Ilog

AnOIXYS Company
S3 Family 8-Bit Microcontrollers

S3F8S7B MCU

Product Specification

PS032505-0318

PRELIMINARY

& Microcontrollers

Copyright ©2018 Zilog®, Inc. All rights reserved.
www.zilog.com


http://www.zilog.com

S3F8S7B MCU
Product Specification

A Warning: DO NOT USE THIS PRODUCT IN LIFE SUPPORT SYSTEMS.

LIFE SUPPORT POLICY

ZILOG’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION.

As used herein

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b)
support or sustain life and whose failure to perform when properly used in accordance with instructions for
use provided in the labeling can be reasonably expected to result in a significant injury to the user. A criti-
cal component is any component in a life support device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

Document Disclaimer

©2018 Zilog, Inc. All rights reserved. Information in this publication concerning the devices, applications,
or technology described is intended to suggest possible uses and may be superseded. ZILOG, INC. DOES
NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY OF THE
INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO
DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED
IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED
HEREIN OR OTHERWISE. The information contained within this document has been verified according
to the general principles of electrical and mechanical engineering.

S3 and Z8 are trademarks or registered trademarks of Zilog, Inc. All other product or service names are the
property of their respective owners.
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S3F8S7B Product Specification Chapter 1. Product Overview

Product Overview

1.1 S3C8-Series Microcontrollers

Zilog's S3C8 series of 8-hit single-chip CMOS microcontrollers offers a fast and efficient CPU, a wide range of
integrated peripherals, and various mask-programmable ROM sizes. Among the major CPU features are:

o Efficient register-oriented architecture

e Selectable CPU clock sources

e |dle and Stop power-down mode release by interrupts

e Built-in basic timer with watchdog function

A sophisticated interrupt structure recognizes up to eight interrupt levels. Each level can have one or more
interrupt sources and vectors. Fast interrupt processing (within a minimum of four CPU clocks) can be assigned to
specific interrupt levels.

1.2 S3F8S7B Microcontroller

The S3F8S7B single-chip CMOS microcontrollers are fabricated using the highly advanced CMOS process, based
on Zilog's newest CPU architecture.

The S3F8S7B is a microcontroller with a 64KB Flash ROM embedded.

Using a proven modular design approach, Zilog engineers have successfully developed the S3F8S7B by
integrating the following peripheral modules with the powerful SAMS8 core:

¢ Nine programmable I/O ports, including eight 8-bit ports, and one 6-bit port, for a total of 70 pins
e Sixteen bit-programmable pins for external interrupts

e One 8-bit basic timer for oscillation stabilization and watchdog functions (system reset)

e Four 8-bit timer/counter and two 16-bit timer/counter with selectable operating modes

e Watch timer for real time

e LCD Controller/driver

e A/D converter with 8 selectable input pins

e DJ/A converter with 1 selectable output pin

e Synchronous SIO modules

e Two asynchronous UART modules

e Pattern generation module

They are currently available in 80-pin TQFP, 80-pin LQFP, and 80-pin QFP packages.
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Chapter 1. Product Overview

1.3 Features

CPU

SAM88 RC CPU core

Memory

Program Memory (ROM)

64K x 8 bits program memory
Internal Flash memory (program memory)

(0}

O O O O

Sector size: 128 bytes

10 years data retention

Fast programming time: User program and sector erase available
Endurance: 10,000 erase/program cycles

External serial programming support

Expandable OBP™ (on board program) sector

Data Memory (RAM)

Including LCD display data memory

2,114 x 8 bits data memory

Instruction Set

70 1/0 Pins

Interrupts

78 instructions

Idle and stop instructions added for power-down modes

I/O: 18 pins (Sharing with other signal pins)

I/0O: 52 pins (Sharing with LCD signal outputs)

8 interrupt levels and 31 interrupt sources

Fast interrupt processing feature

8-Bit Basic Timer

Watchdog timer function

4 kinds of clock source

PS032505-0318 PRELIMINARY
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Chapter 1. Product Overview

8-Bit Timer/Counter A

e Programmable 8-bit internal timer
e External event counter function

e PWM and capture function

8-Bit Timer/Counter B

e Programmable 8-bit internal timer
e Carrier frequency generator

Two 8-Bit Timer/Counter (CO/C1)

e Programmable 8-bit internal timer
e PWM function

Two 16-Bit Timer/Counter (D0/D1)

e Programmable 16-bit internal timer
e External event counter function

e PWM and capture function

Watch Timer

e Interval time: 1.995mS, 0.125S, 0.25S, and 0.5S at 32.768 kHz

e 0.5/1/2/4 kHz Selectable buzzer output

LCD Controller/Driver

e 44 segments and 8 common terminals
e 1/2,1/3,1/4, and 1/8 duty selectable
e Capacitor or resistor bias selectable

¢ Regulator and booster circuit for LCD bias

Analog to Digital Converter

e 8-channel analog input
e 10-bit conversion resolution

e 25 us conversion time

Digital to Analog Converter

e 1-channel analog output

e  8-bit conversion resolution (R-2R)

PS032505-0318 PRELIMINARY
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Two Channels UART

e Full-duplex serial I/O interface
e Four programmable operating modes

e Auto generating parity bit

8-bit Serial 1/0 Interface

e 8-bit transmit/receive mode
e 8-bit receive mode
e LSB-first or MSB-first transmission selectable

e Internal or external clock source

Pattern Generation Module

e Pattern generation module triggered by timer match signal and software

Low Voltage Reset (LVR)

e Criteriavoltage: 1.9V, 2.2V

e En/Disable by smart option (ROM address: 3FH)
Two Power-Down Modes

e Idle: only CPU clock stops

e Stop: selected system clock and CPU clock stop
Oscillation Sources

e Crystal, ceramic, or RC for main clock

e Main clock frequency: 0.4 MHz to 12.0 MHz

e 32.768 kHz crystal oscillation circuit for sub clock
Instruction Execution Times

e 333 nsat12.0 MHz fx (minimum)

e 122.1 ps at 32.768 kHz fxt (minimum)
Operating Voltage Range

e 18Vto55Vat0.4to4.2 MHz

e 22Vto55Vat0.4t012.0 MHz

Operating Temperature Range

e -40°Cto+85°C

PS032505-0318 PRELIMINARY
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Package Type

IvC

80-QFP-1420C, 80-TQFP-1212, 80-LQFP

Internal Voltage Converter for 5 V operations

Smart Option

Low Voltage Reset (LVR) level and enable/disable are at your hardwired option (ROM address 3FH)
ISP related option selectable (ROM address 3EH)
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Chapter 1. Product Overview

1.4 Block Diagram

P5.7/  P5.6/
XIN  XOUT XTIN  XTOUT
Main OSC Sub OSC
Low Voltage Wateh-d
Reset ateh-dog
Timer
Basic Timer
P0.0-P0.1/COM1-COM1 +—
P0.2-P0.7/COM2-COM7 -
ovz.CoMT | — v suzpo
P1.2-P1.7/SEG6-SEG11 <—| | cD Driver/
P2.0-P2.7/SEG12-SEG19 <+—| controlier I/O Port and Interrupt - i
P3.0-P3.7/SEG20-SEG27 <+— Control lOPort0 | «—> P0.0-P0.7
P6.0-P6.7/SEG28-SEG35 +—
P7.0-P7.7/SEG36-SEG43 +—
P8.0-P8.5/SEG44-SEG4Y <+— iOPortl | «—> P1.0-P1.7
1/0 Port 2 <+«—» P2.0-P2.7
P5.4/CA «—» | Regulator
P5.5/CB <+ and SAM88 RC
P5.0-P5.3/VLCO-VLC3 «—— | Booster Core /O Port3 | «—» P3.0-P3.7
P1.7/TACLK —» —
P1 6/TACAP 8(—:b|t'l't|m62/ 1/0 Port 4 <+«—» P4.0-P4.7
P1.6/TAOUT/TAPWM «— | “ounter
py—— I/O Port5 | «—» P5.0-P5.7
P3.0/TBPWM +—— éo'um'gr“g
64KB 21148 IO Port6 | «—» P6.0-P6.7
8-bit Timer/ ROM RAM
P3.1/TCOOUT/TCOPWM <—
Counter CO
/O Port7 | «—» P7.0-P7.7
P3.2TCIOUT/TCIPWM «— | SPitTimer/
Counter C1 /O Port8 | <«—» P8.0-P8.5
P3.4/TDOCLK  —> [ 1 o\t Timer/ — TXDO/P1.3
P33/TDOCAP —» | " T UARTO | & RxDO/P1.2
P3.3/TDOOUT/TDOPWM <+— u T T T T T :
P3.6/TDICLK —» — TEST nRESET IVCREF | vbD | VSS1 UART1 | — TXDLPL5
b3 S TDICAP 106-b|ttT|mDe{/ VSS2 <«— RXD1/P1.4
P3.5/TD1IOUT/TDIPWM <— | “ounter
AVREF  AVSS 106t ADC | +— b P0PAT/
P6.0ISCK —» ADO-AD7
P6.1/SI —> slo
P6.2ISO <+— —» DAOUT/P1.0
SEG20-SEG27/ Pattern < P20P27
PGO-PG7 Generation INTO-INT7
INTERRUPT Pa.0.PA/
" INT8INT15
Figure 1-1  Block Diagram
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1.5 Pin Assignment

el
-
@
3
>
0
C
= 3
S o
ER @
UTUUU2_,09U0UTUUUUuul
PRPrRSIYINNNNNNNNZ
Nosopyoeberagys
2323002222222z 3
55583z ddrdase
CLELEFINIDNDDDDB D
VouounummmMmMMmMMMMMMMmMm
TMMIMOOO000000Q
POOO0ORRPREPEPPRPEPRERERERERN
P ONOOWOFRNWDAOUUION©OWOO
DNNNNNNNNNNODOO DD
COWO~NOODUDSWNRPOO~NOO
p1.o/DAOUT 1 64 [ SEG21/TCOOUT/TCOPWM/PG1/P3.1
Avss [ 2 63 [ SEG22/TC1OUT/TCIPWM/PG2/P3.2
AVREF [ 3 62 [ SEG23/TDOOUT/TDOPWM/TDOCAP/PG3/P3.3
P4.7/INT15/AD7 = 4 61 [ SEG24/TDOCLK/PG4/P3.4
P4.6/INT14/AD6 T 5 60 [ SEG25/TD1OUT/TDIPWM/TD1CAP/PG5/P3.5
P4.5/INT13/AD5 [ 6 59 [ SEG26/TD1CLK/PG6/P3.6
P4.4/INT12/AD4 3 7 58 [ SEG27/BUZ/PG7/P3.7
P4.3/INT11/AD3 ] 8 57 [ SEG28/SCK/P6.0
P4.2/INT10/AD2 = 9 56 [ SEG29/SI/P6.1
P4.1/INT9/AD1 = 10 55 [ SEG30/S0/P6.2
P4.0/INT8/AD0 [ 11 S3F8S7B 54 [ SEG31/P6.3
vDD [ 12 53 [ IVCREF
vssy [ 13 52 [ VSS2
Xour [ 14 80-OFP-1420C 51 [ SEG32/P6.4
xn 15 (80-Q ) 50 [ SEG33/P6.5
TEST [ 16 49 [ SEG34/P6.6
p5.7/xTn 4 17 48 [ SEG35/P6.7
P5.6/XTour ] 18 47 [ SEG36/P7.0
nRESET [—] 19 46 [ SEG37/P7.1
ps.5ce [ 20 45 [ SEG38/P7.2
ps.4icAa 21 44 [ SEG39/P7.3
p5.3/vLC3 [ 22 43 [ SEG40/P7.4
ps.2/vLc2 [ 23 42 [ SEGA41/P7.5
ps.1/vLC1 [ 24 41 [ SEG42/P7.6
NN NDNNWWWWWWWWWWH
O NO0OORFRPNWA IO NOWOWOO
<889238888¢RRRAEA
8222222200009 Q0Q
SrropoR33oEITTES
cpEEEEEcSs3333sy
Q 'E Q Q Q Q gabhwNPFE ON
T U U T TV T
[SE-R-N-N-Ne!
~NOoO U~ WN
Figure 1-2  S3F8S7B Pin Assignments (80-QFP)
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P3.2/TC1OUT/TC1IPWM/PG2/SEG22 [} 61 40 [ SEG41/P7.5
P3.1/TCOOUT/TCOPWM/PG1/SEG21 [ 62 39 [ SEGA42/P7.6
P3.0/TBPWM/PGO/SEG20 [ 63 38 [ SEGA43/P7.7
P2.7/INT7/SEG19 [ 64 37 [ SEG44/P8.0
m P2.6/INT6/SEG18 [] 65 —_ 36 [ SEGA45/P8.1
% P2.5/INT5/SEG17 [] 66 B w 35 [] SEG46/P8.2
© P2.4/INT4/SEG16 [] 67 7 o 34 [ SEGA47/P8.3
um P2.3/INT3/SEG15 [] 68 S ﬂ_ 33 [ SEG48/P8.4
(3] P2.2/INT2/SEG14 [] 69 8 o 32 [ SEGA49/P8.5
QD.vu P2.1/INT1/SEG13 [] 70 _I_I rﬁ_w\ 31 [ COMO0/P0.0
3 P2.0/INTO/SEG12 [] 71 1) e 30 [ COM1/P0.1
=] P1.7/TACLK/SEG11 [] 72 S ﬂ_u 29 [ COM2/SEG0/P0.2
.w P1.6/TAOUT/TAPWM/TACAP/SEG10 [] 73 m'm\ 28 1 COMB3/SEG1/P0.3
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1.6 Pin Descriptions

Table 1-1  S3F8S7B Pin Descriptions
Pin Pin Pin Circuit Pin Share
Names Type Description Type A Pins
(NOTE)
P0.0 I/O port with bit-programmable pins; 33(31) COMO
32(30) Ccom1
PO.1 I/O | Input or push-pull output and software H-44
P0.2-P0.7 assignable pull-ups 31-26 COM2-COM7/
' ' ' (29-24) SEGO-SEG5
P1.0 1(79) DAOUT
P1.1 80(78) -
P1.2 79(77) RxDO/SEG6
P1.3 I/O port with bit-programmable pins; 78(76) TxDO/SEG7
P1.4 I/O | Input or push-pull, open-drain output H-42 77(75) RxD1/SEGS8
P15 and software assignable pull-ups. 76(74) TxD1/SEG9
P1.6 75(73) TAOUT/TAPWM
ITACAP/SEG10
P1.7 74(72) TACLK/SEG11
I/O port with bit-programmable pins;
Schmitt trigger mput or push-pull output INTO—INT7/
P2 0-P2.7 /O and software assignable pull-_ups. H-43 73-66 SEG12—
Alternately used for external interrupt (71-64)
. s . SEG19
input (noise filters, interrupt enable and
pending control).
P3.0 65(63) TBPWM/PGO/
SEG20
P3.1 64(62) TCOOUT/
TCOPWM/
PG1/SEG21
P3.2 63(61) TC10UT/
TC1PWM/
PG2/SEG22
P3.3 62(60) TDOOUT/
I/O port with bit-programmable pins; TDOPWM/
) TDOCAP/
/0 | Input or push-pull, open-drain output H-42
and software assignable pull-ups. PG3/SEG23
P3.4 61(59) TDOCLK/PG4/
SEG24
P3.5 60(58) TD1OUT/
TD1PWM/
TD1CAP/
PG5/SEG25
P3.6 59(57) TD1CLK/PG6/
SEG26
P3.7 58(56) BUZ/PG7/
SEG27
I/O port with bit-programmable pins ADO-AD7/
P4.0 — P4.7 I/O | Schmitt trigger input or push-pull output F-16 11(9) - 4(2)
. INT8-INT15
and software assignable pull-ups.
P5.0 - P5.3 /0 I/O port with bit-programmable pins F-17 25(23)-22(20) VLCO-VLC3
P5.4 Input or push-pull output and software 21(19) CA

PS032505-0318
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Pin

Pin Pin Pi.n . Circuit Numbers Sh_are
Names Type Description Type (NOTE) Pins
P5.5 assignable pull-ups. 20(18) CB
e | o |popnkhesamnatiene | oo | ssup | xour
P5.7 . 17(15) XTIN
assignable pull-ups.
P6.0 57(55) SCK/SEG28
P6.1 I/O port with bit-programmable pins 56(54) SI/ISEG29
P6.2 I/O | Input or push-pull, open-drain output H-42 55(53) SO/SEG30
P6.3 and software assignable pull-ups. 54(52) SEG31
P6.4 — P6.7 51(49)-48(46) | SEG32-SEG35
I/O port with bit-programmable pins
P7.0-P7.7 I/O | Input or push-pull, open-drain output H-42 47(45)-40(38) | SEG36-SEGA43
and software assignable pull-ups.
I/O port with bit-programmable pins
P8.0 — P8.5 I/O | Input or push-pull, open-drain output H-42 39(37)-34(32) | SEG44-SEG49
and software assignable pull-ups.
COMO-
P0.0-PO0.1
COM1 /0 | LCD common signal output. H-44 33(31)-32(30) P0.2—P0.7/
COM2- 31(29)-26(24) SEGO-SEG5
ComM7
P0.2—P0.7/
COM2-COM7
SEGO — P1.2/RXDO
SEG5 31(29)-26(24) P1.3/TXDO
SEG6 79(77) P1.4/RXD1
SEG7 78(76) P1.5/TXD1
SEGS8 77(75) P1.6/TAOUT/TA
SEG9 . 76(74) PWM/
SEG10 /0 | LCD segment signal output. H-44 75(73) TACAP
SEG11 74(72) P1.7/TACLK
SEG12- 73(70)—66(64) P2.0 - P2.7/
SEG19 65(63) INTO — INT7
SEG20 64(62) P3.0/PGO/
SEG21 TBPWM
P3.1/ PG1/
TCOOUT
SEG22 P3.2/ PG2/
63(61) TC10UT
SEG23 62(60) P3.3/PG3/
61(59) TDOOUT/
60(58) TDOPWM/
59(57) TDOCAP
SEG24 I/O | LCD segment signal output. H-42 58(56) P3.4/PG4/
57(55) TDOCLK
SEG25 56(54) P3.5/PG5/
55(53) TD1OUT/
54(52) TD1PWM/
51(49) -34(32) TD1CAP
SEG26 P3.6/PG6/
PS032505-0318 PRELIMINARY 1-10
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Pin Pin Pin Circuit Pin Share
Names Type Description Type N9 R Pins
yp p yp (NOTE)
TD1CLK
SEG27 P3.7/PG7/
BUZ
SEG28 P6.0/SCK
SEG29 P6.1/SI
SEG30 P6.2/SO
SEG31 P6.3
SEG32 - P6.4 — P6.7,
SEG49 P7,
P8.0— P8.5
VLCO — , 25(23) -
VLC3 I/O | LCD power supply pins. F-17 22(20) P5.0 - P5.3
CA . . 21(19) P5.4
CB I/O | Capacitor terminal for voltage booster. F-17 20(18) P55
. P4.0-P4.7/
ADO — AD7 I/O | A/D converter analog input channels. F-16 11(9) - 4(2) INTS—INT15
AVREF - A/D converter reference voltage - 3(2) -
AVSS - A/D converter Ground - 2(80) -
DAOUT I/0 | D/A converter output H-42 1(79) P1.0
. 65(63) — P3/SEG20-
PGO - PG7 I/O | Pattern generation output H-42 58(56) SEG27
TxDO . 78(76) P1.3/SEG7
RXDO I/O [ Uart O data output, input H-42 79(77) P1.2/SEGE
TxD1 . 76(74) P1.5/SEG9
RxD1 I/O [ Uart 1 data output, input H-42 77(75) P1 4/SEGS
TAOUT/TA . P1.6/SEG10/TA
PWM I/O | Timer A clock output and PWM output. H-42 75(73) CAP
P1.6/SEG10/TA
TACAP I/O | Timer A capture input. H-42 75(73) ouT/
TAPWM
TACLK I/0 | Timer A external clock input. H-42 T74(72) P1.7/SEG11
TBPWM I/O | Timer B carrier frequency output H-42 65(63) P3.0|éSGEOG20/
TCOOUT O | Timer CO clock output H-42 64(62) P3'1é,SGE1G21/
TC10OUT I/O | Timer C1 clock output H-42 63(61) P3.2|/3$GEZGZZ/
TDOOUT/ . P3.3/SEG23/
TDOPWM I/O | Timer DO clock output and PWM output. H-42 62(60) PG3/TDOCAP
P3.3/SEG23/
TDOCAP /O | Timer DO capture input. H-42 62(60) PG3/TDOOUT/
TDOPWM
TDOCLK I/O | Timer DO external clock input. H-42 61(59) P3'4|éSGiGZ4/
PS032505-0318 PRELIMINARY 1-11
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Pin Pin Pin Circuit Pin Share
Names Type Description Type N9 R Pins
yp p yp (NOTE)
TD10OUT/ . P3.5/SEG25/
TD1PWM I/O | Timer D1 clock output and PWM output. H-42 60(58) PG5/ TD1CAP
P3.5/SEG25/
TD1CAP I/O | Timer D1 capture input. H-42 60(58) PG5/TD10UT/
TD1PWM
TD1CLK I/0 | Timer D1 external clock input. H-42 59(57) P3.6|éSGE6G26/
BUZ I/0 | Output pin for buzzer signal. H-42 58(56) P3.7IQSGIE7G27/
SCK Serial interface clock H-42 57(55) P6.0/SEG28
Sl Serial interface data input H-42 56(54) P6.1/SEG29
SO Serial interface data output H-42 55(53) P6.2/SEG30
INTO — INT7 P2.0 — P2.7/
External interrupt input pins Haz | D000 | sEc12 —seGio
INT8 — pLinpLEp F-16 11(8)4(2) P4.0 — P4.7/
INT15 ADO — AD7
NRESET I System reset pin B 19(17) -
XIN . . . 15(13)
XOUT - Main oscillator pins. - 14(12) -
XTIN . . 17(15) P5.7
XTOUT - Crystal oscillator pins for sub clock. - 18(16) P5 6
TEST I Test input: it must be connected to VSS - 16(14) -
VDD - Power supply input pin - 12(10) -
VSS1 . 13(11)
VSS2 - Ground pins - 52(50) -
I\VCREF B !nterna} voltage controller reference B 53(51) B
input pin
NOTE: Parentheses indicate pin number for 80-TQFP/LQFP package.
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1.7 Pin Circuits

VDD

Pull-up
Resistor

Schmitt Trigger

Figure 1-4  Pin Circuit Type B

PS032505-0318

PRELIMINARY

1-13




S3F8S7B Product Specif

ication

Chapter 1. Product Overview

o

Ba

Data

P-Channel

Out

O_utput .y ’ >O—| <4— N-Channel
Disable

Figure 1-5

Pin Circuit Type C

VDD

Pull-up
Resistor

Pull-up
Enable

Data

Output

Pin Circuit
Type C

——O |/O

Disable

Data

7

Figure 1-6  Pin Circuit Type D-2 (P5.6—P5.7)
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VDD

Pull-up DO |
Enable |
Data Circuit
Output Type C ——=0CI/0
Disable
ADCEN }
ADC Select —}
Data < \‘ T
To ADC <« I><|I::]
Figure 1-7  Pin Circuit Type F-16 (P4)
VDD
Pull-up DC |
Enable |
Data Circuit
Disable
VLC/CA/CB }
Select >
Data < {
ToLCD < T>|<]
Block |><|
Figure 1-8  Pin Circuit Type F-17 (P5.0 - P5.5)
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1
ViLco i e
ViLci12 T * ®
v
T
ik
COM/SEG ——oout
Qutput [— € i—
Disable e
VLc2/3 i ®
T

JRE2

T

Figure 1-9  Pin Circuit Type H-39

VDD

Pull-up
Resistor

Resistor {>H
Enable

COM/SEG ircui
Circuit 010
Output Type H-39
Disable

Figure 1-10  Pin Circuit Type H-43 (P2)
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VDD

Pull-up
Resistor

Resistor {>H
Enable
COM/SEG ircui
Circuit &0 |0
Output Type H-39
Disable

Figure 1-11  Pin

Circuit Type H-44 (PO0)

VDD
Pull-up
VDD Resistor
Resistor
Open-drain Enable
e
Data 110
Output <4—N-CH
Disablel
COM/SEG Circui
ircuit o
Output Type H-39
Disable2
<—Cj

Figure 1-12  Pin Circuit Type H-42 (P1, P3, P6 — P8)

PS032505-0318 PRELIMINARY 1-17




S3F8S7B Product Specification Chapter 2. Address Spaces

Address Spaces

2.1 Overview

The S3F8S7B microcontroller has two types of address space:
e Internal program memory (ROM)

e Internal register file

A 16-bit address bus supports program memory operations. A separate 8-bit register bus carries addresses and
data between the CPU and the register file.

The S3F8S7B has an internal 64KB Flash ROM.
The 256-byte physical register space is expanded into an addressable area of 320 bytes using addressing modes.

A 50-byte LCD display register file is implemented.

2.2 Program Memory (ROM)

Program memory (ROM) stores program codes or table data. The S3F8S7B has 64K bytes internal Flash program
memory.

The first 256 bytes of the ROM (OH—0FFH) are reserved for interrupt vector addresses. Unused locations in this
address range can be used as normal program memory. If you use the vector address area to store a program
code, be careful not to overwrite the vector addresses stored in these locations.

The ROM address at which a program execution starts after a reset is 0100H in the S3F8S7B.

The reset address of ROM can be changed by a Smart Option only in the S3F8S7B (Full-Flash Device). Refer to
the chapter 22. Embedded Flash Memory Interface for more detail contents.
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(Decimal) (Hex)
65,535 FFFFH
64K-bytes
Internal
Program
Memory Area
(T Available | |BFFH
ISP Sector Area
255 == === == - === FFH
Interrupt Vector Area
T T T ITTT T 3FH
Smart Option
———————————————— 3CH
0 00H
Figure 2-1  Program Memory Address Space
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2.2.1 Smart Option

ROM Address: 003EH

MSB | .7 .6 5 A4 3 .2 1 .0 | LSB
. Not used ISP protection size selection bits:(4)(5)
ISP reset vector change selection 00 = 256 bytes
bit:(1) -
0 = OBP reset vector address % - iég f )t;tyetzs
1 = Normal vector (address 0100H) 11 = 2048 bytes
ISP reset vector address selection bits:(2) ISP protection enable/disable bit:(3)
00 = 200H(ISP area size: 256 byte) 0 = Enable (not erasable by LDC)
01 = 300H(ISP area size: 512 byte) 1 = Disable (Erasable by LDC)

10 = 500H(ISP area size: 1024 byte)
11 = 900H(ISP area size: 2048 byte)

ROM Address: 003FH

MSB | .7 .6 5 4 3 2 1 .0 | LSB

I
Not used

LVR enable/disable bit
0 = Disable LVR
1 = Enable LVR

LVR Criteria Voltage Selection bit
0=19V
1=22V

ROM Address: 003CH

MSB [ .7 .6 5 4 3 .2 1 .0 LSB
I

Not used

ROM Address: 003DH

MSB | .7 .6 5 4 3 2 1 .0 | LSB

[
Not used

NOTES:

1. By setting ISP reset vector change selection bit (3E.7) to '0', user can have the available ISP area.
If ISP reset vector change selection bit (3EH.7) is '1', 3EH.6 and 3EH.5 are meaningless.

2. If ISP reset vector change selection bit (3EH.7) is '0', user must change ISP reset vector address from
0100H to some address which user want to set reset address (0200H, 0300H, 0500H or 0900H).
If the reset vector address is 0200H, the ISP area can be assigned from 0100H to O1FFH (256bytes).
If 0300H, the ISP area can be assigned from 0100H to 02FFH (512bytes). If 0500H, the ISP area can
be assigned from 0100H to 04FFH (1024 bytes). If 0900H, the ISP area can be assigned from 0100H
to 08FFH (2048bytes).

3. If ISP protection enable/disable bit is '0', user can't erase or program the ISP area selected by 3EH.1
and 3EH.0 in Flash memory

4. User can select suitable ISP protection size by 3EH.1 and 3EH.0. If ISP protection enable/disable bit
(3EH.2) is '1', 3EH.1 and 3EH.0 are meaningless.

5. After selecting ISP reset vector address in selecting ISP protection size, don't select upper than ISP
area size.

Figure 2-2  Smart Option

Smart Option is the ROM option for start condition of the chip. The ROM address used by Smart Option is from
003CH to 003FH. The S3F8S7B only use 003EH to 003FH.
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When any values are written in the Smart Option area (003CH—-003FH) by LDC instruction, the data of the area
may be changed but the Smart Option is not affected. The data for Smart Option should be written in the Smart
Option area (003CH—003FH) by OTP/MTP programmer (Writer tools).

2.3 Register Architecture

In the S3F8S7B implementation, the upper 64-byte area of register files is expanded two 64-byte areas, called set
1 and set 2. The upper 32-byte area of set 1 is further expanded two 32-byte register banks (bank 0 and bank 1),
and the lower 32-byte area is a single 32-byte common area.

In case of S3F8S7B the total number of addressable 8-bit registers is 2,223. Of these 2,223 registers, 13 bytes are
for CPU and system control registers, 50 bytes are for LCD data registers, 96 bytes are for peripheral control and
data registers, 16 bytes are used as a shared working registers, and 2,048 registers are for general-purpose use,
page O-page 7.

You can always address set 1 register locations, regardless of which of the ten register pages is currently
selected. Set 1 locations, however, can only be addressed using register addressing modes.

The extension of register space into separately addressable areas (sets, banks, and pages) is supported by
various addressing mode restrictions, the select bank instructions, SB0 and SB1, and the register page pointer
(PP).

Specific register types and the area (in bytes) that they occupy in the register file are summarized in Table 2-1.

Table 2-1 S3F8S7B Register Type Summary

Register Type Number of Bytes
Qeneral—purpose_registers (including the _16—byte common working register area, 2 064
eight 192-byte prime register area, and eight 64-byte set 2 area) '
LCD data registers 50
CPU and system control registers 13
Mapped clock, peripheral, I/O control, and data registers 96
Total Addressable Bytes 2,223
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FFH | Page 7
Setl FFH | Page 6
_______ FFH | Page 5
Bank 1 FFH] Page 4
— FFH FFH]| Page 3
Bank 0 FFH| Page 2
32 FFH | Page 1
Bytes System and FFH
[ Peripheral Control Page 0
Registers
“““ (Register Addressing Mode) Set 2
64 EOH
Bytes DEH _ GeneraI-Pu_rpose
System Registers Data Registers - 256
(Register Addressing Mode) — | Bytes
DOH (Indirect Register, — 4
CFH ) Indexed Mode, and ]
General Purpose Register Stack Operations) =1
(Register Addressing Mode) ]
L COH wll
COH [ A
61H Page 8 BFH
Page O 1
Prime L
BSOes Data Registers ~
yt (All addressing modes) ) y
L LCD Display Reigster 192 Prime ~
30H Bytes Data Registers M —
r 2FH ) —
(All Addressing =
48 Peripheral Control Register Modes) L[
Bytes (All addressing modes) |
L O0H 00H B

Figure 2-3  Internal Register File Organization (S3F8S7B)

2.3.1 Register Page Pointer (PP)

The S3C8-series architecture supports the logical expansion of the physical 256-byte internal register file (using
an 8-bit data bus) into as many as 16 separately addressable register pages. Page addressing is controlled by the
register page pointer (PP, DFH). In the S3F8S7B microcontroller, a paged register file expansion is implemented
for LCD data registers, and the register page pointer must be changed to address other pages.

After a reset, the page pointer's source value (lower nibble) and the destination value (upper nibble) are always
"0000", automatically selecting page 0 as the source and destination page for register addressing.
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Register Page Pointer (PP)
DFH ,Set 1, RIW

MSB|.7|.6|.5|.4|.3|.2|.1|.0|LSB

Destination register page selection bits: Source register page selection bits:

0000 | Destination: Page O 0000 | Source: page 0
0001 | Destination: Page 1 0001 | Source: page 1
0010 | Destination: Page 2 0010 | Source: page 2
0011 | Destination: Page 3 0011 | Source: page 3
0100 | Destination: Page 4 0100 | Source: page 4
0101 | Destination: Page 5 0101 | Source: page 5
0110 | Destination: Page 6 0110 | Source: page 6
0111 |Destination: Page 7 0111 | Source: page 7
1000 [ Destination: Page 8 1000 | Source: page 8
Others| Not used for the S3F8S7B Others| Not used for the S3F8S7B

NOTES:

1. Inthe S3F8S7B microcontroller, the internal register file is configured as eleven pages (Pages 0-7, 8).
The pages 0-7 are used for general purpose register file.

2. The page 8 of S3F8S7B is used for LCD data register (30H-61H)or system control regiser (00H-2FH).

Figure 2-4  Register Page Pointer (PP)

Example 2-1  Using the Page Pointer for RAM Clear (Page 0, Page 1)

LD PP, #00H ;Destination « 0, Source « O
SRP #0COH
LD RO, #OFFH ;Page 0 RAM clear starts

RAMCLOCLR @RO
DINZ RO,RAMCLO

CLR @rO ;RO = OOH
LD PP,#10H ;Destination « 1, Source « O
LD RO, #OFFH ;Page 1 RAM clear starts

RAMCL1CLR @RO
DINZ RO,RAMCL1
CLR @RO ;RO = OOH

NOTE: You should refer to page 6-38 and use DINZ instruction properly when DINZ instruction is used in your program.

2.3.2 Register Set 1

The term set 1 refers to the upper 64 bytes of the register file, locations COH-FFH.

The upper 32-byte area of this 64-byte space (EOH-FFH) is expanded two 32-byte register banks, bank 0 and
bank 1. The set register bank instructions, SBO or SB1, are used to address one bank or the other. A hardware
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reset operation always selects bank 0 addressing.

The upper two 32-byte areas (bank 0 and bank 1) of set 1 (EOH—FFH) contains 96 mapped system and peripheral
control registers. The lower 32-byte area contains 16 system registers (DOH-DFH) and a 16-byte common
working register area (COH-CFH). You can use the common working register area as a "scratch" area for data
operations being performed in other areas of the register file.

Registers in set 1 location are directly accessible at all times using Register addressing mode. The 16-byte
working register area can only be accessed using working register addressing (For more information about
working register addressing, please refer to Chapter 3, "Addressing Modes.")

2.3.3 Register Set 2

The same 64-byte physical space that is used for set 1 location COH-FFH is logically duplicated to add another 64
bytes of register space. This expanded area of the register file is called set 2. For the S3F8S7B,
the set 2 address range (COH-FFH) is accessible on pages 0-7.

The logical division of set 1 and set 2 is maintained by means of addressing mode restrictions. You can use only
Register addressing mode to access set 1 location. In order to access registers in set 2, you must use Register
Indirect addressing mode or Indexed addressing mode.

The set 2 register area of page 0 is commonly used for stack operations.
2.3.4 Prime Register Space

The lower 192 bytes (OOH-BFH) of the S3F8S7B's eight 256-byte register pages is called prime register area.
Prime registers can be accessed using any of the seven addressing modes
(see Chapter 3, "Addressing Modes.")

The prime register area on page 0 is immediately addressable following a reset. In order to address prime
registers on pages 0, 1, 2, 3, 4, 5, 6, 7, or 8 you must set the register page pointer (PP) to the appropriate source
and destination values.
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FFH
FFH
FFH
FFH Page 4
FFH Page 3
FFH Page 2
Set 1 FFH Page 1
Bank O Bank 1 FFH Page O i
FFH I3
ECH Set 2 L
EOH L]
DOH COH 0
COH BFH Page 0 61H
Page 8
LCD Data
Prime Register Area
ﬁ CPU and system control Space B 9
= = 30H
I:I General-purpose B 2FH
I:I Peripheral and I/O i
I:I LCD data register OOH O0OH

Figure 2-5 Set 1, Set 2, Prime Area Register, and LCD Data Register Map

2.3.5 Working Registers

Instructions can access specific 8-bit registers or 16-bit register pairs using either 4-bit or 8-bit address fields.
When 4-bit working register addressing is used, the 256-byte register file can be seen by the programmer as one
that consists of 32 8-byte register groups or "slices." Each slice comprises of eight 8-bit registers.

Using the two 8-bit register pointers, RP1 and RPO, two working register slices can be selected at any one time to
form a 16-byte working register block. Using the register pointers, you can move this 16-byte register block
anywhere in the addressable register file, except the set 2 area.

The terms slice and block are used in this manual to help you visualize the size and relative locations of selected
working register spaces:

e One working register slice is 8 bytes (eight 8-bit working registers, RO—R7 or R8—R15)

e One working register block is 16 bytes (sixteen 8-bit working registers, RO—R15)

All the registers in an 8-byte working register slice have the same binary value for their five most significant
address bits. This makes it possible for each register pointer to point to one of the 24 slices in the register file. The
base addresses for the two selected 8-byte register slices are contained in register pointers RP0 and RP1.

After a reset, RP0 and RP1 always point to the 16-byte common area in set 1 (COH—CFH).
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. FFH |
/ Slice 32 F8H
. F7H
Slice 31
11111XXX FOH
Setl
RP1 (Registers R8-R15) Only
Each register pointer points to CEH
one 8-byte slice of the register COH |
space, selecting a total 16-byte |
working register block. :
~ I ~
I
00000 XXX I
I 10H
RPO (Registers R0O-R7) Slice 2 gn
: 7H
Slice 1 OH

Figure 2-6 8 Byte Working Register Areas (Slices)

2.3.6 Using the Register Points

Register pointers RP0 and RP1, mapped to addresses D6H and D7H in set 1, are used to select two movable
8-byte working register slices in the register file. After a reset, they point to the working register common area:
RPO points to addresses COH-C7H, and RP1 points to addresses C8H-CFH.

To change a register pointer value, you load a new value to RP0 and/or RP1 using an SRP or LD instruction.
(Refer to Figure 2-7 and Figure 2-8).

With working register addressing, you can only access those two 8-bit slices of the register file that are currently
pointed to by RPO and RP1. You cannot, however, use the register pointers to select a working register space in
set 2, COH-FFH, because these locations can be accessed only using the Indirect Register or Indexed addressing
modes.

The selected 16-byte working register block usually consists of two contiguous 8-byte slices. As a general
programming guideline, it is recommended that RPO point to the "lower" slice and RP1 point to the "upper" slice
(Refer to Figure 2-7). In some cases, it may be necessary to define working register areas in different (non-
contiguous) areas of the register file. In Figure 2-8, RPO points to the "upper" slice and RP1 to the "lower" slice.

Because a register pointer can point to either of the two 8-byte slices in the working register block, you can flexibly
define the working register area to support program requirements.
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Example 2-2  Setting the Register Pointers

SRP #70H ;RPO « 70H, RP1 « 78H
SRP1 #48H ;RPO « no change, RP1 <« 48H,
SRPO  #0AOH ;RPO <« AOH, RP1 < no change
CLR RPO ;RPO « OOH, RP1 < no change
LD RP1,#0F8H ;RPO « no change, RP1 < OF8H
Register File
Contains 32
8-Byte Slices
00001 XXX FH (R15)
\ 8-Byte Slice | 16-Byte
RP1 8H Contiguous
7H Working
O0O0OO0O0OXXX P———» 8-Byte Slice Register block
OH (RO)
RPO

Figure 2-7  Contiguous 16 Byte Working Register Block

F7H (R7)
8-Byte Slice |
FOH (RO)
Register File 16-Byte
Contains 32 Contiguous
11110 XXX 8-Byte Slices working
Register block
RPO
7H (R15)
00000 XXX p————» 8-Byte Slice I
OH (RO) |«
RP1

Figure 2-8  Non-Contiguous 16 Byte Working Register Block

Example 2-3  Using the RPs to Calculate the Sum of a Series of Registers
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Calculate the sum of registers 80H-85H using the register pointer. The register addresses from 80H through 85H contain
the values 10H, 11H, 12H, 13H, 14H, and 15H, respectively:
SRPO  #80OH ;RPO <« 8OH

ADD RO,R1 ;RO « RO + R1

ADC RO,R2 ;RO «~ RO + R2 + C
ADC RO,R3 ;RO <~ RO + R3 + C
ADC RO,R4 ;RO < RO + R4 + C
ADC RO,R5 ;RO <~ RO + R5 + C

The sum of these six registers, 6FH, is located in the register RO (80H). The instruction string used in this example takes 12
bytes of instruction code and its execution time is 36 cycles. If the register pointer is not used to calculate the sum of these
registers, the following instruction sequence would have to be used:

ADD 80H,81H ;80H « (80H) + (81H)

ADC 80H,82H ;80H « (8OH) + (82H) + C
ADC 80H,83H ;80H « (8OH) + (83H) + C
ADC 80H,84H ;80H « (8OH) + (84H) + C
ADC 80H,85H ;80H « (80H) + (85H) + C

Now, the sum of the six registers is also located in register 80H. However, this instruction string takes 15 bytes of instruction
code rather than 12 bytes, and its execution time is 50 cycles rather than 36 cycles.

2.4 Register Addressing

The S3C8-series register architecture provides an efficient method of working register addressing that takes full
advantage of shorter instruction formats to reduce execution time.

With Register (R) addressing mode, in which the operand value is the content of a specific register or register pair,
you can access any location in the register file except for set 2. With working register addressing, you use a
register pointer to specify an 8-byte working register space in the register file and an 8-bit register within that
space.

Registers are addressed either as a single 8-bit register or as a paired 16-bit register space. In a 16-bit register
pair, the address of the first 8-bit register is always an even number and the address of the next register is always
an odd number. The most significant byte of the 16-bit data is always stored in the even-numbered register, and
the least significant byte is always stored in the next (+1) odd-numbered register.

Working register addressing differs from Register addressing as it uses a register pointer to identify a specific 8-
byte working register space in the internal register file and a specific 8-bit register within that space.

MSB LSB n = Even address

Rn Rn+1

Figure 2-9  16-Bit Register Pair
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Special-Purpose Registers General-Purpose Register
I | I i
Bank 1 Bank 0

FFH FFH

Control

Registers
EOH

2
0 I System Set
DOH i Registers
CFH
4 COH

COH --
BFH [ ----------------

Register [ Jeememememe e
Pointers

H ;U
0
iy

Each register pointer (RP) can independently point Prime
to one of the 24 8-byte "slices" of the register file " Registers | [T
(other than set 2). After areset, RPO pointsto  ~ femmmmmmmmmmeeeed - LCD Data -1
locations COH-C7H and RP1 to locations C8H-CFH |\ ______________| | _. Registers _
(that is, to the common working register area).

NOTE: Inthe S3F8S7B microcontroller, pages 0-7, 8 are

implemented. Pages 0-7, 8 contain all of the addressable [~~~ 777 777TTT7] [~ Peripheral 77
registers in the internal register file. ~~ [mommmmmmooooood F-- CO_”"C" -
It R S Registers__|
00H - e s - -
Page 0 Page 0
f it {1 it !
Register Addressing Only All Indirect Register, All
Addressing Indexed Addressing

Modes Addressing Modes
} | Modes —
Can be Pointed by Register Pointer Can be Pointed to

By register Pointer

Figure 2-10  Register File Addressing

2.4.1 Common Working Register Area (COH-CFH)

After a reset, register pointers RP0O and RP1 automatically select two 8-byte register slices in set 1, locations
COH-CFH, as the active 16-byte working register block:

e RPO COH-C7H
e RP1C8H-CFH

This 16-byte address range is called common area. That is, locations in this area can be used as working registers
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by operations that address any location on any page in the register file. Typically, these working registers serve as
temporary buffers for data operations between different pages.

FFH
FFH
FFH
cet 1 FFH
et =
FFH PP Page 0 |
FCH Set 2 =:
EOH F
COH BFH Page 0 -
= 61H Page 8
n LCD Data
Following a hardware reset, register ) . Register Area
pointers RPO and RP1 point to the Prime L i
common working register area, Space i 304
locations COH-CFH. | | SFH
B Peripheral
RPO=| 1100 | 0000 | il Control Register
Area
RP1=| 1100 1000 B
| | | 00H 00H

Figure 2-11 Common Working Register Area

Example 2-4  Addressing the Common Working Register Area

As the following examples show, you should access working registers in the common area, locations COH-CFH, using

working register addressing mode only.

Examples

1. LD 0OC2H,40H
Use working register addressing instead:
SRP #0COH
LD R2,40H

;Invalid addressing mode!

;R2 (C2H) the value in location 40H

2. ADD OC3H,#45H ;Invalid addressing mode!
Use working register addressing instead:
SRP #0COH
ADD R3,#45H

:R3 (C3H) R3 + 45H
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2.4.2 4-Bit Working Register Addressing

Each register pointer defines a movable 8-byte slice of working register space. The address information stored in a
register pointer serves as an addressing "window" that makes it possible for instructions to access working
registers very efficiently using short 4-bit addresses. When an instruction addresses a location in the selected
working register area, the address bits are concatenated in the following way to form a complete 8-bit address:

e The high-order bit of the 4-bit address selects one of the register pointers ("0" selects RPO, "1" selects RP1).

e The five high-order bits in the register pointer select an 8-byte slice of the register space.

e The three low-order bits of the 4-bit address select one of the eight registers in the slice.

As shown in Figure 2-12, the result of this operation is that the five high-order bits from the register pointer are
concatenated with the three low-order bits from the instruction address to form the complete address. As long as
the address stored in the register pointer remains unchanged, the three bits from the address will always point to
an address in the same 8-byte register slice.

Figure 2-13 shows a typical example of 4-bit working register addressing. The high-order bit of the instruction "INC
R6" is "0", which selects RPO. The five high-order bits stored in RP0 (01110B) are concatenated with the three
low-order bits of the instruction's 4-bit address (110B) to produce the register address 76H (01110110B).

RPO
—>
RP1
Selects
RPO or RP1

Address OPCODE

4-bit address

Regi.ster pointer provides three
provides five low-order bits
high-order bits

Together they create an
8-bit register address

Figure 2-12  4-Bit Working Register Addressing
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RPO RP1
Selects RPO
l j R6 OPCODE
Reqister nstruct
01110 | 110 | address 0110|1110 ,Ir"\fcr“FgéF’”
(76H)

Figure 2-13  4-Bit Working Register Addressing Example

2.4.3 8-Bit Working Register Addressing

You can also use 8-bit working register addressing to access registers in a selected working register area. To
initiate 8-bit working register addressing, the upper four bits of the instruction address must contain the value
"1100B." This 4-bit value (1100B) indicates that the remaining four bits have the same effect as 4-bit working
register addressing.

As shown in Figure 2-14, the lower nibble of the 8-bit address is concatenated in much the same way as for 4-bit
addressing: Bit 3 selects either RPO or RP1, which then supplies the five high-order bits of the final address; the
three low-order bits of the complete address are provided by the original instruction.

Figure 2-15 shows an example of 8-bit working register addressing. The four high-order bits of the instruction
address (1100B) specify 8-bit working register addressing. Bit 4 ("1") selects RP1 and the five high-order bits in
RP1 (10101B) become the five high-order bits of the register address. The three low-order bits of the register
address (011) are provided by the three low-order bits of the 8-bit instruction address. The five address bits from
RP1 and the three address bits from the instruction are concatenated to form the complete register address, OABH
(10101011B).
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RPO
—»
RP1
Selects
RPO or RP1
Address
These address ! !
bits indicate 8-bit > 1 1 0 0 8-bit logical
working register - address
addressing
Register pointer Three low-order bits

provides five
high-order bits

8-bit physical address

Figure 2-14  8-Bit Working Register Addressing

RPO RP1
01100000 —»| 10101000
Selects RP1
J— R11 . v i
8-bit address Register
1100(1]01 1 | forminstruction 10101 011 address
'LD R11, R2' (OABH)

Specifies working
register addressing

Figure 2-15  8-Bit Working Register Addressing Example
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2.5 System and User Stack

The S3C8-series microcontrollers use the system stack for data storage, subroutine calls and returns. The PUSH
and POP instructions are used to control system stack operations. The S3F8S7B architecture supports stack
operations in the internal register file.

2.5.1 Stack Operations

Return addresses for procedure calls, interrupts, and data are stored on the stack. The contents of the PC are
saved to stack by a CALL instruction and restored by the RET instruction. When an interrupt occurs, the contents
of the PC and the FLAGS register are pushed to the stack. The IRET instruction then pops these values back to
their original locations. The stack address value is always decreased by one before a push operation and
increased by one after a pop operation. The stack pointer (SP) always points to the stack frame stored on the top
of the stack, as shown in Figure 2-16.

High Address

A
PCL
PCL
Top of PCH PCH
stack Top of Al
stack ags
Stack contents Stack contents
after a call after an
instruction interrupt
v

Low Address

Figure 2-16  Stack Operations

2.5.2 User-Defined Stacks

You can freely define stacks in the internal register file as data storage locations. The instructions PUSHUI,
PUSHUD, POPUI, and POPUD support user-defined stack operations.

2.5.3 Stack Pointers (SPL, SPH)

Register locations D8H and D9H contain the 16-bit stack pointer (SP) that is used for system stack operations.
The most significant byte of the SP address, SP15-SP8, is stored in the SPH register (D8H), and the least
significant byte, SP7-SPO, is stored in the SPL register (D9H). After a reset, the SP value is undetermined.

Because only internal memory space is implemented in the S3F8S7B, the SPL must be initialized to an 8-bit value
in the range 00H-FFH. The SPH register is not needed and can be used as a general-purpose register, if
necessary.

When the SPL register contains the only stack pointer value (that is, when it points to a system stack in the
register file), you can use the SPH register as a general-purpose data register. However, if an overflow or
underflow condition occurs as a result of increasing or decreasing the stack address value in the SPL register
during normal stack operations, the value in the SPL register will overflow (or underflow) to the SPH register,
overwriting any other data that is currently stored there. To avoid overwriting data in the SPH register, you can
initialize the SPL value to "FFH" instead of "00H".
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Addressing Modes

3.1 Overview

Instructions that are stored in program memory are fetched for execution using the program counter. Instructions
indicate the operation to be performed and the data to be operated on. Addressing mode is the method used to
determine the location of the data operand. The operands specified in SAM88RC instructions may be condition
codes, immediate data, or a location in the register file, program memory, or data memory.

The S3C8-series instruction set supports seven explicit addressing modes. Not all of these addressing modes are
available for each instruction.

The seven addressing modes and their symbols are:

e Register (R)

¢ Indirect Register (IR)
e Indexed (X)

e Direct Address (DA)

e Indirect Address (I1A)

e Relative Address (RA)

e Immediate (IM)
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3.2 Register Addressing Mode (R)

In Register addressing mode (R), the operand value is the content of a specified register or register pair
(Refer to Figure 3-1).

Working register addressing differs from Register addressing in that it uses a register pointer to specify an 8-byte
working register space in the register file and an 8-bit register within that space (Refer to Figure 3-2).

Program Memory Register File
8-bit Register
File Address ™ dst o > OPERAND
Point to One /
» OPCODE Register in Register
One-Operand % File
Instruction )
(Example) Value used in

Instruction Execution

Sample Instruction:

DEC CNTR ; Where CNTR is the label of an 8-bit register address

Figure 3-1 Register Addressing

Register File
MSB Point to
RPO ot RP1
> RPO or RP1 &
Selected
RP points
Program Memory to start
4-bit of working
Working Register N3 st src e 3LSBs > E:Tg(l:sljer
Point to the
TWo-O d » OPCODE Working Register OPERAND
wo-Operan 10of 8
Instruction/ ( ) <«
(Example)
Sample Instruction:
ADD R1, R2 ;. Where R1 and R2 are registers in the currently
selected working register area.

Figure 3-2  Working Register Addressing
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3.3 Indirect Register Addressing Mode (IR)

In Indirect Register (IR) addressing mode, the content of the specified register or register pair is the address of the
operand. Depending on the instruction used, the actual address may point to a register in the register file, to
program memory (ROM), or to an external memory space (Refer to Figure 3-3 through Figure 3-6).

You can use any 8-bit register to indirectly address another register. Any 16-bit register pair can be used to
indirectly address another memory location. Please note, however, that you cannot access locations COH-FFH in
set 1 using the Indirect Register addressing mode.

Program Memory Register File

8-bit Register

File Address N

dst o »| , ADDRESS
Point to One /-
» OPCODE Register in Register
File

One-Operand
Instruction A
(Example)

Sample Instruction:

RL @SHIFT

Address of Operand
used by Instruction

Value used in _4¥ OPERAND

Instruction Execution

Where SHIFT is the label of an 8-bit register address

Figure 3-3  Indirect Register Addressing to Register File
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Program Memory

Example

Instruction

dst (5

—>

References —» OPCODE

Points to

Program

Register Pair

Memory

Sample Instructio

ns:

Value used in —

Register File

REGISTER

PAIR

Program Memory

16-Bit

Address
Points to
Program
Memory

> OPERAND

- @RR2 Instruction
JP @RR2
Figure 3-4 Indirect Register Addressing to Program Memory
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Program Memory

4-bit
Working
Register P dst src @
Address OPCODE

OR

Sample Instruction:

R3, @R6

Selected

RP points

to start fo
working register
block

Register File
MSB Points to
RPO or RP1

Fmmmmm—m--—- RPO or RP1
I
I
I
I
I
I
I
I ~
:
I
I 3LSBs
A -

Point to the
Working Register ADDRESS

(1 of 8)
Value used in —»  OPERAND

Instruction

Figure 3-5 Indirect Working Register Addressing to Register File
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4-bit Working
Register Address

Example Instruction
References either
Program Memory or
Data Memory

Program Memory

‘dst|

MSB Points to
RPO or RP1

v

v

Register File

RPOorRP1 e

src @

7! OPCODE

Sample Instructions:

Next 2-bit Point
to Working
Register Pair
(1 of 4)

LSB Selects

v

Register
Pair

=

Value used in __|

Instruction

Program Memory
or
Data Memory

OPERAND

Selected
RP points
to start of
working
register
block

16-Bit
address
points to
program
memory
or data
memory

LCD R5@RR6 ; Program memory access
LDE R3,@RR14 ; External data memory access
LDE @RR4, R8 ; External data memory access
Figure 3-6  Indirect Working Register Addressing to Program or Data Memory

PS032505-0318

PRELIMINARY



S3F8S7B Product Specification Chapter 3. Addressing Modes

3.4 Indexed Addressing Mode (X)

Indexed (X) addressing mode adds an offset value to a base address during instruction execution in order to
calculate the effective operand address (Refer to Figure 3-7). You can use Indexed addressing mode to access
locations in the internal register file or in external memory. Please note, however, that you cannot access locations
COH-FFH in set 1 using Indexed addressing mode.

In short offset Indexed addressing mode, the 8-bit displacement is treated as a signed integer in the range —128 to
+127. This applies to external memory accesses only (Refer to Figure 3-8)

For register file addressing, an 8-bit base address provided by the instruction is added to an 8-bit offset contained
in a working register. For external memory accesses, the base address is stored in the working register pair
designated in the instruction. The 8-bit or 16-bit offset given in the instruction is then added to that base address

(Refer to Figure 3-9).

The only instruction that supports Indexed addressing mode for the internal register file is the Load instruction
(LD). The LDC and LDE instructions support Indexed addressing mode for internal program memory and for
external data memory, when implemented.

Register File

REEEE T »| RPOOrRP1 e

_ Selected RP
Value usec_i in points to
Instruction start of
working
register
+ block

I
I
I
I
I
I
I
I
I
!
I
! OPERAND
I
I
I
I
I
I
I
I
i
I

Program Memory /V T 4

Base Address !
» dst/src X @f-b----—--————— > INDEX <

Two-Operand _|

Instruction Point to One of the
Example OPCODE Woking Register
(1 of 8)
Sample Instruction:
LD RO, #BASE[R1] : Where BASE is an 8-bit immediate value

Figure 3-7 Indexed Addressing to Register File
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Register File
MSB Points to
RPO or RP1

mmommomomoooe > RPOorRP1 @
| Selected
! RP points
: 1 to start of
! i T working

Program Memory ! register
I

, _ OFFSET ] | NEXT 2 Bits plock
4-bit Working __1y, gsy/src X e et > Register
Register Address OPCODE 1 Point to Working Pair BB
| Register Pair
I (Lof4) <« | 16-Bit
! address
: added to
b ] » Program Memory offset
LSB Selects or
Data Memory
—> <

8-Bits 16-Bits

OPERAND «— Valueusedin

16-Bits Instruction
Sample Instructions:
LDC R4, #04H[RR2] ;  The values in the program address (RR2 + 04H)
are loaded into register R4.
LDE R4,#04H[RR2] ; ldentical operation to LDC example, except that

external program memory is accessed.

Figure 3-8 Indexed Addressing to Program or Data Memory with Short Offset
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Program Memory

OFFSET
_ _ OFFSET

4-bit Working 1y, gst/src Src @
Register Address OPCODE

Sample Instructions:

MSB Points to
RPO or RP1

NEXT 2 Bits

Point to Working
Register Pair

—_————— e — -

LSB Selects

Register File

RPOorRP1 e

Pair

| 2 Register |

p» Program Memory
or
Data Memory

Selected
RP points
to start of
working
register
block

16-Bit
address
added to
offset

’ <
8-Bits

16-Bits

16-Bits

OPERAND

4_

| Value used in

Instruction

LDC R4, #1000H[RR2] ;  The values in the program address (RR2 + 1000H)
are loaded into register R4.
LDE R4,#1000H[RR2] ; ldentical operation to LDC example, except that
external program memory is accessed.
Figure 3-9 Indexed Addressing to Program or Data Memory
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3.5 Direct Address Mode (DA)

In Direct Address (DA) mode, the instruction provides the operand's 16-bit memory address. Jump (JP) and Call
(CALL) instructions use this addressing mode to specify the 16-bit destination address that is loaded into the PC

whenever a JP or CALL instruction is executed.

The LDC and LDE instructions can use Direct Address mode to specify the source or destination address for Load
operations to program memory (LDC) or to external data memory (LDE), if implemented.

Program or
Data Memory

Program Memory

Upper Address Byte

Lower Address Byte

dst/src | "0"or "1"

OPCODE

Sample Instructions:

Memory
Address
Used

LSB Selects Program
Memory or Data Memory:
"0" = Program Memaory
"1" = Data Memory

LDC R5,1234H ; The values in the program address (1234H)
are loaded into register R5.
LDE R5,1234H ; Identical operation to LDC example, except that

external program memory is accessed.

Figure 3-10 Direct Addressing for Load Instructions

PS032505-0318 PRELIMINARY

3-10




S3F8S7B Product Specification

Chapter 3. Addressing Modes

Program Memory

Lower Address Byte
OPCODE

Sample Instructions:

JP C,JoB1
CALL DISPLAY

Next OPCODE |+

Upper Address Byte }

Memory
Address
Used

;' Where JOB1 is a 16-bit immediate address
: Where DISPLAY is a 16-bit immediate address

Figure 3-11

Direct Addressing for Call and Jump Instructions
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3.6 Indirect Address Mode (IA)

In Indirect Address (IA) mode, the instruction specifies an address located in the lowest 256 bytes of the program
memory. The selected pair of memory locations contains the actual address of the next instruction to be executed.
Only the CALL instruction can use the Indirect Address mode.

Because the Indirect Address mode assumes that the operand is located in the lowest 256 bytes of program
memory, only an 8-bit address is supplied in the instruction; the upper bytes of the destination address are
assumed to be all zeros.

Program Memory

v

<«4— Next Instruction
LSB Must be Zero
L
C ¢ dst A
urren
Instruction OPCODE
|_ Lower Address Byte Program Memory

|_ Upper Address Byte | €— Locations 0-255

Sample Instruction:

CALL #40H ; The 16-bit value in program memory addresses 40H
and 41H is the subroutine start address.

Figure 3-12  Indirect Addressing

3.7 Relative Address Mode (RA)

In Relative Address (RA) mode, a twos-complement signed displacement between — 128 and + 127 is specified in

the instruction. The displacement value is then added to the current PC value. The result is the address of the next
instruction to be executed. Before this addition occurs, the PC contains the address of the instruction immediately

following the current instruction.

Several program control instructions use the Relative Address mode to perform conditional jumps. The instructions
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that support RA addressing are BTJRF, BTJRT, DINZ, CPIJE, CPIINE, and JR.

Program Memory

Next OPCODE

Displacement

Program Memory
Address Used

Current

PC Value\t

W]

>

Current Instruction — T

OPCODE

Sample Instructions:

JR

ULT,$+OFFSET

Signed
Displacement Value

Where OFFSET is a value in the range +127 to -128

Figure 3-13

Relative Addressing
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Control Registers

4.1 Overview

In this chapter, detailed descriptions of the S3F8S7B control registers are presented in an easy-to-read format.
You can use this chapter as a quick-reference source when writing application programs. Figure 4-1 illustrates the
important features of the standard register description format.

Control register descriptions are arranged in alphabetical order according to register mnemonic. More detailed
information about control registers is presented in the context of the specific peripheral hardware descriptions in
Part Il of this manual.

Data and counter registers are not described in detail in this reference chapter. More information about all of the
registers used by a specific peripheral is presented in the corresponding peripheral descriptions in Part 1l of this
manual.

The locations and read/write characteristics of all mapped registers in the S3F8S7B register file are listed in Table
4-1. The hardware reset value for each mapped register is described in Chapter 8, "RESET and Power-Down."

Table 4-1  Set 1 Registers

Register Name Mnemonic Decimal Hex R/W
Location DOH — D2H is not mapped.
Basic Timer Control Register BTCON 211 D3H R/W
System Clock Control Register CLKCON 212 D4H R/W
System Flags Register FLAGS 213 D5H R/W
Register Pointer 0 RPO 214 D6H R/W
Register Pointer 1 RP1 215 D7H R/W
Stack Pointer (High Byte) SPH 216 D8H R/W
Stack Pointer (Low Byte) SPL 217 D9H R/W
Instruction Pointer (High Byte) IPH 218 DAH R/W
Instruction Pointer (Low Byte) IPL 219 DBH R/W
Interrupt Request Register IRQ 220 DCH R
Interrupt Mask Register IMR 221 DDH R/W
System Mode Register SYM 222 DEH R/W
Register Page Pointer PP 223 DFH R/W
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Table 4-2  Set 1, Bank 0 Registers

Register Name Mnemonic Decimal Hex RW
A/D Converter Data Register (High Byte) ADDATAH 208 DOH R
A/D Converter Data Register (Low Byte) ADDATAL 209 D1H R
A/D Converter Control Register ADCON 210 D2H RW
Timer A Counter Register TACNT 224 EOH R
Timer A Data Register TADATA 225 E1H RW
Timer A Control Register TACON 226 E2H RW
Timer B Control Register TBCON 227 E3H RW
Timer B Data Register (High Byte) TBDATAH 228 E4H RW
Timer B Data Register (Low Byte) TBDATAL 229 E5H RwW
Watch Timer Control Register WTCON 230 E6H RwW
SIO Control Register SIOCON 231 E7H RW
SIO Data Register SIODATA 232 E8H RW
SIO Pre-Scaler Register SIOPS 233 E9H RW
Timer CO Counter Register TCOCNT 234 EAH R
Timer CO Data Register TCODATA 235 EBH RW
Timer CO Control Register TCOCON 236 ECH RW
Timer C1 Counter Register TCICNT 237 EDH R
Timer C1 Data Register TC1DATA 238 EEH RW
Timer C1 Control Register TC1CON 239 EFH RW
LCD Control Register LCON 240 FOH RwW
LCD Mode Register LMOD 241 F1H RW
Locations F2H — F3H are not mapped.
Interrupt Pending Register INTPND 244 F4H RwW
STOP Control Register STPCON 245 F5H RwW
EI;\;? Memory Sector Address Register (High FMSECH 246 E6H RW
EI;\;? Memory Sector Address Register (Low EMSECL 247 E7H RW
Elgsir;tl\e/lremory User Programming Enable FMUSR 248 FSH RW
Flash Memory Control Register FMCON 249 FOH RwW
Oscillator Control Register OSCCON 250 FAH RwW
Locations FBH — FCH are not mapped.
Basic Timer Counter BTCNT 253 FDH R
Location FEH is not mapped.
Interrupt Priority Register IPR 255 FFH RW
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Table 4-3  Set 1, Bank 1 Registers

Register Name Mnemonic Decimal Hex RW
Pattern Generation Control Register PGCON 208 DOH RW
Pattern Generation Data Register PGDATA 209 D1H RW
Location D2H is not mapped.
Port 0 Control Register (High Byte) POCONH 224 EOH RwW
Port 0 Control Register (Low Byte) POCONL 225 E1H RwW
Port 1 Control Register (High Byte) P1CONH 226 E2H RW
Port 1 Control Register (Low Byte) P1CONL 227 E3H RW
Port 1 Pull-Up Resistor Enable Register P1PUR 228 E4H RW
Port 1 N-Channel Open-Drain Mode Register PNE1 229 E5H RW
Port 2 Control Register (High Byte) P2CONH 230 E6H RwW
Port 2 Control Register (Low Byte) P2CONL 231 E7H RW
Port 2 Interrupt Control Register (High Byte) P2INTH 232 E8H RW
Port 2 Interrupt Control Register (Low Byte) P2INTL 233 E9H RwW
Port 2 Interrupt Pending Register P2PND 234 EAH RwW
Port 3 Interrupt Control Register (High Byte) P3CONH 235 EBH RwW
Port 3 Interrupt Control Register (Middle Byte) P3CONM 236 ECH RW
Port 3 Interrupt Control Register (Low Byte) P3CONL 237 EDH RW
Port 3 Pull-Up Resistor Enable Register P3PUR 238 EEH RW
Port 3 N-Channel Open-Drain Mode Register PNES3 239 EFH RW
Port 5 Control Register (High Byte) P5CONH 240 FOH RW
Port 5 Control Register (Low Byte) P5CONL 241 F1H RW
Port 6 Control Register (High Byte) P6CONH 242 F2H RW
Port 6 Control Register (Low Byte) P6CONL 243 F3H RW
Port 6 Pull-Up Resistor Enable Register P6PUR 244 F4H RW
Port 6 N-Channel Open-Drain Mode Register PNE6 245 F5H RW
Timer DO Counter Register (High Byte) TDOCNTH 246 F6H R
Timer DO Counter Register (Low Byte) TDOCNTL 247 F7H R
Timer DO Data Register (High Byte) TDODATAH 248 F8H RW
Timer DO Data Register (Low Byte) TDODATAL 249 FOH RW
Timer DO Control Register TDOCON 250 FAH RW
Timer D1 Control Register TD1CON 251 FBH RW
Timer D1 Counter Register (High Byte) TD1CNTH 252 FCH R
Timer D1 Counter Register (Low Byte) TDI1CNTL 253 FDH R
Timer D1 Data Register (High Byte) TD1DATAH 254 FEH RW
Timer D1 Data Register (Low Byte) TD1DATAL 255 FFH RW
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Table 4-4  Page 8 Registers

Register Name Mnemonic Decimal Hex RW
Port 0 Data Register PO 0 OOH RW
Port 1 Data Register P1 1 01H RW
Port 2 Data Register P2 2 02H RW
Port 3 Data Register P3 3 03H RW
Port 4 Data Register P4 4 04H RW
Port 5 Data Register P5 5 O5H RW
Port 6 Data Register P6 6 06H RW
Port 7 Data Register P7 7 07H RW
Port 8 Data Register P8 8 08H RW
Locations 09H-0BH are not mapped
Port 4 Control Register (High Byte) P4CONH 12 OCH RW
Port 4 Control Register (Low Byte) P4CONL 13 ODH RW
Port 4 Interrupt Control Register (High Byte) PAINTH 14 OEH RW
Port 4 Interrupt Control Register (Low Byte) PAINTL 15 OFH RW
Port 4 Interrupt Pending Register P4APND 16 10H RW
Locations 11H — 13H are not mapped
UART 0 Control Register (High Byte) UARTOCONH 20 14H RW
UART 0 Control Register (Low Byte) UARTOCONL 21 15H RW
UART 0 Data Register UDATAO 22 16H RW
UART 0 Baud Rate Data Register BRDATAO 23 17H RW
UART 1 Control Register (High Byte) UART1CONH 24 18H RW
UART 1 Control Register (Low Byte) UART1CONL 25 19H RW
UART 1 Data Register UDATAL 26 1AH RW
UART 1 Baud Rate Data Register BRDATA1 27 1BH RW
Port 7 Control Register (High Byte) P7CONH 28 1CH RW
Port 7 Control Register (Low Byte) P7C