mode, reading the MSB of the
Input Capture register inhibits Input Capture until
the LSB is read. This mechanism allows Input cap-
ture to be disabled when the pin is connected to an
I/O bit.

When the Pulse Width Modulation (PWM) and
One Pulse Mode (OPM) features are selected to-
gether, the PWM mode is the only active one.
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4.3.2 Counter

The key element of the Programmable Timer is a
16-bit free running counter and its associated reg-
ister. The counter is preceeded by a prescaler
which divides the internal clock by two, four or
eight, depending on the setting of the clock control
bits of the Timer Control Register (TCR2), as illus-
trated in Table 1 below.

Table 7. Clock Control Bits

CC1 CCo Clock Divisor
0 0 4
0 1 2
1 0 8
1 1 External Clock

Software can read the counter at any time without
affecting its value, either from the Counter Regis-
ters or from the Alternate Counter Registers. The
only difference between these two read-only regis-
ter pairs is the way the overflow flag (TOF) is han-
dled during a read sequence.

A read sequence where only the least significant
byte of the free running counter is read (from either
the Counter Register or the Alternate Counter
Register), will receive the LSB of the count value
at the time of the read.

A read of the most significant byte (from either the
Counter Register or the Alternate Counter Regis-
ter) simultaneously returns the MSB of the count
value and causes the LSB to be transferred to a
buffer. The buffered value remains unchanged un-
til the 16-bit read sequence is completed, even if
the user reads the MSB several times. The read
sequence is completed by reading the LSB, which
actually returns the buffered value.

As shown in Figure 2, Figure 3 and Figure 4, the
free-running counter is set to FFFCh on Reset.
During a Power-On Reset (POR) cycle, the coun-
ter is loaded with FFFCh and begins running.

3




ST7285C

16-BIT TIMER (Cont'd)

Figure 17. Timer Block Diagram
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When the counter rolls over from FFFFh to 0000h,
the Timer Overflow flag (TOF) of the Timer Status
Register (TSR) is set. A timer interrupt is then gen-
erated if the TOIE enable bit of the Timer Control
Register (TCR1) is set, provided the | bit of the
CCR is cleared. If one of these conditions is false,
the interrupt remains pending to be issued as soon
as they are both true. The interrupt request is
cleared by reading TSR while TOF is set, followed
by an access (read or write) to the LSB of the
Counter Register.

The TOF flag is not affected by accesses to the Al-
ternate Counter Register. This feature allows si-
multaneous use of the overflow function and reads
of the free running counter at random times (for
example, to measure elapsed time) without risking
to clear the TOF flag erroneously. Accesses to the
timer without the intention of servicing the TOF
flag should therefore be performed to the Alternate
Counter Register while only the TOF service rou-
tine accesses the Counter Register.

The free running counter can be reset under soft-
ware control, by writing to the LSB of the Counter
Register or of the Alternate Counter Register. The
counter and the prescaler are then configured to
their reset conditions. This reset also completes
any 16-bit access sequence. All flags and enable
bits are unchanged.
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The value in the counter registers repeats every
131,072, 262,144, or 524,288 internal processor
clock cycles, depending on the clock control option
selected in TCR2. As shown in the timing dia-
grams, the counter increment is triggered by a fall-
ing edge of the CPU clock.

The timer is not affected by WAIT mode. In HALT
mode, the counter stops counting until the mode is
exited. Counting then resumes from the previous
count (MCU awakened by an interrupt) or from the
reset count (MCU awakened by a Reset).

4.3.3 External Clock

When the external clock is selected by setting the
relevant clock control bits in TCR2, the counter
clocks on each external clock rising edge, if
EXEDG in TCR2 is set, or the falling edges if reset,
and is synchronised with the falling edge of the in-
ternal CPU clock.

At least four falling edges of the CPU clock must
occur between two consecutive active edges of
the external clock; thus the external clock frequen-
cy must be less than a quarter of the CPU clock
frequency.

The parasitic pulses generated by the EXTEDG
and EXTCLKE transitions are filtered during two
clock periods, so the manipulation of the external
clock control bits must occur before or after two in-
ternal clock periods.
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Figure 18. Timer Timing Diagram, internal clock divided by 2
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Figure 19. Timer Timing Diagram, internal clock divided by 4
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4.3.4 Input Capture

The timer features two input capture registers and
an input capture interrupt enable bit.

The Input Capture Registers (ICR1 and ICR2)
each consist of two 8-bit registers: the most signif-
icant byte registers (ICHR1 and ICHR2), and the
least significant byte registers (ICLR1 and ICLR2).

In the following description, the variablei may rep-
resent 1 or 2.

ICR/ is a read-only registers used to latch the val-
ue of the free running counter after a defined tran-
sition is sensed by the input capture edge detector
at pin ICAPI. This transition is software program-
mable through the IEDG bit of the Timer Control
Register (TCRJ). When IEDGiI is set, a rising edge
triggers the capture; when IEDG is low, the cap-
ture is triggered by a falling edge.

When an input capture occurs, the ICH flag in the
Timer Status Register (TSR) is set. An interrupt is
requested if the interrupt enable bit, ICIE, of TCR1
is set, provided the I bit of the CCR is reset. Other-
wise, the interrupt remains pending until both con-
ditions become true. It is cleared by reading the
TSR followed by a read or write of the LSB of ICR.

The result stored in ICR/is one more than the val-
ue of the free running counter on the rising edge of
the internal processor clock preceding the active
transition on the ICAP; pin (see Figure 5). This de-
lay is required for internal synchronization. There-
fore, the timing resolution of the input capture sys-
tem is one count of the free running counter, i.e. 2,
4 or 8 internal clock cycles, depending on the clock
control bits of TCR2.

Figure 21. Input Capture Timing Diagram

The free running counter is transferred to ICH on
each proper signal transition regardless of wheth-
er the Input Capture Flag ICH is set or cleared.
The ICR/ always contains the free running counter
value which corresponds to the most recent input
capture.

After reading the MSB of ICRI, transfer of input
capture data is inhibited until the LSB is also read.
This implies that the minimum pulse period is de-
termined by the time required to respond to the in-
terrupt and to execute the service routine.

Reading ICLR/does not inhibit transfer of counter
data. The minimum pulse period is determined by
the time required to read the least significant byte
and to perform necessary actions. There is no
conflict between reading ICR and the running
counter transfer, since they occur on opposite
clock edges as shown in Figure 5.

ICR/ is undetermined on power-on, and is not af-
fected by an external Reset. Hardware circuitry
must provide protection against generating an un-
desired input capture when changing the edge
sensitivity option of the ICAR pin by programming
the IEDGI bit.

During HALT mode, if at least one valid input cap-
ture edge occurs on the ICAP; pin, the input cap-
ture detection circuitry is armed. This does not set
any timer flags, and does not "wake-up” the MCU.
If the MCU is awoken by an interrupt, the input
capture flag will be active, and data corresponding
to the first valid edge during HALT mode will be
present. If HALT mode is exited by a Reset, the in-
put capture detection circuitry is reset and thus,
any active edge that occurred during HALT mode
will be lost.
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4.3.5 Output Compare

Two output compare registers are present: Output
Compare Register 1 and Output Compare Regis-
ter 2 (OCR1 and OCR?2). These registers can be
used for several purposes, such as controlling an
output waveform or indicating when a period of
time has elapsed. The OCMP pin is associated
with the Output Compare i function (/= 1 or 2).

The Output Compare Registers are unique in that
all bits are readable and writable and are not af-
fected by the timer hardware or by Reset. Ifa com-
pare function is not used, the two bytes of the cor-
responding Output Compare Registers can be
used as general purpose storage locations.

4.3.5.1 Output Compare Registers

The Output Compare Registeri (OCRIJ) is a 16-bit
register, which is made up of two 8-bit registers:
the most significant byte register (OCHR) and the
least significant byte register (OCLR).

In this section, the index, i, may be 1 or 2.

The content of OCRJis compared with the content
of the free running counter once during every timer
clock cycles, i.e. once every 8, 4 or 2 internal proc-
essor clock periods or 2 external clock periods ac-
cording to the clock control bits of the Timer Con-
trol Register (TCR2). If match is found, the Output
Compare Flag OCFi of the TSR is set and the Out-
put Level bit (OLVL) of the TCR1 is clocked to the
OCMPI pin (see output compare timing diagrams
Figure 6, Figure 7, Figure 8). OLVL is copied to
the corresponding output level latch and hence, to
the OCMPi pin regardless of whether the Output
Compare Flag (OCF) is set or not. The value in
the OCR/and the OLVL bit should be changed af-

3

ter each successful comparison in order to control
an output waveform or establish a new elapsed
timeout.

An interrupt accompanies a successful output
compare if the corresponding interrupt enable bit
OCIE of the TCRL1 is set, provided the I-bit of the
CCR is cleared. Otherwise, the interrupt remains
pending until both conditions are true. It is cleared
by a read of TSR followed by an access to the LSB
of the OCRI.

After a processor write cycle to the OCHR regis-
ter, the output compare function is inhibited until
the OCLR/ is also written. Thus, the user must
write both bytes if the MSB is written first. A write
made to only the LSB will not inhibit the compare
function. The minimum time between two succes-
sive edges on the OCMPi pin is a function of the
software program and the clock control bits of the
TCR2.

The OCMPJ output latch is forced low during reset
and stays low until valid compares change it to a
high level. Because the OCH flag and the OCR/
are undeterminate at power-on and are not affect-
ed by an external reset, care must be exercise
when initiating the output compare function with
software. The following procedure is recommend-
ed to prevent the OCHK flag from being set be-
tween the time it is read and the write to OCR:

— Write to OCHRi (further compares are inhibited).

—Read the TSR (first step of the clearance of OC-
Fi, which may be already set).

— Write to OCLRJ/ (enables the output compare
function and clears OCH).
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Figure 22. Output Compare Timing Diagram, internal clock divided by 8
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Figure 23. Output Compare Timing Diagram, internal clock divided by 4
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Figure 24. Output Compare Timing Diagram, internal clock divided by 2
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4.3.5.2 Forced Compare Mode

The main purpose of the Forced Compare mode is
to facilitate fixed frequency generation.

In this section j may represent 1 or 2.

When the Forced Output Level j bit (FOLV)) of
TCR1is written to 1, OLVLiis copied to the OCMPi
pin. To provide this capability, internal logic allows
a single instruction to change OLVL and causes a
forced compare with the new value of OLVL. OCF/
is not affected, and thus no interrupt request is
generated.

4.3.5.3 One Pulse Mode

The One Pulse mode enables the generation of a
pulse on the occurence of an external event and is
programmed via the OPM bit in the TCR2 register.

The trigger event is applied to the Input Capturel
pin (ICAP1); the active edge of the event is flagged
by the IEDG1 bitin TCR1.

Then, on an event on ICAP1, the counter is initial-
ized to FFFCh and OLVL2 is loaded on the output
compare 1 pin (OCMP1); when the value of the
counter is equal to the value of the contents of
OCR1, the OLVLL1 bitis output on the Output Com-
pare 1 pin (OCMP1). No interrupt is generated.
(See Figure 9).

4.3.5.4 Pulse Width Modulation Mode

This mode is similar to the One Pulse mode, in
which the external event is replaced by the Output
Compare 2 event; this mode is programmed via
the PWM bit in the TCR2 register.

OCRL1 then contains the length of the pulse, while
OCR2 contains the value of the period; the Output
Compare 2 event causes the counter to be initial-
ized to FFFCh (See Figure 10). No interrupt is
generated

Figure 25. One Pulse Mode Timing, IEDG1=1; OCR1=2EDOh
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Figure 26. Pulse Width Modulation Mode Timing, OCR1=2EDOh, OCR2=34E2
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4.3.6 Timer Registers

As can be seen from the Memory Map, each Timer
is associated with three control and status regis-
ters which are described in detail below, as well as
with six pairs of data registers (16-bit values) relat-
ing to the two input captures, the two output com-
pares, the counter and the alternate counter.
These six pairs of data registers are self-explana-
tory and need no further description.

TIMER CONTROL REGISTER 1 (TCR1)
Address: see Memory Map — Read/Write

Reset Value: 0000 0000b

7 0

ICIE | OCIE | TOIE |FOLV2 |[FOLV1|OLVL2 [IEDG1 [ OLVL1

Bit 7 = ICIE Input Capture Interrupt Enable

If ICIE is set, a timer interrupt is enabled whenever
the ICF1 or ICF2 status flags of TSR are set. If the
ICIE bit is cleared, the interrupt is inhibited.

Bit 6 = OCIE Output Compare Interrupt Enable

If OCIE is set, a timer interrupt is enabled whenev-
er the OCF1 or OCF2 status flags of TSR are set.
If the OCIE bit is cleared, the interrupt is inhibited.
Bit 5 = TOIE Timer Overflow Interrupt Enable

If TOIE is set, a timer interrupt is enable whenever
the TOF status flag of TSR is set. If the TOIE bit is
cleared, the interrupt is inhibited.

Bit 4 = FOLV2 Forced Output Compare 2

When written to 1, FOLV2 forces OLVL2 to be
copied to the OCMP2 pin. FOLV2 has no effect
otherwise. It can only be reset by a system reset.

Bit 3 = FOLV1 Forced Output Compare 1

When written to 1, FOLV1 forces OLVL1 to be

copied to the OCMP1 pin. FOLV1 has no effect
otherwise. It can only be reset by a System Reset.

Bit 2 = OLVL2 Output Level 2

The OLVL2 bit is copied to the OCMP2 pin when-
ever a successful comparison occurs at OCR?2.

Bit 1 = IEDG1 Input Edge 1

The value of IEDG1 determines which type of level
transition on pin ICAP1 will trigger a free running
counter transfer to the ICR1. When IEDGL1 s set, a

rising edge triggers the capture, and when it is re-
set, a falling edge does.

Bit 0 = OLVL1 Output Level 1

The OLVL1 bit is copied to the OCMPL1 pin when-
ever a successful comparison occurs at OCR1.

43/117

TIMER CONTROL REGISTER 2 (TCR2)

Address: see Memory Map — Read/Write
Reset Value: 0000 0000b

7 0
OC1E | OC2E | OPM | PWM | CC1 | CCO | IEDG2 | EXEDG

Bit 7 = OC1E Output Compare 1 Enable

If OCL1E is set, the Output Compare 1 pin
(OCMP1) is dedicated to the output compare 1 ca-
pability of the timer. If OC1E is reset, this pinis a
general use I/O pin.

Bit 6 = OC2E Output Compare 2 Enable

If OC2E is set, the output compare 2 pin (OCMP2)
is dedicated the output compare 2 capability of the
timer. If OC2E is reset, this is a general 1/0 pin.

Bit 5 = OPM One Pulse Mode

If OPM is set, the input pin ICAP1 is usable to trig-
ger one pulse on the output pin OCMP1,; the active
transition on ICAPL1 is given by the state of IEDG1.
The length of the generated pulse depends on the
the contents of OCRL1.

Bit 4 = PWM Pulse Width Modulation

If PWM is set, the output pin OCMPL1 outputs a
programmable cyclic signal; the length of the pulse
depends on the value of OCR1; the period de-
pends on the value of OCR2.

Bit 3, 2 = CC1-CCO0 Clock Control

00: the internal clock is divided by 4

01: the internal clock is divided by 2

10: the internal clock is divided by 8

11: the external clock is selected as shown
in the Block Diagram.

Bit 1 = IEDG2 Input Edge 2

The value of IEDG2 determines which level transi-
tion on pin ICAP2 will trigger the free running
counter transfer to the ICR2. When IEDG2 is high,
a rising edge triggers the capture since when low,
a falling edge does.

Bit 0 = EXEDG External Clock Edge

The status of EXEDG determines which type of
level transition on the external clock pin EXCLK
will trigger the free running counter. When EXEDG
is set, the active transition is the rising edge; when
EXEDG is reset, the active transition is the falling
edge.
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TIMER STATUS REGISTER (TSR)
Address: see Memory Map — Read Only
Reset Value: 0000 0000b

The Timer Status Register (TSR) is an 8-bit regis-
ter of which the five most significant bits contain
read-only status information and the three least
significant bits are not used.

7 0

ICF1 | OCF1 | TOF ICF2 | OCF2

Bit 7 = ICF1 Input Capture Flag 1

ICF1 is set when a proper edge has been sensed
by the input capture edge detector at pin ICAP1.
The edge is selected by the IEDG1-bit in TCR.
ICF1 is cleared by a processor access to the TSR
while ICF1 is set followed by an access (read or
write) to the low byte of ICR1 (ICLR1).

Bit 6 = OCF1 Output Compare Flag 1

OCF1 is set when the content of the free running
counter matches the content of OCR1. Itis cleared
by a processor access of TSR while OCF1 is set
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followed by an access (read or write) to the low
byte of OCR1.

Bit 5 = TOF Timer Overflow

TOF is set by a transition of the free running coun-
ter from FFFFh to 0000h. Itis cleared by a proces-
sor access to TSR while TOF is set followed by an
access (read or write) to the low byte of the coun-
ter low register. TOF is not affected by an access
to the Alternate Counter Register.

Bit 4 = ICF2 Input Capture Flag 2

ICF2 is set when a proper edge has been sensed
by the input capture edge detector at pin ICAP2.
The edge is selected by the IEDG2-bit in TCR.
ICF2 is cleared by a processor access to the TSR
while ICF2 is set followed by an access (read or
write) to the low byte of ICR2 (ICLR2).

Bit 3 = OCF2 Output Compare Flag 2

OCF2 is set when the content of the free running
counter matches the content of OCR2. It is cleared
by a processor access of TSR while OCF2 is set
followed by an access (read or write) to the low
byte of OCR2.

Bit 2, 1, 0 = Unused.
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4.4 SERIAL PERIPHERAL INTERFACE

4.4.1 Introduction

The Serial Peripheral Interface (SPI) allows devic-
es to be interconnected using a minimum of wires.
The SPI is synchronous and thus uses a data and
a clock signal; in complex arrays, chip select lines
may also be used. An SPI system may be config-
ured as a Master and one or more Slaves, or as a
system in which devices may be either Masters or
Slaves. Depending on MCU specifications, one or
more SPIs may be present.

4.4.2 Features

— Full duplex, three-wire synchronous transfers
— Master or Slave operation

— 2 MHz (maximum) Master bit frequency
— 4 MHz (maximum) Slave bit frequency
— Four programmable Master bit rates

— Programmable clock polarity and phase
— End of transmission interrupt flag

— Write collision flag protection

— Master mode fault protection capability.
4.4.3 Functional Description

A block diagram of the Serial Peripheral Interface
(SPI) is shown inFigure 27. In a Master configura-
tion, the Master start logic receives an input from
the CPU (in the form of a write to the SPI rate gen-
erator data register) and originates the system
clock (SCK) based on the internal processor
clock. This clock is also used internally to control
the state controller as well as the 8-bit shift regis-
ter.
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As a Master device, data is parallel loaded into the
8-bit shift register (from the internal bus) during a
write cycle, and then shifted out serially via the
MOSI pin to the Slave device(s). During a read cy-
cle, data is received serially from a Slave device
via the MISO pin and loaded into to the 8-bit shift
register. When the 8-bit shift register is loaded, its
data is parallel transferred to the read buffer and
then made available to the internal data bus during
a CPU read cycle.

In Slave configuration, the Slave start logic re-
ceives a logic low level (from a Master device) on
the S5 pin, and a system clock input (from the
same Master device) on the SCK pin. Thus, the
Slave is synchronized with the Master. Data from
the Master is received serially on the Slave MOSI
pin and is loaded into the 8-bit shift register.

Once the 8-bit shift register is loaded, its data is
parallel transferred to the read buffer and then is
made available to the internal data bus during a
CPU read cycle. During a write cycle, data is par-
allel loaded into the 8-bit shift register from the in-
ternal data bus and then shifted out serially to the
MISO pin for application to the Master device.

Figure 29 illustrates the MOSI, MISO and SCK
Master-Slave interconnections. Note that the Mas-
ter SS pin is tied to a logic high level and the Slave
SS pin to a logic low level.

Three registers are associated with each SPI inter-
face: the Serial Peripheral Control Register
(SPCR), the Serial Peripheral Status Register
(SPSR), and the Serial Peripheral Data I/O regis-
ter (SPDR). These provide Control, Status, and
Data functions. These registers are described in
detail in the following pages.
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Figure 27. Serial Peripheral Interface Block Diagram
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4.4.4 Signal Description

The four basic signals (MOSI, MISO, SCK andSS)
are described in the following paragraphs. Each
signal function is described for both the Master
and Slave mode.

The SPE (Serial Peripheral Enable) bit of the SPI
Control Register enables and disables the SPI (ac-
tive high); when the SPI is enabled the associated
alternate functions will be attributed to the relevant
I/O pins.

The SPI baud rate is the CPU clock divided by a
factor defined by software (2, 4, 16, 32).

4.4.5 Master Out Slave In (MOSI)

The MOSI pin is configured as a data output in the
Master (mode) device and as a data input in the
Slave (mode) device.

In this manner data is transferred serially from a
Master to a Slave on this line, most significant bit
first, least significant bit last. The timing diagrams
shown in the ELECTRICAL CHARACTERISTICS
section, CONTROL TIMING subsection, illustrate
SPI timing and show the relationship between data
and clock (SCK).

Four possible timing relationships may be chosen
by using control bits CPOL and CPHA. The Master
device always allows data to be applied on the
MOSI line a half-cycle before the clock edge
(SCK) to allow the Slave device to latch the data.

Both the Slave device(s) and a Master device
must be programmed to similar modes for proper
data transfer.

When the Master device transmits data to a sec-
ond (Slave) device via the MOSI line, the Slave
device responds by sending data to the Master de-
vice via the MISO line. This implies full duplex
transmission with both data out and data in syn-
chronized with the same clock signal (which is pro-
vided by the Master device). Thus, the byte trans-
mitted is replaced by the byte received and elimi-
nates the need for separate transmit-empty and
receiver-full status bits. A single status bit SPIF) is
used to signify that the 1/0O operation is complete.
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Configuration of the MOSI pin is a function of the
MSTR bit in the Serial Peripheral Control Register
(SPCR). When operating as a Master, the user
should setthe MSTR bit, defining the MOSI pin as
an output

4.4.6 Master In Slave Out (MISO)

The MISO pinis configured as an input in a Master
(mode) device and as an output in a Slave (mode)
device. In this manner data is transferred serially
from a Slave to a Master on this line, most signifi-
cant bit first, least significant bit last. The MISO pin
of a Slave device is placed in the high-impedance
state if it is not selected by the Master, i.e. itsSS
pin is at a logic high level. The timing diagram
shows the relationship between data and clock
(SCK). Four possible timing relationships may be
chosen by using control bits CPOL and CPHA. The
Master device always allows data to be applied on
the MOSI line a half-cycle before the clock edge
(SCK) in order for the Slave device to latch the da-
ta.

Note. The Slave device and a Master device must
be programmed with similar timing modes for
proper data transfer.

When the Master device transmits data to a Slave
device via the MOSI line, the Slave device re-
sponds by sending data to Master device via the
MISO line. This implies full duplex transmission
with both data out and data in synchronized with
the same clock signal (one which is provided by
the Master device.) Thus, the byte transmitted is
replaced by the byte received and eliminates the
need for separate transmit-empty and receiver-full
bits. A single status bit (SPIF) in the Serial Periph-
eral Status Register (SPSR) is used to signify that
the I/O operation is complete.

In the Master device, the MSTR control bit in the
Serial Peripheral Control Register (SPCR) should
be set (by the program) to allow the Master device
to receive data on its MISO pin. In the Slave de-
vice, its MISO pin is enabled by the logic high level
present onthe SS pin: i.e. if SS = 1 the MISO pin is
placed in the high-impedance state, whereas ifSS
= 0 the MISO pin is an output for the Slave device.
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4.4.6.1 Slave Select (SS)

The Slave select (SS) pin receives an active-low
signal which is generated by the Master device, in
order to enable Slave devices to accept data.

To ensure that data will be accepted by a Slave
device, the SSline must be at a logic lowlevel prior
to the occurence of SCK (system clock), and must
remain low until after the last (eighth) SCK cycle.

Figure 28illustrates the relationship between SCK
and the data for two different level combinations of
CPHA, when SS is pulled low. These are :

—a) CPHA =1 or 0, the first bit of data is applied
to the MISO line for transfer, and,

—b) when CPHA = 0 the Slave device is prevented
from writing to its data register. For further infor-
mation on the effect the SS input and the CPHA
have on the 1/O data register, refer to the WCL
status flag in the "Serial Peripheral Status Regis-
ter description”. A logic high level on theSS sig-
nal forces the MISO (Master In Slave Out) line to
the high-impedance state. Also, SCK and the
MOSI (Master Out Slave In) line are ignored by a
Slave device when itsSS signal is at a logic high
level.

When a device is a Master, it constantly monitors
its S signal input for the presence of a logic low
level. The Master device will become a Slave de-
vice any time its SS signal input is detected as be-
ing at a logic low level. This ensures that only one
Master controls theSS line.

When the SS line is detected as being at a logic
low level, the Master clears the MSTR control bit
(Serial Peripheral Control Register). Also, control
bit SPE in the Serial Peripheral Control Register is
cleared, causing the Serial Peripheral Interface
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(SPI) to be disabled (SPI alternate function pins
become inputs). The MODF flag bit in the Serial
Peripheral Status Register is also set to indicate to
the Master device that another device is attempt-
ing to become a Master. Two devices attempting
to be outputs are normally the result of a software
error. However, the user system can be configured
in such manner as to contain a default Master
which would automatically "take-over” and restart
the system.

4.4.6.2 Serial Clock (SCK)

The Serial Clock is used to synchronize the move-
ment of data both in and out of the device via its
MOSI and MISO pins. The Master and Slave de-
vices are capable of exchanging a data byte of in-
formation during a sequence of eight clock pulses.
Since the SCK is generated by the Master device,
the SCK line becomes an input on all Slave devic-
es and synchronizes Slave data transfer. The type
of clock and its relationship to data are controlled
by the CPOL and CPHA bits in the Serial Peripher-
al Control Register.

The Master device generates the SCK through a
circuit driven by the internal processor clock. Two
bits (SPRO and SPR1) in the Serial Peripheral
Control Register of the Master device select the
clock rate. The Master device uses the SCK to
latch incoming Slave device data on the MISO line
and shifts out data to the Slave device on the
MOSI line. Both Master and Slave devices must
be operated in the same timing mode as defined
by the CPOL and CPHA bits in the Serial Peripher-
al Control Register.

In the Slave device, SPRO and SPR1 have no ef-
fect on the operation of the Serial Peripheral Inter-
face.
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Figure 28. Data Clock Timing Diagram
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4.4.7 Serial Peripheral Control Register (SPCR)

Address: see Memory Map — Read/Write
Reset Value: 0Xh

7 0
SPIE | SPE MSTR | CPOL | CPHA | SPR1 | SPRO

The Serial Peripheral Control Register bits are de-
fined as follows.

Bit-7 = SPIE Serial Peripheral Interrupt Enable

When the Serial Peripheral Interrupts Enable bit is
seta processor interrupt can occur. This forces the
proper vector to be loaded into the program coun-
ter if the Serial Peripheral Status Register flag bit
(SPIF) and /or MODF are set. SPIE does not inhib-
it the setting of a status bit. The SPIE bit is cleared
on Reset.

Bit-6 = SPE Serial Peripheral output Enalble

When the Serial Peripheral Output Enable Control
bit is set, all output drive is applied to the external
pins and the system is enabled. When the SPE bit
is set, it enables the SPI system by connecting itto
the external pins thus allowing it to interface with
the external SPI bus. The pins that are defined as
outputs depend on which mode (Master or Slave)
the device is in. Because the SPE bitis cleared on
Reset, the SPI system is not connected to the ex-
ternal pins on Reset.

Bit-4 = MSTR Master

The Master bit determines whether the device is a
Master or a Slave. If the MSTR bit is reset it indi-
cates a Slave device, whent it is set it indicates a
Master device. If the Master mode is selected, the
function of the SCK pin changes from an input to
an output and the function of the MISO and MOSI
pins are reversed. This allows the user to wire de-
vice pins MISO to MOSI, and MOSI to MOSI, and
SCK to SCK without incident. The MSTR bit is
cleared on Reset: thus the device is always set in
Slave mode during Reset.
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Bit-3 = CPOL Clock POLarity

The Clock POLarity bit controls the normal or
steady state value of the clock when no data is be-
ing transferred. The CPOL bit affects both the
Master and Slave modes. It must be used in con-
junction with the Clock PHAse control bit (CPHA)
to produce the wanted clock-data relationship be-
tween a Master and a Slave device. When the
CPOL bit is reset, it produces a steady-state logic
low value on the SCK pin of the Master device. If
the CPOL bitis set, a logic high level is present on
the SCK pin of the Master device when data is not
being transferred. The CPOL bit is not affected by
Reset.

Bit-2 = CPHA Clock PHAse

The Clock PHAse bit controls the relationship be-
tween the data on the MISO and MOSI pins and
the clock produced or received at the SCK pin.
This control has effect in both the Master or Slave
modes. It must be used in conjunction with the
Clock Polarity control bit (CPOL) to produce the
wanted clock-data relationship. In general the
CPHA bit selects the clock edge which captures
data and allows it to change states. It has its great-
est impact on the first bit transmitted (MSB) in that
it does or does not allow a clock transition before
the first data capture edge. The CPHA bit is not af-
fected by Reset.

Bit-1 = SPR1 Serial Peripheral Rate bit 1
Bit-0 = SPRO Serial Peripheral Rate bit 0

These two Serial Peripheral Rate bits select one of
four baud rates to be used for SCK when the de-
vice is a Master. However, these two bits have no
effect in Slave mode. The Slave device is capable
of shifting data in and out at a maximum rate which
is equal to the CPU clock. A rate table is given be-
low for SCK in Master mode. The SPR1 and SPRO
bits are not affected by Reset.

Internal Processor

SPR1 SPRO s
Clock Division factor

0 0 2

0 1 4

1 0 16

1 1 32
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SERIAL PERIPHERAL INTERFACE (Cont'd)
4.4.8 Serial Peripheral Status Register (SPSR)
Address: see Memory Map — Read Only
Reset Value: 00h

7 0

SPIF | wCOL MODF

The status flags which generate a Serial Peripher-
al Interface (SPI) interrupt may be blocked by the
SPIE control bit in the Serial Peripheral Control
Register. The WCOL bit does not cause an inter-
rupt. The Serial Peripheral Status register bits are
defined as follows:

Bit-7 = SPIF Serial Peripheral Data Transfer Flag

The Serial Peripheral Data Transfer Flag bit noti-
fies the user that a data transfer between the de-
vice and an external device has been completed.
With the completion of the data transfer, SPIF is
set, and if SPIE is set, a Serial Peripheral Interrupt
is generated. During the clock cycle SPIF is being
set, a copy of the received data byte in the shift
register is moved to a buffer. When the data regis-
ter is read, it is the buffer that is read. In the event
of an overrun condition, when the Master device
has sent several bytes of data and the Slave de-
vice has not responded to the first SPIF, only the
first byte sent is contained in the receive buffer,
and all other bytes are lost.

Data transfer is initiated by the Master device writ-
ing to its Serial Peripheral Data 1/0 Register.

Clearing the SPIF bit is accomplished by a soft-
ware sequence which accesses the Serial Periph-
eral Status Register while SPIF is set, followed by
a write or read operation on the Serial Peripheral
Data I/O Register.

In the Master device, while SPIF is set, all writes to
the Serial Peripheral Data I/O Register are inhibit-
ed until the Serial Peripheral Status Register is
read.

In the Slave device, SPIF can be cleared (using a
similar sequence) during a second transmission;
however, it must be cleared before the second
SPIF bit in order to prevent an overrun condition.
The SPIF bit is cleared on Reset.

Bit-6 = WCOL Write Collision status bit

The Write Collision Status bit informs the user that
an attempt was made to write to the Serial Periph-
eral Data 1/0 Register while a data transfer was
taking place with an external device. The transfer
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continues uninterrupted, and therefore a write will
be unsuccessful. A "read collision” cannot occur,
since the received data byte is placed in a buffer in
which access is always synchronous with the
MCU operation. If a "write collision” occurs, WCOL
is set but no SPlinterrupt is generated. The WCOL
bit is a status flag only.

Clearing the WCOL bit is accomplished by a soft-
ware sequence of accessing the Serial Peripheral
Status Register while WCOL is set, followed by:

1) Aread of the Serial Peripheral Data I/O Register
prior to the SPIF bit being set, or

2) A read or write of the Serial Peripheral Data I/O
Register after the SPIF bit is set.

A write to the Serial Peripheral Data /0O Register
(SPDR) prior to the SPIF bit being set, will result in
generation of another WCOL status flag. Both the
SPIF and WCOL bits will be cleared in the same
sequence. If a second transfer has started while
trying to clear the (previously set) SPIF and WCOL
bits with a clearing sequence comprising a write to
the Serial Peripheral Data 1/0 Register, only the
SPIF bit will be cleared.

A collision of a write to the Serial Peripheral Data
I/0O Register while an external data transfer is tak-
ing place can occur both in the Master mode and
the Slave mode, although with proper program-
ming the Master device should have sufficient in-
formation to preclude this collision.

Collision in the Master device is defined as a write
of the Serial Peripheral Data 1/0 Register while the
internal rate clock (SCK) is in the process of trans-
fer. The signal on the SS pin is always at a logic
high level on the Master device.

Collision in a Slave device is defined in two sepa-
rate modes. A problem arises in a Slave device
when the CPHA control bit is reset. When CPHA is
reset, data is latched on the occurence of the first
clock transition. The Slave device does not have
any way of knowing when that transition will occur;
therefore, the Slave device collision occurs when it
attempts to write the Serial Peripheral Data 1/O
Register after itsSS pin has been pulled low. If the
CPHA bit is reset, the SS pin on the Slave device
freezes the data in its Serial Peripheral Data 1/O
Register and does not allow it to be altered.

The Master device must raise theSS pin of the
Slave device to a logic high level between each
byte it transfers to the Slave device
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The second collision mode is defined by the CPHA
control bit being set. With the CPHA bit set, the
Slave device will be receiving a clock (SCK) edge
prior to the latch of the first data transfer. This first
clock edge will freeze the data in the Slave device
I/O register and allow the msb on to the external
MISO pin of the Slave device. A logic low state on
the SS pin enables the Slave device, however,
data is not output on the MISO pin until the first
edge of the data transfer clock. The WCOL bit will
only be set if the 1/O register is accessed while a
transfer is taking place. In this second collision
mode, a Master device can hold a Slave device’s
SS pin low during the transfer of several bytes of
data without this causing any problems.

Unlike other SPI interfaces, there is no special
case of collision which remains undetected by
the WCOL bits. The WCOL bit is TOTALLY reli-
able with regard to collision detection.

Since the Slave device is operating asynchronous-
ly with the Master device, the WCOL bit may be
used as an indicator of a collision occurence. This
helps alleviate the user from a strict real-time pro-
gramming effort. The WCOL is cleared on Reset.

Bit-4 = MODF Mode Fault flag

The function of the mode fault flag is defined for
the Master mode (device). If the device is a Slave
device the MODF bit will be prevented from tog-
gling from reset to set; however, this does not pre-
vent the device from being in the Slave mode with
the MODF bit set.
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The MODF bit is normally reset, and is set only
when the Master device has itsSS pin pulled low.
Toggling the MODF bit to the set state affects the
internal Serial Peripheral Interface (SPI) system in
the following ways:

a) MODF is set and SPI interrupt is generated if
SPIE is set.

b) The SPE bit is forced to a reset state. This
blocks all output from the device and disables the
SPI system.

c) The MSTR bit is forced to a reset state, thus
forcing the device into the Slave mode.

Clearing the MODF is accomplished by a software
sequence which accesses the Serial Peripheral
Status Register while MODF is set, followed by a
write to the Serial Peripheral Control Register.

To avoid multiple Slave conflicts in a system com-
prising several MCUs, the SS pin must be pulled
high during the clearing sequence of MODF. Con-
trol bits SPE and MSTR may be restored to their
original set state during this clearing sequence, or
after the MODF bit has been cleared. Hardware
does not allow the user to set the SPE and MSTR
bits while MODF is set, unless this occurs during
the proper clearing sequence. The MODF flag bit
indicates the possible occurrence of a Multimaster
conflict for system control, and allows proper exit
from normal system operation to Reset or to a de-
fault system state. The MODF bit is cleared on Re-
set.
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4.4.9 Serial Peripheral Data I/O Register (SPDR)

Address: see Memory Map — Read/Write
Reset Value: XXh
7 0
X X X X X X X X

The Serial Peripheral Data I/O Register is used to
transmit and receive data on the serial bus. Only a
write to this register will initiate transmission/re-
ception of another byte and this will only occur in
the Master device. A Slave device writing to its
data 1/O register will not initiate a transmission. Af-
ter having transmitted a byte of data, the SPIF sta-
tus bitis setin both the Master and Slave devices.

A write or read of the Serial Peripheral Data /O
Register, after accessing the Serial Peripheral
Status Register with SPIF set, will clear SPIF.

During the clock cycle the SPIF bit is being set, a
copy of the received data byte in the shift register
is being moved to a buffer. When the user reads
the Serial Peripheral Data I/O Register, the buffer
is actually being read. During an overrun condi-
tion, when the Master device has sent several
bytes of data and the Slave device has not inter-
nally responded to clear the first SPIF, only the
first byte is contained in the receive buffer of the
Slave device; all others are lost. The user may
read the buffer at any time. The first SPIF must be
cleared by the time a second transfer of data from
the shift register to the read buffer is initiated, oth-
erwise an overrun condition will exist.

A write to the Serial Peripheral Data I/O Register is
not buffered, and data is placed directly in the shift
register for transmission.

The ability to access the Serial Peripheral Data 1/0
Register is limited when a transmission is taking
place. Please refer to the description of the WCOL
and SPIF status bits in order to fully appreciate the
rules governing the use of the Serial Peripheral
Data 1/0 Register.
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4.4.10 Single Master And Multimaster

Configurations

There are two types of SPI systems, single Master
and Multimaster.

A typical Single Master system may be configured,
using one MCU as the Master and four others as
Slaves. The MOSI, MISO and SCK pins are all
wired to equivalent pins on each device. The Mas-
ter device generates the SCK clock, whereas the
Slave devices all receive it. Since the MCU Master
device is the bus Master, it internally controls the
function of its MOSI and MISO lines, thus writing
data to the Slave devices on the MOSI and read-
ing data from the Slave devices on the MISO lines.

The Master device selects the individual Slave de-
vices by using four pins of a parallel port to control
the four SS pins of the Slave devices. A Slave de-
vice is selected when the Master device pulls its
SS pin low. The SS pins are pulled high, thus dis-
abling the Slave devices during Reset, since the
Master device ports will be forced as inputs.

Note that Slave devices need not be enabled in a
mutually exclusive fashion, except in order to pre-
vent bus contention on the MISO lines. An exam-
ple of this is a write to several display drivers to
clear a display using a single 1/0O operation.

To ensure that proper data transmission takes
place between the Master device and a Slave de-
vice, the Master device may ask the Slave device
to respond by echoing a previously received data
byte (this data byte can be inverted, or at least be
different from the last one sent by the Master de-
vice). The Master device will always receive the
previous byte back from the Slave if all MISO and
MOSI lines are connected and the Slave has not
written its data 1/O register. Other transmission se-
curity methods may be defined using ports as
handshake lines, or by means of data bytes con-
taining command fields.

A Multimaster system may also be configured by
the user. An exchange of Master control can be
implemented by adopting a handshake scheme
using the I/O ports, or by an exchange of code
messages via the Serial Peripheral Interface sys-
tem. The principal device controls are the MSTR
bit in the Serial Peripheral Control Register and
the MODF bit in the Serial Peripheral Status Reg-
ister.
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4.5 1°C BUS INTERFACE

4.5.1 Introduction

The I°C Bus Interface serves as an interface be-
tween the MCU and the serial PC bus. It provides
both muIt|master and multislave functions, and
controls all I°C bus- -specific sequencing, protocol,
arbitration and timing.

4.5.2 General Features

— Parallel bus/PC protocol converter

— Multi-Master capability

— Interrupt generation

— Standard C mode/Fast PC mode

— 7-bit Addressing/10-bit Addressing
4.5.2.1 1°C Master Mode Features:

— Flag indicating when the PC bus is in use
— Flag indicating the loss of arbitration

— Flag indicating the end of the byte transmission
— Transmitter/Receiver flag

— Clock generation

4.5.2.2 1°C Slave Mode Features:

— Start bit detection flag

— Detection of a misplaced Start or Stop condition
— Detection of a problem during transfer

— Address Matched detection

— General call detection

— Flag indicating the end of the byte transmission
— Transmitter/Receiver flag

4.5.3 Functional Description

In addition to receiving and transmitting data, this
interface converts it from serial to parallel format
and vice versa, using either an interrupt or polled
handshake. The interrupts are enabled or disabled
by software. The interface is connected to the fc
bus by a data pin (SDA) and by a clock pin (SCL).
It can be connected both with a standard ¥C bus
and a Fast I°C bus. This selection is made by soft-
ware.

The interface can operate in the four following
modes:

— Master transmitter

— Master receiver

— Slave transmitter

— Slave receiver

When itis inactive, it operates in Slave Mode.
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This interface enables the multimaster function
thanks to an automatic switch between Master and
Slave mode in the event of a loss of arbitration:the
Slave process is always active when a start condi-
tion is detected on the SDA line. When acting as
Master, it initiates a data transfer and generates
the clock signal. A serial data transfer always be-
gins with a start condition and ends with a stop
condition. Both start and stop conditions are soft-
ware generated in Master mode. In Slave mode,
the interface is capable of recognising its own ad-
dress (7-bit or 10-bit), a general call address or a
start byte. The general call may be enabled or dis-
abled by software.

Data and addresses are transferred as 8-bit bytes,
MSB first. The first byte following the start condi-
tion in 7-bit addressing (two first bytes in 10-bit ad-
dressing) is the address byte; it is always transmit-
ted in Master mode. A 9th clock pulse follows the 8
clock cycles of a byte transfer, during which the re-
ceiver must send an acknowledge bit to the trans-
mitter. Acknowledge may be enabled and disabled
by software.

When in Transmitter mode, the interface waits for
the MCU to write the byte in the Data Register, by
holding the clock line low before transmission;
when in Receiver mode, it waits for the MCU to
read the byte in the Data Register by holding the
clock line low after reception.

The I°C Bus Interface has seven internal registers.
Three of these are used for interface initialization
(Own Address Registers and Clock Control Regis-
ter). The remaining four registers are used during
data transmission/reception (Data Register, Con-
trol Register and Status Register).

The SCL frequency (Fsq) is controlled by a pro-
gzrammable clock d|V|der which depends on the

I°C bus mode. The C interface address is stored
in two registers (OAR) in order to allow 10-bit ad-
dressing.

The Peripheral Enable bit (bit 6) of the fC control
Register actlvates the PC interface and configures
the 1/0 as I°C pins. The speed of the PC interface
may be selected between 100KHz and 400KHz.

When the PC cell is enabled, PA4 and PA6 are
configured as open-drain. In this case, the external
pull-up resistance should be 10KQ or more.

When the I°C cell is disabled, PA4 and PA6 revert
to being standard 1/O port pins.
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Figure 30. 12C Interface Block Diagram
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454 EPROM/ROM |C COMPATIBILITY
APPLICATION NOTE

In order to insure full compatibility between the
EPROM and the ROM versions of the ST7285 mi-
crocontroller, certain timing conditions have to be
respected when using the FC interface.

Otherwise the ¥C interface of the ST72E85 can:

— Detect an unexpected START or STOP condi-
tion with BUS ERROR detection

— Generate unexpected BTF flag settings

Unexpected START or STOP condition detec-
tion

In the ST72E85 device, due to the synchronisation
between the I°C peripheral and the &py
(4.332MHz), an unexpected START or STOP con-
dition can be detected in Slave mode. This gener-
ates an unexpected Bus Error and sets the BERR
bit in the SR2 register.

To avoid this effect, the following | C timing has to
be respected:

- tSUDAT > 1/fCPU ~ 230,84ns
— thdpat > Ufcpy ~ 230,84ns

In the ROM version of the ST7285, the fC periph-
eral and Fcpy are asynchronous, so no unexpect-
ed START or STOP condition can be detected.

Figure 31. | C Timing Diagram

START bit

Unexpected BTF flag setting after a STOP con-
dition

Due to the reason described in the previous para-
gzraph, the BTF flag can be set unexpectedly in the
I1“C interface of the ST72E85 after a STOP condi-
tion is detected in Slave mode.

To recover from this condition, reset and subse-
quently set the PE bit in the CR register when the
STOPF and BTF flags are set at the same time af-
ter a STOP condition detection.

The I°C interface is not subject to this effect in the
ROM version of the ST7285.

DATA bit

SDA

SCL

tSupat
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4.5.5 Register Description

CLOCK CONTROL REGISTER (CCR)
Address: 002Bh — Read / Write
Reset Value: 00h

7 0

FM/SM [ CC6 | CC5 | CC4 | CC3 | CC2 | CC1 | CCO

b7: FM/SM Fast / Standard FC mode

When the bit is set to 1 the interface operates in
the fast PC bus mode.

When the bit is set to O the interface operates in
the standard °C bus mode.

b6-0: D6-DO 7 bit divider programming
Implementation of a programmable clock divider

In Standard PC mode:

Fscl = PHI1/(2x([D6..D0]+2)); in this case, Fscl
varies between 15.75KHz and 100 KHz (if
PHI1=4MHz).

In Fast I°C mode:

Fscl = PHI1/(3x([D6..D0]+2)); in this case, Fscl
varies between 10.5 KHz and 333KHz (if
PHI1=4MHz).

Table 8. Example of SCL frequency with PHI1 = 4 MHz in Standard | 2C mode
FM/SM D6 D5 D4 D3 D2 D1 DO Fscl(Khz)

0 0 0 1 0 0 1 0 100

0 0 0 1 1 0 1 1 70

0 0 1 0 0 1 1 0 50

0 1 0 0 1 1 1 0 25

0 1 1 1 1 1 1 1 15.75

1 0 0 0 0 0 1 0 333

1 0 0 0 0 1 0 1 190

1 0 0 0 0 1 1 0 167

1 0 0 0 1 1 0 1 89

1 0 0 1 1 0 1 1 43

1 1 1 1 1 1 1 1 10.5
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DATA REGISTER (DR)

Address: 002Eh — Read / Write
Reset Value: 00h

7 0

DR7 | DR6 | DR5 | DR4 | DR3 | DR2 DR1 DRO

In transmitter mode, DR contains the next byte of
data which is to be applied to the shift register. The
byte transmission begins after the DR write by the
microcontroller.

In receiver mode, DR contains the last byte of data
received from the shift register. The next byte re-
ceipt begins after the DR read by the microcontrol-
ler.

OWN ADDRESS REGISTER 1 (OAR1)

Address: 002Ch — Read / Wite
Reset Value: 00h

7 0

ADD7 | ADD6 | ADD5 | ADD4 | ADD3 | ADD2 | ADD1 | ADDO

In 7-bit addressing, [ADD7..ADD1] are the ad-
dress of the peripheral.

In 10-bit addressing, [ADD7..ADDQO] are the least
significant bits of the address of the peripheral.

OWN ADDRESS REGISTER 2 (OAR2)

Address: 002Dh — Read / Write
Reset Value: 00h
7 0
ADDE2 | ADDE1

b7-3 = reserved.

b2-1 = [ADDE2..ADDEZ1] are the most significant
bits of the address of the peripheral in 10-bit ad-
dressing.
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In 7-bit addressing, the first byte following the start
condition is the address byte. The least significant
bit is the data direction bit.

In 10-bit addressing, the first two bytes following a
start condition are the address bytes. The first sev-
en bits of the first byte are the combination
11110xx of which the last two bits are the two most
significant bits of the 10-bits addressing; the eighth
bit is the data direction bit. The second byte con-
tains the remaining 8 bits of the 10-bit address.

b0 = reserved.

Various combinations of read/write formats in 10-
bit addressing:

Master-transmitter/Slave-receiver

Slave_address
1st 7bits

Slave_Adress

0| Al A2 | data | A

2nd byte

When a 10-bit address follows a start condition
(S), each Slave compares the first seven bits of
the first byte of the Slave address (11110xx) with
its own address and tests the eighth bit. If the
Slave finds a match, it generates an acknowledge
(A1) and it compares the eight bits of the second
byte (xxxxxxxx) with its own address. If the Slave
finds a match, it generates an acknowledge (A2).
The Slave will remain addressed until it receives a
stop condition or a repeated start condition fol-
lowed by a different Slave address.

Master-receiver/Slave-transmitter

Slave_adress Slave_Adress
S 1st 7bits 0] AL 2nd byte A2 | data
Slave_adress
Sr 1st 7bits 1 A data A

The direction of the transfer is changed after the
second data direction bit. Up to the acknowledge
bit A2, the procedure is the same as the one de-
scribed for a Master-transmitter/Slave-receiver.
After a repeated start condition, the Slave remem-
bers that it was addressed before. Then it com-
pares the seven bits of the first byte (11110XX)
with its own address.
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CONTROL REGISTER (CR)

Address: 0028h — Read / Write
Reset Value: 00h
7 0
PE ENGC | START ACK STOP ITE

b7-6 = reserved.
b5: PE Peripheral Enable

1 : Master/Slave capability.

0 : Peripheral disabled ( all outputs are released).
When this bit is reset, all the bits of the control reg-
ister and the status register except the Stop bit are
reset.

PE selects the alternate function on the corre-
sponding 1/0O.

This bit is set by software and it is cleared by soft-
ware or by a reset.

PE=0
PA6 = normal I/O
PA4 = normal I/O

PE=1
PA6 = I°C DATA
PA4 = I2C CLOCK

b4: ENGC Enable General call

When this bit is set, the peripheral acknowledges
the general call address.

Engc bit is set or cleared by software. It is cleared
when the peripheral is disabled (PE=0) or by reset.

b3: START Generation of a Start condition

When the Start bit is set in Slave mode, the inter-
face generates a Start condition as soon as the
bus is free. In Master mode, it generates a repeat-
ed Start condition. Then an interrupt is generated if
ITE is set.

This bit is set by software and is cleared by soft-
ware, when the peripheral is disabled (PE=0) or by
reset. It is automatically cleared after the start con-
dition is sent.

b2: ACK Acknowledge level
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When this bit is set, an acknowledge is returned
after an address byte is received or after a data
byte is received.

When it is cleared, no acknowledge is returned.

It is set by software and it is cleared by software,
when the peripheral is disabled (PE=0) or by reset.

bl: STOP Generation of a Stop condition

If the Stop bit is set in Master mode then a stop
condition is generated after the transfer of the cur-
rent byte or after that the current Start condition is
sent.

If it is set in Slave mode then both SCL and SDA
lines are released in order to recover from an error
condition and the peripheral waits for a detection
of a Start or a Stop condition. Then the interface
waits for a Stop or a Start condition on the lines.
This bit can be cleared by software. It is automati-
cally cleared after the stop condition is sent on the
SCL line in Master mode or by reset.

bO: ITE Interrupt Enable

When the Interrupt Enable bit is set, the fC inter-
face interrupt is generated after anyone of these
following conditions

— A Start condition is generated in Master mode.

— The address is matched in Slave mode while the
ACK flag is at a logic high.

— A data byte has been received oristo be trans-
mitted.

— A loss of arbitration of the bus to another Master
in Master mode.

— A misplaced Start or Stop condition is detected
— There is no acknowledge.

— A Stop condition has been detected in Slave
mode. While the ITE flag is set, an interrupt is
generated, SCL is hold low and the transfer is
suspended except when a loss of arbitration or a
detection of a Stop condition have been detect-
ed. ITEis reset by software, when the peripheral
is disabled (PE=0) or by reset.
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STATUS REGISTER 1 (SR1)

Address: 0029h — Read Only
Reset Value: 00h

7 0
SR2F | ADD10 | TRA | BUSY | BTF | ADSL | M/SL | SB

b7: SR2F Status Register 2 Flag

SR2F is set when at least one flag in the Status
Register 2 is set. It is cleared when all these flags
are reset.

b6: ADD10 10 bit Master Addressing Mode

ADD10 is set when the 10 bit addressing mode
header ("11110xxx”) is sent as the first address
byte. When this bit is set, an interrupt is sent to the
microcontroller if ITE is set

This bit is cleared by a read of the Status Register,
followed by a write in the Data Register. It is also
cleared when the peripheral is disabled (PE=0) or
by reset.

b5: TRA Transmitter/Receiver

TRA is set when the interface is in data transmis-
sion mode.

Itis cleared by the detection of a stop condition, by
a loss of the bus arbitration (ARLO set). It is also
cleared when the peripheral is disabled (PE=0) or
by reset.

b4: BUSY Bus Busy

BUSY bit is active when there is a communication
in progress on line.

The detection of the communications is always ac-
tive (even if the peripheral s disabled).

This bit is set by the detection of a Start condition
and it is cleared by the detection of a Stop condi-
tion or by reset.

3

b3: BTF Byte Transfer Finished

- In transmitter mode, BTF bit is set after the trans-
mission of a data byte and an acknowledge clock
pulse.

Itis cleared by aread of the Status Register (with
BTF set), followed by a write in the Data Register.

In receiver mode, BTF bit is set after the reception
of the acknowledge of a byte.

It is cleared by a reading of the Status Register
(with BTF set), followed by a read of the Data Reg-
ister.

It is also cleared when the peripheral is disabled
(PE=0) or by reset.

When BTF is set, the FC interrupt occurs if ITE is
set. Then the microcontroller must access the data
register.

b2: ADSL Addressed as Slave

ADSL bit is set when the address comparator rec-
ognizes either its own Slave address or the gener-
al call address. When this bit is set, an interrupt is
sent to the microcontroller if ITE is set.

This bit is cleared by a read of the status register
(when ADSL is set). Itis also cleared when the pe-
ripheral is disabled (PE=0) or by reset.

b1: M/SL Master/Slave

M/SL bit is set when the interface generates a
Start condition. When it is set, the interface oper-
ates in Master mode.

It is cleared by the detection of a Stop condition,
by a loss of arbitration, by reset or when the pe-
ripheral is disabled (PE=0).

b0: SB Start Bit ( in Master mode)

In Master mode , SB bit is set when the hardware
has generated a Start condition. When this bit is
set, an interrupt is sent to the microcontroller if ITE
is set. Then the microcontroller must write the ad-
dress byte in the data register.

This bit is cleared by a read of the status register
(when SB is set), followed by a write in the data
register. It is also cleared when the peripheral is
disabled (PE=0) or by reset.
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I°C BUS INTERFACE (Cont'd)
STATUS REGISTER 2 (SR2)

Address: 002Ah — Read Only
Reset Value: 00h

7 0

AF | STOPF [ ARLO | BERR | GCAL

b7-5 = reserved.
b4: AF Acknowledge Failure

The Acknowledge Failure bit is set when no ac-
knowledge is returned. If this bit is set, then an in-
terrupt is sent to the microcontroller if ITE is set.
During this interrupt, the SCL line is not hold low.
This bit is cleared by a read of the Status Register.
It is also cleared when the peripheral is disabled
(PE=0) or by reset.

b3: STOPF Stop Detection Flag (in Slave mode)

StopF bit is set when a Stop condition is detected
on the SCL line after an acknowledge of byte.
When this bit is set, an interrupt is sent to the mi-
crocontroller if ITE is set. During this interrupt, the
SCL line is not hold low.

This bit is cleared by a read of the status register
(when StopF is set). Itis also cleared when the pe-
ripheral is disabled (PE=0) or by reset.

b2: ARLO Arbitration Lost

ARLO is set when the FC interface loses the arbi-
tration of the bus to another Master. After ARLO is
set, the interface operates in Slave mode (M/SL at
a logic low) and an interrupt is generated if ITE is
set. During this interrupt, the SCL line is not hold
low.

This bit is cleared by a read of the Status register.
It is also cleared when the peripheral is disabled
(PE=0) or by reset.

bl: BERR Bus Error

BERR bit is set when a misplaced start or stop
condition is detected. If this bit is set, then an inter-
rupt is sent to the microcontroller if ITE is set. Dur-
ing this interrupt, the SCL line is not hold low.

The Bus Error flag bit is cleared by a read of the
status register (when BERR is set). It is also
cleared when the peripheral is disabled (PE=0) or
by reset.

b0: GCAL General Call (Slave mode)

If ENGC is set, GCAL is set following detection of
a general call address.
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Itis cleared by the detection of a stop condition, by
reset or when the peripheral is disabled (PE=0).

4.5.6 1°C State Machine:

In I°C mode, the PC interface always operates in
Slave mode (M/SL at logic low level) except when
it initiates a transmission or a receive sequence.

It enables the multimaster function with an auto-
matic switch from Master mode to Slave mode
when the interface loses the arbitration of the C
bus. So, the Slave process is active both in Slave
mode and in Master mode.

4.5.6.1 Slave mode

As soon as a start condition is detected, the ad-
dress word is received from the SDA line and it is
sent to the shift register; then it is compared with
the interface address.

— Address no matched: the state machine is reset
and it waits for another Start bit.

— Address matched: the Addressed As Slave bit
(ADSL) is set and an acknowledge bit is sent to
the Master if ACK is set. So an interrupt is sent to
the microcontroller if ITE is set; it then waits for
the microcontroller to read Status Register 1 by
holding the SCL line low.

Then, depending on the Data Direction bit (least
significant bit), and after generating an acknowl-
edge, the Slave must enter Send or Receive
mode.

4.5.6.2 Slave Receiving

The Slave receives words from the SDA line into
the shift register and it sends them to the data reg-
ister. After each word it generates an acknowledge
bit if the Enable Acknowledge flag is set. When the
acknowledge bit is sent, the BTF flag is set and an
interrupt is generated if ITE is set.Then it waits for
the microcontroller to read the Data Register by
holding the SCL line low.

- Detection of a Stop or a Start condition during a
byte reception: the BERR flag is set and an inter-
rupt is generated.

- Detection of a Start condition after an acknowl-
edge time-slot: the state machine is reset and
starts a new process.

- Detection of a Stop condition after an acknowl-
edge time-slot: the Slave state machine is reset.
Then the SSTOP flag is set and an interrupt is
generated if ITE is set.

- The Stop bit is set in the control register: the state
machine is reset after transfer of the current byte.
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I°’C BUS INTERFACE (Cont'd)
4.5.6.3 Slave Sending

The Slave waits for the microcontroller to write in
the Data Register. Then it receives data in the
Shift Register and sends it on the SDA line. When
the acknowledge bit is received, the BTF flag is set
and an interrupt is generated if ITE is set.

- Detection of a Stop or Start condition during a
byte transfer: the state machine is reset, the BERR
flag is set and an interrupt is generated.

- Detection of a Start condition after an acknowl-
edge time-slot: the state machine is reset and it
starts a new process. So, the flag ADSL is set and
an interrupt is generated if ITE is set.

- Detection of a Stop condition after an acknowl-
edge time-slot: the state machine is reset. Then
the flag SSTOP is set and an interrupt is generat-
ed if ITE is set.

4.5.6.4 Master mode

The interface operates in Master mode after gen-
erating a Start condition. So, the Start flag must be
set in the control register and the PC bus must be
free (Busy bit at logic low level).

Once the Start condition is generated, the M/SL
and SB flags are set and an interrupt is generated
if ITE is set. The interface waits for the microcon-
troller to write the Slave address in the Data Reg-
ister by holding the SCL line low.

The address byte is then sent on the SDA line, an
acknowledge clock pulse is sent on the SCL line
and an interrupt is generated if ITE is set. The in-
terface waits for the MCU to write to the Control
Register by holding the SCL line low. If there is no
acknowledge, the AF flag is set and the Master
must write a Start or a Stop in the Control Register.

The state machine then enters a send or a receive
process, depending on the state of the Data Direc-
tion bit (least significant bit); an interrupt is gener-
ated if ITE is set.

If the Master loses control of bus arbitration, there
will be no acknowledge. The AF flag is set and the
Master must write a Start or a Stop in the control
register; the ARLO flag is set, the M/SL flag is
cleared and the process is reset. An interrupt is
generated if ITE is set.

3

4.5.6.5 Master Sending

The Master waits for the MCU to write in the Data
Register by holding the SCL line low. Then the
byte is received in the shift register and is sent on
the SDA line. The BTF flag is set and an interrupt
is generated if ITE is set.

- Detection of a Stop or of a Start condition during
a byte transfer: the BERR flag is set and an inter-
rupt is generated if ITE is set.

- The Stop bit is set in the Control Register: a Stop
condition is generated after the transfer of the cur-
rent byte, the M/SL flag is cleared and the state
machine is reset. Then an interrupt is generated if
ITE is set.

- The Start bit is set in the Control Register: the
state machine is reset and it starts a new process.
The SB flag is set and an interrupt is generated if
ITE is set.

- There is no acknowledge: the AF flag is set and
an interrupt is generated if ITE is set.

4.5.6.6 Master Receiving

The Master receives a byte from the SDA line into
the shift register and it sends it to the Data Regis-
ter. So, it generates an acknowledge bit if the ACK
bit is set and it generates an interrupt if ITE is set.
Then it waits for the microcontroller to read the
Data Register by holding SCL line low.

- A detection of a Stop or a Start condition during a
byte reception: the flag BERR is set and an inter-
rupt is generated if ITE is set.

- The Stop bit is set in the Control Register: a Stop
condition is generated after the transfer of the cur-
rent byte, the M/SL flag is cleared and the state
machine is reset. Then an interrupt is generated if
ITE is set.

- The Start bit is set in the Control Register: the
state machine is reset and starts a new process.
So, the flag SB is set and an interrupt is generated
if ITE is set.

62/117




ST7285C

I°’C BUS INTERFACE (Cont'd)
Transfer sequencing:
Master transmitter: (M/SL=1)

S IT1 ADD A IT2 IT3 DATA A IT3 DATA A IT3 P

IT1: SB =1. This interrupt is cleared by a read of SR1 followed by a write in DR.
IT2: This interrupt is cleared by a read of SR1 followed by a write in CR and in DR.
IT3: BTF=1; TRA=1. This interrupt is cleared by a read of SR1 followed by a write in DR.

Master receiver: (M/SL=1)IT4: This interrupt is cleared by a read of SR1 followed by a write in CR.

S IT1 ADD A IT4 DATA A ITS DATA A ITS P

IT5: BTF=1. This interrupt is cleared by a read of SR1 followed by a read of DR.
Slave transmitter: (M/SL=0)

S ADD A IT6 IT7 DATA A IT7 DATA A IT7 P IT8

IT6: ADSL =1. This interrupt is cleared by a read of SR1 followed by a write in DR.
IT7: BTF=1, TRA=1. This interrupt is cleared by a read of SR1 followed by a write in DR.
IT8: StopF=1. This interrupt is cleared by a read of SR2.

Slave receiver: (M/SL=0)

S ADD A IT9 DATA A IT10 DATA A IT10 P IT8

IT9: ADSL =1. This interrupt is cleared by a read of SR1.
IT10: BTF=1. This interrupt is cleared by a read of SR1 followed by a read of DR.

10 bits addressing (Master):
Master:

S ADD A IT11 ADD A IT2

IT11: ADD10=1. This interrupt is cleared by a read of SR1 followed by a write in DR.
Slave:

S ADD A ADD A

During IT1,2,3,4,5,6,7,9,10,11 the SCL line is hold low.
S: Start; P: Stop; A: Acknowledge; IT: interrupt.

Detailed timing information is available in the ELECTRICAL CHARACTERISTICS.
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4.6 A/D CONVERTER (ADC)

4.6.1 Introduction

The on-chip Analog to Digital Converter peripheral
is a single 8-bit successive approximation ratio-
metric monotonic ADC, to which up to 8 different
analog voltages (depending on device specifica-
tion as illustrated in Block Diagram) may be ap-
plied from external sources. The result of the con-
version is stored in the 8-bit Data Register. The A/
D converter is controlled through the ADC Control/
Status Register.

4.6.2 Functional Description

The A/D converter is enabled by setting the A/D
Converter ON bit (ADON) in the ADC Control/Sta-
tus Register. A delay time is then required for the
converter to stabilize (typically 10us, see Electrical
Characteristics)).

When the A/D function is enabled, the associated
pins (see MCU Block Diagram) may be used as
analog inputs. The inputs must first be enabled for
analog input by setting the corresponding bit(s) of
the relevant Port Configuration Register as de-
scribed in the Section on I/O Ports. Bits CH2 to
CHO of the A/D Converter Control/Status Register
may then be coded to select the channel to be
converted. Using a pin, or pins, as analog inputs
does not affect the ability to read the port as logic
inputs.

The A/D converter may be disabled by resetting
the ADON bit. This feature allows the reduction of
power consumption when no conversion is in

progress. The A/D converter is disabled after Pow-
er-On and external resets.

When enabled, the A/D converter performs a con-
tinuous conversion of the selected channel. When

3

a conversion is completed (16 ps for gpy = 4
MHz), the result is loaded into the read only Result
Data Register and the COCO (Conversion Com-
plete) flag is set. No interrupt is generated. Any
write to the A/D Converter Control/Status Register
aborts the current conversion, resets the COCO
flag and starts a new conversion.

The A/D converter is ratiometric. An input voltage
equal to, or greater than \pp  converts to FFh (full
scale) without overflow indication if greater. An in-
put voltage equal to, or lower than \kg converts to
00h. The conversion is monotonic: the results nev-
er decrease if the analog input does not and never
increase if the analog input does not.

The 8-bit conversion is accurate to within 2 LSB.
The minimal conversion time is 32 ADC clock cy-
cles (16ps if A/D clock frequency at 2 MHz). The
A/D converter clock is generated from the CPU
clock divided by 2.

The high and low level reference voltages are con-
nected to Vpp and Vgg. Conversion accuracy may
therefore be degraded by voltage drops and noise
in the event of heavily loaded or badly decoupled
power supply lines.

The A/D converter is not affected by WAIT mode
but, in power sensitive applications, it can be disa-
bled before entering this mode. When the MCU
enters HALT mode with the A/D converter ena-
bled, the A/D clocks are stopped and the converter
is disabled until the HALT mode is exited and the
start-up delay has elapsed. A stabilisation time is
also required before accurate conversions can be
performed.
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4.6.3 Register Description

A/D CONTROL/STATUS REGISTER (CSR)
Address: 0071h — Read/Write

Reset Value: 00 h

7 0

COCOo 0 ADON 0 0 CH2 [ CH1 | CHO

b7: COCO Conversion Complete.

COCO is set as soon as a new conversion can be
read from the Result Data Register. COCO is
cleared by reading the result or writing to the A/D
Converter Control/Status Register.

b6: Reserved, must be programmed to O
b5: ADON A/D converter On

ADON allows the A/D converter to be switched on
and off in order to reduce consumption when
needed. When turned on (ADON = 1), a delay time
(typically 10ps) is necessary for the ADC to stabi-
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lize. Conversions may be inaccurate during this
period.

b4 - b3: Reserved, must be programmed to O.
b2-0: CH2-CHO Channel Selection

These bits select the analog input to convert, 000
selecting AINO and 111 selecting AIN7 (fewer than
8 lines may be available, depending on device
specifications: see Block Diagram).

A/D DATA REGISTER (DR)
Address: 0070h — Read Only
Reset Value: (undefined)

7 0

AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO

b7-0: AD7-ADO Analog Converted Value

This register contains the converted analog value
in the range 00h to OFFh
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4.7 RDS FILTER

The Radio Data System (RDS) Filter peripheral  4.7.1 Features

consists of a Switched Capacitor (SC) bandpass  _ ; ; ;
filter centered on 57 KHz. This filter selects the S7KHz Switched Capacitor (SC) bandpass filter

RDS components from the multiplex radio signal. — Comparator

The filter output is directly used by the demodula-  — D/A converter for comparator Offset Compensa-
tor. The comparator limits the signal to digital lev- tion by software

E:;()Trhe comparator output feeds the RDS demod- Power Down mode.

Figure 32. RDS Filter Block Diagram
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RDS FILTER (Cont'd)
4.7.2 Functional Description

The RDS filter is of classical Switched Capacitor
type, comprising: an anti-aliasing filter, the SC-fil-
ter proper and a smoothing filter connected in cas-
cade. The block diagram is given inFigure 33.

The Filter peripheral is composed of the following
functional blocks:

— Prefilter . The anti-aliasing filter consists of a 2d
order Sallen-Key filter. The phase response in
the passband is linear. The cut-off frequency is
located at about 360KHz. The prefilter includes
an operational amplifier with a gain of 80 dB.

— SC Filter. The SC filter is a 8" order bandpass
filter. It comprises 4 cascaded biquads. The bi-
quads all have the same scheme and differ only
in their capacitor values. The switches are con-
trolled by a clock generator which produces non-
overlapping clock phases.

— Buffer . The output of the SC-Filter cannot be
connected to resistive loads, since this would se-
verely reduce its gain. A buffer is therefore con-
nected between the SC filter and the smoothing
filter.

— Smoothing filter . The smoothing filter connect-
ed to the Sc-filter (through the Buffer) is a simple
RC low pass filter. The output is connected to
RDSFIL pin (external connection) and to the
Comparator.

— Comparator . The comparator is connected to
the smoothing filter and is able to detect zero-
crossing in less than 125ns. The digital output of
the comparator is connected via a port to the
RDS demodulator.

— D/A Converter . A maximum offset of 1mV is al-
lowed on the comparator’s inputs. The offset
compensation is achieved as follows:
in a software selectable test mode, the input of
the filter is switched to RDSREF (=2.5V). The D/
A converter register (RDSFil) is set to zero and
then incremented by software until the compara-
tor changes its sign.

— Test Mode Selector . This function is controlled
via 4 bits in the filter control register (RDS Fi2). It
selects the various test modes. (see next point).
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— ST7 interface registers. These are described

below.
RDS Fi1

Address 005Ah: — Read/Write Register

7 6 5 4 3 2 1 0

COMP | AD5 | AD4 | AD3 | AD2 | AD1 | ADO

b7 =reserved.

b6 = COMP

Comparator output (read only).
b5-0 = AD5-ADO

Offset correction value output by D/A
(ALSB=2mV).

RDS Fi2

Address 005Bh — Read/Write Register

7 6 5 4 3 2 1 0

PDB | TM3 | TM2 | TM1 | TMO

b7-5 = reserved.

b4 = PDB

Power down bit (1 = Run; 0 = Power-down)
b3-0 =TM3-TMO

Mode select. Only Modes shown in the table below
are valid; other modes are reserved.

TM3 |TM2 | TM1 | TMO Mode
0 0 0 0 filter off (reset state)
0 0 1 1 normal operating mode
1 1 0 1 offset compensation
mode

When the internal filter is switched off, the RDS-
COMP pin can be used as an input and to feed the
demodulator from an external filter.
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4.8 RDS DEMODULATOR

The RDS demodulator is a fully digital Radio Data
System demodulator. The module includes 57KHz
carrier recovery, RDS clock (1187.5Hz) recovery,
bi-phase decoder, fast ARI indicator and signal
quality indicator. the module is controlled through
ST7 registers. The RDS signal is fed in through the
pin RDSCOMP. The reference frequency is de-
rived from the ST7 quartz oscillator. Therefore, the
quartz frequency must be 8.664MHz.

4.8.1 Features

— Pure digital RDS demodulator without external
components.

— Phase polarity data extractor.
— Phase integral data extractor.

Figure 33. RDS Demodulator Block Diagram

— Data extractor selectable:

a) automatically via quality detector;

b) via software.
— Selectable quality indicator:

a) RDS signal quality;

b) polarity difference and integral data.
— Selectable time constant for 57KHz PLL.

— Selectable inhibit of PLL regulation to be used for
AF tests and temporary field strength weakness
(i.e. tunnels or other obstacles to radio recep-
tion).

— Fast ARI indicator, controlled by software.

arp aren Ickl IckO gen lock upr Ick3 Ick2 squal
lLl ' v v
RDSCOMP RDS Clock
—r—> 57KHz PLL > 1187.5Hz Bit PLL P
I quall QUALITY
Quality
pi Detector
+—JP| Fast ARI Indicator —|
Ly | “Polarity” Bi-phase Differential | datl
Decoder _ Decoder 1
> “Integral” Bi-phase ) Differential K
Decoder > Decoder 2 | dat2 RDS Dat
sdat
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RDS DEMODULATOR (Cont'd)
4.8.2 Functional Description is measured. Again 48 samples are accumulat-

The RDS Demodulator is fed with a 57KHz band- ed. Regarding of the “polarity phase decoder,
pass filtered and limited multiplex signal. this system is less sensitive to the precision of
the recovered carrier, but is more sensitive with

= 57kHZ PLL. This circuitis implemented as a var- — Differential Decoder . Every phase decoder out-
iable counter controlled by a “COSTAS” phase put is fed into its own differential decoder. For er-
pass filter features four software selectable time generated in order to mark all differences be-
constants. Following a reset, the longest time tween the two decoder outputs.

constant is selected and used for the locked con-
dition. The time constant relates to the time
needed to compensate a 90 degree phase devi-
ation. As the PLL locks to 0 and 180 degrees,
whatever is closest, this is the maximum possible
phase deviation. The selectable time constants
are listed in the following register description.

—Quality Detector . This unit measures the amount
of opposite phase samples. With an error free sig-
nal; every bit consists of 24 positive and 24 neg-
ative phase samples related to the carrier. Due to
noise, this balance may be disturbed. all bits with
arelation greater than 40 to 8 are marked as bad.
This quality information may be used by the soft-

— 1187.5Hz PLL. This circuit detects zero cross- ware for animproved error correction. It also may
ings of the phase of the input signal. After low be used internally (selection by software) to
pass fllterllng, this |n.format|0n is used to control a switch automatically between “polarity” and “inte-
variable divider, which generates the RDS clock. gral’ phase decoders.

The time constant of the low pass filter is also se- The source of RDS data may be one or the other
lectable in four steps. o output of these two decoders.

The regulation of both PLLs may be inhibited by The source of the quality output may be selected
software. This may be used to “freeze” the actual from the quality detector or from the exor which
phase relation in order to bridge a certain time of builds the difference between the two differential
weak or non-existing input signal. (e.g. during AF decoders.

tests, breakdown in field strength,...). Depending
of the precision of the quartz oscillator some sec-

onds of weak input signal may be spanned with- ; :
out loosing the Igck cgnditiony P inaccordance withthe presence of ARI. Therefore
. L o a fast ARI indicator is implemented. This function
— “Polarity” Phase Decoder . With the help o the may be optionally taken over by software.
recovered 57kHz carrier, the sign of the input sig- .
— Interface Registers . These allow control of the

nal phase is integrated over one bit (48 sam- A .
b g ( Demodulator circuit by the MCU. Register de-

ples). . scriptions are given below:
— “Integral” Phase Decoder . The relative phase

angle of the input signal to the recovered carrier

— ARl Indicator . In order to receive a correct RDS
signal, the57KHz PLL regulation mustbe changed

3
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RDS DEMODULATOR (Cont'd)
RDS DE1

Address 005C h

Reset Value: 0000 0000b

7 6 5 4 3 2 1 0

lock Ick3 | Ick2 | Ickl | IckO | gen | sdat squal

b7 =lock

Inhibits regulation of PLLs to keep the current
phase value during weak signal conditions.

0: normal regulation (Reset Value)
1: inhibit regulation.

b6-5 = Ick3 - Ick2
Select time constant for 1187.5Hz PLL.

Ick3 | 1ck2 lock time needqd for max (90 o)
deviation
0 0 160ms (Reset Value)
0 1 80ms
1 0 40ms
1 1 20ms

b4-3 =Ickl - IckO
Select time constant of 57KHz PLL.

lcki | 1cko lock time neede_d _for max (90 )
deviation
0 0 16ms(Reset Value)
0 1 8ms
1 0 4ms
1 1 2ms
b2 =QEN

Enables automatic selection of input to differential
decoder 1.

0 = enable selection by quality (Reset Value)

1 = disable selection

bl = SDAT

Selects differential decoder for the RDS data output.
0 = differential decoder 1 (Reset Value)

1 = differential decoder 2.

b0 =SQUAL

Selects quality for the quality output.

0 = from the quality detector (qall) (Reset Value)
1 = exclusive OR of differential decoders (qal2).

1574

RDS DE2 — Address 005D h
Reset Value: 0xxx xxxxb

7 0
UPR | QAL | QAL1 | QAL2 | DAT | DAT1 | DAT2 | CLK
b7 =UPR

Software reset to various demodulator parts.

0 = normal run mode (Reset Value)
1 = demodulator reset.

After wring this bit to one, a reset pulse will be gen-
erated. The bit will then be automatically reset to
zero. This bit is always read as a zero.

b6 = QAL

Output of the quality detector which is actually de-
tected. This bit is fed into the RDS-GBS module.

b5 = QAL1

Output of the quality detector.

b4 = QAL2

Resulant of XOR of datl and dat2.
b3 = DAT

RDS-dat output which is actually detected. This bit
is fed into the RDS-GBS module.

b2 =DAT1

Output of the phase polarity data extractor.
bl =DAT2

Output of the phase integral data extractor.
b0 =CLK

RDS clock output (1187.5Hz)
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RDS DEMODULATOR (Cont'd)
RDS DE3 — Address 005E h

Reset Value: xxxx x000b

7

RDS DE4

7

Address 005F h
Reset Value: 0xx0 0000b

ARI

AREN

ARP

DETM

TE4

TE3

TE2

TE1

NDE-
POR

b7-3 = reserved.
b2 = ARI
ARI indicator.

0 = pure RDS, no ARI (Reset Value)

1 = RDS plus ARI.

Note that this bit is simply an indicator.

bl = AREN

Selects software or hardware ARI indication.
0 = internally by hardware (Reset Value)
1 = forced by software according to ARP bit.

b0 = ARP

Preset ARI indication.

0 = ARI (Reset Value)

1 = pure RDS without ARI.
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b7 =DETM

Selects test mode when set to “1”. This bit must be
kept in the reset state (“0”) for normal operation.

b6-5 = reserved.
b4-1 =TE4-TE1

RESERVED. These bits are for internal test use
only: they must be kept in the reset state (all “0”)

for normal operation
b0 = NDEPOR
Enables the module

0 = module disabled (Reset Value)
1 = module enabled (normal operating mode).
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4.9.1 Introduction

The main task of the GBS module is to acquire
Group and Block Synchronization of a received
RDS data steam, which is provided in a modified
shortened cyclic code.

In order to achieve synchronization, a syndrome is
calculated on every data clock pulse. Detection of
a valid syndrome is indicated by flag VSI with as-
sociated interrupt, while the corresponding block is
kept in BL(0:2). Starting in BIT_SYNC mode the
SW can use CNA zero count interrupt (CNA=1)
and VSI check for synchronization phase. If the
synchronization criteria is fulfilled, the SW can
switch to BLK_SYNC mode, setting counter CNA
to 26 and CNB to the current block code. The SW
maintains block synchronization easily by check-
ing VSI and ORD, which indicates a correct block
order.

An optional GRP_SYNC mode can be entered for
RDS standby operation using the appropriate
counter interrupt selection.

The combination of software triggered syndrome
calculation, a second 26-bit shift register and a 26-
bit quality register, allow highly flexible error cor-
rection by software.

Single quality errors, representing a 1 or 2 bit
RDSDAT error, are indicated by the SQE flag.
They can be corrected by SW with high security.

Figure 34. Principles of Baseband Coding

4.9.2 Features

— Hardware implemented decoding of RDS data
stream.

— Hardware triggered syndrome calculation with
every rising edge of RDSCLK.

— Storage of 26 RDS bits (1 block).

— Fast syndrome calculation
(within 2.4pus at §,5c=8.664MHZz).

— 5-bits RDS-counter CNA and 2-bit RDS-block
counter CNB.

— Selectable counter interrupt for BIT/BLOCK/
GROUP-SYNC mode.

— “Valid Syndrome” detection unit with interrupt
and block code output.

— Selectable MMBS Radio Paging option for block
E syndrome detection.

—“Valid Block Order” flag.
— Extended “error correction by software” support.
— Software triggered syndrome calculation.

— Parallel storage of 26 RDSDAT bits and 26
QUALITY bits for high flexibility.

— Single/Multiple quality-error flags.
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Figure 35. G.B.S. Block Diagram
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4.9.3 Functional Description
4.9.3.1 Principles of Baseband Coding

Figure 34 illustrates the principles of baseband
coding. The largest element in the structure is
called a “group”. Each group contains 4 blocks of
26 bits each. Each block contains an information
word (16 bits) and a check-word (10bits).

The basic baseband data rate e is 1187.5 bits/s.
The baseband is a modified shortened cyclic code,
that means the transmitted vector c(x) is given by:

c(x) = d(x) +mX + MY HA) | moa g0
where, m(x) represents the 16-bit message vector:
mM(X) = Myt + myext® +..+ muxt + myx®

g(x) represents the polynomial generator:
g) =x0+8+x +x° +x* + 3+ 1

+ X'+ X
and d(x) represents the offset word according to
the values tabulated in Table 9 below.

For more information about the theory and imple-
mentation of the modified shortened cyclic code,
please refer to the specification of the European
Broadcasting Union.

4.9.3.2 Hardware Configuration

The GBS circuit comprises the following functional
blocks; these are shown schematically in the Block
Diagram, Figure 35.

—26-bit ShiftRegister (SR3- SR0), may act, either

as a straight 26-bit delay or as a recirculating shift
register. On each rising edge of RDSCLK a new
RDS-bit is shifted into the register. Then, the con-
tents of the shift register are rotated 26 times (one
circuit) for syndrome calculation.
In error correction mode (ECM=1), the shift reg-
ister acts only as a circular register. New RDS-bits
are not shifted in. They are stored in the parallel
shift register DRO- DR3.

— Polynomial Division circuit, comprising a 10-bit
shift register (SYO- SY1) with feedback taps for

+ X

syndrome calculation. During the rotation of the
shift register the RDS-bits are passed serially
into the polynomial division register where the
syndrome is calculated and stored.

— Syndrome Detection circuit, compares the cal-
culated syndrome with a 5(6)-word syndrome
ROM. The output consists of the block code
BL[2:0] and the VSI flag with its associated inter-
rupt. VSl is high when a valid syndrome is detect-
ed. Detection of offset syndrome, E, is enabled
by control bit US.

—5-bitCounter (CNA), counts down onevery rising
edge of RDSCLK. The counter reload register can
be written by software. On zero count, it restarts
immediately with the value of the reload register
and can generate aninterrupt on zero count. This
counter is used as RDS-bit counter (26...1).

— 2-bit Counter (CNB), counts down on every zero
count of CNA. The counter can be written by soft-
ware. CNB is running free and can generate an
interrupt. This counter is used as RDS-block
counter (3...1)

— Timing Generator block comprising a modulo-
28 counter with end stops and some combina-
tional logic. The modulo-28 counter is used to
generate one shift clock, 26 rotate clocks and
one end of calculation clock. In error correction
mode (ECM=1) the shift clock is masked.

— 26-bit RDSDAT register (DR3-DRO), in parallel
to shift register SR3-SR1. It works in straight shift
mode only. On each rising edge of the RDSCLK
the RDSDAT-bit is shifted into the register. This
register is used for temporary block storage dur-
ing error correction.

— 26-bit QUALITY register (QR3-QRO0), works in
straight shift mode only. On each rising edge of
the RDSCLK the QUALITY bit coming from the
demodulator is shifted into the register.

Table 9. Offset Words and their corresponding Syndromes

Offset Block code Offset word Syndrome
(block) BL,BL, BL, dg,dg,dy,...,dg dg,dg,d7,...,dg
A 010 0011111100 1111011000
B 001 0110011000 1111010100
C 100 0101101000 1001011100
c 000 1101010000 1111001100
D 011 0110110100 1001011000
E 101 0000000000 0000000000
WRONG 111 all others all others
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4.9.3.3 GBS Registers

Sixteen registers are dedicated to interfacing the
Group and Block Synchronization module to the
CPU.

These registers, together with their symbolic
names, bit names and address are presented in
tabular form in Table 10 below and are here de-
scribed in greater detail.

Register Reset States: all registers bits are set to
“0” during Reset, except for CNA4-CNAO, CNB1,
CNBO and ORD, which are set to “1".

SRx - Shift Registers

b7,6 = SRO: contain the 2 last transmitted bits
c1’,c0’ of the checkword.

b5-0 are not used and are always read as “0".

b7-0 = SR1: contain the 8 first transmitted bits
(c9'...c2’) of the checkword.

b7-0 = SR2: contain the 8 last information bits
(m7'...m0") of the message vector.

Table 10. GBS Register Map

b7-0 = SR3: contain the 8 first information bits
(m15'...m8’) of the message vector.

SYO - Polynomial Register 0

b7,6 = SYO: contain the 2 least significant bits of
the calculated syndrome. For valid syndromes,
these two bits are “0.

b5 is not used, and is always read as “0”".

b4 =US (USA option). Setting US to “1” enables
detection of block E.

b3 = ORD flag. Set to “1” when block counter
CB[1:0] is equal to block code BL[1:0]: otherwise it
is “0”. Stable with VSI or CNI. Read only. Reset
Value is one.

b2-0 = BL[2:0] block code, see Table 9. Stable
with CNI or VSI. Read only.

SY1 - Polynomial Register 1

b7-0 = SY1: contain the 8 most significant bits
(p9'...p2’") of the calculated syndrome.

Register Address
SRO - shift reg. 0 0060h
SR1 - shiftreg. 1 0061h
SR2 - shift reg. 2 0062h
SR3 - shift reg. 3 0063h
SYO - polynomial reg. 0 0064h
SY1 - polynomial reg. 1 0065h
GS_CNT - count reg. 0066h
GS_INT - interrupt reg. 0067h CAL CAR ECM VSI VSE CNI CE1l CEO
DRO - RDSDAT reg. 0 0068h DR1 DRO - MQE | SQE QAL RCL RDA
DR1 - RDSDAT reg. 1 0069h DR9 DR8 DR7 DR6 DR5 DR4 DR3 DR2
DR2 - RDSDAT reg. 2 006Ah DR17 DR16 DR15 DR14 DR13 DR12 DR11 DR10
DR3 - RDSDAT reg. 3 006Bh DR25 DR24 DR23 DR22 DR21 DR20 DR19 DR18
QRO-QUALTYreg 0 | oosch | orL | QR0 [ - | - | - | - | - | . |
QR1 - QUALITY reg. 1 006Dh QR9 | ORS QR7 | QR6 | QR5 | QR4 | QR3 | OQR2
QR2 - QUALITY reg. 2 006Eh | QR17 | QR16 | QR15 | QR14 | QR13 | QR12 | QR1l | QR10
QR3 - QUALITY reg. 3 006Fh | QR25 | QR24 | QR23 | QR22 | QR21 | QR20 | QR19 | QR18
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GS_CNT - Count Register

b7-6 = CNBJ[1;0] free-running 2-bit counter, used
as block/order counter. It is decremented on zero-
count of CNA[4:0]. The zero-counts of CNA and
CNB are used for counter interrupt generation. Re-
set Value equals one.

b5 = SYNC: Set to “1” whenever CNA[4;0] reach-
es a zero-count. it is valid for one period of
RDSCLK. Read only. SYNC flag is used when a
counter interrupt is desired on every RDSCLK
(used for general timing or AR filter service), while
the BLK-SYNC interrupt service is performed eve-
ry 26 bits (CNA=26).

b4-0 = CNA[4:0]: 5-bit r/w autoreload counter;
used as RDS bit counter 1t is decremented on
every rising edge of RDSCLK. When writing to
CNA, both a latch and the counter itself are writ-
ten. Immediately after reaching zero-count, the
contents of the latch are loaded back into the
counter (autoreload), so the zero-count state can
never be read by software. The zero-count of CNA
is used for counter interrupt generation. Reset Val-
ue equals one.

GS_INT - Interrupt Register

b7 = CAL: Start Calculation. Writing a “1” into CAL
leads to a new syndrome calculation. CAL is al-
ways read as “0”. Used in software error correc-
tion.

b6 = CAR: Calculation Running. Set to “1” by writ-
ing CAL=1. It returns to “0” when the syndrome
calculation is complete (VSI valid). Read only.
Used in software error correction.

b5 =ECM: Error Correction Mode. If error correc-
tion by software is to be performed, ECM must be
set to “1”. This suppresses both shift and rotate
clocks for shift registers SR3-SR0O, making them
available for software-triggered syndrome calcula-
tions which may require more than one RDSCLK
period. On completion of a correction, ECM must
be reset to “0” and the current status of SR3-SR0
must be retrieved from the shadow registers DR3-
DRO by a copy routine.

b4 =VSI: Valid Syndrome Interrupt This flag is set
to “1” when the block code (BL[2:0]) is equal to one
of the six valid syndromes. Otherwise, it is reset to
“0”. VSl is valid on completion of a syndrome cal-
culation, for one period of RDSCLK. However, VSI
must be reset by software at the end of the inter-
rupt service routine. VSI and CNI interrupts are
ORed to the active-high level interrupt, ITSYNC.

1574

b3 = VSE: Valid Syndrome interrupt Enable. Set-
ting VSE to “1” enables the VSI interrupt.

b2 = CNI: Counter Interrupt This flag is set to
“1"on the zero-count of CNA/CNB or on the rising
edge of RDSCLK, depending on the setting of
CNEJ1:0]. CNI is valid on completion of the syn-
drome calculation, for one period of RDSCLK.
However, CNI must be reset by software at the
end of the interrupt service routine. VSI and CNI
interrupts are ORed to the active high level inter-
rupt ITSYNC.

b1,0 = CNE[1:0]. Enables and selects the counter
interrupt, see Table 11 below:

Table 11. Counter Interrupt Source Selection

CNE1 | CNEO | Counter Interrupt Source Selection

0 0 counter interrupt disabled

0 1 counter interrupt on every rising edge
of RDSCLK

1 0 counter interrupt on CNA zero-count
state

1 1 counter interrupt on CNA & CNB zero
count states

DRO - RDSDAT Register 0
b7,6 =DRJ[1:0]. Receives RDSDAT sequence.
b5 = reserved, always read as “0".

b4 = MQE: Multiple Quality Error. Set to “1” when
2 or more low quality bit are detected during the
last block (26 bits). MQE is valid for one period of
RDSCLK, starting with CNA zero-count and is re-
set by hardware at the end of this period.

b3 = SQE: Single Quality Error. Set to “1” when a
low quality bit is detected during the last block (26
bits). SQE is valid for one period of RDSCLK,
starting with CNA zero-count and is reset by hard-
ware at the end of this period.

b2 = QAL. Transparent QUALITY input signal
from RDS demodulator; read only.

bl =RCL. Transparent RDSCLK input signal from
RDS demodulator; read only.

b0 = RDA. Transparent RDSDAT input signal from
RDS demodulator; read only.

DRx - RDS Data Registers

DRL1. b7-0 contain bits 9-2 of a received RDSDAT
sequence.

DR2. b7-0 contain bits 17-10 of a received RDS-
DAT sequence.

DR3. b7-0 contain bits 18-25 of a received RDS-
DAT sequence.
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QRO - Quality Register

b7-6 = QR[1:0] Receives QUALITY sequence.
b5-0 = reserved; always read as “0”".

QRXx - Quality Registers

QR1. b7-0 contain bits 9-2 of a received QUALITY
sequence.

QR2. b7-0 contain bits 17-10 of a received QUAL-
ITY sequence.

QR3. b7-0 contain bits 25-18 of a received QUAL-
ITY sequence.

4.9.4 Acquisition of
Synchronization

New group and block synchronization is neces-
sary after switching on the receiver, on tuning to a
new station, or after a prolonged signal fade. The
syndrome is calculated for every single received
RDS-data bit. All valid syndromes corresponding
to offset words A to E are shown inTable 9.

Blocks within each group are identified by offset
words A, B, C or C’, and D. This fact is used for
block and group synchronization. Detection and
coding of block E is enabled by control bit US in
Polynomial Register 0. Block E is used for addi-
tional Radio Paging Information in North America.
For detailed information, see United States RDBS
Standard Specification, published by NRSC.

Group and Block

4.9.5 Application Tips

It is recommended not to load CNA with “0”, be-
cause this would generate a CNA zero-count inter-
rupt after every syndrome calculation, initiated ei-
ther by positive edge of RDSCLK or by writing a
“1" to CAL.

All data and flags are derived from the positive
edge of RDSCLK and thus are only valid for one
period of this clock.

All interrupt service routines (VSI or CNI inter-
rupts) must be completed before the next positive
edge of RDSCLK (i.e. within 842ms), except when
Error Correction Mode is selected (ECM=1). In this
case, the interrupt service may take up to 21.9ms
in BLOCK_SYNC mode.

4.9.6 Block Synchronization Software

There are many strategies to achieve RDS Block
Synchronization, A standard method with a simpli-
fied synchronization criteria is briefly described.

The software starts in BIT-SYNC mode. CNA is
loaded with “1” and the counter interrupt is ena-
bled on CNA zero-count. On each interrupt, the
syndrome is checked via the VSI flag until VSI is
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“1". Then the blockcode BL[2:0] and the CNA
count are saved; the software continues until the
next Valid Syndrome detection.

If bit distance (26) and block order are correct, the
RDS Block Synchronization is achieved, and the
software can switch to BLOCK_SYNC mode. The
software can easily maintain Block Synchroniza-
tion by checking the VSI and ORD flags, the latter
indicates correct block order.

This method does not respect dummy syndromes
(valid syndromes appearing between two valid
blocks).

An optional GRP_SYNC mode may be entered for
RDS standby operation, using the appropriate
counter interrupt selection.

4.9.7 Error Correction software

Software triggered syndrome calculation, a sec-
ond 26-bit shift register and a 26-bit quality regis-
ter, allow highly flexible error correction by soft-
ware, using the quality signal information from the
RDS demodulator.

A quality “low” state indicates an uncertain corre-
sponding RDSDAT bit. Because of the differential
decoding of RDSDAT, not only the RDSDAT bit
pointed to by Quality, but also the following RDS-
DAT bit may be wrong. Thus a single quality error
can represent a single or a double data bit error. A
single quality error within one block is indicated by
the SQE flag, multiple quality errors within one
block are indicated by the MQE flag.

The software starts error correction by setting
ECM to “1", to make the main shift registers SR3-
SRO available for software triggered syndrome
calculations, which may take longer than one peri-
od of RDSCLK (842ms).

New incoming RDSDAT-bits are stored in the par-
allel shift registers DR3-DR0O. Moreover, the cur-
rent contents of the quality registers QR3-QRO,
must be saved in RAM, in order to be used for the
following error correction.

Error correction may be performed by reversing
the RDSDAT bits in shift registers SR3-SRO,
which are indicated as bad in the quality register
(with respect to RDSDAT differential decoding).
After each reverse, a new syndrome calculation is
started (CAL=1) and checked (VSI). Single quality
errors, representing a 1 or 2 bit RDSDAT error
may be corrected with high security.

On completion of the correction, the contents of
DR3-DRO0O must be copied back into shift registers
SR3-SR0, and ECM must be set to “0”.
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5.1 ST7 ARCHITECTURE

The 8-bit ST7 Core is designed for high code effi-
ciency. It contains 6 internal registers, 17 main ad-
dressing modes and 63 instructions. The 6 internal
registers include 2 index registers, an accumula-
tor, a 16-bit Program Counter, a stack pointer and
a condition code register. The two Index registers
X and Y enable Indexed Addressing modes with or
without offset, along with read-modify-write type
data manipulations. These registers simplify
branching routines and data modifications.

The 16-bit Program Counter is able to address up
to 64K of ROM/EPROM memory. The 6-bit Stack
Pointer provides access to a 64-level Stack and an
upgrade to an 8-bit Stack Pointer is foreseen in or-
der to be able to manage a 256-level Stack. The
Core also includes a Condition Code Register pro-
viding 5 Condition Flags that indicate the result of
the last instruction executed.

The 17 main Addressing modes, including Indirect
Relative and Indexed addressing, allow sophisti-
cated branching routines or CASE-type functions.
The Indexed Indirect Addressing mode, for in-
stance, permits look-up tables to be located any-
where in the address space, thus enabling very
flexible programming and compact C-based code.

The 63-instruction Instruction Set is 8-bit oriented
with a 2-byte average instruction size. This In-
struction Set offers, in addition to standard data
movement and logic/arithmetic functions, byte
multiplication, bit manipulation, data transfer be-
tween Stack and Accumulator (Push/Pop) with di-
rect stack access, as well as data transfer using
the X and Y registers.

3

5.2 ST7 ADDRESSING MODES

The ST7 Core features 17 different addressing
modes which can be classified in 7 main groups:

Addressing Mode Example
Inherent nop
Immediate Id A#$55
Direct Id A,$55
Indexed Id A, ($55,X)
Indirect Id A, ([$55],X)
Relative jrne loop

Bit operation bset byte,#5

The ST7 Instruction set is designed to minimize
the number of bytes required per instruction: To do
so, most of the addressing modes may be subdi-
vided in two sub-modes called long and short:

— The long addressing mode is the most powerful
because it can reach any byte in the 64kb ad-
dressing space, but the instruction is bigger and
slower than the short addressing mode.

— The short addressing mode is less powerful be-
cause it can generally only access page zero
(0000 - O0OFFh range), but the instruction size is
more compact, and faster. All memory to memo-
ry instructions are only working with short ad-
dressing modes (CLR, CPL, NEG, BSET, BRES,
BTJT, BTJF, INC, DEC, RLC, RRC, SLL, SRL,
SRA, SWAP)

Both modes have pros and cons, but the program-
mer does not need to choose which one is the best:
the ST7 Assembler will always choose the bestone.
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Table 12. ST7 Addressing Mode Overview:

Mode Syntax Destination  Ptraddr  Ptrsize  Lpgth
Inherent nop +0
Immediate Id A#3$55 +1
Short Direct Id A,;$10 00..FF +1
Long Direct Id A,$1000 0000..FFFF +2
No Offset Direct Indexed Id A,(X) 00..FF +0
Short Direct Indexed Id A,($10,X) 00..1FE +1
Long Direct Indexed Id A,($1000,X) 0000..FFFF +2
Short Indirect Id A,[$10] 00..FF 00..FF byte +2
Long Indirect Id A,[$10.w] 0000..FFFF | 00.FF | word +2
Short Indirect Indexed Id A,([$10],X) 00..1FE 00..FF byte +2
Long Indirect Indexed Id A,([$10.w],X) 0000..FFFF 00..FF word +2
Relative Direct jrne loop PC+/-127 +1
Relative Indirect jrne [$10] PC+/-127 00..FF byte +2
Bit Direct bset $10,#7 00..FF +1
Bit Indirect bset [$10],#7 00..FF 00..FF byte +2
Bit Direct Relative btjt $10,#7,skip 00..FF +2
Bit Indirect Relative btjt [$10],#7,skip 00..FF 00..FF byte +3
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Inherent:

All related instructions are single byte ones. The
op-code fully specify all required information for
the CPU to process the operation. These instruc-
tions are single byte ones.:

Direct (short, long):

The data byte required to carry out the operation is
found by its memory address, which follows the
op-code.

Inherent Instruction Function Available Long and
- . . Function
NOP No operation Short Direct Instructions
TRAP S/W Interrupt LD Load
Wait For Interrupt (Low Pow- CP Compare
WFI er Mode)
AND, OR, XOR Logical Operations
Halt Oscillator (Lowest Pow- : : P
HALT Arithmetic Additions/Sub-
er Mode) ADC, ADD, SUB, SBC stractions operations
RET Sub-routine Return BCP Bit Compare
IRET Interrupt Sub-routine Return
SIM Set Interrupt Mask
RIM Reset Interrupt Mask -
Short Direct Function
SCF Set Carry Flag Instructions Only
RCF Reset Carry Flag CLR Clear
RSP Reset Stack Pointer INC, DEC Increment/Decrement
LD Load TNZ Test Negative or Zero
CLR Clear CPL, NEG 1 or 2 Complement
PUSH/POP Push/Pop to/from the stack BSET. BRES Bit Operations
INC/DEC Increment/Decrement BTJT, BTJF Bit Testand Jump Operations
TNZ Test Negative or Zero
SLL, SRL, SRA, RLC, . .
CPL NEG T or 2 Complement RRC Shift and Rotate Operations
MUL Byte Multiplication SWAP Swap Nibbles
gLRIE: SRL, SRA, RLC, Shift and Rotate Operations CALL, JP Call or Jump subroutine
SWAP Swap Nibbles The direct addressing mode consists of two sub-
modes:
Immediate: Direct (short):

The required data byte to do the operation is fol-
lowing the op-code. These are two byte instruc-
tions, one for the op-code and the other one for the
immediate data byte.

Immediate Instruction Function

LD Load

CP Compare

BCP Bit Compare

AND, OR, XOR Logical Operations
ADC, ADD, SUB, SBC | Arithmetic Operations

3

The address is a byte, thus require only one byte
after the op-code, but only allow 00 - FF address-
ing space.

Direct (long):

The address is a word, thus allowing 64Kb ad-
dressing space, but requires 2 bytes after the op-
code.
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Indexed (no offset, short, long)

The required data byte to do the operation is found
by its memory address, which is defined by the un-
signed addition of an index register (X or Y) with
an offset which follows the op-code.

Indirect (short, long):

The required data byte to do the operation is found
by its memory address, located in memory (point-
er).

Available Long and Short

ADC, ADD, SUB, SBC Arithmetic Additions/Sub-

. . Function
No Offset, Long and Function Indirect Instructions
Short Indexed Instruc. LD Load
LD Load CP Compare
CP Compare AND, OR, XOR Logical Operations
AND, OR, XOR Logical Operations Arithmetic Additions/Sub-

ADC, ADD, SUB, SBC i :
stractions operations

The indirect addressing mode consists of three
sub-modes:

Indexed (no offset):

There is no offset, (no extra byte after the op-
code), but only allows 00 - FF addressing space.

Indexed (short):

The offsetis a byte, thus require only one byte af-
ter the op-code, but only allow 00 - 1FE address-
ing space.

Indexed (long):

The offset is a word, thus allowing 64Kb address-
ing space, but requires 2 bytes after the op-code.
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stractions operations BCP Bit Compare

BCP Bit Compare
Short Indirect .
. Function

No Offset and Short . Instructions Only
Indexed Inst. Only Function CLR Clear
CLR Clear INC, DEC Increment/Decrement
INC, DEC Increment/Decrement TNZ Test Negative or Zero
TNZ Test Negative or Zero CPL, NEG 1 or 2 Complement
CPL, NEG 1 or 2 Complement BSET, BRES Bit Operations
BSET, BRES Bit Operations BTJT, BTJF Bit Test and Jump Operations
BTJT, BTJF Bit Test and Jump Operations gtlé SRIT:{LC,:SRA, Shift and Rotate Operations
SLL, SRL, SRA,RLC, Shift and Rotate O i !
RRC It and Rotate Dperations SWAP Swap Nibbles
SWAP Swap Nibbles CALL, JP Call or Jump subroutine
CALL, JP Call or Jump subroutine

The pointer address follows the op-code. The indi-
rect addressing mode consists of two sub-modes:

Indirect (short):

The pointer address is a byte, the pointer size is a
byte, thus allowing 00 - FF addressing space, and
requires 1 byte after the op-code.

Indirect (long):

The pointer address is a byte, the pointer size is a
word, thus allowing 64Kb addressing space, and
requires 1 byte after the op-code.

3




ST7285C

ST7 ADDRESSING MODES (Cont'd)
Indirect Indexed (short, long):

This is a combination of indirect and short indexed
addressing mode. The required data byte to do the
operation is found by its memory address, which is
defined by the unsigned addition of an index regis-
ter value (X or Y) with a pointer value located in
memory. The pointer address follows the op-code.

Long and Short
Indirect Indexed Function
Instructions
LD Load
CP Compare
AND, OR, XOR Logical Operations
ADC, ADD, SUB, SBC Arlthmetlc Addlthns/Sub-
stractions operations
BCP Bit Compare
Short Indirect Indexed .
. Function

Instructions Only
CLR Clear
INC, DEC Increment/Decrement
TNz Test Negative or Zero
CPL, NEG 1 or 2 Complement
BSET, BRES Bit Operations
BTJT, BTIF B.It Test and Jump Opera-

tions

SLL, SRL, SRA, RLC, Shift and Rotate Opera-
RRC tions
SWAP Swap Nibbles
CALL, JP Call or Jump subroutine

3

The indirect indexed addressing mode consists of
two sub-modes:

Indirect Indexed (short):

The pointer address is a byte, the pointer size is a
byte, thus allowing 00 - 1FE addressing space,
and requires 1 byte after the op-code.

Indirect Indexed (long):

The pointer address is a byte, the pointer size is a
word, thus allowing 64Kb addressing space, and
requires 1 byte after the op-code.

Relative mode (direct, indirect):

This addressing mode is used to modify the PC
register value, by adding an 8 bit signed offset to it.

Available Relative

Direct/Indirect Function
Instructions
JRxx Conditional Jump
CALLR Call Relative

The relative addressing mode consists of two sub-
modes:

Relative (direct):
The offset is following the op-code.
Relative (indirect):

The offset is defined in memory, which address
follows the op-code.

82/117




ST7285C

5.3 ST7 INSTRUCTION SET

The ST7 family devices use an Instruction Set
consisting of 63 instructions. The instructions may

be subdivided into 13 main groups as illustrated in
the following table:

Load and Transfer LD CLR

Stack operation PUSH POP RSP

Increment/Decrement INC DEC

Compare and Tests CP TNZ BCP

Logical operations AND OR XOR CPL NEG

Bit Operation BSET BRES

Conditional Bit Test and Branch BTJT BTJF

Arithmetic operations ADC ADD SuUB SBC MUL

Shift and Rotates SLL SRL SRA RLC RRC SWAP SLA
Unconditional Jump or Call JRA JRT JRF JP CALL | CALLR NOP | RET
Conditional Branch JRXX

Interruption management TRAP WEFI HALT IRET

Code Condition Flag modification SIM RIM SCF RCF

Using a pre-byte
The instructions are described with one to four op-
codes.

In order to extend the number of available op-
codes for an 8-bit CPU (256 op-codes), three dif-
ferent prebyte opcodes are defined. These preb-
ytes modify the meaning of the instruction they
precede.

The whole instruction becomes:

PC-2 End of previous instruction

PC-1 Prebyte

PC Op-code

PC+1 Additional word (0 to 2) according to the

number of bytes required to compute the
effective address

These prebytes enable instruction in Y as well as
indirect addressing modes to be implemented.
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They precede the opcode of the instruction in X or
the instruction using direct addressing mode. The
prebytes are:

PDY 90Replace an X based instruction using im-
mediate, direct, indexed, or inherent ad-
dressing mode by a Y one.

Replace an instruction using direct, direct
bit, or direct relative addressing mode to
an instruction using the corresponding in-
direct addressing mode.

It also changes an instruction using X in-
dexed addressing mode to an instruction
using indirect X indexed addressing
mode.

PIY 91 Replace an instruction using X indirect in-
dexed addressing mode by a Y one.

PIX 92
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Mnemo Description Function/Example Dst Src 4 q
ADC Add with Carry A=A+M+C A M N z C
ADD Addition A=A+M A M N z C
AND Logical And A=A.M A M N 4
BCP Bit compare A, Memory tst (A . M) A M N Z
BRES Bit Reset bres Byte, #3 M
BSET Bit Set bset Byte, #3 M
BTJF Jump if bit is false (0) btjf Byte, #3, Jmp1 M C
BTJT Jump if bit is true (1) btjt Byte, #3, Jmp1 M C
CALL Call subroutine
CALLR | Call subroutine relative
CLR Clear reg, M 0 1
CP Arithmetic Compare tst(Reg - M) reg M N Z C
CPL One Complement A =FFH-A reg, M N 4 1
DEC Decrement dec Y reg, M N z
HALT Halt
IRET Interrupt routine return Pop CC, A, X, PC N C
INC Increment inc X reg, M
JP Absolute Jump jp [TBL.w]
JRA Jump relative always
JRT Jump relative
JRF Never jump jrf *
JRIH Jump if Port BINT pin=1| (no Port B Interrupts)
JRIL Jump if Port BINT pin=0 | (Port B interrupt)
JRH Jump ifH =1 H=17
JRNH Jump ifH=0 H=07?
JRM Jump if I =1 =17
JRNM Jump if1=0 =07
JRMI Jump if N =1 (minus) N=17
JRPL Jump if N =0 (plus) N=07?
JREQ Jump if Z = 1 (equal) Z=17?
JRNE Jump ifZ=0(notequal) | Z=07?
JRC Jump ifC =1 c=17?
JRNC Jump ifC =0 CcC=07?
JRULT [ JumpifC=1 Unsigned <
JRUGE | Jump ifC =0 Jmp if unsigned >=
JRUGT | Jump if(C+Z=0) Unsigned >
JRULE | Jump if(C +Z =1) Unsigned <=
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Mnemo Description Function/Example Dst Src 4

LD Load dst <= src reg, M M, reg N Z

MUL Multiply XA=X*A A XY XY, A 0

NEG Negate (2's compl) neg $10 reg, M N z C

NOP No Operation

OR OR operation A=A+M A M N Z

POP Pop from the Stack pop reg reg M N . c

pop CC CcC M

PUSH Push onto the Stack push Y M reg, CC

RCF Reset carry flag C=0 0

RET Subroutine Return

RIM Enable Interrupts =0

RLC Rotate left true C C<=A<=C reg, M C

RRC Rotate right true C C=>A=>C reg, M C

RSP Reset Stack Pointer S = Max allowed

SBC Substract with Carry A=A-M-C A M N VA C

SCF Set carry flag c=1 1

SIM Disable Interrupts =1

SLA Shift left Arithmetic C<=A<=0 reg, M N Z C

SLL Shift left Logic C<=A<=0 reg, M N z C

SRL Shift right Logic 0=>A=>C reg, M 0 4 C

SRA Shift right Arithmetic A7=>A=>C reg, M N z C

SuB Substraction A=A-M A M N z C

SWAP SWAP nibbles A7-A4 <=> A3-A0 reg, M N z

TNZ Test for Neg & Zero tnz Ibll N 4

TRAP SIW trap S/W interrupt

WFI Wait for Interrupt

XOR Exclusive OR A=AXORM A M N z
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6 ELECTRICAL CHARACTERISTICS

6.1 ABSOLUTE MAXIMUM RATINGS

Devices of the ST72 family contain circuitry to pro-
tect the inputs against damage due to high static
voltage or electric fields. Nevertheless, itis recom-
mended that normal precautions be observed in
order to avoid subjecting this high-impedance cir-
cuit to voltages above those quoted in the Abso-
lute Maximum Ratings. For proper operation, it is
recommended that Vi and Voyt be constrained
within the range:

Vss < Viy and Vout < Vpp

To enhance reliability of operation, it is recom-
mended to configure unused I/Os as inputs and to

connect them to an appropriate logic voltage level
such as Vgg or Vpp.

All the voltage in the following tables are refer-
enced to Vgg.

Stresses above those listed as “Absolute Maxi-
mum Ratings” may cause permanent damage to
the device. Functional operation of the device at
these conditions is not implied. Exposure to maxi-
mum rating conditions for extended periods may
affect device reliability.

Absolute Maximum Ratings (Voltage Referenced to V  ss)

Symbol Ratings Value Unit
Voo/VopaVoop Supply Voltage 0.3 to +6 \Y
[Vopa - Vool Supply Voltage <50 mV
Vin Input Voltage Vgs - 0.31t0 Vpp + 0.3 \%
Ivoo - lvss Total current into Vpp/Vgg pins 50/20 mA
| Current Drain per Pin Excluding 20 mA
Vpp and Vgg
Maximum Operating Temperature TLto Ty o
Ta C
Range -40to +85
Tste Storage Temperature Range -65 to +150 °C
Vi E:_?Q voltage on pins PH3, PH4, 10 Vv

3
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6.2 POWER CONSIDERATIONS

The average chip-junction temperature, T, in de-
grees Celsius, may be calculated using the follow-
ing equation:

Ty=Ta+(Ppx8Jn) (1)

Where:
— Tp is the Ambient Temperature in°C,

—0J, is the Package Junction-to-Ambient Thermal
Resistance, in °C/W,

— Pp is the sum of Pyt and Py/o,

— Pt is the product of Ihp ang Vpop, €Xpressed in
Watts. This is the Chip Internal Power

— Pyjo represents the Power Dissipation on Input
and Output Pins; User Determined.

For most applications RB,o<Pyt and may be ne-
glected. P;o may be significant if the device is con-
figured todrive Darlington bases or sink LED Loads.

Table 13. Thermal Characteristics

An approximate relationship between By and T,
(if Pyo is neglected) is given by:

Pp = K+ (T +273°C) (2)
Therefore:

K = Pp x (Tp +273°C) +6J, x Pp? (3)
Where:

— K is a constant for the particular part, which may
be determined from equation (3) by measuring
Pp (at equilibrium) for a known T, Using this val-
ue of K, the values of P and T; may be obtained
by solving equations (1) and (2) iteratively for any
value of Ta.

Symbol Package

Value Unit

0J, PQFP80

60 °C/w
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6.3 DC ELECTRICAL CHARACTERISTICS

(Ta = -40 to +85°C unless otherwise specified)

STANDARD 1/0O PORT PINS

Symbol Parameter Conditions Min Typ Max Unit
VL Input Low Level Voltage - - 0.3xVpp \
ViH Input High Level Voltage 0.7xVpp - - \%
VoL Output Low Level Voltage —omA - - 0.5 v

|I=-1.6mA - - 0.3 \%
Vv Output Low Level Voltage on pins =-5mA - - 1.0 \
OL | PH3, PH4, PH5 I=-1.6mA - - 0.4 v
Vou Output High Level Voltage I=SmA 3.1 - - v
I=1.6mA 34 - - \%
I Input Leakage Current Vss<Vpin<Vpp -10 - 10 MA
IrRPU Pull-up Equivalent Resistance ViN=Vss 40 - 250 KW
Tonl Output H-L Fall Time C,=50pF - 30 - ns
Toh Output L-H Rise Time C,=50pF - 30 - ns
GENERAL
Symbol Parameter Conditions Min Typ. Max Unit
RDS Filter operational 4.5 55
Voo Supply Voltage Without RDS filter capability 3.0 6.0 v
Note: All voltages are referred to g unless otherwise specified.

A/D CONVERTER

Symbol Parameter Conditions Min Typ Max Unit

Val Resolution fosc =8 MHz 8 bit

Terr Total Error fosc =8 MHz +2 LSB

Tcon Conversion Time fosc =8 MHz 16 Hs

Rva Analog Source Impedance - 10 KQ

Note: At 85°C and Vpp = 5.5V, code 255 is missing.

RDS FILTER

Symbol Parameter Conditions Min Typ Max Unit

fc Center Frequency 56.5 57 57.5 KHz

BW 3dB Bandwidth Vin: 3mV rms 25 3 3.5 KHz

G Gain @ 57 KHz 18 20 22 dB

Af = +4KHz 22
A Attenuation f = 38KHz 50 80 dB
f = 67KHz 35 50

R, Input Impedance of MPX 100 160 200 KQ

R Load Impedance of FILOUT 1 MQ

SIN Signal to Noise Ratio Vin = 3MVgus 40 dB

VN MPX input signal f=19KHz, T3<40dB "’ 170 250 600 MVems

VREE Reference Vpp/2 \Y

Note *): The 3rd harmonic (57KHz) must be less than -40dB with respect to the input signal plus gain

3
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6.4 AC ELECTRICAL CHARACTERISTICS

(Ta = -40 to +85°C unless otherwise specified)

. Value )
Symbol Parameter Conditions _ Unit
Min Typ. Max
Vpp Operating Supply Voltage | 4.332 MHz Internal 4.5 55 \%
RUN Mode fgyr = 8.664MHz
20 mA
VDD = 50V, leT = 4.332MHz
WAIT Mode fgyr = 8.664MHz
Iob Supply Current 3 5 mA
VDD = 55V, leT = 4.332MHz
HALT Mode, Vpp = 5.0V
200 320 HA
VRrM Data Retention Mode HALT Mode 2 \%
6.5 CONTROL TIMING
(Operating conditions T, =-40 to +85°C unless otherwise specified)
Value
Symbol Parameter Conditions - Unit
Min Typ. Max
f Frequency of Operation Vop = 4.5V Texternal 8.664 MHz
osc . y P f internal 4.332
Halt Mode Recovery
tich . Crystal Resonator 20 ms
Startup Time
¢ External RESET 15 ;
Rt Input pulse Width ' cve
trore | Power Reset Duration 4096 teve
Watchdog RESET
ToosL . 200 ns
Output Pulse Width
tbog | Watchdog Time-out 12,288 786,432 teve
ti Interrupt Pulse Period Q) teye
Crystal Oscillator
toxov Start-up Time 50 ms
toor Power up rise time Vpp Min 100 ms

Note: 1. The minimum period t,, should not be less than the number of cycle times it takes to execute the

interrupt service routine plus 21 cycles.
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CONTROL TIMING (Cont'd)

SERIAL PERIPHERAL INTERFACE
N fosc = 8.0MHz ]
Symbol Ref. Characteristics - Unit
Min. Max.
Operating Frequency =fggc/ = fop
fop(m) Master dc 0.5 fop
fop(s) Slave dc 4.0 MHz
1 Cycle Time
toyem) Master 2.0 tcye
teve(s) Slave 240 ns
2 Enable Lead Time ns
tiead(m) Master (1)
tead(s) Slave 120
3 Enable Lag time ns
Master (1)
Slave 120
4 Clock (SCK)High Time
tw(sckH) Master 100 ns
tw(SCKH) Slave 90 ns
5 Clock (SCK) Low Time
tw(sckL) Master 100 ns
ty(sckL) Slave 90 ns
6 Data Set-up Time
tsu(m) Master 100 ns
tsu(s) Slave 100 ns
7 Data Hold Time (Inputs)
th(m) Master 100 ns
th(s) Slave 100 ns
ta 8 Access Time (Time to Data Active from High Impedance State) ns
Slave 0 120
tois 9 Disable Time (Hold Time to High Impedance State) ns
Slave 240
10 Data Valid
ty(m) Master (Before Capture Edge) 0.25 teye(m)
ty(s) Slave (After Enable Edge) @ 120 ns
11 Data Hold Time (Outputs)
thom) Master (Before Capture Edge) 0.25 tevem)
tHo(s) Slave (After Enable Edge) 0 ns
12 | Rise Time (20% Vpp to 70% Vpp, C, = 200pF)
tRm SPI Outputs (SCK, MOSI, MISO) 100 ns
trs SPI Inputs (SCK, MOSI, MISO, SS) 2.0 Hs
13 | Fall Time (70% Vpp to 20% Vpp, C.
tem SPI Outputs (SCK, MOSI, MISO) 100 ns
tes SPI Inputs (SCK, MOSI, MISO, SS) 2.0 Hs
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CONTROL TIMING (Cont'd)

Figure 36. SPI Master Timing Diagram CPOL=0, CPHA=1

(Inplng ./ 1 \_

! 13 L 12
SCK 7 | |
|
I 4 4,5 |
I 1 :: I rya
MISO
(inpa) XXXXX p7-out X Deout’ X  po-out XXXX:
| 6117 | "
(L [ !
MOSI
D7-In D6-In DO-In
(Output) X| :X o X X
I
1

VR000107

Note: Measurement points are Vg, Vou, V)L and Vi

Figure 37. SPI Master Timing Diagram CPOL=1, CPHA+1

(Inplng ./ 1 \_

| |
| A2 .13
I} ' I I
I
(Output) I 5 ! : 4 i
| L : ! I ryi
MISO m 7/
D7-In D6-In DO-In M
(Input) \ — ; X w7 X
16,11 7
I ! Iy
( omsli; X oprow K peou X po-out X

VR000108

Note: Measurement points are Vg, Vou, V)L and Vi
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CONTROL TIMING (Cont'd)
Figure 38. SPI Master Timing Diagram CPOL=0, CPHA=0

(Inplsjg ./ 1 \_

. . 1, 13 L
SCK | : :
(Output) I ]
b4 M5
1 ] ! 1 i i ry
MISO
(Input) Mx D7-n X D6-In ’,’, X DO-In m
L 611 7 "
1 Ll I 1 ryi
MOSI 7/
outou) X prow ¥ D6-Out X po-out X

VR000109

Note : Measurement points are Vg, Vou, V)L and Viy

Figure 39. SPI Master Timing Diagram CPOL=1, CPHA=1

SS
(Input) ./ | 1 \_
! \
|
(Output) I 3 | 4 E. d
| 1 e
(I'\:Lig MX D7-In X D6-n X  Dpo-in XXXX:

2T ST ST

VR000110

Note: Measurement points are Vo, Vou, V)L and Viy

3
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CONTROL TIMING (Cont'd)
Figure 40. SPI Slave Timing Diagram CPOL=0, CPHA=1

SS T\, j—
(Input) | vy I:
L 2 ' 1 I H
] | I 1, 13 L1 12 | 3 11
SCK : : | I ! ] I
(Input) I : : ! ! "
. I 4 5 I I I |
MISO !ngh_ZI Ii : ' L Lo
(Output) 1 EX Drout X___pe-our e }( DO-Out_ }-
a—{i}(— :: ___:l_oa__(_ |11I 1 9 |
MOSI y _ ;
L6 117 |
! 1T 1
VR000111

Note: Measurement points are Vg, Vou, V). and V4

Figure 41. SPI Slave Timing Diagram CPOL=1, CPHA=1

SS
(Input) : ‘2 I

11
I 2 ||
|
s
| [ !
High-Z 2] et X | !

MlSO | [ 1 ’.r’.r | ] | ]
(Output) 1 EX. Dbrout X pe-out i 1’( Do-Out_ }—
|
o I8I H 110 ’ 11 9

I
(Input) D7-In X oein X po-n XK
L6 117 ’
[ |

VR000112

Note: Measurement points are Vo, Vop, V). and Viy
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CONTROL TIMING (Cont'd)
Figure 42. SPI Slave Timing Diagram CPOL=0, CPHA=0

|
(Input) [ /u 11
I E 2 5 | 1 | 1
| ! : 13_1, 12 ., 3 i
I T Il 11
S TN /N T
npu
P : : : 4 I 1 5 H : 1 | I 1 I
: ! : ) ! ! ] Y. I |
MISO High—Z: | I - 7/
(Output) — T ¥ p7-out X Ds-Out }( DO-Out }-
8 | 1 l 10, 1 11, | 9 1
MOSI ™= 1] T T T .y T T
R o VAYAYAYAVAYY,
(Input) :XXXXXX. - D7I n X D6-In X yy: DO-In ‘A’A A’A‘A’A A‘
6 | p—t
i VR000113

Figure 43. SPI Slave Timing Diagram CPOL=1, CPHA=0

(Input) } ) |
| 2 1 | :
b= ol L : I
: I : I \ 12 . 13 ., 1 3 1
|
SCK | \i T, ! i L/_u_ f"—’:
(Input) [ [ ] ' | [ [ ]
I [ 5 ! | 4 I ) 1 1 I
| I | I |
ot [ g 1 | I y 1,
M'SO High-Z v
(Output) —— prout X D6-Out ;K N DO-Out b
8 11 L 101 i 11, | w 9 11
MOSI oo = ' ' /a TAVLVYATLY
(Input) m = D7I-|n X D6-In X vy DO-In 0"‘ A‘A"" ‘.
g | H—=L
= VR000114
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CONTROL TIMING (Cont'd)

1“C BUS INTERFACE
Standard | “C Fast 1°C .
Parameter Vi Y Vi e Symbol Unit
E;jdﬁ;e;]tlme between a STOP and START 47 13 Tubs ms
Hold time START condition. After this period,
. . 4.0 0.6 Thd:sta us
the first clock pulse is generated
LOW period of the SCL clock 4.7 1.3 Tlow us
HIGH period of the SCL clock 4.0 0.6 Thigh us
Set-up time for a repeated START condition 4.7 0.6 Tsu:sta us
Data hold time 0(1) 0(1) 0.9(2) | Thd:dat us
Data set-up time 250 100 Tsu:dat ns
Rise time of both SDA and SCL signals 1000 | 20+0.1Cb 300 Tr ns
Fall time of both SDA and SCL signals 300 | 20+0.1Ch 300 Tf ns
Set-up time for STOP condition 4.0 0.6 Tsu:sto ns
Capacitive load for each bus line 400 400 Cb pF

1. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge
the undefined region of the falling edge of SCL

2. The maximum hold time of the START condition only has to be met if the interface does not stretch the
low period of SCL signal

Cb = total capacitance of one bus line in pF

Figure 44. Definition of Timing Terminology

SDA
Thd sta
Tbuf TIovy>Tr ’Tf‘_ TSD*
» 4 > 4 » 4 > <
Thd.sta Thd.dat Thigh Tsu:dat Tsu:sta Tsu:sto
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7 GENERAL INFORMATION

7.1 PACKAGE MECHANICAL DATA
Figure 45. 80-Pin Plastic Quad Flat Package

mm inches

Dim - -
Min | Typ |Max [Min [Typ ax

A 3.40 0.134
Al |o.25 0.010
A2 |2.55[2.80 | 3.05 [0.100[0.110[0.120
B |0.30 0.45 [0.012 0.018
0.13 0.23 |0.005 0.009
D |22.95[23.20[23.45]0.904[0.9130.923
D1 [19.90]20.00[20.10[0.783[0.787[0.791
: D3 18.40 0.724
E [16.95]17.20[17.45]0.6670.677(0.687
E1 [13.90[14.00[14.10]0.5470.551]0.555
E3 12.00 0.472
e 0.80 0.031
i K | o 7°
IHTHNT A Wi [ [0.65 [ 0.80 [ 0.95 [0.026[0.0310.037
LK L1 1.60 0.063
PQFP080 Number of Pins
NES [ND | 24 | NE [ 16

8"
[

nannnnnnnnonnm '

Table 14. Ordering Information Table

Sales Types ROM Size RAM Size Temperature Range Package
ST7285A5CQ5 48K 3K -20 to +70°C QFP80
ST7285A5CQ6 48K 3K -40 to +85°C QFP80
ST7285A5CQ8 48K 3K -25to +85°C QFP80

NOTE: FOR THIS DEVICE, SGS-THOMSON CAN ONLY RECEIVE MOTOROLA S19 FORMAT FOR
ROM CODES.

3
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‘ SGS-THOMSON
Y/ ICROELECTRONICS

ST/72E85
ST72T85

8-BIT MCU FOR RDS WITH 48K EPROM/OTP, 3K RAM,
ADC, TWO TIMERS, SPI, I°C AND SCI INTERFACES

4.5V to 5.5V Supply Operating Range

Operation at 8.664MHz Oscillator Frequency
for RDS compatibility

= Fully Static operation

» -40°C to + 85°C Maximum Operating
Temperature Range

= Run, Wait, Slow, Halt, and RAM Retention
modes

= User EPROM/OTP: 48 Kbytes
» Data RAM: 3 Kbytes, including 128 byte stack
= 80 pin plastic package
= 62 multifunctional bidirectional 1/O lines:
— Programmable Interrupt inputs on some 1/0Os
— 8 Analog inputs
— EMI Filtering
= Two 16-bit Timers, each featuring:
— 2 Input Captures
— 2 Output Compares
— External Clock input (on Timer A)
— PWM and Pulse Generator modes

» RDS Radio Data System Filter, Demodulator
and GBS circuits

= 8-bit Analog-to-Digital converter with 8 channel
analog multiplexer

» Digital Watchdog

= Dual SPI Serial Peripheral Interface
» SCI Serial Communications Interface
= Full I’C multiple Master/Slave interface
=« 2KHz Beep signal generator

= Master Reset and Power-On Reset
= 8-bit Data Manipulation

» 63 Basic Instructions

= 17 main Addressing Modes

= 8 x 8 Unsigned Multiply Instruction

» True Bit Manipulation

» Complete Development Support on PC/DOS/
Windows™ Real-Time Emulator

= Full Software Package (C-Compiler, Cross-
Assembler, Debugger)

November 1997

PQFP80

CQFP80-W

Rev. 1.0
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ST72E85 ST72T85

1 GENERAL DESCRIPTION

1.1 INTRODUCTION

The ST72E85 is the EPROM version of the
ST7285C. Please refer to the ST7285C ROM de-
vice Datasheet for further details.

From the User’s point of view, both the ST72E85
and the ST7285C possess the same software and
hardware features.

An additional mode is available to allow program-
ming of the EPROM user memory array. This is

Figure 1. ST72E85 Block Diagram

set by a specific voltage source applied to the \4p/
Test pin.

The ST72E85 (EPROM) features a 48K EPROM
memory.

Watchdog activation is available by Software for
Eprom and OTP devices.

RDScomp [ - RDS — 8
\ — PAO - PA7
RDSfil  —* [ FILTER,DEMOD,GBS [¢ - PORT A ;
RDSref —» 8 Pin 65..72
MPX _.:I:_I *‘P\ A/D Converter
OSCin —.= 0SsC Internal 4»| SClI |4_
OSCout — | CLOCK 2| 8 bpo.pR7
RESET 8 -BIT CORE S Pin 73.£0
ALU " 4"'>| Timer A |‘-
-]
m
Power on Reset < 4—>| Timer B |<-
= 4 8
1 PCO - PC7
ARS —» Sie»  PORTC e s 12
gs 4
AINT = Gle  SPIB
‘ Watchdog ‘0 7
L
" dnad SPIA
Vop | TEST —» [] ROM or EPROM - O 8 PDO-PD7
O [t
48k Q|¢>_ PORTD > 5in13.20
RAM > |+ 12C
3k
PHO-PH5 6 8 PEO-PE7
Pin 53..58 | _PORTH | |+ PORTE | Pin 25..32
PGO-PG7 _8 8 PF0- PF7
Pin 45..52 |__PORTG [+ |¢» PORTF | Pin 33..40
2 2 LTJ LTJ VR01735P
VDD VSS VDDP VSSP VDDA VSSA _

*Note: EPROM and OTP versions only.
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ST72E85 ST72T85

1.2 PIN DESCRIPTION

All I/0Os from Port A to Port D, as well as PHO, 1
and 2, feature alternate function compatibility.
Software selectable input pull-ups are available on

ports featuring interrupt capability (PC4, PCS5,
PD4, PD5, PFO-PF3, PG3).

-
e Sydyysgzszroves
fo R E R ESFTssssss
VSSP —1 64 [—1 VSSA
VDDP —2 63 — vDDA
oscouT 3 62 — MPX
OSCIN —4 61 — RDSREF
PCO/MISO_HE—/5 60 | RDSFIL
PC1/MOSI_BH—]6 59 — rRDSCOMP
PC2/SCK_B 7 58 /3 PH5
PC3/55 B 8 57 3 PH4
pc4/oc2_BC—9 (110) 56 | PH3
pcs/oc1_B 10 (110) 55 1 PH2/RDSDATA
pce/iC2_B 11 54 | PH1/RDSCLKOUT
pc7/c1_ B 12 53 =3 PHO/RDSQUAL
PDO/MISO_A—]13 52 /3 PG7
PD1/MOSI A—14 51 /1 PG6
PD2/SCK_ALC15 50 [— PG5
PD3/SS_A []16 49 1 PG4
PD4 —17 (19) (11) 48 —a PG3
PD5 —]18 (19) 47 1 PG2
pDe/SCL 19 46 /1 PG1
PD7/SDA [—]20 45 1 PGO
RESET —21 44 1 ARS
VPPXTEST 22 43 [ AINT
VDD —23 42 |[—1VDDP
RS % Six inin aca i nin
PO UEIPERERREEIEEL
*) On EPROM/OTP versions only
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Pin [ Pin Name(s) Basic Function Alternate Function Remarks
Ground for Output L .
1 | Vssp Buffers This pin is connected to pin 41
Power Supply for L .
2 | Vppp Output Buffers - This pin is connected to pin 42
3 | oscouT Oscillator Output pin.
4 OSCIN Oscillator Input pin.
5 | Pcomiso_B | 110 PortPCO SPIB masterin/slave
- out data input/output
SPI B Master Out/ Alternate function or 1/0. The 1/0O configuration
6 | PC1/MOSI_B | I/O PortPC1 Slave In Data Input/ is software selectable as triggered input or push
Output pull output.
7 PC2/SCK_B I/O Port PC2 SPI B Serial Clock
8 | PC3/SS_B I/0 Port PC3 SPI B Slave Select
Output Compare 2
9 PC4/0C2_B /0 PortPC4 on 'IPimer B P Alternate function or 1/0. Software selectable
5 C T as triggered input, push pull output, or triggered
10 | pcsioc1 B | 110 PortPCs utput Compare interrupt input with pull up (Interrupt 110).
- on Timer B
11 | pcenic2 B | 10 PortPC6 Input Capture 2
on Timer B
12 | pc7nci B | 1o PortPC7 Input Capture 1
on Timer B.
SPIA Master In/ Alternate function or /0. The I/O configurat
13 | PDO/MISO_A | 1/O Port PDO Slave Out Data Input/ | 'erhate function ori/t. ine /& configuration
o is software selectable as triggered input or push
utput ull output
SPI A Master ouy | PW OUPUb
14 | PD1/MOSI_A | I/O PortPD1 Slave In data Input/
Output
15 | PD2/SCK_A | I/O PortPD2 SPI A Serial Clock
16 | PD3/SS_A I/0O Port PD3 SPI A Slave Select
17 | PD4 I/O Port PD4 - Software selectable as triggered input, push
pull output, open drain output or triggered inter-
18| PD5 VO Port PD5 . rupt input with pull up (Interrupt 19).
19 | PD6/SCL 1/0 Port PD6 1°C Serial Clock Alternate function or I1/0. The I/O configuration
2 . is software selectable as triggered input or
20 | PD7/SDA 1/0 Port PD7 1“C Serial Data open drain output.
Bidirectional. An active low signal forces MCU
21 | rESET General Reset i |n|t|aI|zat|op. This event is the top. priority non-
maskable interrupt. As an output, it can be used
to reset external peripherals.
Input. This pin MUST be tied directly to Vgg dur-
22 | Vpp/TEST RESERVED - ing normal operation. In Programming Mode,
this pin is connected to Vpp.
23 | Vop PO\_Ner'SuppIy for all i
logic circuitry
- Except for output buffers and pull-ups.
Ground for all logic
24 | Vgg T -
circuitry
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Pin | Pin Name(s) Basic Function Alternate Function Remarks
25 | PEO 1/0 Port PEO -
26 | PE1 1/0 Port PE1 -
27 | PE2 1/0 Port PE2 -
28 | PE3 1/0 Port PE3 - Software selectable as triggered input or push
29 | PE4 1/0 Port PE4 - pull output.
30 | PE5S 1/0 Port PE5 -
31 | PE6 1/0 Port PE6 -
32 | PE7 1/0 Port PE7 -
33 | PFO 1/0 Port PFO - ) )
34 | PEL 70 Pori PEL - Software selectable as triggered |r_1put, a push
= TP O PoriPE3 - pull qutput, gpen drain output, or triggered inter-
rupt input with pull up (Interrupt 12).
36 | PF3 1/0 Port PF3 -
37 | PF4 1/0 Port PF4 -
38 | PF5 /0 Port PF5 - Software selectable as a triggered input or as a
39 | PF6 1/O Port PF6 - push pull output.
40 | PF7 1/0 Port PF7 -
41 | Vssp g;girr]g for Qutput - This pin is connected to pin 1.
42 | Vppp gﬂmﬂt%ﬁgémr - This pin is connected to pin 2.
43 | AINT Reserved - Must be tied to 5V
44 | ARS Reserved - Must be tied to 5V
45 | PGO 1/0 Port PGO - ) )
76 T PGl 70 Pori PG - Software selectable as triggered input or push
pull output.
47 | PG2 1/0 Port PG2 -
Software selectable as triggered input, a push
48 | PG3 1/0 Port PG3 - pull output, open drain output, or triggered inter-
rupt input with pull up (Interrupt 11).
49 | PG4 I/O Port PG4 -
50 | PG5 I/O Port PG5 -
51 | PG6 I/0 PortPG6 -
52 | PG7 I/O Port PG7 -
PHO/ . Software selectable as triggered input or push
53 RDSQUAL /O Port PHO RDS Quality signal pull output. Note that PHO, 1, 2 offer alternate
PHL/ function capabilities for test purposes.
54 | RDSCLK- /O Port PH1 :g:aless Clock Out
ouT
PH2/ RDS GBS Data sig-
55 | mpspata | VO PortPH2 Y g
56 | PH3 I/0 Port PH3 - ) ) )
=7 [ Pra 70 PorlPAA - Software selectable as trlgg_ered input or high
voltage (10V max) open drain output.
58 | PH5 I/0 Port PH5 -
59 | RDSCOMP RDS Comp Input sig- l_Jsed to feed th_e Demodylatgr fro_m an external
nal filter when the internal filter is switched off.
60 | RDSFIL z;)nsa::lltered Output Used for Demodulator test purposes.
61 | RDSREF RDS Input Reference
62 | MPX RDS input signal
63 | Vooa Analog Power Supply For RDS and ADC circuits
64 | Vgsa Analog Ground
101/117 ‘y7
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Pin | Pin Name(s) Basic Function Alternate Function Remarks
65 | PAO/AINO I/O Port PAO
66 | PAL/AIN1 /O Port PA1 Alternate function or I/0. The I/0 configuration
67 | PA2/AIN2 I/O Port PA2 is software selectable as triggered input or push
68 | PA3/AIN3 I/O Port PA3 . pull output. Note that when a pin is used as An-
Analog input to ADC ; : )
69 | PA4/AIN4 I/O Port PA4 alog input it must not be configured as an out-
70 | PAG/AINS /O Port PAS put to avoid conflicts with the analog voltage to
71 | PAG/AING /O Port PAG be measured.
72 | PAT7IAIN7 I/O Port PA7
73 | PBO/TDO /O Port PBO gﬁt' Transmit Data
74 | PB1/RDI I/O PortPB1 SCI Receive Data In
75 | PB21C1_A | /O PortPB2 Input capture 1
- on Timer A
76 | PB3/IC2 A /O Port PB3 Input_ capture 2 Alternate function or 1/0O. The 110 gonflguratlon
- on Timer A is software selectable as triggered input or push
ull output.
77 | PB4/OC1_A | 1/0 Port PB4 Output compare 1 | PUll OUp
- on Timer A
78 | PB5/OC2_A | 1/0 Port PBS Output compare 2
- on Timer A
79 | PBB/CLKEXT | 1/0 Port PB6 External Clock on
Timer A
PB7/BEEP/ This pin can be a push pull output delivering the
80 I/O Port PB7 BEEP or CPU Clock. | Beep signal (2KHz) or the CPU clock, accord-
CLKOUT . . . .
ing to the miscellaneous register settings.

3
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1.3 MEMORY MAP

Table 1. Memory Map

Address Block Register name ;ijé Remarks
0000h Data Reg 00h R/W Register
0001h Port A Data Direction Reg 00h R/W Register
0002h Not Used Absent
0003h Not Used Absent
0004h Data Reg 00h R/W Register
0005h Port B Data Direction Reg 00h R/W Register
0006h Not Used Absent
0007h Not Used Absent
0008h Data Reg 00h R/W Register
0009h Data Direction Reg 00h R/W Register
000Ah Port € Option Reg --00----b R/W Register
000Bh Not Used Absent
000Ch Data Reg 00h R/W Register
000Dh Data Direction Reg 00h R/W Register
000Eh Port D Option Reg --00----b R/W Register
000Fh Not Used Absent
0010h Data Reg 00h R/W Register
0011h Port E Data Direction Reg 00h R/W Register
0012h Not Used Absent
0013h Not Used Absent
0014h Data Reg 00h R/W Register
0015h Port F Data Direction Reg 00h R/W Register
0016h Option Reg ----0000b R/W Register
0017h Not Used Absent
0018h Data Reg 00h R/W Register
0019h Data Direction Reg 00h R/W Register
001Ah PortG Option Reg ----0---b R/W Register
001Bh Not Used Absent
001Ch Data Reg 00h R/W Register
001Dh Port H Data Direction Reg 00h R/W Register
001Eh Not Used Absent
001Fh Not Used Absent
0020h Miscellaneous Register 00h see register description
0021h Data I/O Reg XXh R/W Register
0022h SPIA Control Reg 0xh R/W Register
0023h Status Reg 00h Read Only Register
0024h WDG Watchdog register 7Fh see register description
0025h Data I/O Reg XXh R/W Register
0026h SPIB Control Reg 0xh R/W Register
0027h Status Reg 00h Read Only Register
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Address Block Register name Reset Remarks
Status

0028h CR: Control Register 00h R/W Register
0029h SR1: Status Register 1 00h Read Only Register
002Ah SR2: Status Register 2 00h Read Only Register
002Bh 12c CCR: Clock Control Register 00h R/W Register
002Ch OAR1: Own Address Register 1 00h R/W Register
002Dh OAR2: Own Address Register 2 00h R/W Register
002Eh DR: Data Register 00h R/W Register
002Fh

RESERVED
0030h
0031h Control Reg2 00h R/W Register
0032h Control Regl 00h R/W Register
0033h Status Reg XXh Read Only Register
0034h Input Capturel High Register XXh Read Only Register
0035h Input Capturel Low Register XXh Read Only Register
0036h Output Comparel High Register XXh R/W Register
0037h Output Comparel Low Register XXh R/W Register
0038h Timer A Counter High Register FFh Read Only Register
0039h Counter Low Register FCh Read Only Register
003Ah Alternate Counter High Register 00h Read Only Register
003Bh Alternate Counter Low RegisteR 00h Read Only Register
003Ch Input Capture2 High Register XXh Read Only Register
003Dh Input Capture2 Low Register XXh Read Only Register
003Eh Output Compare2 High Register XXh R/W Register
003Fh Output Compare2 Low Register XXh R/W Register
0040h RESERVED
0041h Control Reg2 00h R/W Register
0042h Control Regl 00h R/W Register
0043h Status Reg XXh Read Only Register
0044h Input Capturel High Register XXh Read Only Register
0045h Input Capturel Low Register XXh Read Only Register
0046h Output Comparel High Register XXh R/W Register
0047h Output Comparel Low Register XXh R/W Register
0048h Timer B Counter High Register FFh Read Only Register
0049h Counter Low Register FCh Read Only Register
004Ah Alternate Counter High Register 00h Read Only Register
004Bh Alternate Counter Low Register 00h Read Only Register
004Ch Input Capture2 High Register XXh Read Only Register
004Dh Input Capture2 Low Register XXh Read Only Register
004Eh Output Compare2 High Register XXh R/W Register
004Fh Output Compare2 Low Register XXh R/W Register
0050h SCSR: Status Register 1100000xb | Read Only Register
0051h SCI SCDR: Data Register XXh R/W Register
0052h SCBRR: Baud Rate Register 00x----xb R/W Register
0053h SCCR1: Control Register 1 XXh R/W Register
0054h SCCR2: Control Register 2 00h R/W Register
0055h PSCBRR: Receive Baud Rate Reg 00h R/W Register
0056h SCI Prescaler Reserved Reserved ST use
0057h PSCBRT: Transmit Baud Rate Reg 00h R/W Register
0058h RESERVED
0059h RESERVED
005Ah . RDS FI1 R/W Register
0058h RDS Filter RDS FI2 RIW Register

1574
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Address Block Register name Reset Remarks
Status
005Ch RDS DE1
ggggz RDS Demodulator Egg BE; see register description
005Fh RDS DE4
0060h SRO -Shift Reg 0
0061h SR1 -Shift Reg 1
0062h SR2 -Shift Reg 2
0063h SR3 -Shift Reg 3
0064h SYO0 -Polynomial Reg 0
0065h SY1 -Polynomial Reg 1
0066h GS_CNT Count Reg
882;2 RDS GBS S:6IK\IRTD2§£¢%;€8 see register description
0069h DR1 -RDSDAT Reg 1
006Ah DR2 -RDSDAT Reg 2
006Bh DR3 -RDSDAT Reg 3
006Ch QRO -QUALITY Reg 0
006Dh QR1-QUALITY Reg 1
006Eh QR2 -QUALITY Reg 2
006Fh QR3 -QUALITY Reg 3
0070h ADC Data Reg XXh Read Only Register
0071h Control/Status Reg 00h Read/Write Register
0072h to
007Eh RESERVED
0080h to RAM 3K Bytes
O0BFFh ) . )
. User variables and subroutine nesting
0CO00h to of which
0C7Fh STACK 128 Bytes
0C80h to
3FFER RESERVED
4000h 1o OTP/EPROM 48K o
FEDEh bytes User application code and data
(49120 bytes)
F:::::E,(:)Ert,o User vectors Interrupt and Reset Vectors

1.4 EPROM ERASURE

ST72E85 EPROM devices are erased by expo-
sure to high intensity UV light admitted through the
transparent window. This exposure discharges the
floating gate to its initial state through induced
photo current.

It is recommended that the ST72E85 devices be
kept out of direct sunlight, since the UV content of
sunlight can be sufficient to cause functional fail-
ure. Extended exposure to room level fluorescent
lighting may also cause erasure.
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An opaque coating (paint, tape, label, etc...)
should be placed over the package window if the
product is to be operated under these lighting con-
ditions. Covering the window also reduces pp in
power-saving modes due to photo-diode leakage
currents.

An Ultraviolet source of wave length 2537 A yield-
ing a total integrated dosage of 15 Watt-sec/cm is
required to erase the ST72E85. The device will be
erased in 15 to 20 minutes if such a UV lamp with
a 12mW/cm power rating is placed 1 inch from the
device window without any interposed filters.
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1.5 EPROM/ROM | C COMPATIBILITY APPLICATION NOTE

In order to insure full compatibility between the
EPROM and the ROM versions of the ST7285 mi-
crocontroller, certain timing conditions have to be
respected when using the FC interface.

Otherwise the ¥C interface of the ST72E85 can:

— Detect an unexpected START or STOP condi-
tion with BUS ERROR detection

— Generate unexpected BTF flag settings

Unexpected START or STOP condition detec-
tion

In the ST72E85 device, due to the synchronisation
between the I°C peripheral and the &py
(4.332MHz), an unexpected START or STOP con-
dition can be detected in Slave mode. This gener-
ates an unexpected Bus Error and sets the BERR
bit in the SR2 register.

To avoid this effect, the following | C timing has to
be respected:

— tsupat > Ufcpy ~ 230,84ns
- tthAT > l/fcpu - 230,84ns

In the ROM version of the ST7285, the fC periph-
eral and Fcp are asynchronous, so no unexpect-
ed START or STOP condition can be detected.

Figure 46. | C Timing Diagram

START bit

Unexpected BTF flag setting after a STOP con-
dition

Due to the reason described in the previous para-
gzraph, the BTF flag can be set unexpectedly in the
I1“C interface of the ST72E85 after a STOP condi-
tion is detected in Slave mode.

To recover from this condition, reset and subse-
quently set the PE bit in the CR register when the
STOPF and BTF flags are set at the same time af-
ter a STOP condition detection.

The I°C interface is not subject to this effect in the
ROM version of the ST7285.

DATA bit

SDA

SCL

tSupat

3
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2 ELECTRICAL CHARACTERISTICS

2.1 ABSOLUTE MAXIMUM RATINGS

Devices of the ST72 family contain circuitry to pro-
tect the inputs against damage due to high static
voltage or electric fields. Nevertheless, itis recom-
mended that normal precautions be observed in
order to avoid subjecting this high-impedance cir-
cuit to voltages above those quoted in the Abso-
lute Maximum Ratings. For proper operation, it is
recommended that Vi and Voyt be constrained
within the range:

Vss < Viy and Vout < Vpp

To enhance reliability of operation, it is recom-
mended to configure unused I/Os as inputs and to

connect them to an appropriate logic voltage level
such as Vgg or Vpp.

All the voltage in the following tables are refer-
enced to Vgg.

Stresses above those listed as “Absolute Maxi-
mum Ratings” may cause permanent damage to
the device. Functional operation of the device at
these conditions is not implied. Exposure to maxi-
mum rating conditions for extended periods may
affect device reliability.

Absolute Maximum Ratings (Voltage Referenced to V  ss)

Symbol Ratings Value Unit
Voo/VopaVopp Supply Voltage 0.3to +6 \%
[Vopa - Vool Supply Voltage <50 mvV
Vin Input Voltage Vg - 0.31t0 Vpp + 0.3 \%
Ivop - Ivss Total current into Vpp/Vsg pins 50/20 mA
| Ss;rzz;?/r:sin per Pin Excluding 20 mA
T Maximum Operating Tempera- T to Ty °c
ture Range -40to +85
Tste Storage Temperature Range -65 to +150 °C
Vi Eﬁg voltage on pins PH3, PH4, 10 v
ESD ESD sensitivity on PH5 (Pin 58) 1.5 KV
LU LU sensitivity on MPX (Pin 62) Class D
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2.2 POWER CONSIDERATIONS

The average chip-junction temperature, T, in de-
grees Celsius, may be calculated using the follow-
ing equation:

Ty=Ta+(Ppx8Jn) (1)

Where:
— Tp is the Ambient Temperature in°C,

—0J, is the Package Junction-to-Ambient Thermal
Resistance, in °C/W,

— Pp is the sum of Pyt and Py/o,

— Pt is the product of Ihp ang Vpop, €Xpressed in
Watts. This is the Chip Internal Power

— Pyjo represents the Power Dissipation on Input
and Output Pins; User Determined.

For most applications RB,o<Pyt and may be ne-
glected. P;o may be significant if the device is con-
figured todrive Darlington bases or sink LED Loads.

Table 2. Thermal Characteristics

An approximate relationship between By and T,
(if Pyo is neglected) is given by:

Pp = K+ (T +273°C) (2)
Therefore:
K = Pp x (Tp +273°C) +6J, x Pp? (3)
Where:

— K is a constant for the particular part, which may
be determined from equation (3) by measuring
Pp (at equilibrium) for a known T, Using this val-
ue of K, the values of P and T; may be obtained
by solving equations (1) and (2) iteratively for any
value of Ta.

Symbol Package

Value Unit

PQFP80

8Ja CQFPS80

60 °C/wW

3
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2.3 DC ELECTRICAL CHARACTERISTICS

(Ta = -40 to +85°C unless otherwise specified)

GENERAL
Symbol Parameter Conditions Min Typ. Max Unit
Vs Supply Voltage RDS Filter ope.rational _ 4.5 55 Vv
Without RDS filter capability 3.0 6.0
STANDARD 1/0 PORT PINS
Symbol Parameter Conditions Min Typ Max Unit
VL Input Low Level Voltage - - 0.3xVpp \%
ViH Input High Level Voltage 0.7xVpp - - \Y
VoL Output Low Level Voltage :f?;:A 82 z
v Output Low Level Voltage on pins I=-5mA - - 1.0 \%
oL PH3, PH4, PH5 I=-1.6mA - - 0.4 v
Vou Output High Level Voltage Il_lsg::A zi z
I Input Leakage Current Vss<Vpin<Vpp -10 - 10 MA
IrRPU Pull-up Equivalent Resistance ViN=Vss 40 - 250 KW
Tonl Output H-L Fall Time C,=50pF - 30 - ns
Toh Output L-H Rise Time C,=50pF - 30 - ns
Note: All voltages are referred to Vg5 unless otherwise specified.
A/D CONVERTER
Symbol Parameter Conditions Min Typ Max Unit
Val Resolution fosc =8 MHz 8 bit
Terr Total Error fosc =8 MHz +2 LSB
Tcon Conversion Time fosc =8 MHz 16 us
Rva Analog Source Impedance - 10 KQ
Note: At 85°C and Vpp = 5.5V, code 255 is missing.
RDS FILTER
Symbol Parameter Conditions Min Typ Max Unit
fc Center Frequency 56.5 57 57.5 KHz
BW 3dB Bandwidth VN 3mV rms 25 3 35 KHz
G Gain @ 57 KHz 18 20 22 dB
Af = +4KHz 22
A Attenuation f = 38KHz 50 80 dB
f = 67KHz 35 50
R, Input Impedance of MPX 100 160 200 KQ
R Load Impedance of FILOUT 1 MQ
SIN Signal to Noise Ratio VN = 3MVgus 40 dB
Vin MPX input signal f=19KHz, T3<40dB ’ 170 250 600 MVerms
VReE Reference Vpp/2 \

Note *): The 3rd harmonic (57KHz) must be less than -40dB with respect to the input signal plus gain
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2.4 AC ELECTRICAL CHARACTERISTICS

(Ta = -40 to +85°C unless otherwise specified)

. Val .
Symbol Parameter Conditions - aue Unit
Min Typ. Max

Voo Operating Supply Voltage | 4.332 MHz Internal 4.5 5.5 \%

RUN Mode fey; = 8.664MHz
VDD = SOV, leT = 4.332MHz
WAIT Mode fey; = 8.664MHz

| Supply Current 3 5 mA
bo PPY Vpp = 5.5V, fiyr = 4.332MHz

20 mA

HALT Mode, Vpp = 5.0V

TBD HA
Vam Data Retention Mode HALT Mode 2 \%
2.5 CONTROL TIMING
(Operating conditions T, =-40 to +85°C unless otherwise specified)
. Value .
Symbol Parameter Test Conditions Vi D, Niax Unit
f Frequency of Operation Vop =45V fexternal 8.664 MHz
osc f internal 4.332
Halt Mode Recovery
tieH . Crystal Resonator 20 ms
Startup Time
External RESET
tre Input pulse Width 13 feve
trorL Power Reset Duration 4096 teye
Watchdog RESET
ToocL ) 200 ns
Output Pulse Width
thos Watchdog Time-out 12,288 786,432 teve
tiue Interrupt Pulse Period Q) teye
Crystal Oscillator
toxov Stgrt-up Time 50 ms
topR Power up rise time Vpp min 100 ms

Note: 1. The minimum period t,, should not be less than the number of cycle times it takes to execute the
interrupt service routine plus 21 cycles.

3
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CONTROL TIMING (Cont'd)

SERIAL PERIPHERAL INTERFACE
Symbol  |Num. Characteristics fosc = 8 0MHz Unit
Min. Max.
Operating Frequency =fogc/e = fop
fop(m) Master dc 0.5 fop
fop(s) Slave dc 4.0 MHz
1 Cycle Time
toyem) Master 2.0 tcye
teve(s) Slave 240 ns
2 Enable Lead Time ns
tlead(m) Master (1)
tlead(s) Slave 120
3 Enable Lag time ns
Master 1)
Slave 120
4 Clock (SCK)High Time
tw(SCKH) Master 100 ns
tyw(SCKH) Slave 90 ns
5 Clock (SCK) Low Time
tyw(sckL) Master 100 ns
tw(sckL) Slave 90 ns
6 Data Set-up Time
tsym) Master 100 ns
tsu(s) Slave 100 ns
7 Data Hold Time (Inputs)
thm) Master 100 ns
tH(s) Slave 100 ns
ta 8 Access Time (Time to Data Active from High Impedance State) ns
Slave 0 120
tois 9 Disable Time (Hold Time to High Impedance State) ns
Slave 240
10 Data Valid
ty(m) Master (Before Capture Edge) 0.25 teyem)
ty(s) Slave (After Enable Edge) @ 120 ns
11 Data Hold Time (Outputs)
tHo(m) Master (Before Capture Edge) 0.25 tevem)
tHo(s) Slave (After Enable Edge) 0 ns
12 Rise Time (20% Vpp to 70% Vpp, C; = 200pF)
tRm SPI Outputs (SCK, MOSI, MISO) 100 ns
trs SPI Inputs (SCK, MOSI, MISO, SS) 2.0 ps
13 Fall Time (70% Vpp to 20% Vpp, C.
tem SPI Outputs (SCK, MOSI, MISO) 100 ns
tes SPI Inputs (SCK, MOSI, MISO, SS) 2.0 ps
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CONTROL TIMING (Cont'd)

Figure 2. SPI Master Timing Diagram CPOL=0, CPHA=1

(Inplng ./ 1 \_

! 13 L, 12
SCK 4 | T Em—
I
(Output) m
| 4 15 |
I 1 :: I Iy
oy JORK ”
D7-Out D6-Out po-out_ XX
(Input) i — | X /4 X
6 11_ 7|
[ 11 | !
MOSI
D7-In D6-In DO-In
(Output) XI X ’I’I X X
I
1

VR000107

Note: Measurement points are Vg, Vou, V)L and Vi

Figure 3. SPI Master Timing Diagram CPOL=1, CPHA+1

(Inpig ./ 1 \_

L |
: I , 12 ., 13
| Iy ! [ I
Output
( p ) E 5 :i- 4 i
L L Iy
MISO 7/
D7-In D6-In DO-In m
(Input) m - | X /- X
1611 7
I 1
MOSI 1] ’I’I
- D6-Out DO-Out
(Output) X D7-Out :X u ’.r’.r X u X

VR000108

Note: Measurement points are Vg, Vop, V)L and Vg4
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CONTROL TIMING (Cont'd)
Figure 4. SPI Master Timing Diagram CPOL=0, CPHA=0

(Inplsjg ./ 1 \_

13 12
SCK ; i ¥
(Output) JZI !u' m
b, 4 M5
L | ! 11 ! ryi
MISO Mx 7
D7-In D6-In DO-In XXXX:
(Input) \ - | X vy X
6. 117
: 1 Yy
( Ol':/tlr())li)l X D7-Out X pe-out’ X DO-Out X

VR000109

Note: Measurement points are Vg, , Vou, V) and V

Figure 5. SPI Master Timing Diagram CPOL=1, CPHA=1

ss
(Input) _/ | 1 \_
|
! T i
SCK I I M
I
(Output) : 5 4 !I 1
MISO | - 7F
(Input) m D7-In X D6-In o f X DO-In m

B ST RTINS G

VR000110

Note: Measurement points are Vg, Vo, V) and Vi,
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CONTROL TIMING (Cont'd)
Figure 6. SPI Slave Timing Diagram CPOL=0, CPHA=1

SS l.ﬂ
(Input) \ 7~ 0 |
I| 2 1 1 1 : :
| | T 1, 13 12 o3 1
SCK ! ! ! | | i i )
(Input) 1 l[: H /: \ " ?! \ I
i
gz~ ] i i
| L L - ] |
o0 —6 X prout X _De-out . K  Do-out -
1 | T 1 rid T 1 T 1
8 10! 11 9
. L : : | ’ 111 9
(Input) D7-In X oenm X Do-n__ YXRL
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Note: Measurement points are Vg, Voy, V) and Vi,

Figure 7. SPI Slave Timing Diagram CPOL=1, CPHA=1
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Note: Measurement points are Vg, Vou, V)L and Viy
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CONTROL TIMING (Cont'd)
Figure 8. SPI Slave Timing Diagram CPOL=0, CPHA=0
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Figure 9. SPI Slave Timing Diagram CPOL=1, CPHA=0
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CONTROL TIMING (Cont'd)

1“C BUS INTERFACE
Standard | “C Fast 1°C .
Parameter Vi Y Vi e Symbol Unit
E;jdﬁ;e;]tlme between a STOP and START 47 13 Tubs ms
Hold time START condition. After this period,
. . 4.0 0.6 Thd:sta us
the first clock pulse is generated
LOW period of the SCL clock 4.7 1.3 Tlow us
HIGH period of the SCL clock 4.0 0.6 Thigh us
Set-up time for a repeated START condition 4.7 0.6 Tsu:sta us
Data hold time 0(1) 0(1) 0.9(2) | Thd:dat us
Data set-up time 250 100 Tsu:dat ns
Rise time of both SDA and SCL signals 1000 | 20+0.1Cb 300 Tr ns
Fall time of both SDA and SCL signals 300 | 20+0.1Ch 300 Tf ns
Set-up time for STOP condition 4.0 0.6 Tsu:sto ns
Capacitive load for each bus line 400 400 Cb pF

1. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge
the undefined region of the falling edge of SCL

2. The maximum hold time of the START condition only has to be met if the interface does not stretch the
low period of SCL signal

Cb = total capacitance of one bus line in pF

Figure 10. Definition of Timing Terminology

D S A SNV

SDA

“

Thd sta
Tbuf TIovx_/>Tr ’Tf < Tsp*
» 4 > 4 » 4 > <
Thd.sta Thd.dat Thigh Tsu:dat Tsu:sta Tsu:sto
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3 GENERAL INFORMATION

3.1 PACKAGE MECHANICAL DATA
Figure 47. 80-Pin Ceramic Quad Flat Package

bim A mm . inches
Min | Typ |[Max |Min [Typ Max
A 3.24 0.128
Al 0.20 0.008
B 10.30]0.35]0.45 |0.012|0.014(0.018
A C ]0.13]0.15]0.23 ]0.005/0.006]0.009
Ge AL D ]23.35|23.90|24.45]0.9190.941(0.963
D1 ]19.57|20.00/20.43]0.770]0.7870.804
| ol D3 18.40 0.724
E_f E |17.35/17.90(18.45]0.683|0.705]0.726
=-=£=F E1 |13.61|14.00|14.39]0.536|0.5510.567
G El E E E3 E3 12.00 0.472
E e 0.80 0.031
= 13.75|14.00]14.25]0.541]0.5510.561
1 = G1 |19.75]20.00]20.25)0.778]0.787(0.797
——y G2 1.17 0.046
_-I-B L L ]0.35]0.80 0.014]0.031
CQFPO8OW (%] 8.89 0.350
Number of Pins
N 80
Table 15. Ordering Information Table
Sales Types Program Memory RAM Size Temperature Range Package
ST72E85A5G0 48K EPROM 3K +25°C CQFP80
ST72T85A5Q6 48K OTP 3K -40 to +85°C PQFP80

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

01997 SGS-THOMSON Microelectronics - All rights reserved.

Purchase of I2C Components by SGS-THOMSON Microelectronics conveys a license under the Philips I2C Patent. Rights to use these
components in an I2C system is granted provided that the system conforms to the 12C Standard Specification as defined by Philips.

SGS-THOMSON Microelectronics Group of Companies
Australia - Brazil - Canada - China - France - Germany - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands - Singapore
Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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