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1  PRODUCT OVERVIEW 

SAM88RCRI PRODUCT FAMILY 

Samsung's SAM88RCRI family of 8-bit single-chip CMOS microcontrollers offers a fast and efficient CPU, a wide range of integrated 
peripherals, and various mask-programmable ROM sizes.  

A dual address/data bus architecture and a large number of bit- or nibble-configurable I/O ports provide a flexible programming environment for 
applications with varied memory and I/O requirements. Timer/counters with selectable operating modes are included to support real-time 
operations. Many SAM88RCRI microcontrollers have an external interface that provides access to external memory and other peripheral 
devices.  

S3C9688/P9688 MICROCONTROLLER 

The S3C9688/P9688 single-chip 8-bit microcontroller is fabricated using an advanced CMOS process. It is built around the powerful 
SAM88RCRI CPU core.  

Stop and Idle power-down modes were implemented to reduce power consumption. To increase on-chip register space, the size of the internal 
register file was logically expanded. The S3C9688 has 8 K bytes of program     memory on-chip. 

Using the SAM88RCRI design approach, the following peripherals were integrated with the SAM88RCRI core: 

—  Five configurable I/O ports (32 pins)  

—  20 bit-programmable pins for external interrupts 

—  8-bit timer/counter with three operating modes 

—  Low speed USB function 

The S3C9688/P9688 is a versatile microcontroller that can be used in a wide range of low speed USB support general purpose applications. It 
is especially suitable for use as a keyboard controller and is available in a 42-pin SDIP and a 44-pin QFP package.  

OTP 

The S3C9688/P9688 microcontroller is also available in OTP (One Time Programmable) version, S3P9688. S3P9688 microcontroller has an 
on-chip 8-Kbyte one-time-programmable EPROM instead of masked ROM. The S3P9688 is comparable to S3C9688/P9688, both in function 
and in pin configuration. 
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FEATURES 

CPU 

•  SAM88RCRI CPU core 

Memory 

•  8 K byte internal program memory (ROM) 

•  208 byte RAM 

Instruction Set 

•  41 instructions 

•  IDLE and STOP instructions added for power-down modes 

Instruction Execution Time 

•  0.66 µs at 6 MHz fOSC 

Interrupts  

•  29 interrupt sources with one vector, each source has its 
pending bit 

•  One level, one vector interrupt structure  

Oscillation Circuit 

•  6 MHz crystal/ceramic oscillator 

•  External clock source (6 MHz) 

•  Embedded oscillation capacitor (XI, XO, 33pF) 

General I/O 

•  Bit programmable five I/O ports (34 pins total) 
—  (D+/PS2, D-/PS2 Included) 

 

Timer/Counter 

•  One 8-bit basic timer for watchdog function and 
programmable oscillation stabilization interval generation 
function 

•  One 8-bit timer/counter with Compare/Overflow 

USB Serial Bus 

•  Compatible to USB low speed (1.5 Mbps) device 2.0 
specification. 

•  1 Control endpoint and 2 Interrupt endpoint 

•  Serial bus interface engine (SIE) 

 —  Packet decoding/generation 

 —  CRC generation and checking 

 —  NRZI encoding/decoding and bit-stuffing 

•  8 bytes each receive/transmit USB buffer 

Low Voltage Reset 

•  Low voltage detect for RESET 

•  Power on Reset 

Operating Temperature Range  

•  – 40 °C  to  + 85 °C  

Operating Voltage Range  

•  4.0 V  to  5.25 V 

Package Types 

•  42-pin SDIP 

•  44-pin QFP 
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BLOCK DIAGRAM 
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Figure 1-1. Block Diagram 
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PIN ASSIGNMENTS 
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Figure 1-2. Pin Assignment Diagram (42-Pin SDIP Package) 
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Figure 1-3. Pin Assignment Diagram (44-Pin QFP Package) 
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PIN DESCRIPTIONS 

Table 1-1. S3C9688/P9688 Pin Descriptions  

Pin  Names Pin 

Type 

Pin 

Description 

Circuit 

Number 

Pin 

Numbers 

Share 

Pins 

P0.0–P0.7 I/O Bit-programmable I/O port for Schmitt trigger input or open-
drain output. Port0 can be individually configured as external 
interrupt inputs. Pull-up resistors are assignable by software. 

B 36–29 
(30–23) 

INT2 

P1.0–P1.7 I/O Bit-programmable I/O port for Schmitt trigger input or open-
drain output. Pull-up resistors are assignable by software. 

B 28–21 
(22–15) 

– 

P2.0–P2.7 I/O Bit-programmable I/O port for Schmitt trigger input or open-
drain output. Port2 can be individually configured as external 
interrupt inputs. Pull-up resistors are assignable by software. 

B 3–10 
(41–44, 1–4) 

INT0 

P3.0–P3.3 I/O Bit-programmable I/O port for Schmitt trigger input, open-
drain or push-pull output. P3.3 can be used to system clock 
output (CLO) pin. 

C 2, 1, 42, 41 
(40–37) 

P3.3/CLO 

P4.0–P4.3 I/O Bit-programmable I/O port for Schmitt trigger input or open-
drain output or push-pull output. Port4 can be individually 
configured as external interrupt inputs. In output mode, pull-
up resistors are assignable by software. But in input mode, 
pull-up resistors are fixed.  

D 16, 17, 19, 20 
(10, 11, 13, 14) 

INT1 

D+/PS2   D-
/PS2 

I/O Programmable port for                                     USB interface 
or PS2 interface. 

– 40–39  
(36–35) 

– 

3.3 VOUT – 3.3 V output from internal voltage regulator – 38 (34) – 

XIN, XOUT – System clock input and output pin (crystal/ceramic oscillator, 
or external clock source)  

– 14, 13 
(8, 7) 

– 

INT0 
INT1 
INT2 

I External interrupt for bit-programmable port0, port2 and port4 
pins when set to input mode. 

– 3-10, 16,17, 19, 
20, 29-36 

(30-23, 41-44, 1-
4, 10, 11, 13, 14) 

PORT2/ 
PORT4/ 
PORT0 

RESET I RESET signal input pin. Input with internal pull-up resistor.  A 18 (12) – 

TEST  I Test signal input pin (for factory use only;  connected to VSS) – 15 (9) – 

VDD – Power input pin – 11 (5) – 

VSS – Ground input pin – 12, (6) – 

NC – No connection – 37 (31,32, 33) – 

NOTE: Pin numbers shown in parenthesis '(  )' are for the 44-QFP package; others are for the 42-SDIP package.  

PIN CIRCUITS DIAGRAMS 

Table 1-2. Pin Circuit Assignments for the S3C9688/P9688 

Circuit Number Circuit Type S3C9688/P9688 Assignments  

A I RESET  signal input 

B I/O Ports 0, 1, and 2 

C I/O Port 3 

D I/O Port 4 
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Figure 1-4. Pin Circuit Type A (RESET)  
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Figure 1-5. Pin Circuit Type B (Ports 0, 1 and 2) 
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Figure 1-6. Pin Circuit Type C (Port 3) 
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Figure 1-7. Pin Circuit Type D (Port 4)  
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APPLICATION CIRCUIT 
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Figure 1-8. Keyboard Application Circuit Diagram 
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NOTES 
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2  ADDRESS SPACES  

O V E R V I E W  

T h e  S 3 C 9 6 8 8 / P 9 6 8 8  m i c r o c o n t r o l l e r  h a s  t w o  k i n d s  o f  a d d r e s s  s p a c e :  

—  P r o g r a m  m e m o r y  ( R O M ) ,  i n t e r n a l 

—  Internal  register  f i le  

A  1 3 -b i t  a d d r e s s  b u s  s u p p o r t s  b o t h  p r o g r a m  m e m o r y .  A  s e p a r a t e  8 -b i t  r eg i s t e r  bus  ca r r i es  add resses  and  da ta  
be tween  the  CPU and  the  i n te rna l  reg i s te r  f i l e .   

T h e  S 3 C 9 6 8 8  h a s  8  K  b y t e s  o f  m a s k -p r o g r a m m a b l e  p r o g r a m  m e m o r y  o n -c h i p .  T h e r e  i s  o n e  p r o g r a m  m e m o r y  
con f igura t ion  op t ion :   

—  I n t e r n a l  R O M  m o d e ,  i n  w h i c h  o n l y  t h e  8  K  b y t e  i n t e r n a l  p r o g r a m  m e m o r y  i s  u s e d .   

T h e  S 3 C 9 6 8 8 / P 9 6 8 8  m i c r o c o n t r o l l e r  h a s  2 0 8  g e n e r a l-purpose  reg is te rs  in  i t s  in te rna l  reg is te r  f i l e .  Twenty -seven  
by tes  i n  t he  reg i s te r  f i l e  a re  mapped  fo r  sys tem and  pe r i phe ra l  con t ro l  f unc t i ons .   
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P R O G R A M  M E M O R Y  ( R O M ) 

N o r m a l  O p e r a t i n g  M o d e  ( I n t e r n a l  R O M ) 

T h e  S 3 C 9 6 8 8 / P 9 6 8 8  h a s  8  K  b y t e s  ( l o c a t i o n s  0 H – 1 F F F H )  o f  i n t e r n a l  m a s k -p r o g r a m m a b l e  p r o g r a m  m e m o r y .   

The  f i r s t  2  by tes  o f  t he  ROM (0000H– 0001H)  a re   an  i n te r rup t  vec to r  add ress . 

T h e  p r o g r a m  r e s e t  a d d r e s s  i n  t h e  R O M  i s  0 1 0 0 H . 

8 K byte Internal
Program Memory

Area

8,191

(DECIMAL) (HEX)

1FFFH (S3C9688/P9688)

256

2

1

0

0100H

0002H

0001H

0000H

Interrupt Vector

4-Kbyte Internal
Program Memory

Area

4,095 0FFFH

Program Start

 

F i g u r e  2 -1 .  P r o g r a m  M e m o r y  A d d r e s s  S p a c e  
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R E G I S T E R  A R C H I T E C T U R E  

The  upper  64  by tes  o f  t he  S3C9688 /P9688 ' s  i n te rna l  r eg i s te r  f i l e  a re  add ressed  as  wo rk i ng  reg i s te r s ,  sys tem con t ro l  
reg is te rs  and  per iphera l  con t ro l  reg is te rs .  The  lower  192  by tes  o f  in te rna l  reg is te r  f i l e  (00H– BFH)  i s  ca l l ed  t he  gene ra l  
p u r p o s e  r e g i s t e r  s p a c e .  T h e  t o t a l   a d d r e s s a b l e  r e g i s t e r  s p a c e  i s  t h e r e b y  2 5 6  b y t e s .  2 3 3  r e g i s t e r s  i n  t h i s  s p a c e  c a n  
be  accessed . ;  208  a re  ava i l ab le  fo r  genera l-p u r p o s e  u s e .  

Fo r  many  SAM88RCRI  m ic rocon t ro l l e r s ,  t he  add ressab le  a rea  o f  t he  i n te rna l  r eg i s te r  f i l e  i s  f u r t he r  expanded  by  t he  
a dd i t i ona l  o f  one  o r  more  reg i s te r  pages  a t  gene ra l  pu rpose  reg i s te r  space  (00H– BFH) .  Th i s  reg i s te r  f i l e  expans ion  i s  
n o t  i m p l e m e n t e d  i n  t h e  S 3 C 9 6 8 8 / P 9 6 8 8 ,  h o w e v e r .  P a g e  a d d r e s s i n g  i s  c o n t r o l l e d  b y  t h e  S y s t e m  M o d e  R e g i s t e r  
( S Y M . 1 – S Y M . 0 ) .  

The  spec i f i c  r eg i s te r  t ypes  and  the  a rea  ( i n  by tes )  t ha t  t hey  occupy  i n  t he  i n te rna l  r eg i s te r  f i l e  a re  summar i zed  i n  
Tab le  2 -1 .  

T a b l e  2 -1 .  R e g i s t e r  T y p e  S u m m a r y  

R e g i s t e r  T y p e  N u m b e r  o f  B y t e s 

C P U  a n d  s y s t e m  c o n t r o l  r e g i s t e r s  1 1  

P er iphe ra l ,  I /O ,  and  c lock  con t ro l  and  da ta  reg is te rs  3 4  

G e n e r a l-pu rpose  reg i s te rs  ( i nc lud ing  the  16 -b i t  c o m m o n  w o r k i n g  r e g i s t e r  a r e a ) 2 0 8  

T o t a l  A d d r e s s a b l e  B y t e s 2 5 3  
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Peripheral Control
Register

System Control
Registers

Working Register

General Purpose
Register File

and Stack Area

FFH

E0H
DFH

D0H
CFH

C0H

BFH

00H

64 Bytes of
Common Area

192 Bytes

 

F i g u r e  2 -2 .  I n t e r n a l  R e g i s t e r  F i l e  O r g a n i z a t i o n  
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C O M M O N  W O R K I N G  R E G I S T E R  A R E A  ( C 0 H –C F H ) 

The  SAM88RCRI  reg i s te r  a rch i t ec tu re  p rov ides  an  e f f i c i en t  me thod  o f  wo rk ing  reg i s te r  add ress ing  tha t  t akes  fu l l  
advantage o f  shor te r  ins t ruc t ion  fo rm a t s  t o  r e d u c e  e x e c u t i o n  t i m e .   

Th i s  16 -b y t e  a d d r e s s  r a n g e  i s  c a l l e d  c o m m o n  a r e a .  T h a t  i s ,  l o c a t i o n s  i n  t h i s  a r e a  c a n  b e  u s e d  a s  w o r k i n g  r e g i s t e r s  
by  ope ra t i ons  t ha t  add ress  any  l oca t i on  on  any  page  i n  t he  reg i s te r  f i l e .  Typ i ca l l y ,  t hese  wo rk ing  reg i s te r s  se rve  as  
t empora ry  bu f f e r s  f o r  da ta  ope ra t i ons  be tween  d i f f e ren t  pages .  Howeve r ,  because  t he  S3C9688 /P9688  uses  on l y  
p a g e  0 ,  y o u  c a n  u s e  t h e  c o m m o n  a r e a  f o r  a n y  i n t e r n a l  d a t a  o p e r a t i o n .  

T h e  R e g i s t e r  ( R )  a d d r e s s i n g  m o d e  c a n  b e  u s e d  t o  a c c e s s  t h i s  a r e a  

R e g i s te r s  a re  add ressed  e i t he r  as  a  s i ng le  8 -b i t  reg is te r  o r  as  a  pa i red  16-b i t  reg is ter .  In  16-b i t  reg is te r  pa i rs ,  the  
address  o f  the  f i r s t  8 -b i t  r eg i s te r  i s  a lways  an  even  number  and  t he  add ress  o f  t he  nex t  r eg i s te r  i s  an  odd  number .  
The  mos t  s i gn i f i can t  by te  o f  t he  16 -b i t  da ta  i s  a lways  s to red  i n  t he  even -numbered  reg i s te r ;  t he  l eas t  s i gn i f i can t  by te  
i s  a l w a y s  s t o r e d  i n  t h e  n e x t  ( +  1 )  o d d -numbered  reg i s te r .   

MSB LSB

Rn Rn+1

n = Even Address

 

F i g u r e  2 -3 .  16 -B i t  R e g i s t e r  P a i r s 

F   P R O G R A M M I N G  T I P  — A d d r e s s i n g  t h e  C o m m o n  W o r k i n g  R e g i s t e r  A r e a  

A s  t h e  f o l l o w i n g  e x a m p l e s  s h o w ,  y o u  s h o u l d  a c c e s s  w o r k i n g  r e g i s t e r s  i n  t h e  c o m m o n  a r e a ,  l o c a t i o n s  C 0 H – C F H ,  
u s i n g  w o r k i n g  r e g i s t e r  a d d r e s s i n g  m o d e  o n l y . 

E x a m p l e s : 1 .   L D   0 C 2 H , 4 0 H   ;  I nva l i d  address ing  mode ! 

  Use  wo rk i ng  reg i s t e r  add ress i ng  i ns tead :  

  L D   R 2 , 4 0 H   ;  R2  (C2H)   ¨   t he  va lue  i n  l oca t i on  40H 

 2 .  A D D   0 C 3 H , # 4 5 H  ;  I nva l i d  address ing  mode ! 

  U s e  w o r k i n g  r e g is t e r  add ress i ng  i ns tead :  

  A D D   R 3 , # 4 5 H   ;  R 3  ( C 3 H )   ¨   R 3  +  4 5 H  
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S Y S T E M  S T A C K  

S 3 C 9 -s e r i e s  m i c r o c o n t r o l l e r s  u s e  t h e  s y s t e m  s t a c k  f o r  s t o r i n g  d a t a  i n  s u b r o u t i n e  c a l l  a n d  r e t u r n .  T h e  P U S H  a n d  
P O P  i n s t r u c t i o n s  a r e  u s e d  t o  c o n t r o l  s y s t e m  s t a c k  o p e r a t i o n s .  T h e  S 3 C 9 6 8 8 / P 9 6 8 8  a r c h i t e c t u r e  s u p p o r t s  s t a c k  
opera t ions  in  the  in te rna l  reg is te r  f i le .  

S t a c k  O p e r a t i o n s 

Retu rn  add resses  f o r  p rocedu re  ca l l s  and  i n te r rup t s  and  da ta  a re  s to red  on  t he  s tack .  The  con ten t s  o f  t h e  P C  a r e  
s a v e d  t o  s t a c k  b y  a  C A L L  i n s t r u c t i o n  a n d  r e s t o r e d  b y  t h e  R E T  i n s t r u c t i o n .  W h e n  a n  i n t e r r u p t  o c c u r s ,  t h e  c o n t e n t s  o f  
t h e  P C  a n d  t h e  F L A G S  r e g i s t e r  a r e  p u s h e d  t o  t h e  s t a c k .  T h e  I R E T  i n s t r u c t i o n  t h e n  p o p s  t h e s e  v a l u e s  b a c k  t o  t h e i r  
o r i g i na l  l o ca t i ons .  The  s tack  add ress  i s  a lways  dec remen ted  be fo re  a  push  ope ra t i on  and  i nc remen ted  a f t e r  a  pop  
o p e r a t i o n .  T h e  s t a c k  p o i n t e r  ( S P )  a l w a y s  p o i n t s  t o  t h e  s t a c k  f r a m e  s t o r e d  o n  t h e  t o p  o f  t h e  s t a c k ,  a s  s h o w n  i n  F i g u r e  
2 -4 .  

PCL

PCHTop of

Stack

Stack Contents

After a Call
Instruction

PCL

PCH

FLAGSTop of
Stack

High Address

Low Address
Stack Contents

After an
Interrupt

 

F i g u r e  2 -4 .  S t a c k  O p e r a t i o n s 

S t a c k  P o i n t e r  ( S P ) 

R e g i s t e r  l o c a t i o n  D 9 H  c o n t a i n s  t h e  8 -b i t  s t a c k  p o i n t e r  ( S P )  t h a t  i s  u s e d  f o r  s y s t e m  s t a c k  o p e r a t i o n s .  A f t e r  a  r e s e t ,  
t he  SP  va l ue  i s  unde te rm ined .  

B e c a u s e  o n l y  i n t e r n a l  m e m o r y  s p a c e  i s  i m p l e m e n t e d  i n  t h e  S 3 C 9 6 8 8 / P 9 6 8 8 ,  t h e  S P  m u s t  b e  i n i t i a l i z e d  t o  a n  8 -b i t  
va lue  in  the  range  00H– B F H . 

N O T E  

I n  c a s e  a  S t a c k  P o i n t e r  i s  i n i t i a l i z e d  t o  0 0 H ,  i t  i s  d e c r e a s e d  t o  F F H  w h e n  s t a c k  o p e r a t i o n  s t a r t s .  T h i s  m e a n s  
t ha t  a  S t a c k  P o i n t e r  a c c e s s  i n v a l i d  s t a c k  a r e a .  
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F   P R O G R A M M I N G  T I P  — S t a n d a r d  S t a c k  O p e r a t i o n s  U s i n g  P U S H  a n d  P O P  

T h e  f o l l o w i n g  e x a m p l e  s h o w s  y o u  h o w  t o  p e r f o r m  s t a c k  o p e r a t i o n s  i n  t h e  i n t e r n a l  r e g i s t e r  f i l e  u s i n g  P U S H  a n d  P O P  
i n s t r u c t i o n s : 

 L D   S P , # 0 C 0 H   ;  S P   ¨   C 0 H  ( N o r m a l l y ,  t h e  S P  i s  s e t  t o  0 C 0 H  b y  t h e  

      ;  in i t ia l i za t ion  rou t ine) 

 •   

 •  

 •  
 P U S H S Y M   ;  S t a c k  a d d r e s s  0 B F H  ¨   S Y M  

 P U S H C L K C O N   ;  S t a c k  a d d r e s s  0 B E H  ¨   C L K CO N  

 P U S H 2 0 H   ;  S t a c k  a d d r e s s  0 B D H  ¨   2 0 H  

 P U S H R 3    ;  S t a c k  a d d r e s s  0 B C H  ¨   R 3  

 •  

 •  

 •  
 P O P  R 3    ;  R 3   ¨   S t a c k  a d d r e s s  0 B C H  
 P O P  2 0 H   ;  2 0 H   ¨   S t a c k  a d d r e s s  0 B D H  

 P O P  C L K C O N   ;  C L K C O N   ¨   S t a c k  a d d r e s s  0 B E H 

 P O P  S Y M   ;  S Y M   ¨   S t a c k  a d d r e s s  0 B F H  
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N O T E S  
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3  ADDRESSING MODES  

O V E R V I E W  

I ns t ruc t i ons  t ha t  a re  s to red  i n  p rog ram memory  a re  f e t ched  f o r  execu t i on  us ing  t he  p rog ram coun te r .  I ns t ruc t i ons  
i nd i ca te  t he  ope ra t i on  to  be  pe r fo rmed  and  the  da ta  t o  be  ope ra ted  o n .  A d d r e s s i n g  m o d e  i s  t h e  m e t h o d  u s e d  t o  
d e t e r m i n e  t h e  l o c a t i o n  o f  t h e  d a t a  o p e r a n d .  T h e  o p e r a n d s  s p e c i f i e d  i n  S A M 8 8 R C R I  i n s t r u c t i o n s  m a y  b e  c o n d i t i o n  
c o d e s ,  i m m e d i a t e  d a t a ,  o r  a  l o c a t i o n  i n  t h e  r e g i s t e r  f i l e ,  p r o g r a m  m e m o r y ,  o r  d a t a  m e m o r y .   

T h e  S A M 8 8 R C R I  i n s t r u c t i o n  s e t  s u p p o r t s  s i x  e x p l i c i t  a d d r e s s i n g  m o d e s .  N o t  a l l  o f  t h e s e  a d d r e s s i n g  m o d e s  a r e  
ava i l ab le  f o r  each  i ns t ruc t i on .  The  add ress ing  modes  and  t he i r  symbo l s  a re  as  f o l l ows : 

—  Reg i s te r  (R ) 

—  Ind i rec t  Reg is te r  ( IR) 

—  Indexed (X)  

—  D i r ec t  Add ress  (D A ) 

—  R e l a t i v e  A d d r e s s  ( R A ) 

—  I m m e d i a t e  ( I M ) 
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R E G I S T E R  A D D R E S S I N G  M O D E  ( R ) 

I n  Reg i s te r  add ress ing  mode ,  t he  ope rand  i s  t he  con ten t  o f  a  spec i f i ed  reg i s te r  ( see  F igu re  3 -1 ) .  Work ing  reg i s te r  
add ress ing  d i f f e r s  f r om Reg i s te r  add ress ing  because  i t  uses  an  16 -by te  work ing  reg i s te r  space  in  the  reg i s te r  f i l e  and  
a n  4 -b i t  r eg i s te r  w i th in  t ha t  space  ( see  F igu re  3 -2).  

dst

Value used in
Instruction Execution

OPCODE

OPERAND

8-Bit Register

File Address

Point to One

Rigister in Register
FileOne-Operand

Instruction
(Example)

Sample Instruction:

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

Program Memory Register File

 

F i g u r e  3 -1 .  R e g i s t e r  A d d r e s s i n g  

dst

OPCODE

4-Bit
Working Register

Point to the
Woking Register

(1 of 16)Two-Operand
Instruction

(Example)

Sample Instruction:

ADD     R1, R2    ;    Where R1 = C1H and R2 = C2H

Program Memory

Register File

src
4 LSBs

OPERAND

CFH

C0H

 

F i g u r e  3 -2 .  W o r k i n g  R e g i s t e r  A d d r e s s i n g  
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I N D I R E C T  R E G I S T E R  A D D R E S S I N G  M O D E  ( I R ) 

I n  Ind i rec t  Reg is te r  ( IR )  address ing  mode ,  the  con ten t  o f  the  spec i f i ed  reg is te r  o r  reg is te r  pa i r  i s  the  address  o f  the  
ope rand .  Depend ing  on  the  i ns t ruc t i on  used ,  t he  ac tua l  add ress  may  po in t  t o  a  reg i s te r  i n  t he  reg i s te r  f i l e ,  t o  p rog ram 
m e m o r y  ( R O M ) ,  o r  t o  a n  e x t e r n a l  m e m o r y  s p a c e  ( s e e  F i g u r e s  3 -3  t h rough  3 -6) .   

Y o u  c a n  u s e  a n y  8 -b i t  r eg i s te r  t o  i nd i rec t l y  add ress  ano the r  reg i s te r .  Any  16 -b i t  reg i s te r  pa i r  can  be  used  to  i nd i rec t l y  
a d d r e s s  a n o t h e r  m e m o r y  l o c a t i o n .  

dst

Address of Operand
used by Instruction

OPCODE

ADDRESS

8-Bit Register
File Address

Point to One
Rigister in Register

FileOne-Operand

Instruction
(Example)

Sample Instruction:

RL @SHIFT ;    Where SHIFT is the label of an 8-Bit register address

Program Memory Register File

Value used in

Instruction Execution

OPERAND

 

F i g u r e  3 -3 .  I n d i r e c t  R e g i s t e r  A d d r e s s i n g  t o  R e g i s t e r  F i l e  
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I N D I R E C T  R E G I S T E R  A D D R E S S I N G  M O D E  ( C o n t i n u e d) 

dst

OPCODE

PAIR
Points to

Rigister Pair

Example

Instruction
References

Program

Memory

Sample Instructions:

CALL @RR2
JP @RR2

Program Memory

Register File

Value used in
Instruction

OPERAND

REGISTER

Program Memory

16-Bit

Address
Points to
Program

Memory

 

F i g u r e  3 -4 .  I n d i r e c t  R e g i s t e r  A d d r e s s i n g  t o  P r o g r a m  M e m o r y  
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I N D I R E C T  R E G I S T E R  A D D R E S S I N G  M O D E  ( C o n t i n u e d) 

dst

OPCODE

4-Bit
Working
Register

Address
Point to the

Woking Register

(1 of 16)

Sample Instruction:

OR R6, @R2

Program Memory

Register File

src
4 LSBs

Value used in
Instruction

OPERAND

C0H

CFH

OPERAND

 

F i g u r e  3 -5 .  I n d i r e c t  W o r k i n g  R e g i s t e r  A d d r e s s i n g  t o  R e g i s t e r  F i l e  

 

 



ADDRESSING MODES   S3C9688 /P9688   

3 -6    

I N D I R E C T  R E G I S T E R  A D D R E S S I N G  M O D E  ( C o n c l u d e d) 

dst

OPCODE

4-Bit Working
Register Address

Sample Instructions:

LCD R5,@RR2    ;   Program memory access

LDE R3,@RR14 ;   External data memory access
LDE @RR4, R8  ;   External data memory access

Program Memory

Register File

src

Value used in

Instruction
OPERAND

Example Instruction
References either

Program Memory or
Data Memory

Program Memory
or

Data Memory

Next 3-Bits Point

 to Working
Register Pair

(1 of 8)

LSB Selects

Register

Pair

16-Bit
address

points to
program
memory

or data
memory

CFH

C0H

 

F i g u r e  3 -6 .  I n d i r e c t  W o r k i n g  R e g i s t e r  A d d r e s s i n g  t o  P r o g r a m  o r  D a t a  M e m o r y  
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I N D E X E D  A D D R E S S I N G  M O D E  ( X ) 

I ndexed  (X )  add ress ing  mode  adds  an  o f f se t  va lue  to  a  base  add ress  du r i ng  i ns t ruc t i on  execu t i on  i n  o rde r  t o  ca l cu la te  
the  e f fec t i ve  operand  address  (see  F igu re  3 -7 ) .  Y o u  c a n  u s e  I n d e x e d  a d d r e s s i n g  m o d e  t o  a c c e s s  l o c a t i o n s  i n  t h e  
in te rna l  reg is te r  f i l e  o r  i n  ex te rna l  memory . 

I n  sho r t  o f f se t  I ndexed  add ress ing   mode ,  t h e  8 -b i t  d i sp lacemen t  i s  t r ea ted  as  a  s i gned  i n tege r  i n  t he  range   
– 1 2 8   t o   + 1 2 7 .  T h i s  a p p l i e s  t o  e x t e r n a l  m e m o r y  a c c e s s e s  o n l y  ( s e e  F i g u r e  3 -8).  

For  reg is te r  f i l e  address ing ,  an  8 -b i t  base  add ress  p rov ided  by  t he  i ns t ruc t i on  i s  added  t o  an  8 -b i t  o f f se t  con ta ined  in  
a  w o r k i n g  r e g i s t e r .  F o r  e x t e r n a l  m e m o r y  a c c e s s e s ,  t h e  b a s e  a d d r e s s  i s  s t o r e d  i n  t h e  w o r k i n g  r e g i s t e r  p a i r  
des igna ted  i n  t he  i ns t ruc t i on .  The  8 -b i t  o r  16-b i t  o f f se t  g i ven  i n  t he  i ns t ruc t i on  i s  t hen  added  to  t he  base  add ress  ( see  
F igu re  3 -9) .   

Th e  on ly  i ns t ruc t i on  tha t  suppor t s  Indexed  address ing  mode  fo r  t he  i n te rna l  reg i s te r  f i l e  i s  t he  Load  ins t ruc t i on  (LD) .  
T h e  L D C  a n d  L D E  i n s t r u c t i o n s  s u p p o r t  I n d e x e d  a d d r e s s i n g  m o d e  f o r  i n t e r n a l  p r o g r a m  m e m o r y ,  e x t e r n a l  p r o g r a m  
m e m o r y ,  a n d  f o r  e x t e r n a l  d a t a  m e m o r y ,  w h e n  i m p l e m e n t e d .  

dst

OPCODE

Two-Operand
Instruction

Example
Point to One of the
Woking Register

(1 of 16)

Sample Instruction:

LD      R0, #BASE[R1]   ;  Where BASE is an 8-bit immediate value

Program Memory

Register File

src
4 LSBs

Value used in
Instruction

OPERAND

INDEX

X (OFFSET)

~ ~
+

~ ~

 

F i g u r e  3 -7 .  I n d e x e d  A d d r e s s i n g  t o  R e g i s t e r  F i l e  
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I N D E X E D  A D D R E S S I N G  M ODE (C o n t i n u e d) 

Point to Working

Register Pair
(1 of 8)

LSB Selects

16-Bit
address

added to
offset

dst

OPCODE

Program Memory

XS (OFFSET)
4-Bit Working

Register Address

Sample Instructions:

LDC R4, #04H[RR2]   ; The values in the program address (RR2 + #04H)

            are loaded into register R4.
LDE R4,#04H[RR2]    ; Identical operation to LDC example, except that

            external program memory is accessed.

NEXT 3-Bit
Register

Pair
src

8-Bit 16-Bit
+

Program Memory
or

Datamemory

OPERAND Value used in
Instruction16-Bit

Register File

 

F i g u r e  3 -8 .  I n d e x e d  A d d r e s s i n g  t o  P r o g r a m  o r  D a t a  M e m o r y  w i t h  S h o r t  O f f s e t 
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I N D E X E D  A D D R E S S I N G  M ODE (C o n c l u d e d) 

Point to Working
Register Pair

(1 of 8)

LSB Selects

16-Bit

address
added to
offset

Program Memory

4-Bit Working

Register Address

Sample Instructions:

LDC R4, #1000H[RR2] ;   The values in the program address (RR2 + #1000H)
    are loaded into register R4.

LDE R4,#1000H[RR2] ;   Identical operation to LDC example, except that

    external program memory is accessed.

NEXT 3-Bit
Register

Pair

16-Bit 16-Bit
+

Program Memory
or

Datamemory

OPERAND Value used in

Instruction16-Bit

Register File

OPCODE

XLH (OFFSET)

XL L (OFFSET)

dst src

 

F i g u r e  3 -9 .  I n d e x e d  A d d r e s s i n g  t o  P r o g r a m  o r  D a t a  M e m o r y  w i t h  L o n g  O f f s e t 
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D I R E C T  A D D R E S S  M O D E  ( D A ) 

I n  D i rec t  Add ress  (DA)  mode ,  t he  i ns t ruc t i on  p rov ides  t he  ope rand ' s  16 -b i t  m e m o r y  a d d r e s s .  J u m p  ( J P )  a n d  C a l l  
( C A L L )  i n s t r u c t i o n s  u s e  t h i s  a d d r e s s i n g  m o d e  t o  s p e c i f y  t h e  1 6 -b i t  des t i na t i on  add ress  t ha t  i s  l oaded  i n t o  t he  PC  
w h e n e v e r  a  J P  o r  C A L L  i n s t r u c t i o n  i s  e x e c u t e d .   

T h e  L D C  a n d  L D E  i n s t r u c t i o n s  c a n  u s e  D i r e c t  A d d r e s s  m o d e  t o  s p e c i f y  t h e  s o u r c e  o r  d e s t i n a t i o n  a d d r e s s  f o r  L o a d  
o p e r a t i o n s  t o  p r o g r a m  m e m o r y  ( L D C )  o r  t o  e x t e r n a l  d a t a  m e m o r y  ( L D E ) ,  i f  i m p l e m e n t e d .  

Sample Instructions:

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.

dst/src

OPCODE

Program Memory

"0" or "1"

Lower Address Byte

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

"1" = Data Memory

Memory
Address

Used

Upper Address Byte

Program  or
Data Memory

 

F i g u r e  3 -10 .  D i r e c t  A d d r e s s i n g  f o r  L o a d  I n s t r u c t i o n s 
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D I R E C T  A D D R E S S  M O D E  (C o n t i n u e d) 

OPCODE

Program Memory

Lower Address Byte

Program

Memory
Address
Used

Upper Address Byte

Sample Instructions:

JP C,JOB1 ;    Where JOB1 is a 16-Bit immediate address

CALL DISPLAY ;    Where DISPLAY is a 16-Bit immediate address

Next OPCODE

 

F i g u r e  3 -1 1 .  D i r e c t  A d d r e s s i n g  f o r  C a l l  a n d  J u m p  I n s t r u c t i o n s 
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R E L A T I V E  A D D R E S S  M O D E  ( R A ) 

I n  Re la t i ve  Address  (RA)  mode ,  a  two 's -c o m p l e m e n t  s i g n e d  d i s p l a c e m e n t  b e t w e e n   –  128  and   +  127  i s  spec i f i ed  i n  
t he  i ns t r uc t i on .  The  d i sp l acemen t  va lue  i s  t hen  added  to  t he  cu r ren t  PC  va lue .  The  resu l t  i s  t he  add ress  o f  t he  nex t  
i n s t r u c t i o n  t o  b e  e x e c u t e d .  B e f o r e  t h i s  a d d i t i o n  o c c u r s ,  t h e  P C  c o n t a i n s  t h e  a d d r e s s  o f  t h e  i n s t r u c t i o n  i m m e d i a t e l y  
fo l l ow ing  the  cur ren t  ins t ruc t ion .  

T h e  i n s t r u c t i o n s  t h a t  s u p p o r t  R A  a d d r e s s i n g  i s  J R . 

OPCODE

Program Memory

Displacement

Program Memory

Address Used

Sample Instructions:

JR ULT,$+OFFSET     ; Where OFFSET is a value in the range +127 to -128

Next OPCODE

+
Signed

Displacement  Value

Current Instruction

Current
PC Value

 

F i g u r e  3 -1 2 .  R e l a t i v e  A d d r e s s i n g  

I M M E D I A T E  M O D E  ( I M ) 

I n  Immed ia te  ( IM)  add ress ing  mode ,  t he  ope rand  va lue  used  i n  t he  i n s t ruc t i on  i s  the  va lue  supp l i ed  i n  the  operand  
f i e ld  i t se l f .  Immed ia te  address ing  mode  i s  use fu l  f o r  l oad ing  cons tan t  va lues  i n to  reg i s te rs .   

(The Operand value is in the instruction)

OPCODE

Sample Instruction:LD      R0,#0AAH

Program Memory

OPERAND

 

F i g u r e  3 -1 3 .  I m m e d i a t e  A d d r e s s i n g  
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4 CONTROL REGISTERS  

O V E R V I E W  

I n  t h i s  sec t i on ,  de ta i l ed  desc r i p t i ons  o f  t he  S3C9688 /P9688  con t ro l  r eg i s t e r s  a re  p resen ted  i n  an  easy -to -read  fo rmat .  
These  desc r i p t i ons  w i l l  he lp  you  to  f am i l i a r i ze  you rse l f  w i t h  t he  mapped  l oca t i ons  i n  t he  reg i s te r  f i l e .  You  can  a l so  
u s e  t h e m  a s  a  q u i c k -re fe rence  sou rce  when  wr i t i ng  app l i ca t i on  p rog rams .   

S y s t e m  a n d  p e r i p h e r a l  r e g i s t e r s  a r e  s u m m a r i z e d  i n  T a b l e  4 -1 .  F igu re  4 -1  i l l us t ra tes  the  impor tan t  fea tu res  o f  the  
s tandard  reg i s te r  desc r ip t i on  fo rma t .   

Con t ro l  r eg i s te r  desc r i p t i ons  a re  a r ranged  i n  a lphabe t i ca l  o rde r  acco rd ing  to  reg i s te r  mnemon ic .  More  i n fo rma t ion  
abou t  con t ro l  reg is te rs  i s  p resen ted  in  the  con tex t  o f  the  va r ious  pe r iphera l  ha rdware  desc r ip t i ons  in  Par t  I I  o f  th i s  
m a n u a l .  
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T a b l e  4 -1 .  S y s t e m  a n d  P e r i p h e r a l  c o n t r o l  R e g i s t e r s   

R e g i s t e r  N a m e M n e m o n i c  D e c i m a l  H e x  R / W  

T imer  0  coun te r  r eg i s te r T 0 C N T 2 0 8  D 0 H  R  

T imer  0  da ta  reg i s te r T 0 D A T A  2 0 9  D 1 H  R / W  

T imer  0  con t ro l  reg i s te r T 0 C O N  2 1 0  D 2 H  R / W  

USB se lec t i on  and  T ransce i ve r  c rossove r  po in t  
con t ro l  reg i s te r 

U S X C O N  2 1 1  D 3 H  R / W  

C lock  con t ro l  r eg i s t e r C L K C O N  2 1 2  D 4 H  R / W  

S y s t e m  f l a g s  r e g i s t e r F L A G S  2 1 3  D 5 H  R / W  

D + / P S 2 ,  D -/ P S 2  d a t a  r e g i s t e r                     
( O n l y  P S 2  M o d e ) 

P S 2 D A T A  2 1 4  D 6 H  R / W  

PS2  con t ro l  and  i n te r rup t  pend ing  reg i s te r P S 2 C O N I N T 2 1 5  D 7 H  R / W  

Por t  0  i n te r rup t  con t ro l  reg is te r P 0 I N T 2 1 6  D 8 H  R / W  

S t a c k  p o i n t e r S P  2 1 7  D 9 H  R / W  

Por t  0  i n te r rup t  pend ing  reg is te r P 0 P N D  2 1 8  D A H R / W  

L o c a t i o n  D B H  i s  n o t  m a p p e d .  

B a s i c  t i m e r  c o n t r o l  r e g i s t e r B T C O N  2 2 0  D C H  R / W  

B a s i c  t i m e r  c o u n t e r  r e g i s t e r B T C N T 2 2 1  D D H  R  

L o c a t i o n  D E H  i s  n o t  m a p p e d .  

S y s t e m  m o d e  r e g i s t e r S Y M  2 2 3  D F H  R / W  

Po r t  0  da ta  r eg i s t e r P 0  2 2 4  E 0 H  R / W  

Po r t  1  da ta  r eg i s t e r P 1  2 2 5  E 1 H  R / W  

Po r t  2  da ta  r eg i s t e r P 2  2 2 6  E 2 H  R / W  

Po r t  3  da ta  r eg i s t e r P 3  2 2 7  E 3 H  R / W  

Po r t  4  da ta  r eg i s t e r P 4  2 2 8  E 4 H  R / W  

Por t  3  con t ro l  r eg i s te r P 3 C O N  2 2 9  E 5 H  R / W  

Por t  0  con t ro l  reg i s te r  (h igh  by te ) P 0 C O N H  2 3 0  E 6 H  R / W  

Por t  0  con t ro l  r eg i s te r  ( l ow  by te ) P 0 C O N L  2 3 1  E 7 H  R / W  

Por t  1  con t ro l  reg i s te r  (h igh  by te ) P 1 C O N H  2 3 2  E 8 H  R / W  

Por t  1  con t ro l  r eg i s te r  ( l ow  by te ) P 1 C O N L  2 3 3  E 9 H  R / W  

Por t  2  con t ro l  reg i s te r  (h igh  by te ) P 2 C O N H  2 3 4  E A H  R / W  

Por t  2  con t ro l  r eg i s te r  ( l ow  by te ) P 2 C O N L  2 3 5  E B H  R / W  

Por t  2  i n te r rup t  con t ro l  reg is te r P 2 I N T 2 3 6  E C H  R / W  

Por t  2  i n te r rup t  pend ing  reg is te r P 2 P N D  2 3 7  E D H  R / W  

Por t  4  con t ro l  r eg i s te r P 4 C O N  2 3 8  E E H  R / W  

Por t  4  i n te r rup t  enab le /pend ing  reg is te r P 4 I N T P N D  2 3 9  E F H  R / W  
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T a b l e  4 -1 .  S y s t e m  a n d  P e r i p h e r a l  c o n t r o l  R e g i s t e r s  ( C o n t i n u e d ) 

R e g i s t e r  N a m e M n e m o n i c  D e c i m a l  H e x  R / W  

U S B  f u n c t i o n  a d d r e s s  r e g i s t e r F A D D R  2 4 0  F 0 H  R / W  

Con t ro l  endpo in t  s t a tus  reg i s te r E P 0 C S R 2 4 1  F 1 H  R / W  

In te r rup t  endpo in t  1  con t ro l  s ta tus  reg i s te r E P 1 C S R 2 4 2  F 2 H  R / W  

Cont ro l  endpo in t  b y t e  c o u n t  r e g i s t e r E P 0 B C N T 2 4 3  F 3 H  R / W  

Con t ro l  endpo in t  F IFO reg i s te r E P 0 F I F O  2 4 4  F 4 H  R / W  

In te r rup t  endpo in t  1  F IFO reg is te r E P 1 F I F O  2 4 5  F 5 H  R / W  

USB i n te r rup t  pend ing  reg i s te r U S B P N D  2 4 6  F 6 H  R / W  

USB i n te r rup t  enab le  reg i s te r U S B I N T 2 4 7  F 7 H  R / W  

U S B  p o w e r  m a n a g e m e n t  r e g i s t e r P W R M G R  2 4 8  F 8 H  R / W  

In te r rup t  endpo in t  2  con t ro l  s ta tus  reg i s te r E P 2 C S R 2 4 9  F 9 H  R / W  

In te r rup t  endpo in t  2  F IFO reg is te r E P 2 F I F O  2 5 0  F A H R / W  

E n d p o i n t  m o d e  r e g i s t e r E P M O D E  2 5 1  F B H R / W  

E n d p o i n t  1  b y t e  c o u n t  E P 1 B C N T 2 5 2  F C H  R / W  

E n d p o i n t  2  b y t e  c o u n t  E P 2 B C N T 2 5 3  F D H  R / W  

U S B  c o n t r o l  r e g i s t e r U S B C O N  2 5 4  F E H R / W  

L o c a t i o n  F F H  i s  n o t  m a p p e d .  

 

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -5  

FLAGS - System Flags Register

.7

.6

.5

Bit Identifier

RESET Value

Read/Write

R = Read-only
W = Write-only
R/W = Read/write

' - ' = Not used

Bit number:
MSB = Bit 7

LSB  = Bit 0

Addressing mode or
modes you can use to

modify register values

Description of the
effect of specific

bit settings

RESET value notation:

'-' = Not used
'x' = Undetermind value

'0' = Logic zero
'1' = Logic one

Bit number(s) that is/are appended to the

register name for bit addressing

D5H

Register address
(hexadecimal)Full Register name

Register
mnemonic

Name of individual

bit or bit function

.7 .6 .5 .4 .2.3 .1 .0

x
R/W

x
R/W

x
R/W

x
R/W

0
R/W

x
R/W

0
R/W

x
R/W

Carry Flag (C)

0 Operation dose not generate a carry or borrow condition

1 Operation generates carry-out or borrow into high-order bit7

Zero Flag

0 Operation result is a non-zero value

1 Operation result is zero

Sign Flag

0 Operation generates positive number (MSB = "0")

1 Operation generates negative number (MSB = "1")

 

F i g u r e  4 -1 .  R e g i s t e r  D e s c r i p t i o n  F o r m a t 
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BTCON  — Basic  T imer  Contro l  Register  D C H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7 -. 4  W a t c h d o g  T i m e r  E n a b l e  B i t s  

 1  0  1  0  D i sab le  wa t chdog  f unc t i on   

    Any  o the r  va lue  E n a b l e  w a t c h d o g  f u n c t i o n  

 

. 3  a n d  . 2  B a s i c  T i m e r  I n p u t  C l o c k  S e l e c t i o n  B i t s  

 0  0  f
OSC

/ 4 0 9 6  

 0  1  f
OSC

/ 1 0 2 4  

 1  0  f
OSC

/ 128  

 1  1  Inva l id  set t ing 

 

. 1  B a s i c  T i m e r  C o u n t e r  C l e a r  B i t (note) 

 0  No  e f f ec t 

 1  C l e a r  B T C N T 

 

. 0  B a s i c  T i m e r  D i v i d e r  C l e a r  B i t (note) 

 0  No  e f f ec t 

 1  Clear  both  d iv iders  

NOTE: When you write a "1" to BTCON.0 (or BTCON.1), the basic timer counter (or basic timer divider) is cleared. The bit  

  is then cleared automatically to "0".     
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CLKCON  — System Clock  Contro l  Regis ter  D 4 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  –  –  0  0  –  –  –  

R e a d / W r i t e  R / W  –  –  R / W  R / W  –  –  –  

 

. 7  O s c i l l a t o r  I R Q  W a k e -u p  F u n c t i o n  B i t 

 0  E n a b l e  I R Q  f o r  m a i n  s y s t e m  o s c i l l a t o r  w a k e-u p  i n  p o w e r  d o w n  m o d e  

 1  D i s a b l e  I R Q  f o r  m a i n  s y s t e m  o s c i l l a t o r  w a k e-u p  i n  p o w e r  d o w n  m o d e  

 

. 6  a n d  . 5  N o t  u s e d  f o r  S 3 C 9 6 8 8 / P 9 6 8 8  

 

. 4  a n d  . 3  C P U  C l o c k  ( S y s t e m  C l o c k )  S e l e c t i o n  B i t s  (1) 

 0  0  Div ide by 16 ( f
OSC

/ 1 6 ) 

 0  1  Div ide by 8 ( f
OSC

/ 8 ) 

 1  0  Div ide by 2 ( f
OSC

/ 2 ) 

 1  1  N o n -d iv ided c lock  ( f
OSC

) (2) 

 

. 2–.0  N o t  u s e d  f o r  S 3 C 9 6 8 8 / P 9 6 8 8  

NOTES : 

1. After a reset, the slowest clock (divided by 16) is selected as the system clock. To select faster clock speeds, load the  

 appropriate values to CLKCON.3 and CLKCON.4.  
2. f OSC means oscillator frequency. 

 

 

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -8    

EP0BCNT  — Endpoint  0  Wr i te  Counter  Regis ter    F 3 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R  R  R  R / W  R  R  R  R  

 

. 7  D a t a _ T o g g l e _ C h e c k   B i t 

 0  D A T A 0  t r a n s a c t i o n  t o g g l e  

 1  D A T A 1  t r a n s a c t i o n  t o g g l e  

 

. 6  S e t u p _ t r a n s a c t i o n  B i t 

 0  N o t  s e t u p  t r a n s a c t i o n  

 1  S e t u p  t r a n s a c t i o n  

 

. 5  R C V _ O v e r _ 8 _ B Y T E  B i t 

 0  N o r m a l  O p e r a t i o n  

 1  Ind ica tes  over  8  by tes  rece ived  

 

. 4  E n a b l e  B i t 

 0  D i s a b l e  E n d p o i n t  0  

 1  E n a b l e  E n d p o i n t  0  

 

. 3–.0  T h e  B y t e  c o u n t e r  o f  D a t a  t h a t  s t o r e d  i n  E n d p o i n t  0  

 0 0 0 0  M i n i m u m  b y t e s  s t o r e d  i n  E n d p o i n t  0  

 1 0 0 0  M a x i m u m  b y t e s  s t o r e d  i n  E n d p o i n t  0  
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EP0CSR  — Contro l  Endpoint  0  Status  Register                         F 1 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  S e t u p  T r a n s f e r  E n d  C l e a r  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  T o  c l e a r  S E T U P _ T R A N S F E R _  E N D  b i t  

 

. 6  O u t  P a c k e t  R e a d y  C l e a r  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  T o  c l e a r  O U T _ P K T _ R D Y  b i t  

 

. 5  S e n d i n g  S t a l l  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  T o  s e n d  S T A L L  s i g n a l 

 

. 4  S e t u p  T r a n s f e r  E n d  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  S IE  se t s  t h i s  b i t  when  a  con t r o l  t r ans fe r  ends  be fo re  DATA_END (b i t 3 )  i s  se t  

 

. 3  S e t u p  D a t a  E n d  B i t 

 0  No e f fec t  (when wr i te ) 

 1  MCU se t  t h i s  b i t  a f t e r  l oad ing  o r  un load ing  t he  l as t  packe t  da ta  i n to  t he  F IFO 

  

. 2  S e n t  S t a l l  B i t 

 0  M C U  c l e a r  t h i s  b i t  t o  e n d  t h e  S T A L L  c o n d i t i o n  

 1  S IE  se ts  th i s  b i t  i f  a  con t ro l  t r ansac t i on  i s  ended  due  to  a  p ro toco l  v io la t i on  

 

. 1  I n  P a c k e t  R e a d y  B i t 

 0  S I E  c l e a r  t h i s  b i t  o n c e  t h e  p a c k e t  h a s  b e e n  s u c c e s s f u l l y  s e n t  t o  t h e  h o s t 

 1  M C U  s e t s  t h i s  b i t  a f t e r  w r i t i n g  a  p a c k e t  o f  d a t a  i n t o  E N D P O I N T 0  F I F O  

 

. 0  O u t  P a c k e t  R e a d y  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  S IE  se t s  t h i s  b i t  once  a  va l i d  t oken  i s  w r i t t en  t o  t he  F IFO 
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EP0FIFO  — Endpoint  0  F IFO Address  Regis ter    F 4 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7–.0  E n d p o i n t  0  F I F O  

 Th is  reg i s te r  i s  b i-d i rec t iona l  8 -by te  dep th  F IFO  used  t o  t r ans fe r  con t ro l  Endpo in t  0  
da ta .   
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EP1BCNT  — Endpoint  1  Wr i te  Counter  Regis ter   F C H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  –  0  0  0  0  0  0  

R e a d / W r i t e  R  –  R  R / W  R  R  R  R  

 

. 7  D a t a _ T o g g l e _ C h e c k   B i t 

 0  D A T A 0  t r a n s a c t i o n  t o g g l e  

 1  D A T A 1  t r a n s a c t i o n  t o g g l e  

 

. 6  R e s e r v e d 

 

. 5  R C V _ O v e r _ 8 _ B Y T E  B i t 

 0  N o r m a l  O p e r a t i o n  

 1  Ind ica tes  over  8  by tes  rece ived  

 

. 4  E n a b l e  B i t 

 0  D i s a b l e  E n d p o i n t  1  

 1  E n a b l e  E n d p o i n t  1  

 

. 3–.0  T h e  B y t e  c o u n t e r  o f  D a t a  t h a t  s t o r e d  i n  E n d p o i n t  1  

 0 0 0 0  M i n i m u m  b y t e s  s t o r e d  i n  E n d p o i n t  1  

 1 0 0 0  M a x i m u m  b y t e s  s t o r e d  i n  E n d p o i n t  1  
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EP1CSR  — Contro l  Endpoint  1  Sta tus  Regis ter F 2 H  
B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 
a)  The  be l l ows  a re  con f i gu red  as  IN  mode  

. 7  D a t a  T o g g l e  S e q u e n c e  C l e a r  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  M C U  s e t s  t h i s  b i t  t o  c l e a r  t h e  d a t a  t o g g l e  s e q u e n c e  b i t .  T h e  d a t a  t o g g l e  i s  
i n i t i a l i zed  t o  DATA0 .  

 

. 6–.3  M a x i m u m  P a c k e t  S i z e  B i t s  

 0  No  e f fec t  (when  wr i te ) 

 1  T h e s e  b i t s  i n d i c a t e  t h e  m a x i m u m  p a c k e t  s i z e  f o r  I N  e n d p o i n t ,  a n d  n e e d s  t o  b e  
u p d a t e d  b y  t h e  M C U  b e f o r e  i t  s e t s  I N _ P K T _ R D Y .  O n c e  s e t ,  t h e  c o n t e n t s  a r e  
va l id  t i l l  MCU re -w r i t e s  t h e m . 

 

. 2  F I F O  F l u s h  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  W h e n  M C U  w r i t e s  a  o n e  t o  t h i s  r e g i s t e r ,  t h e  F I F O  i s  f l u s h e d ,  a n d  I N _ P K T _ R D Y  
c lea red .  The  MCU shou ld  wa i t  f o r  IN_PKT_RDY to  be  c l ea red  f o r  t he  f l ush  t o  t ake  
p l ace .  

 

. 1  F o r c e  S T A L L  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  M C U  w r i t e s  a  1  t o  t h i s  r e g i s t e r  t o  i s s u e  a  S T A L L  h a n d s h a k e  t o  U S B .  M C U  c l e a r s  
t h i s  b i t ,  t o  end  t he  STALL  cond i t i on .  

 

. 0  I n  P a c k e t  R e a d y  B i t 

 0  S I E  c l e a r  t h i s  b i t  o n c e  t h e  p a c k e t  h a s  b e e n  s u c c e s s f u l l y  s e n t  t o  t h e  h o s t 

 1  M C U  s e t s  t h i s  b i t ,  a f t e r  w r i t i n g  a  p a c k e t  o f  d a t a  i n t o  E N D P O I N T 1  F I F O .  U S B  
c l e a r s  t h i s  b i t ,  o n c e  t h e  p a c k e t  h a s  b e e n  s u c c e s s f u l l y  s e n t  t o  t h e  h o s t .  A n  
i n t e r r u p t  i s  g e n e r a t e d  w h e n  U S B  c l e a r s  t h i s  b i t ,  s o  M C U  c a n  l o a d  t h e  n e x t  
p a c k e t .  
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EP1CSR  — Contro l  Endpoint  1  Sta tus  Regis ter   F 2 H  
B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  –  0  –  –  0  0  0  0  

R e a d / W r i t e  –  R / W  –  –  R / W  R / W  R / W  R / W  

 
b )  The  be l l ows  a re  con f i gu red  as  OUT  mode  

. 7  R e s e r v e d 

 

. 6  C L R _ O U T _ P K T _ R D Y   B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  C lea r  OUT_PKT_RDY (b i t  0 )  b i t . .  

 

. 5–.4  R e s e r v e d 

 

. 3  R C V _ S T A L L _ S I G  B i t 

 0  M C U  c a n  c l e a r  t h i s  b i t  

 1  S IE  se t s  t h i s  b i t  a f t e r  send ing  s t a l l  packe t  

 

. 2  F L U S H _ F I F O  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  F I F O  i s  f l u s h e d ,  a n d  O U T _ P K T _ R D Y  b i t  i s  c l e a r e d . .  

 

. 1  F O R C E _ S T A L L  B i t 

 0  M C U  c l e a r s  t h i s  b i t  t o  e n d  t h e  S T A L L  c o n d i t i o n  

 1  I s s u e s  a  S T A L L  h a n d s h a k e  t o  U S B  

  

. 0  O U T _ P a c k e t  R e a d y  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  S I E  s e t s  t h i s  b i t  o n c e  a  va l i d  token  i s  wr i t t en  to  the  F IFO 

 

 

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -1 5  

EP1FIFO  — Endpoint  1  F IFO Address  Regis ter   F 5 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7–.0  E n d p o i n t  1  F I F O  

 Th is  reg i s te r  i s  b i-d i rec t iona l  8 -by te  dep th  F IFO  used  t o  t r ans fe r  con t ro l  Endpo in t  1  
da ta .   

 

 

 

 

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -1 6    

EP2BCNT  — Endpoint  2  Wr i te  Counter  Regis ter F D H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  –  0  0  0  0  0  0  

R e a d / W r i t e  R  –  R  R / W  R  R  R  R  

 

. 7  D a t a _ T o g g l e _ C h e c k   B i t 

 0  D A T A 0  t r a n s a c t i o n  t o g g l e  

 1  D A T A 1  t r a n s a c t i o n  t o g g l e  

 

. 6  R e s e r v e d 

 

. 5  R C V _ O v e r _ 8 _ B Y T E  B i t 

 0  N o r m a l  O p e r a t i o n  

 1  Ind ica tes  over  8  by tes  rece ived  

 

. 4  E n a b l e  B i t 

 0  D i s a b l e  E n d p o i n t  2  

 1  E n a b l e  E n d p o i n t  2  

 

. 3–.0  T h e  B y t e  c o u n t e r  o f  D a t a  t h a t  s t o r e d  i n  E n d p o i n t  2  

 0 0 0 0  M i n i m u m  b y t e s  s t o r e d  i n  E n d p o i n t  2  

 1 0 0 0  M a x i m u m  b y t e s  s t o r e d  i n  E n d p o i n t  2  

 

 

 

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -1 7  

EP2CSR  — Contro l  Endpoint  2  Sta tus  Regis ter  F 9 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 
a)  The  be l l ows  a re  con f i gu red  as  IN  mode  

. 7  D a t a  T o g g l e  S e q u e n c e  C l e a r  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  M C U  s e t s  t h i s  b i t  t o  c l e a r  t h e  d a t a  t o g g l e  s e q u e n c e  b i t .  T h e  d a t a  t o g g l e  i s  
i n i t i a l i zed  t o  DATA0 .  

 

. 6–.3  M a x i m u m  P a c k e t  S i z e  B i t s  

 0  No  e f fec t  (when  wr i te ) 

 1  T h e s e  b i t s  i n d i c a t e  t h e  m a x i m u m  p a c k e t  s i z e  f o r  I N  e n d p o i n t ,  a n d  n e e d s  t o  b e  
u p d a t e d  b y  t h e  M C U  b e f o r e  i t  s e t s  I N _ P K T _ R D Y .  O n c e  s e t ,  t h e  c o n t e n t s  a r e  
va l id  t i l l  MCU re -w r i t e s  t h e m . 

 

. 2  F I F O  F l u s h  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  W h e n  M C U  w r i t e s  a  o n e  t o  t h i s  r e g i s t e r ,  t h e  F I F O  i s  f l u s h e d ,  a n d  I N _ P K T _ R D Y  
c lea red .  The  MCU shou ld  wa i t  f o r  IN_PKT_RDY to  be  c l ea red  f o r  t he  f l ush  t o  t ake  
p l ace .  

 

. 1  F o r c e  S T A L L  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  M C U  w r i t e s  a  1  t o  t h i s  r e g i s t e r  t o  i s s u e  a  S T A L L  h a n d s h a k e  t o  U S B .  M C U  c l e a r s  
t h i s  b i t ,  t o  end  t he  STALL  cond i t i on .  

 

. 0  I n  P a c k e t  R e a d y  B i t 

 0  S I E  c l e a r  t h i s  b i t  o n c e  t h e  p a c k e t  h a s  b e e n  s u c c e s s f u l l y  s e n t  t o  t h e  h o s t 

 1  M C U  s e t s  t h i s  b i t ,  a f t e r  w r i t i n g  a  p a c k e t  o f  d a t a  i n t o  E N D P O I N T  2  F I F O .  U S B  
c l e a r s  t h i s  b i t ,  o n c e  t h e  p a c k e t  h a s  b e e n  s u c c e s s f u l l y  s e n t  t o  t h e  h o s t .  A n  
i n t e r r u p t  i s  g e n e r a t e d  w h e n  U S B  c l e a r s  t h i s  b i t ,  s o  M C U  c a n  l o a d  t h e  n e x t  
p a c k e t .  

 

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -1 8    

EP2CSR  — Contro l  Endpoint  2  Sta tus  Regis ter   F 9 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  –  0  –  –  0  0  0  0  

R e a d / W r i t e  –  R / W  –  –  R / W  R / W  R / W  R / W  

 
b)  The  be l lows  a re  con f igu red  a s  O U T  m o d e  

. 7  R e s e r v e d 

 

. 6  C L R _ O U T _ P K T _ R D Y   B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  C lea r  OUT_PKT_RDY (b i t  0 )  b i t . .  

 

. 5–.4  R e s e r v e d 

 

. 3  R C V _ S T A L L _ S I G  B i t 

 0  M C U  c a n  c l e a r  t h i s  b i t  

 1  S IE  se t s  t h i s  b i t  a f t e r  send ing  s t a l l  packe t  

 

. 2  F L U S H _ F I F O  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  F I F O  i s  f l u s h e d ,  a n d  O U T _ P K T _ R D Y  b i t  i s  c l e a r e d . .  

 

. 1  F O R C E _ S T A L L  B i t 

 0  M C U  c l e a r s  t h i s  b i t  t o  e n d  t h e  S T A L L  c o n d i t i o n  

 1  I s s u e s  a  S T A L L  h a n d s h a k e  t o  U S B  

  

. 0  O U T _ P a c k e t  R e a d y  B i t 

 0  No  e f fec t  (when  wr i te ) 

 1  S I E  s e t s  t h i s  b i t  once  a  va l i d  t oken  i s  w r i t t en  to  t he  F IFO 

 

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -1 9  

EP2FIFO  — Endpoint  2  F IFO Address  Regis ter   FAH  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7–.0  E n d p o i n t  2  F I F O  

 Th is  reg i s te r  i s  b i-d i rec t iona l  8 -by te  dep th  F IFO  used  t o  t r ans fe r  con t ro l  Endpo in t  2  
da ta .   

 

 

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -2 0    

E P M O D E  — Endpo in t  Mode  Reg is te r  F B H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  –  –  0  0  0  0  

R e a d / W r i t e  R / W  R / W  –  –  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  R e s e t  L e n g t h  S e l e c t i o n  B i t s  

 0  0  20 .954us  

 0  1  10 .476us  

 1  0    5 .236us  

 1  1    2 .664us  

 

. 5–.4  N o t  u s e d  f o r   C 9 6 8 8 / P 9 6 8 8   

 

. 3  C h i p  T e s t  M o d e  :  U s e r  m u s t  n o t  s e t  t h i s  b i t .  

 0  N o r m a l  m o d e  

 1  T e s t  m o d e   

 

. 2  O u t p u t  E n a b l e  M o d e  

 0  E n h a n c e d  m o d e  

 1  N o r m a l  m o d e  

 

. 1  E n d p o i n t  2  M o d e  

 0  Endpo in t  2  ac t s  as  IN  i n te r rup t  endpo in t  

 1  E n d p o i n t  2  a c t s  a s  a n  O U T  i n t e r r u p t  e n d p o i n t  

 

. 0  E n d p o i n t  1  M o d e  

 0  Endpo in t  1  ac t s  as  an  IN  i n te r rup t  endpo in t  

 1  E n d p o i n t  1  a c t s  a s  a n  OUT in te r rup t  endpo in t  

 

 

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -2 1  

FADDR  — USB Funct ion  Address  Reg is te r  F 0 H  

.B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  T h i s  r e g i s t e r  b i t  i s  u s e d  a s  t e s t  m o d e  o r  s p e c i a l  p u r p o s e  m o d e ,  s o  u s e r  s h o u l d  s e t   
zero  va lue ,    

 

. 6–.0  F A D D R  

 T h i s  r e g i s t e r  h o l d s  t h e  U S B  a d d r e s s  a s s i g n e d  b y  t h e  h o s t  c o m p u t e r .  F A D D R  i s  
l o ca ted  a t  add ress  F0H  and  i s  r ead /w r i t e  add ressab le .  

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -2 2    

F L A G S  — System F lags  Regis ter  D 5 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  –  –  –  –  

R e a d / W r i t e  R / W  R / W  R / W  R / W  –  –  –  –  

 

. 7  C a r r y  F l a g  ( C ) 

 0  Opera t i on  does  no t  gene ra te  a  ca r r y  o r  bo r row  cond i t i on  

 

. 6  Z e r o  F l a g  ( Z )  

 0  Opera t i on  resu l t  i s  a  non -zero  va lue  

 1  Opera t ion  resu l t  i s  ze ro  

 

. 5  S i g n  F l a g  ( S ) 

 0  O p e r a t i o n  g e n e r a t e s  a  p o s i t i v e  n u m b e r  ( M S B  =  " 0 " ) 

 1  O p e r a t i o n  g e n e r a t e s  a  n e g a t i v e  n u m b e r  ( M S B  =  " 1 " ) 

 

. 4  O v e r f l o w  F l a g  ( V ) 

 0  Opera t i on  resu l t  i s   ≤  + 1 2 7   o r   ≥  – 1 2 8  

 1  Opera t i on  resu l t  i s   ≥ + 1 2 7   o r   ≤  – 1 2 8  

 

. 3–.0  N o t  u s e d  f o r  S 3 C 9 6 8 8 / P 9 6 8 8  

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -2 3  

P0CONH — Port  0  Contro l  Register  (High Byte)  E 6 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  P o r t  0 ,  P 0 . 7  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  i npu t ,  f a l l i ng  edge  ex te rna l  in te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 5  a n d  . 4  P o r t  0 ,  P 0 . 6   C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 3  a n d  . 2  P o r t  0 ,  P 0 . 5  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gge r  i npu t ,  f a ll i ng  edge ex te rna l  in te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 1  a n d  . 0  P o r t  0 ,  P 0 . 4  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -2 4    

P0CONL — Por t  0  Contro l  Regis ter  (Low Byte)  E 7 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  P o r t  0 ,  P 0 . 3  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 5  a n d  . 4  P o r t  0 ,  P 0 . 2  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 3  a n d  . 2  P o r t  0 ,  P 0 . 1  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 1  a n d  . 0  P o r t  0 ,  P 0 . 0  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -CH open  d ra i n  ou tp u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -2 5  

P0INT — Port  0  Interrupt  Control  Register  D 8 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  P 0 . 7  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 6  P 0 . 6  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 5  P 0 . 5  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  in te r rup t  d is able  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 4  P 0 . 4  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

  

. 3  P 0 . 3  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 2  P 0 . 2  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 1  P 0 . 1  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 0  P 0 . 0  C o n f i g u r a t i o n  B i t s  

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  



CONTROL REGISTERS   S3C9688 /P9688   

4 -2 6    

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -2 7  

P0PND — Port  0  Inter rupt  Pending Regis ter  D A H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  (NOTE) R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  P 0 . 7  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 6  P 0 . 6  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 5  P 0 . 5  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 4  P 0 . 4  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 3  P 0 . 3  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 2  P 0 . 2  I n t e r r u p t  P e n d i n g  B i t   

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  w r i te ) 

 

. 1  P 0 . 1  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 0  P 0 . 0  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 



CONTROL REGISTERS   S3C9688 /P9688   

4 -2 8    

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -2 9  

P1CONH  — Port  1  Contro l  Register  (High Byte)  E 8 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  .6  P o r t  1 ,  P 1 . 7  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 5  a n d  . 4  P o r t  1 ,  P 1 . 6  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 3  a n d  . 2  P o r t  1 ,  P 1 . 5  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 1  a n d  . 0  P o r t  1 ,  P 1 . 4  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -3 0    

P1CONL  — Por t  1  Contro l  Regis ter  (Low Byte)  E 9 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  P o r t  1 ,  P 1 . 3  C o n f i g u ra t ion  B i ts  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 5  a n d  . 4  P o r t  1 ,  P 1 . 2  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 3  a n d  . 2  P o r t  1 ,  P 1 . 1  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 1  a n d  . 0  P o r t  1 ,  P 1 . 0  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  Schmi t t  t r i gge r  i npu t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -3 1  

P2CONH  — Port  2  Contro l  Register  (High Byte)  E A H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  P o r t  2 ,  P 2 . 7  C o n f i g u r a t i o n  B i t s  

 0  0  S c h m i t t  t r igger  inpu t ,  r i s ing  edge ex te rna l  in te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 5  a n d  . 4  P o r t  2 ,  P 2 . 6  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 3  a n d  . 2  P o r t  2 ,  P 2 . 5  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 1  a n d  . 0  P o r t  2 ,  P 2 . 4  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -3 2    

P2CONL — Port  2  Control  Registe r  (Low Byte)    E B H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  P o r t  2 ,  P 2 . 3  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 5  a n d  . 4  P o r t  2 ,  P 2 . 2  C o n f i g u r a t i o n  B i t s  

 0  0  S c h m i t t  t r i g g e r  inpu t ,  r i s ing  edge ex te rna l  in te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 3  a n d  . 2  P o r t  2 ,  P 2 . 1  C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t ,  r i s ing  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 1  a n d  . 0  P o r t  2 ,  P 2 . 0  C o n f i g u r a t i o n  B i t s  

 0  0  S c h m i t t  t r igger  inpu t ,  r i s ing  edge ex te rna l  in te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edges  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -3 3  

P2INT — Port  2  Interrupt  Enable  Register  E C H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  P 2 . 7  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 6  P 2 . 6  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 5  P 2 . 5  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 4  P 2 . 4  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 3  P 2 . 3  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 2  P 2 . 2  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 1  P 2 . 1  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 0  P 2 . 0  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  



CONTROL REGISTERS   S3C9688 /P9688   

4 -3 4    

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -3 5  

P2PND  — Port  2  Interrupt  Pending Register  E D H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  (NOTE) R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  P 2 . 7  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 6  P 2 . 6  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 5  P 2 . 5  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 4  P 2 . 4  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 3  P 2 . 3  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  P e n d i n g  ( w h e n  read) /no  e f fec t  (when  wr i te ) 

 

. 2  P 2 . 2  I n t e r r u p t  P e n d i n g  B i t   

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 1  P 2 . 1  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 

 

. 0  P 2 . 0  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  read ) / c lea r  pend ing  b i t  (when  wr i t e ) 

 1  Pend ing  (when  read) /no  e f fec t  (when  wr i te ) 



CONTROL REGISTERS   S3C9688 /P9688   

4 -3 6    

NOTE: To clear a port 2 interrupt pending condition, write a "0" to the corresponding P2PND register bit location.



S3C9688 /P9688    CONTROL REGISTERS  

  4 -3 7  

P3CON  — Port  3  Control  Register   E 5 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  P o r t  3 ,  P 3 . 3   C o n f i g u r a t i o n  B i t s  

 0  0  Schmi t t  t r i gge r  i npu t  

 0  1  S y s t e m  c l o c k  o u t p u t ( C L O )  m o d e .  C L O  c o m e s  f r o m  s y s t e m  c l o c k  c i r c u i t .  

 1  0  P u s h-pu l l  ou tpu t  

 1  1  N -c h a n n e l  o p e n -d r a i n  o u t p u t  m o d e  

 

. 5  a n d  . 4  P o r t  3 ,  P 3 . 2   C o n f i g u r a t i o n  B i t s  

 0  x  S c h m i t t  t r i gger  inpu t  

 1  0  P u s h-pu l l  ou tpu t  

 1  1  N -c h a n n e l  o p e n -d r a i n  o u t p u t  m o d e  

 

. 3  a n d  . 2  P o r t  3 ,  P 3 . 1   C o n f i g u r a t i o n  B i t s  

 0  x  Schmi t t  t r i gge r  i npu t  

 1  0  P u s h-pu l l  ou tpu t  

 1  1  N -c h a n n e l  o p e n -d r a i n  o u t p u t  m o d e  

 

. 1  a n d  . 0  P o r t  3 ,  P 3 . 0    C o n f i g u r a t i o n  B i t s  

 0  x  Schmi t t  t r i gge r  i npu t  

 1  0  P u s h-pu l l  ou tpu t  

 1  1  N -c h a n n e l  o p e n -d r a i n  o u t p u t  m o d e  

NOTE: "x" means don't care.  

 



CONTROL REGISTERS   S3C9688 /P9688   

4 -3 8    

P4CON  — Port  4  Contro l  Register  E E H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  P o r t  4 ,  P 4 . 3  C o n f i g u r a t i o n  C o n t r o l  B i t s  

 0  0  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 0  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  O u t p u t  p u s h-p u l l  m o d e  

 

. 5  a n d  . 4  P o r t  4 ,  P 4 . 2  C o n f i g u r a t i o n  C o n t r o l  B i t s  

 0  0  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 0  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  O u t p u t  p u s h  -p u l l  m o d e  

 

. 3  a n d  . 2  P o r t  4 ,  P 4 . 1  C o n f i g u r a t i o n   C o n t r o l  B i t s  

 0  0  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 0  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  O u t p u t  p u s h  -p u l l  m o d e  

 

. 1  a n d  . 0  P o r t  4 ,  P 4 . 0  C o n f i g u r a t i o n   C o n t r o l  B i t s  

 0  0  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 0  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  O u t p u t  p u s h  -p u l l  m o d e  

 

 



S3C9688 /P9688    CONTROL REGISTERS  

  4 -3 9  

P4INTPND  — P o rt  4  In terrupt  Enable  and Pending Register  E F H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  P 4 . 3  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 6  P 4 . 2  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 5  P 4 . 1  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 4  P 4 . 0  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 3  P 4 . 3  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  b i t  i s  read) / c lea r  pend ing  b i t  (when  b i t  i s  w r i t e ) 

 1  Pend ing  (when  b i t  i s  read) /no  e f fec t  (when  b i t  i s  wr i te ) 

 

. 2  P 4 . 2  I n t e r r u p t  P e n d i n g  B i t  

 0  No  pend ing  (when  b i t  i s  read) / c lea r  pend ing  b i t  (when  b i t  i s  w r i t e ) 

 1  Pend ing  (when  b i t  i s  read) /no  e f fec t  (when  b i t  i s  wr i te ) 

 

. 1  P 4 . 1  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  b i t  i s  read ) / c lea r  pend ing  b i t  (when  b it  i s  wr i te ) 

 1  Pend ing  (when  b i t  i s  read) /no  e f fec t  (when  b i t  i s  wr i te ) 

 

. 0  P 4 . 0  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  b i t  i s  read) / c lea r  pend ing  b i t  (when  b i t  i s  w r i t e ) 

 1  Pend ing  (when  b i t  i s  read) /no  e f fec t  (when  b i t  i s  wr i te ) 
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PS2CONINT  — PS2 Contro l  and In ter rupt  Pending Regis ter  (PS2 Mode only )    D 7 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  D + / P S 2  C o n f i g u r a t i o n  C o n trol  Bi ts  

 0  0  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t   

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 5  a n d  . 4  D -/ P S 2  C o n f i g u r a t i o n  C o n t r o l  B i t s  

 0  0  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  

 0  1  Schmi t t  t r i gger  inpu t ,  fa l l i ng  edge  ex te rna l  i n te r rup t  w i th  pu l l -u p  

 1  0  N -C H  o p e n  d r a i n  o u t p u t  m o d e  

 1  1  N -CH open  d ra i n  ou tpu t  mode  w i t h  pu l l -u p  

 

. 4  D + / P S 2  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 3  D -/ P S 2  I n t e r r u p t  E n a b l e  B i t 

 0  Ex te rna l  i n te r rup t  d isab le  

 1  Ex te rna l  i n te r rup t  enab le  

 

. 1  D + / P S 2  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  b i t  i s  read) / c lea r  pend ing  b i t  (when  b i t  i s  w r i t e ) 

 1  Pend ing  (when  b i t  i s  read) /no  e f fec t  (when  b i t  i s  wr i te ) 

 

. 0  D -/ P S 2  I n t e r r u p t  P e n d i n g  B i t 

 0  No  pend ing  (when  b i t  i s  read) / c lea r  pend ing  b i t  (when  b i t  i s  w r i t e ) 

 1  Pend ing  (when  b i t  i s  read) /no  e f fec t  (when  b i t  i s  wr i te ) 
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P W R M GR  — U S B  Power  Management  Reg is te r     F 8 H  
B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  –  –  –  0  0  0  –  0  

R e a d / W r i t e  –  –  –  R / W  R / W  R / W  –  R / W  

 

. 7–.5  N o t  u s e d  f o r   C 9 6 8 8 / P 9 6 8 8   

 

. 4  D A T A  +  m o n i t o r i n g  B i t 

 0  D A T A +  i s  z e r o  

 1  D A T A - i s  o n e  

 

. 3  D A T A  - m o n i t o r i n g  B i t 

 0  D A T A - i s  zero  

 1  D A T A - i s  o n e  

 

. 2  C l e a r  S u s p e n d  C o u n t e r  B i t 

 0  - 

 1  C lea r  i n te rna l  suspend  coun te r  reg i s te r . .  

 

. 1  N o t  u s e d  f o r   S 3 P 9 6 8 8  

 

. 0  S U S P E N D  S t a t u s  B i t 

 0  C lea red  when   f unc t i on  rece i ves  resume s igna l  f r om the  h o s t  w h i l e  i n  s u s p e n d  
m o d e  

 1  T h i s  b i t  i s  s e t  w h e n  S U S P E N D  i n t e r r u p t  o c c u r 
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SYM  — Sys tem Mode  Reg is te r  D F H  

B i t  I d e n t i f i e r .7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  –  –  –  –  –  0  0  0  

R e a d / W r i t e  –  –  –  –  –  R / W  R / W  R / W  

 

. 7–.3  N o t  u s e d  f o r  S 3 C 9 6 8 8 / P 9 6 8 8  

 

. 2  G l o b a l  I n t e r r u p t  E n a b l e  B i t (note) 

 0  D isab le  g loba l  i n te r rup t  p rocess ing  

 1  Enab le  g loba l  i n te r rup t  p rocess ing   

 

. 1  a n d  . 0  P a g e  S e l e c t i o n  B i t s  

 0  0  A d d r e s s i n g  p a g e  0  l o c a t i o n s  f o r  S 3 C 9 6 8 8 / P 9 6 8 8  

 Other  va lues  N o t  a l l o w e d  i n  S 3 C 9 6 8 8 / P 9 6 8 8  

NOTE: SYM must be selected bit 1 and 0 into 00 for S3C9688/P9688.  
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T0CON  — T imer  0  Contro l  Register  D 2 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  a n d  . 6  T 0  C o u n t e r  I n p u t  C l o c k  S e l e c t i o n  B i t s  

 0  0  C P U  c l o c k / 4 0 9 6  

 0  1  C P U  c l o c k / 2 5 6  

 1  0  C P U  c l o c k / 8  

 1  1  Inva l id  se lec t ion  

 

. 5  a n d  . 4  T 0  O p e r a t i n g  M o d e  S e l e c t i o n  B i t s  

 0  0  In te rva l  t ime r  mode  (The  coun te r  i s  au toma t i ca l l y  c l ea red  wheneve r  T0DATA 
va lue  equa ls  to  T0CNT va lue) 

 0  1  Inva l id  se lec t ion  

 1  0   

 1  1  Ove r f l ow  mode  (OVF  i n te r rup t  can  occu r )  

 

. 3  T 0  C o u n t e r  C l e a r  B i t  ( T 0 C L R ) 

 0  No  e f fec t  when  wr i t t en  

 1  C lea r  T0  coun te r 

 

. 2  T 0  O v e r f l o w  I n t e r r u p t  E n a b l e  B i t  ( T 0 O V F )   

 0  Disab le  T0 over f low in ter rupt  

 1  Enab le  T0 over f low in ter rupt  

 

. 1  T 0  M a t c h  I n t e r r u p t  E n a b l e  B i t  ( T 0 I N T )   

 0  D i sab le  T0  ma tch  i n te r rup t  

 1  Enab le  T0  ma tch  i n t e r rup t  

 

. 0  T 0  I n t e r r u p t  P e n d i n g  B i t  ( T 0 P N D )   

 0  No  in te r rup t  pend ing /Clear this pending bit (when write) 

 1  In te r rup t  i s  pend ing(when read) /No  e f fec t  (when wr i te ) 

NOTE: When you write a "1" to T0CON.3, the timer 0 counter is cleared. The bit is then cleared automatically to "0".  
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 USBCON  — USB Cont ro l  Reg is ter      F E H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  –  –  0  0  1  0  1  1  

R e a d / W r i t e  –  –  R / W  R / W  R / W  R / W  R / W  R  

  

. 7  a n d  . 6  R e s e r v e d 

 

. 5  D P / D M  C o n t r o l  B i t 

 0  D P / D M  c a n  n o t  b e  i n d i v i d u a l l y  c o n t r o l l e d  b y  M C U  

 1  D P / D M  c a n  b e  i n d i v i d u a l l y  c o n t r o l l e d  b y  M C U  t o  s e t  U S B C O N . 4  a n d  U S B C O N . 3  

 

. 4  D P  S t a t u s  B i t 

 0  D P  i s  l o w  

 1  D P  i s  h i g h  

 

. 3  D M  S t a t u s  B i t 

 0  D M  i s  l o w  

 1  D M  i s  h i g h  

 

. 2  U S B  R e s e t  M C U  B i t 

 0  U S B  w h i c h  i s  b e e n  o n  R E S E T  c a n  n o t  m a k e  M C U  r e s e t  

 1  U S B  w h i c h  i s  b e e n  o n  R E S E T  c a n  b e  a b l e  t o  r e s e t  M C U  

 

. 1  M C U  r e s e t  U S B  B i t 

 0  No  e f f ec t 

 1  M C U  f o r c e s  U S B  b e  r e s e t  

 

. 0  U S B  R E S E T  S i g n a l  R e c e i v e  B i t 

 0  U S B  R e s e t  i s  d e t e c t e d .  

 1  U S B  R e s e t  i s  u n d e t e c t e d  
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USBINT  — USB Interrupt  Enable  Register     F 7 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  –  –  – 0  0  0  0  0  

R e a d / W r i t e  –  –  –  R / W  R / W  R / W  R / W  R / W  

 

. 7–.5  N o t  u s e d  f o r   C 9 6 8 8 / P 9 6 8 8   

 

. 4  U S B  R e s e t  I n t e r r u p t  P e n d i n g  B i t 

 0  D i s a b l e  U S B  R e s e t  I n t e r r u p t  

 1  E n a b l e  U S B  R e s e t  I n t e r r u p t  

 

. 3  E N D P O I N T 2  I n t e r r u p t  P e n d i n g  B i t 

 0  D i sab l e  EN D POINT  2  i n t e r r up t  

 1  E n a b l e  E N D P O I N T  2  i n t e r r u p t  

 

. 2  S U S P E N D / R E S U M E  I n t e r r u p t  E n a b l e  B i t 

 0  D i s a b l e  S U S P E N D  a n d  R E S U M E  i n t e r r u p t  

 1  E n a b l e  S U S P E N D  a n d  R E S U M E  i n t e r r u p t  

 

. 1  E N D P O I N T 1  I n t e r r u p t  P e n d i n g  B i t 

 0  D i sab l e  EN D POINT  1  i n t e r r up t  

 1  E n a b l e  E N D P O I N T  1  i n t e r r u p t  

  

. 0  E N D P O I N T 0  I n t e r r u p t  P e n d i n g  B i t 

 0  D i sab l e  EN D POINT  0  i n t e r r up t  

 1  E n a b l e  E N D P O I N T  0  i n t e r r u p t  
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USBPND  — USB In ter rupt  Pending Regis ter     F 6 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  –  –  0  0  0  0  0  0  

R e a d / W r i t e  –  –  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7–.6  N o t  u s e d  f o r   C 9 6 8 8 / P 9 6 8 8   

 

. 5  U S B  R e s e t  I n t e r r u p t  P e n d i n g  B i t 

 0  No  e f fec t  (Wr i t e  1 ,   t h i s  b i t  i s  c l ea red  ) 

 1  T h i s  b i t  i s  s e t ,  w h e n  U S B  b u s  r e s e t  i s  d e t e c t e d  o n  t h e  b u s . 

 

. 4  E N D P O I N T  2  I n t e r r u p t  P e n d i n g  B i t 

 0  No e f fec t  (Wr i te  1 ,  th i s  b i t  i s  c l ea red ) 

 1  Th i s  b i t  i s  se t ,  when  endpo in t2  needs  t o  be  se rv i ced  

 

. 3  R E S U M E  I n t e r r u p t  P e n d i n g  B i t 

 0  No  e f fec t  (Wr i t e  1 ,  t h i s  b i t  i s  c l ea red ) 

 1  W h i l e  i n  s u s p e n d  m o d e ,  i f  r e s u m e  s i g n a l i n g  i s  r e c e i v e d  t h i s  b i t  g e t s  s e t  

 

. 2  S U S P E N D  I n t e r r u p t  P e n d i n g  B i t 

 0  No  e f fec t  (Wr i t e  1 ,  t h i s  b i t  i s  c l ea red  ) 

 1  Th i s  b i t  i s  se t ,  when  suspend  s i gna l i ng  i s  r ece i ved  

 

. 1  E N D P O I N T 1  I n t e r r u p t  P e n d i n g  B i t 

 0  No  e f fec t  (Wr i t e  1 ,  t h i s  b i t  i s  c l ea red ) 

 1  Th i s  b i t  i s  se t ,  when  endpo in t1  needs  t o  be  se rv i ced  

 

. 0  E N D P O I N T 0  I n t e r r u p t  P e n d i n g  B i t 

 0  No  e f fec t  (Wr i t e1 ,  t h i s  b i t  i s  c l ea red  ) 

 1  Th is  b i t  i s  se t ,  wh i l e  endpo in t  0  needs  to  se rv i ced .  I t  i s  se t  under  the  fo l l ow ing  
c o n d i t i o n s ; 

—     O U T _ P K T _ R D Y  i s  s e t  
—     I N _ P K T _ R D Y  g e t  c l e a r e d  
—     S E N T _ S T A L L  g e t s  s e t  
—     S E T U P _ D A T A _ E N D  g e t s  c l e a r e d  
—     S E T U P _ T R A N S F E R _ E N D  g e t s  s e t  
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USXCON — USB Select ion  and S igna l  Crossover  Point  Contro l  Regis ter    D 3 H  

B i t  I d e n t i f i e r . 7  . 6  . 5  . 4  . 3  . 2  . 1  . 0  

RESET V a l u e  0  0  0  0  0  0  0  0  

R e a d / W r i t e  R / W  R / W  R / W  R / W  R / W  R / W  R / W  R / W  

 

. 7  U S B / P S 2  M o d e  s e l e c t  B i t 

 0  P S 2  M o d e   

 1  U S B  M o d e   

 

. 6  U S B  P u l l -U p  C o n t r o l  r e g i s t e r 

 0  Pu l l -Up  D isab le  

 1  Pu l l -Up  Enab le  

 

. 5–.0  U S B  S i g n a l  C r o s s o v e r  P o i n t  C o n t r o l  B i t 

 E d g e  d e l a y  
C o n t r o l 

B i t  5 ,  ( 2 ) B i t  4 ,  ( 1 ) B i t  3 ,  ( 0 ) D e l a y   
V a l u e  

De lay  
Un i t  

   0  0  0   

 R I S E  0  0  1  1   

 e d g e   1  0  2  (abou t ) 

   1  1  4  2 . 5 n s e c  

   0  0  0   

 F A L L  1  0  1  1   

 e d g e   1  0  2   

   1  1  4   

NOTE: Bit 5, 4, 3: DM, Bit 2, 1, 0: DP 
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5  INTERRUPT STRUCTURE  

O V E R V I E W   

T h e  S A M 8 8 R C R I  i n t e r r u p t  s t r u c t u r e  h a s  t w o  b a s i c  c o m p o n e n t s :  a  v e c t o r ,  a n d  s o u r c e s .  T h e  n u m b e r  o f  i n t e r r u p t  
sou rces  can  be  se rv i ced  th rough  a  i n te r rup t  vec to r  wh i ch  i s  ass ig n e d  i n  R O M  a d d r e s s  0 0 0 0 H – 0 0 0 1 H . 

SOURCESVECTOR

S1

S2

S3

Sn

0000H

0001H

NOTES:
1.   The SAM88RCRI interrupt has only one vector address (0000H-0001H).
2.   The number of Sn value is expandable.

 

F i g u r e  5 -1 .  S 3 C 9 -S e r i e s  I n t e r r u p t  T y p e  

I N T E R R U P T  P R O C E S S I N G  C O N T R O L  P O I N T S  

I n te r rup t  p rocess ing  can  be  con t ro l l ed  i n  two  ways :  e i t he r  g loba l l y ,  o r  by  spec i f i c  i n te r rup t  l eve l  and  sou rce .  The  
ma jo r  f ea tu res  o f  s ys tem -leve l  con t ro l  i n  the  in te r rup t  s t ruc tu re  a re  as  fo l lows : 

—  G loba l  i n te r rup t  enab le  and  d i sab le  (by  E I  and  D I  i ns t ruc t i ons ) 

—  In ter rupt  sourc e  enab le  and  d i sab le  se t t i ngs  i n  t he  co r respond ing  pe r iphe ra l  con t ro l  reg i s te r ( s ) 

E N A B L E / D I S A B L E  I N T E R R U P T  I N S T R U C T I O N S  ( E I ,  D I ) 

T h e  s y s t e m  m o d e  r e g i s t e r ,  S Y M  ( D F H ) ,  i s  u s e d  i n  s e t t i n g s  i n t e r r u p t  p r o c e s s i n g  e n a b l e d  o r  d i s a b l e d .  

S Y M . 2  i s  t h e  e n a b l e  a n d  d i s a b l e  b i t  f o r  g l o b a l  i n t e r r u p t  p r o c e s s i n g  r e s p e c t i v e l y ,  b y  m o d i f y i n g  S Y M . 2 .  A n  E n a b l e  
In te r rup t  (E I )  i ns t ruc t ion  mus t  be  inc luded  in  the  in i t i a l i za t ion  rou t ine  tha t  fo l l ows  a  rese t  opera t ion  in  o rder  t o  enab le  
i n t e r r up t  p rocess i ng .  A l t hough  you  can  man ipu la te  SYM.2  d i r ec t l y  t o  enab le  and  d i sab le  i n t e r r up t s  du r i ng  no rma l  
ope ra t i on ,  we  recommend  t ha t  you  use  t he  E I  and  D I  i n s t r uc t i ons  f o r  t h i s  pu rpose .  
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I N T E R R U P T  P E N D I N G  F U N C T I O N  T Y P E S  

When  the  i n te r rup t  se rv i ce  rou t i ne  has  been  execu ted ,  t he  app rop r i a te  pend ing  b i t  mus t  be  c l ea red  i n  t he  app l i ca t i on  
p rogram's  se rv i ce  rou t ine  be fo re  the  re tu rn  f rom in te r rup t  subrou t ine  ( IRET)  occurs . 

I N T E R R U P T  P R I O R I T Y 

Because  the re  i s  no t  a  i n te r rup t  p r i o r i t y  r eg i s te r  i n  SAM88RCRI ,  t he  o rde r  o f  se rv i ce  i s  de te rm ined  by  a  sequence  o f  
sou rce  wh ich  i s  execu ted  i n  i n te r rup t  se rv i ce  rou t i ne .  

Interrupt Pending Register

Global Interrupt Control

(EI, DI instruction)

Vector
Interrupt
Cycle

Interrpt priority
is determind by
software polling

method

S

R

Q
"EI" Instruction

Execution

RESET

Source
Interrupts

Source
Interrupt

Enable

 

F i g u r e  5 -2 .  I n t e r r u p t  F u n c t i o n  D i a g r a m  

I N T E R R U P T  S O U R C E  S E R V I C E  S E Q U E N C E  

The  in te r rup t  reques t  po l l i ng  and  se rv i c ing  sequence  i s  as  fo l l ows : 

1 .  A  sou rce  gene ra tes  an  i n te r rup t  r eques t  by  se t t i ng  t he  i n te r rup t  r eques t  pend ing  b i t  t o  "1 " .  

2 .  The  CPU gene ra tes  an  i n t e r r up t  acknow ledge  s i gna l .  

3 .  The  se rv i ce  rou t i ne  s ta r t s  and  the  sou rce ' s  pend ing  f l ag  i s  c lea red  to  "0 "  by  so f tware .  

4 .  I n te r rup t  p r i o r i t y  mus t  be  de te rm ined  by  so f twa re  po l l i ng  me thod .  
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I N T E R R U P T  S E R V I C E  R O U T I N E S  

Be fo re  an  i n te r rup t  r eques t  can  be  se rv i ced ,  t he  f o l l ow ing  cond i t i ons  mus t  be  me t :  

—  I n t e r r u p t  p r o c e s s i n g  m u s t  b e  e n a b l e d  ( E I ,  S Y M . 2  =  " 1 " ) 

—  In te r rup t  mus t  be  enab led  a t  the  in te r rup t ' s  source  (per iphera l  con t ro l  re g is ter )  

I f  a l l  o f  t he  above  cond i t i ons  a re  me t ,  t he  i n te r rup t  reques t  i s  acknow ledged  a t  t he  end  o f  t he  i ns t ruc t i on  cyc le .  The  
C P U  t h e n  i n i t i a t e s  a n  i n t e r r u p t  m a c h i n e  c y c l e  t h a t  c o m p l e t e s  t h e  f o l l o w i n g  p r o c e s s i n g  s e q u e n c e :  

1 .  Rese t  ( c l ea r  t o  "0 " )  t he  g l oba l  i n t e r rup t  enab le  b i t  i n  t he  SYM reg i s te r  (D I ,  SYM.2  =  "0 " ) 
t o  d i sab le  a l l  subsequen t  i n t e r rup t s . 

2 .  S a v e  t h e  p r o g r a m  c o u n t e r  ( P C )  a n d  s t a t u s  f l a g s  ( F L A G s )  t o  s t a c k . 

3 .  B ranch  to  the  i n te r rup t  vec to r  to  fe t ch  the  se rv i ce  rou t i ne ' s  add ress . 

4 .  P a s s  c o n t r o l to  the  in te r rup t  serv ice  rou t ine .  

When  the  i n te r rup t  se rv i ce  rou t i ne  i s  comp le ted ,  an  In te r rup t  Re tu rn  i ns t ruc t i on  ( IRET)  occu rs .  The  IRET res to res  the  
P C  a n d  s t a t u s  f l a g s  a n d  s e t s  S Y M . 2  t o  " 1 " ( E I ) ,  a l l o w i n g  t h e  C P U  t o  p r o c e s s  t h e  n e x t  i n t e r r u p t  r e q u e s t .  

G E N E R A T I N G  I N T E R R U P T  V E C T O R  A D D R E S S E S  

The  in te r rup t  vec to r  a rea  in  the  ROM con ta ins  the  address  o f  t he  i n te r rup t  se rv i ce  rou t ine .  Vec to red  in te r rup t  
p r o c e s s i n g  f o l l o w s  t h i s  s e q u e n c e :  

1 .  P u s h  t h e  p r o g r a m  c o u n ter 's  low-b y t e  v a l u e  t o  s t a c k . 

2 .  P u s h  t h e  p r o g r a m  c o u n t e r ' s  h i g h -b y t e  v a l u e  t o  s t a c k . 

3 .  P u s h  t h e  F L A G S  r e g i s t e r  v a l u e s  t o  s t a c k . 

4 .  Fe tch  the  se rv i ce  rou t ine ' s  h igh -b y t e  a d d r e s s  f r o m  t h e  v e c t o r  a d d r e s s  0 0 0 0 H . 

5 .  Fe tch  the  se rv i ce  rou t ine ' s  l ow-b y t e  a d d r e s s  f r o m  t h e  v e c t o r  a d d r e s s  0 0 0 1 H . 

6 .  B ranch  to  t he  se rv i ce  rou t i ne  spec i f i ed  by  t he  16 -b i t  vec to r  add ress . 
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S 3 C 9 6 8 8 / P 9 6 8 8  I N T E R R U P T  S T R U C T U R E  

The  S3C9688 /P9688  m ic rocon t ro l l e r  has  29  pe r i phe ra l  i n t e r rup t  sou rces : 

—  T imer  0  ma tch  i n te r rup t  

—  T imer  0  over f low in ter rupt  

—  E igh t  ex te rna l  i n te r rup ts  fo r  po r t  2 ,  P2 .0– P 2 . 7  

—  Four  ex te rna l  i n te r rup ts  fo r  po r t  4 ,  P4 .0– P 4 . 3  

—  D -/ P S 2  a n d  D + / P s 2  e x t e r n a l  i n t e r r u p t s  ( o n l y  i n  P S 2  m o d e ) 

—  U S B  E P 0 ,  1 ,  2  I n t e r r u p t  

—  Suspend  i n te r rup t  

—  R e s u m e  i n t e r r u p t  

Vector Pending Bits

0000H

(EI/DI)
SYM.2

SourcesEnable/Disable

Timer 0 Match Interrupt

Timer 0 Overflow Interrupt

P2.X External Interrupt

P4.0-3 External Interrupt

T0CON.1

T0CON.2

P0INT.X

P2INT.X

P4INTPND.4-7

P0PND.X

P2PND.X

P4INTPND.0-3

P4INTPND.0
Endpoint 0 Interrupt

Endpoint 1 Interrupt

Endpoint 2 Interrupt

Suspend Interrupt

USBINT.0

USBINT.1

USBINT.3

USBINT.2

P4INTPND.1

P4INTPND.4

USBPND.2

P0.X External Interrupt

NOTE: "X" means 0-7 bit.

D-/PS2 Interrupt

D+/PS2 Interrupt

PS2CONINT.2

PS2CONINT.3

PS2CONINT.0

PS2CONINT.1

Resume Interrupt

USBINT.2
USBPND.3

T0CON

 

F i g u r e  5 -3 .  S 3 C 9 6 8 8 / P 9 6 8 8  I n t e r r u p t  S t r u c t u r e   
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6  SAM88RCRI INSTRUCTION SET  

O V E R V I E W  

The  SAM88RCRI  i ns t ruc t i on  se t  i s  des igned  to  suppo r t  t he  l a rge  reg i s te r  f i l e .  I t  i nc l udes  a  f u l l  comp lemen t  o f  8 -b i t  
a r i t hmet i c  and  log i c  ope ra t i ons .  There  a re  41  i n s t r u c t i o n s .  N o  s p e c i a l  I / O  i n s t r u c t i o n s  a r e  n e c e s s a r y  b e c a u s e  I / O  
con t ro l  and  da ta  reg is te rs  a re  mapped  d i rec t l y  i n to  the  reg is te r  f i l e .  F lex ib le  i ns t ruc t i ons  fo r  b i t  add ress ing ,  ro ta te ,  
and  sh i f t  ope ra t i ons  comp le te  t he  power fu l  da ta  man ipu la t i on  capab i l i t i e s  o f  t he  SAM88RCRI  i ns t r uc t i on  se t .   

R E G I S T E R  A D D R E S S I N G  

To  access  an  i nd i v idua l  reg i s te r ,  an  8 -b i t  add ress  i n  t he  range  0 -255  o r  t he  4 -b i t  add ress  o f  a  work ing  reg i s te r  i s  
s p e c i f i e d .  P a i r e d  r e g i s t e r s  c a n  b e  u s e d  t o  c o n s truc t  13 -b i t  p r o g r a m  m e m o r y  o r  d a t a  m e m o r y  a d d r e s s e s .  F o r  d e t a i l e d  
i n f o rma t i on  abou t  r eg i s t e r  add ress i ng ,  p l ease  re fe r  t o  Sec t i on  2 ,  "Add ress  Spaces " .   

A D D R E S S I N G  M O D E S  

There  a re  s i x  address ing  modes :  Reg is te r  (R) ,  Ind i rec t  Reg is te r  ( IR ) ,  Indexed  (X) ,  D i rec t  (DA) ,  Re la t i ve  (RA) ,  and  
Immed ia te  ( IM ) .  Fo r  de ta i l ed  desc r i p t i ons  o f  t hese  add ress i ng  modes ,  p l ease  re fe r  t o  Sec t i on  3 ,  "Add ress i ng  
M o d e s " .  
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T a b l e  6 -1 .  I n s t r u c t i o n  G r o u p  S u m m a r y  

M n e m o n i c  O p e r a n d s Ins t ruc t ion  

 

L o a d  I n s t r u c t i o n s 

C L R  d s t C l e a r 

L D  ds t , s r c  L o a d  

L D C  ds t , s r c  L o a d  p r o g r a m  m e m o r y  

L D E  ds t , s r c  L o a d  e x t e r n a l  d a t a  m e m o r y  

L D C D  ds t , s r c  L o a d  p r o g r a m  m e m o r y  a n d  d e c r e m e n t  

L D E D ds t , s r c  L o a d  e x t e r n a l  d a t a  m e m o r y  a n d  d e c r e m e n t  

L D C I ds t , s r c  L o a d  p r o g r a m  m e m o r y  a n d  i n c r e m e n t  

L D E I ds t , s r c  L o a d  e x t e r n a l  d a t a  m e m o r y  a n d  i n c r e m e n t  

P O P  d s t P o p  f r o m  s t a c k  

P U S H src  P u s h  t o  s t a c k  

 

A r i t h m e t i c  I n s t r u c t i o n s 

A D C  ds t , s r c  Add  w i t h  ca r r y  

A D D  ds t , s r c  A d d  

C P  ds t , s r c  C o m p a r e  

D E C d s t D e c r e m e n t  

INC d s t I n c r e m e n t  

S B C  ds t , s r c  Sub t rac t  w i t h  ca r r y  

S U B  ds t , s r c  S u b t r a c t 

 

L o g i c  I n s t r u c t i o n s 

A N D  ds t , s r c  L o g i c a l  A N D  

C O M  d s t C o m p l e m e n t  

O R  ds t , s r c  L o g i c a l  O R  

X O R  ds t , s r c  L o g i c a l  e x c l u s i v e  O R  
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T a b l e  6 -1 .  I n s t r u c t i o n  G r o u p  S u m m a r y  ( C o n t i n u e d ) 

M n e m o n i c  O p e r a n d s Ins t ruc t ion  

 

P r o g r a m  C o n t r o l  I n s t r u c t i o n s 

C A L L  d s t Ca l l  p rocedure  

I R E T  In terrupt  return  

JP  c c , d s t J u m p  o n  c o n d i t i o n  c o d e  

JP  d s t J u m p  u n c o n d i t i o n a l 

JR  c c , d s t Jump re la t i ve  on  cond i t i on  code  

R E T  Return  

 

B i t  M a n i p u l a t i o n  I n s t r u c t i o n s 

T C M  ds t , s r c  T e s t  c o m p l e m e n t  u n d e r  m a s k  

TM  ds t , s r c  T e s t  u n d e r  m a s k  

 

R o t a t e  a n d  S h i f t  I n s t r u c t i o n s 

R L  d s t Rotate  le f t  

R L C  d s t Ro ta te  le f t  th rough car ry  

R R  d s t Ro ta te  r i gh t  

R R C  d s t Ro ta te  r igh t  th rough  ca r ry  

S R A  d s t Sh i f t  r igh t  a r i thmet ic  

 

C P U  C o n t r o l  I n s t r u c t i o n s 

C C F   C o m p l e m e n t  c a r r y  f l a g  

D I  Disab le  in te r rup ts  

E I  Enab le  in te r rup ts  

IDLE   En te r  I d l e  mode  

N O P   No ope ra t i on  

R C F   Rese t  ca r r y  f l ag  

S C F   Set  ca r ry  f l ag  

S T O P   E n t e r  S t o p  m o d e  
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F L A G S  R E G I S T E R  ( F L A G S ) 

T h e  F L A G S  r e g i s t e r  c o n t a i n s  e i g h t  b i t s  t h a t  d e s c r i b e  t h e  c u r r e n t  s t a t u s  o f  C P U  o p e r a t i o n s .  F o u r  o f  t h e s e  b i t s ,  
F L A G S . 4  –  F L A G S . 7 ,  c a n  b e  t e s t e d  a n d  u s e d  w i t h  c o n d i t i o n a l  j u m p  i n s t r u c t i o n s ;   

F L A G S  r e g i s t e r  c a n  b e  s e t  o r  r e s e t  b y  i n s t r u c t i o n s  a s  l o n g  a s  i t s  o u t c o m e  d o e s  n o t  a f f e c t  t h e  f l a g s ,  s u c h  a s ,  L o a d  
i n s t r u c t i o n .  L o g i c a l  a n d  A r i t h m e t i c  i n s t r u c t i o n s  s u c h  a s ,  A N D ,  O R ,  X O R ,  A D D ,  a n d  S U B  c a n  a f f e c t  t h e  F l a g s  
reg i s te r .  Fo r  examp le ,  t he  AND ins t ruc t i on  upda tes  t he  Ze ro ,  S ign  and  Ove r f l ow  f l ags  based  o n  t h e  o u t c o m e  o f  t h e  
AND i ns t r uc t i on .  I f  t he  AND i ns t r uc t i on  uses  t he  F lags  reg i s t e r  as  t he  des t i na t i on ,  t hen  s imu l t aneous l y ,  two  w r i t e  w i l l  
occu r  t o  t he  F lags  reg i s te r  p roduc ing  an  unp red i c tab le  resu l t .  

System Flags Register (FLAGS)
D5H, R/W

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

Not mapped

Overflow (V)

Sign flag (S)

Zero flag (Z)

Carry flag (C)

 

F i g u r e  6 -1 .  S y s t e m  F l a g s  R e g i s t e r  ( F L A G S ) 

F L A G  D E S C R I P T I O N S  

O v e r f l o w  F l a g  ( F L A G S . 4 ,  V ) 

The  V  f l ag  i s  se t  to  "1 "  when  the  resu l t  o f  a  two 's -c o m p l e m e n t  o p e r a t i o n  i s  g r e a t e r  t h a n  +  1 2 7  o r  l e s s  t h a n  –  128 .  I t  i s  
a l so  c lea red  to  "0 "  f o l l ow ing  l og i c  ope ra t i ons . 

S i g n  F l a g  ( F L A G S . 5 ,  S ) 

Fo l l ow ing  a r i t hme t i c ,  l og i c ,  ro ta te ,  o r  sh i f t  ope ra t i ons ,  t he  s ign  b i t  i den t i f i es  the  s ta te  o f  t he  MSB o f  t he  resu l t .  A  l og i c  
ze ro  i nd i ca tes  a  pos i t i ve  number  and  a  l og i c  one  i nd i ca tes  a  nega t i ve  number .  

Z e r o  F l a g  ( F L A G S . 6 ,  Z )  

For  a r i t hmet i c  and  log i c  opera t i ons ,  t he  Z  f l ag  i s  se t  t o  "1 "  i f  t he  resu l t  o f  t he  opera t i on  i s  ze ro .  Fo r  opera t i ons  tha t  
tes t  reg is te r  b i t s ,  and  fo r  sh i f t  and  ro ta te  opera t ions ,  the  Z  f l ag  i s  se t  to  "1 "  i f  t he  resu l t  i s  l og ic  ze ro .  

C a r r y  F l a g  ( F L A G S . 7 ,  C ) 

The  C  f l ag  i s  se t  t o  "1 "  i f  t he  resu l t  f rom an  a r i t hmet i c  opera t i on  genera tes  a  ca r ry -ou t  f rom o r  a  bo r row to  the  b i t  7  
pos i t i on  (MSB) .  A f te r  ro ta te  and  sh i f t  ope ra t ions ,  i t  con ta ins  the  las t  va lue  sh i f t ed  ou t  o f  t he  spec i f i ed  reg is te r .  
P r o g r a m  i n s t r u c t i o n s  c a n  s e t ,  c l e a r ,  o r  c o m p l e m e n t  t h e  c a r r y  f l a g .  



S3C9688 /P9688    SAM88RCRI INSTRUCTION SET  

  6 -5  

I N S T R U C T I O N  S E T  N O T A T I O N  

T a b l e  6 -2 .  F l a g  N o t a t i o n  C o n v e n t i o n s 

F l a g D e s c r i p t i o n  

C  Carry  f lag  

Z Zero f lag 

S  S ign  f lag  

V  Overf low f lag 

0  C leared  to  log ic  ze ro  

1  S e t  t o  l o g i c  o n e  

*  Se t  o r  c l ea red  acco rd ing  t o  ope ra t i on  

–  Va lue  i s  una f fec ted  

x  Va lue  i s  unde f i ned  

 

T a b l e  6 -3 .  I n s t r u c t i o n  S e t  S y m b o l s 

S y m b o l  D e s c r i p t i o n  

d s t Des t i na t i on  ope rand  

s rc  S o u r c e  o p e r a n d  

@  Ind i rec t  reg is te r  address  pre f i x  

P C  Pro g r a m  c o u n t e r 

F L A G S  F lags  reg i s te r  (D5H) 

#  Immed ia te  operand  o r  reg is te r  address  p re f i x  

H  H exadec ima l  numbe r  su f f i x  

D  Dec ima l  number  su f f i x  

B  B ina ry  number  su f f i x  

opc  O p c o d e  
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T a b l e  6 -4 .  I n s t r u c t i o n  N o t a t i o n  C o n v e n t i o n s 

N o t a t i o n  D e s c r i p t i o n  A c t u a l  O p e r a n d  R a n g e  

c c  C o n d i t i o n  c o d e  See  l i s t  o f  cond i t i on  codes  i n  Tab le  6 -6 .  

r Work ing  reg i s te r  on l y  R n   ( n  =  0 – 1 5 ) 

rr Work ing  reg i s te r  pa i r  R R p   ( p  =  0 ,  2 ,  4 ,  . . . ,  1 4 ) 

R  Reg is te r  o r  wo rk ing  reg i s te r reg  o r  Rn   ( reg  =  0– 2 5 5 ,  n  =  0 – 1 5 ) 

R R  Reg is te r  pa i r  o r  work ing  reg is te r  pa i r   r eg  o r  RRp   ( reg  =  0– 254 ,  even  number  on l y ,  whe re   
p  =  0 ,  2 ,  . . . ,  1 4 ) 

Ir Ind i rec t  work ing  reg is te r  on ly  @ R n   ( n  =  0 – 1 5 ) 

IR  Ind i rec t  reg is te r  o r  ind i rec t  work ing  reg is te r @ R n  o r  @ r e g   ( r e g  =  0 – 2 5 5 ,  n  =  0 – 1 5 ) 

Irr Ind i rec t  work ing  reg is te r  pa i r  on ly  @ R R p   ( p  =  0 ,  2 ,  . . . ,  1 4 ) 

IRR Ind i rec t  reg is te r  pa i r  o r  ind i rec t  work ing  
reg is ter  pa i r  

@ R R p  o r  @ r e g   ( r e g  =  0 – 254 ,  even  on ly ,  where  
p  =  0 ,  2 ,  . . . ,  1 4 ) 

X I n d e x e d  a d d r e s s i n g  m o d e  # reg [Rn ]   ( r eg  =  0– 2 5 5 ,  n  =  0 – 1 5 ) 

XS  Indexed  ( sho r t  o f f se t )  add ress ing  mode  #add r [RRp ]   ( add r  =  range  – 128  t o  +127 ,  whe re  
p  =  0 ,  2 ,  . . . ,  1 4 ) 

x l I ndexed  ( l ong  o f f se t )  add ress ing  mode  #add r  [RRp ]   ( add r  =  range  0– 8191 ,  where  
p  =  0 ,  2 ,  . . . ,  1 4 ) 

d a  D i r e c t  a d d r e s s i n g  m o d e  addr   (add r  =  range  0– 8 1 9 1 ) 

ra  Re la t i ve  add ress ing  mode  add r   ( add r  =  number  i n  t he  range  +127  t o  – 128  t ha t  i s  
an  o f f se t  re la t i ve  to  the  address  o f  the  nex t  i ns t ruc t ion ) 

im  I m m e d i a t e  a d d r e s s i n g  m o d e  # d a t a   ( d a t a  =  0 – 2 5 5 ) 
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T a b l e  6 -5 .  O p c o d e  Q u ic k  R e f e r e n c e   

O P C O D E  M A P  

L O W E R  N I B B L E  ( H E X ) 

 –  0  1  2  3  4  5  6  7  

U  0  D E C 
R 1  

D E C 
IR1 

A D D  
r1,r2  

A D D  
r1,Ir2  

A D D  
R 2 , R 1  

A D D  
IR2 ,R1  

A D D  
R1, IM  

 

P  1  R L C  
R 1  

R L C  
IR1 

A D C  
r1,r2  

A D C  
r1,Ir2  

A D C  
R 2 , R 1  

A D C  
IR2 ,R1  

A D C  
R1, IM  

 

P  2  INC 
R 1  

INC 
IR1 

S U B  
r1,r2  

S U B  
r1,Ir2  

S U B  
R 2 , R 1  

S U B  
IR2 ,R1  

S U B  
R1, IM  

 

E 3  JP  
IRR1 

 S B C  
r1,r2  

S B C  
r1,Ir2  

S B C  
R 2 , R 1  

S B C  
IR2 ,R1  

S B C  
R1, IM  

 

R  4    O R  
r1,r2  

O R  
r1,Ir2  

O R  
R 2 , R 1  

O R  
IR2 ,R1  

O R  
R1, IM  

 

 5  P O P  
R 1  

P O P  
IR1 

A N D  
r1,r2  

A N D  
r1,Ir2  

A N D  
R 2 , R 1  

A N D  
IR2,R 1  

A N D  
R1, IM  

 

N  6  C O M  
R 1  

C O M  
IR1 

T C M  
r1,r2  

T C M  
r1,Ir2  

T C M  
R 2 , R 1  

T C M  
IR2 ,R1  

T C M  
R1, IM  

 

I  7  P U S H 
R 2  

P U S H 
IR2 

TM  
r1,r2  

TM  
r1,Ir2  

TM  
R 2 , R 1  

TM  
IR2 ,R1  

TM  
R1, IM  

 

B  8         L D  
r1,  x ,  r2  

B  9  R L  
R 1  

R L  
IR1 

     L D  
r2,  x ,  r1  

L  A    C P  
r1,r2  

C P  
r1,Ir2  

C P  
R 2 , R 1  

C P  
IR2 ,R1  

C P  
R1, IM  

L D C  
r1 ,  I r r2 ,  xL 

E B  C L R  
R 1  

C L R  
IR1 

X O R  
r1,r2  

X O R  
r1,Ir2  

X O R  
R 2 , R 1  

X O R  
IR2 ,R1  

X O R  
R1, IM  

L D C  
r2 ,  I r r2 ,  xL 

 C  R R C  
R 1  

R R C  
IR1 

 L D C  
r1,Irr2  

   L D  
r1, Ir2  

H  D  S R A  
R 1  

S R A  
IR1 

 L D C  
r2,Irr1  

  L D  
IR1,IM  

L D  
Ir1, r2  

E E  R R  
R 1  

R R  
IR1 

L D C D  
r1,Irr2  

L D C I 
r1,Irr2  

L D  
R 2 , R 1  

L D  
R2 , IR1  

L D  
R1, IM  

L D C  
r1 ,  I r r2 ,  xs  

X  F      C A L L  
IRR1 

L D  
IR2 ,R1  

C A L L  
D A 1 

L D C  
r2 ,  I r r1 ,  xs  
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T a b l e  6 -5 .  O p c o d e  Q u i c k  R e f e r e n c e  ( C o n t i n u e d ) 

O P C O D E  M A P  

L O W E R  N I B B L E  ( H E X ) 

 –  8  9  A  B  C  D  E  F  

U  0  L D  
r1 ,R2  

L D  
r2 ,R1  

 JR  
c c , R A  

L D  
r1,IM  

JP  
c c , D A  

INC 
r1  

 

P  1  ↓ ↓  ↓ ↓ ↓ ↓  
 

P  2          

 

E 3          

 

R  4          

 

 5          

 

N  6         IDLE  
 

I  7  ↓ ↓  ↓ ↓ ↓ ↓ S T O P  
 

B  8         D I 
 

B  9         E I 
 

L  A         R E T 
 

E B         I R E T 
 

 C         R C F  
 

H  D  ↓ ↓  ↓ ↓ ↓ ↓ S C F  
 

E E         C C F  
 

X  F  L D  
r1 ,R2  

L D  
r2 ,R1  

 JR  
c c , R A  

L D  
r1,IM  

JP  
c c , D A  

INC 
r1  

N O P  
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C O N D I T I O N  C O D E S  

T h e  o p c o d e  o f  a  c o n d i t i o n a l  j u m p  a l w a y s  c o n t a i n s  a  4 -b i t  f i e ld  ca l l ed  the  cond i t i on  code  (cc ) .  Th is  spec i f i es  under  
wh i ch  cond i t i ons  i t  i s  t o  execu te  t he  j ump .  Fo r  examp le ,  a  cond i t i ona l  j ump  w i t h  t he  cond i t i on  code  f o r  " equa l "  a f t e r  a  
compare  ope ra t i on  on l y  j umps  i f  t he  two  ope rands  a re  equa l .  Cond i t i on  codes  a re  l i s t ed  i n  Tab le  6 -6 .  

The  car ry  (C) ,  ze ro  (Z ) ,  s ign  (S) ,  and  over f low (V)  f lags  a re  used  to  con t ro l  t he  opera t i on  o f  cond i t i ona l  j ump 
i n s t r u c t i o n s . 

T a b l e  6 -6 .  C o n d i t i o n  C o d e s 

B i n a r y  M n e m o n i c  D e s c r i p t i o n  F l a g s  S e t 

0 0 0 0  F  A l w a y s  f a l s e –  

1 0 0 0  T A l w a y s  t r u e  –  

0 1 1 1  (1 ) C  Carry  C  =  1  

1 1 1 1  (1 ) N C  No ca r ry  C  =  0  

0 1 1 0  (1 ) Z Zero  Z  =  1  

1 1 1 0  (1 ) N Z No t  ze ro  Z  =  0  

1 1 0 1  P L  P lus  S  =  0  

0 1 0 1  M I M i n u s  S  =  1  

0 1 0 0  O V  Overf low V  =  1  

1 1 0 0  N O V  No over f low V  =  0  

0 1 1 0  (1 ) E Q  E q u a l Z  =  1  

1 1 1 0  (1 ) N E  N o t  e q u a l Z  =  0  

1 0 0 1  G E  Grea te r  t han  o r  equa l ( S   X O R   V )  =  0  

0 0 0 1  L T L e s s  t h a n  ( S   X O R   V )  =  1  

1 0 1 0  G T Grea te r  t han  ( Z   O R  ( S   X O R   V ) )  =  0  

0 0 1 0  LE  L e s s  t h a n  o r  e q u a l ( Z   O R  ( S   X O R   V ) )  =  1  

1 1 1 1  (1 ) U G E  Uns igned  g rea te r  t han  o r  equa l C  =  0  

0 1 1 1  (1 ) U L T U n s i g n e d  l e s s  t h a n  C  =  1  

1 0 1 1  U G T Uns igned  g rea te r  t han  ( C  =  0   A N D   Z  =  0 )  =  1  

0 0 1 1  U L E  U n s i g n e d  l e s s  t h a n  o r  e q u a l ( C   O R   Z )  =  1  

NOTES: 

1.  Indicate condition codes that are related to two different mnemonics but which test the same flag.  

 For  example, Z and EQ are both true if the zero flag (Z) is set, but after an ADD instruction, Z would probably be used;  

 after a CP instruction, however, EQ would probably be used.  

2. For operations involving unsigned numbers, the special condition codes UGE, ULT, UGT, and ULE must be used.  
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I N S T R U C T I O N  D E S C R I P T I O N S  

T h i s  s e c t i o n  c o n t a i n s  d e t a i l e d  i n f o r m a t i o n  a n d  p r o g r a m m i n g  e x a m p l e s  f o r  e a c h  i n s t r u c t i o n  i n  t h e  S A M 8 8 R C R I  
ins t ruc t ion  se t .  In fo rmat ion  i s  a r ranged  in  a  cons is ten t  fo rmat  fo r  improved  readab i l i t y  and  fo r  fas t  re fe renc ing .  The  
fo l lowing  i n fo rma t ion  i s  i nc luded  i n  each  i ns t ruc t i on  desc r ip t i on :  

—  I n s t r u c t i o n  n a m e  ( m n e m o n i c ) 

—  F u l l  i n s t r u c t i o n  n a m e 

—  Sou rce /des t i na t i on  fo rma t  o f  t he  i ns t ruc t i on  ope rand  

—  Shor thand  no ta t i on  o f  t he  i ns t ruc t i on ' s  opera t i on  

—  Tex tua l  desc r ip t i on  o f  the  ins t ruc t ion ' s  e f fec t 

—  Spec i f i c  f l ag  se t t i ngs  a f fec ted  by  the  i ns t ruc t i on  

—  De ta i l ed  desc r i p t i on  o f  t he  i ns t r uc t i on ' s  f o rma t ,  execu t i on  t ime ,  and  add ress ing  mode (s ) 

—  P r o g r a m m i n g  e x a m p l e ( s )  e x p l a i n i n g  h o w  t o  u s e  t h e  i n s t r u c t i o n  
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ADC  — Add With C arry  

A D C  ds t , s r c  

O p e r a t i o n : d s t   ←  d s t   +   s r c   +   c  

 The  sou rce  ope rand ,  a long  w i th  t he  se t t i ng  o f  t he  ca r r y  f l ag ,  i s  added  to  t he  des t i na t i on  ope rand  and  
the  sum i s  s to red  i n  t he  des t i na t i on .  The  con ten ts  o f  t he  sou rce  a re  una f fec ted .  Two 's -c o m p l e m e n t  
add i t i on  i s  pe r fo rmed .  I n  mu l t i p l e  p rec i s ion  a r i t hme t i c ,  t h i s  i ns t ruc t i on  pe rm i t s  t he  ca r r y  f rom the  
add i t ion  o f  low-o rder  operands  to  be  ca r r ied  in to  the  add i t i on  o f  h igh -o rde r  ope rands . 

F l a g s :    C : Set  i f  t he re  i s  a  ca r ry  f rom the  mos t  s ign i f i can t  b i t  o f  t he  resu l t ;  c l ea red  o the rw ise .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  i s  nega t i ve ;  c lea red  o the rw ise .  

   V : Set  i f  a r i t hme t i c  ove r f l ow  occu rs ,  t ha t  i s ,  i f  bo th  ope rands  a re  o f  t he  same s ign  and  the   
    r esu l t  i s  o f  t he  oppos i te  s ign ;  c l ea red  o the rw ise .  

   D : A l w a y s  c l e a r e d  t o  " 0 " .  

   H : Set  i f  t he re  i s  a  ca r ry  f rom the  mos t  s ign i f i can t  b i t  o f  t he  l ow-order  four  b i ts  o f  the  resu l t ;   
    c l ea red  o the rw ise .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 o pc  ds t  |  s rc     2  4  1 2  r r 

       6  1 3  r lr 

           

 opc  s rc  d s t   3  6  1 4  R  R  

       6  1 5  R  IR  

           

 opc  d s t s rc    3  6  1 6  R  IM  

 

E x a m p l e s :  Given:  R 1   =   1 0 H ,  R 2   =   0 3 H ,  C  f l a g  =   " 1 " ,  r e g i s t e r  0 1 H   =   2 0 H ,  r e g i s t e r  0 2 H   =   0 3 H ,  a n d  
r e g i s t e r  0 3 H   =   0 A H : 

A D C  R 1 , R 2  → R 1   =   1 4 H ,  R 2   =   0 3 H  

A D C  R 1 , @ R 2  → R 1   =   1 B H ,  R 2   =   0 3 H  

A D C  0 1 H , 0 2 H  → R e g i s t e r  0 1 H   =   2 4 H ,  r e g i s t e r  0 2 H   =   0 3 H  

A D C  0 1 H , @ 0 2 H  → R e g i s t e r  0 1 H   =   2 B H ,  r e g i s t e r  0 2 H   =   0 3 H  

A D C  0 1 H , # 1 1 H  → R e g i s t e r  0 1 H   =   3 2 H  

 I n  t he  f i r s t  examp le ,  des t i na t i on  reg i s te r  R1  con ta ins  t he  va lue  10H,  t he  ca r r y  f l ag  i s  se t  t o  "1 " ,  and  
t h e  s o u r c e  w o r k i n g  r e g i s t e r  R 2  c o n t a i n s  t h e  v a l u e  0 3 H .  T h e  s t a t e m e n t  " A D C   R 1 , R 2 "  a d d s  0 3 H  a n d  
the  car ry  f lag  va lue  ( "1 " )  to  the  des t ina t ion  va lue  10H,  leav ing  14H in  reg is te r  R1 .  
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ADD  — A d d  

A D D  ds t , s r c  

O p e r a t i o n : d s t   ←  d s t   +   s r c  

The  sou rce  ope rand  i s  added  t o  t he  des t i na t i on  ope rand  and  t he  sum i s  s t o red  i n  t he  des t i na t i on .  
The  con ten ts  o f  the  source  a re  una f fec ted .  Two 's -c o m p l e m e n t  a d d i t i o n  i s  p e r f o r m e d .  

F l a g s :   C : Set  i f  t he re  i s  a  ca r r y  f rom the  mos t  s i gn i f i can t  b i t  o f  t he  resu l t ;  c l ea red  o the rw ise 

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  i s  nega t i ve ;  c lea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow  occu r red ,  t ha t  i s ,  i f  bo th  ope rands  a re  o f  t he  same s ign  and   

   t he  resu l t  i s  o f  t he  oppos i t e  s i gn ;  c l ea red  o the rw ise .  

   D : A l w a y s  c l e a r e d  t o  " 0 " .  

   H : Set  i f  a  ca r ry  f rom the  l ow-o rder  n ibb le  occur red .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  0 2  r r 

       6  0 3  r lr 

           

 opc  s rc  d s t   3  6  0 4  R  R  

       6  0 5  R  IR  

           

 opc  d s t s rc    3  6  0 6  R  IM  

 

E x a m p l e s :  Given:  R 1  =  1 2 H ,  R 2  =  0 3 H ,  r e g i s t e r  0 1 H  =  2 1 H ,  r e g i s t e r  0 2 H  =  0 3 H ,  r e g i s t e r  0 3 H  =  0 A H : 

A D D  R 1 , R 2  → R 1   =   1 5 H ,  R 2   =   0 3 H  

A D D  R 1 , @ R 2  → R 1   =   1 C H ,  R 2   =   0 3 H  

A D D  0 1 H , 0 2 H  → R e g i s t e r  0 1 H   =   2 4 H ,  r e g i s t e r  0 2 H   =   0 3 H  

A D D  0 1 H , @ 0 2 H  → R e g i s t e r  0 1 H   =   2 B H ,  r e g i s t e r  0 2 H   =   0 3 H  

A D D  0 1 H , # 2 5 H  → R e g i s t e r  0 1 H   =   4 6 H  

 I n  the  f i r s t  examp le ,  des t ina t ion  work ing  reg is t e r  R1  con ta i ns  12H  and  t he  sou rce  wo rk i ng  r eg i s t e r  
R 2  c o n t a i n s  0 3 H .  T h e  s t a t e m e n t  " A D D   R 1 , R 2 "  a d d s  0 3 H  t o  1 2 H ,  l e a v i n g  t h e  v a l u e  1 5 H  i n  r e g i s t e r  
R 1 .  
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AND  — Log ica l  AND  

A N D  ds t , s r c  

O p e r a t i o n : d s t   ←  d s t   A N D   s r c  

 The  sou rce  ope rand  i s  l og i ca l l y  ANDed  w i t h  t he  des t i na t i on  ope rand .  The  resu l t  i s  s to red  i n  t he  
des t i na t i on .  The  AND ope ra t i on  resu l t s  i n  a  "1 "  b i t  be ing  s to red  wheneve r  t he  co r respond ing  b i t s  i n  
t he  two  ope rands  a re  bo th  l og i c  ones ;  o the rw i se  a  "0 "  b i t  va lue  i s  s to red .  The  con ten t s  o f  t he  sou rce  
a re  una f fec ted .  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : A l w a y s  c l e a r e d  t o  " 0 " .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  5 2  r r 

       6  5 3  r lr 

           

 opc  s rc  d s t   3  6  5 4  R  R  

       6  5 5  R  IR  

           

 opc  d s t s rc    3  6  5 6  R  IM  

 

E x a m p l e s :  Given:  R 1   =   1 2 H ,  R 2   =   0 3 H ,  r e g i s t e r  0 1 H   =   2 1 H ,  r e g i s t e r  0 2 H   =   0 3 H ,  r e g i s t e r  0 3 H   =   0 A H : 

A N D  R 1 , R 2  → R 1   =   0 2 H ,  R 2   =   0 3 H  

A N D  R 1 , @ R 2  → R 1   =   0 2 H ,  R 2  =   0 3 H  

A N D  0 1 H , 0 2 H  → R e g i s t e r  0 1 H   =   0 1 H ,  r e g i s t e r  0 2 H   =   0 3 H  

A N D  0 1 H , @ 0 2 H  → R e g i s t e r  0 1 H   =   0 0 H ,  r e g i s t e r  0 2 H   =   0 3 H  

A N D  0 1 H , # 2 5 H  → R e g i s t e r  0 1 H   =   2 1 H  

 I n  t he  f i r s t  examp le ,  des t i na t i on  wo rk ing  reg i s te r  R1  con ta ins  t he  va lue  12H and  the  sou rce  wo rk ing  
r e g i s t e r  R 2  c o n t a i n s  0 3 H .  T h e  s t a t e m e n t  " A N D  R 1 , R 2 "  l o g i c a l l y  A N D s  t h e  s o u r c e  o p e r a n d  0 3 H  w i t h  
the  des t ina t ion  operand  va lue  12H,  leav ing  the  va lue  02H in  reg is te r  R1 .   
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CALL  — Cal l  Procedure  

C A L L  d s t 

O p e r a t i o n : S P  ← S P  –  1  
 @ S P  ← P C L  
 S P  ← S P  – 1  

 @ S P  ← P C H  

 P C  ← d s t 

The  cu r ren t  con ten t s  o f  t he  p rog ram coun te r  a re  pushed  on to  t he  t op  o f  t he  s tack .  The  p rog ram 
coun te r  va lue  used  i s  the  address  o f  t he  f i r s t  i ns t ruc t i on  fo l l ow ing  the  CALL  ins t ruc t i on .  The  spec i f i ed  
des t i na t i on  add ress  i s  t hen  l oaded  i n to  t he  p rog ram coun te r  and  po in t s  t o  t he  f i r s t  i ns t ruc t i on  o f  a  
p rocedu re .  A t  t he  end  o f  t he  p rocedu re  t he  re tu rn  i ns t ruc t i on  (RET)  can  be  used  to  re tu rn  to  the  
o r i g i na l  p rog ram f l ow .  RET  pops  t he  t op  o f  t he  s tack  back  i n to  t he  p rog ram coun te r .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t   3  1 4  F 6  D A  

          

 opc  d s t    2  1 2  F 4  IRR 

 

E x a m p l e s :  Given:  R 0   =   1 5 H ,  R 1   =  2 1 H ,  P C   =   1 A 4 7 H ,  a n d  S P   =   0 B 2 H : 

C A L L  1 5 2 1 H  → S P   =   0 B 0 H  

   ( M e m o r y  l o c a t i o n s  0 0 H   =   1 A H ,  0 1 H   =   4 A H ,  w h e r e  4 A H 

   i s  t he  add ress  t ha t  f o l l ows  the  i ns t ruc t i on . ) 

C A L L  @ R R 0  → S P  =  0 B 0 H  ( 0 0 H   =   1 A H ,  0 1 H   =   4 9 H ) 

In  the  f i r s t  examp le ,  i f  t he  p rog ram coun te r  va lue  i s  1A47H and  t he  s tack  po in te r  con ta ins  t he  va lue  
0 B 2 H ,  t h e  s t a t e m e n t  " C A L L   1 5 2 1 H "  p u s h e s  t h e  c u r r e n t  P C  v a l u e  o n t o  t h e  t o p  o f  t h e  s t a c k .  T h e  
s t a c k  p o i n t e r  n o w  p o i n t s  t o  m e m o r y  l o c a t i o n  0 0 H .  T h e  P C  i s  t h e n  l o a d e d  w i t h  t h e  v a l u e  1 5 2 1 H ,  t h e  
add ress  o f  t he  f i r s t  i n s t r uc t i on  i n  t he  p rog ram sequence  t o  be  execu ted .  

I f  t he  con ten t s  o f  t he  p rog ram coun te r  and  s tack  po in te r  a re  t he  same  as  i n  t he  f i r s t  examp le ,  t he  
s t a t e m e n t  " C A L L   @ R R 0 "  p r o d u c e s  t h e  s a m e  r e s u l t  e x c e p t  t h a t  t h e  4 9 H  i s  s t o r e d  i n  s t a c k  l o c a t i o n  
0 1 H  ( b e c a u s e  t h e  t w o -by te  i ns t ruc t i on  f o rma t  was  used ) .  The  PC i s  t hen  l oaded  w i t h  t he  va lue  
1521H ,  t he  add ress  o f  t he  f i r s t  i n s t r uc t i on  i n  t he  p rog ram sequence  t o  be  execu ted .  
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CCF — Complement  Car ry  F lag  

C C F  

O p e r a t i o n : C   ←  N O T   C  

The  ca r ry  f l ag  (C)  i s  comp lemented .  I f  C   =   "1 " ,  t he  va lue  o f  the  ca r ry  f l ag  i s  changed  to  l og i c  ze ro ;  i f  
C   =   "0 " ,  t he  va lue  o f  t he  ca r r y  f l ag  i s  changed  to  l og i c  one .   

F l a g s :    C : C o m p l e m e n t e d .  

No o ther  f lags  a re  a f fec ted .  

F o r m at: 

      B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  4  E F  

 

E x a m p l e : Given:  The  ca r ry  f l ag   =   "0 " :  

C C F  

 I f  t h e  c a r r y  f l a g   =   " 0 " ,  t h e  C C F  i n s t r u c t i o n  c o m p l e m e n t s  i t  i n  t h e  F L A G S  r e g i s t e r  ( 0 D 5 H ) ,  c h a n g i n g  
i t s  va lue  f rom log ic  ze ro  to  l og ic  one .  
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CLR — C lear 

C L R  d s t 

O p e r a t i o n : d s t   ←  " 0 "  

The  des t i na t i on  l oca t i on  i s  c l ea red  to  "0 " .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  B 0  R  

       4  B 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  0 0 H   =   4 F H ,  r e g is t e r  0 1 H   =   0 2 H ,  a n d  r e g i s t e r  0 2 H   =   5 E H : 

C L R  0 0 H  → R e g i s t e r  0 0 H   =   0 0 H  

C L R  @ 0 1 H  → R e g i s t e r  0 1 H   =   0 2 H ,  r e g i s t e r  0 2 H   =   0 0 H  

 I n  R e g i s t e r  ( R )  a d d r e s s i n g  m o d e ,  t h e  s t a t e m e n t  " C L R   0 0 H "  c l e a r s  t h e  d e s t i n a t i o n  r e g i s t e r  0 0 H  
v a l u e  t o  0 0 H .  I n  t h e  s e c o n d  e x a m p l e ,  t h e  s t a t e m e n t  " C L R   @ 0 1 H "  u s e s  I n d i r e c t  R e g i s t e r  ( I R )  
add ress ing  mode  t o  c l ea r  t he  02H  reg i s t e r  va l ue  t o  00H . 
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COM  — C o m p l e m e n t 

C O M  d s t 

O p e r a t i o n : d s t   ←  N O T   d s t 

 The  con ten t s  o f  t he  des t i na t i on  l oca t i on  a re  comp lemen ted  (one ' s  comp le men t ) ;  a l l  " 1s "  a re  
c h a n g e d  t o  " 0 s " ,  a n d  v i c e-versa.  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : A l w a y s  r e s e t  t o  " 0 " .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  6 0  R  

       4  6 1  IR  

 

E x a m p l e s :  Given:  R 1   =   0 7 H  a n d  r e g i s t e r  0 7 H   =   0 F 1 H : 

C O M  R 1  → R 1   =   0 F 8 H  

C O M  @ R 1  → R 1   =   0 7 H ,  r e g i s t e r  0 7 H   =   0 E H 

 I n  the  f i r s t  examp le ,  des t i na t i on  work ing  reg is te r  R1  con ta i ns  t he  va lue  07H  (00000111B) .  The  
s t a t e m e n t  " C O M   R 1 "  c o m p l e m e n t s  a l l  t h e  b i t s  i n  R 1 :  a l l  l o g i c  o n e s  a r e  c h a n g e d  t o  l o g i c  z e r o s ,  a n d  
v i ce-versa ,  leav ing  the  va lue  0F8H (11111000B) .  

 I n  t he  second  examp le ,  I nd i r ec t  Reg i s t e r  ( IR )  add ress i ng  mode  i s  used  t o  comp lemen t  t he  va l ue  o f  
des t i na t i on  reg i s te r  07H (11110001B) ,  l eav ing  the  new va lue  0EH (00001110B) .  
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CP  — C o m p a r e  

C P  ds t , s r c  

O p e r a t i o n : d s t  –  s rc  

 The  sou rce  ope rand  i s  compared  t o  ( sub t rac ted  f r om)  t he  des t i na t i on  ope rand ,  and  t he  appropr ia te  
f l ags  a re  se t  acco rd ing l y .  The  con ten t s  o f  bo th  ope rands  a re  una f f ec ted  by  t he  compar i son .  

F l a g s :   C : Se t  i f  a  "bo r row"  occu r red  ( s r c  >  ds t ) ;  c l ea red  o the rw ise .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  i s  nega t i ve ;  c lea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow  occu r red ,  tha t  i s ,  i f  t he  operands  were  o f  oppos i te  s igns  and   

   t he  s i gn  o f  t he  resu l t  i s  o f  t he  same  as  t he  s i gn  o f  t he  sou rce  ope rand ;  c l ea red  o the rw i se .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t: 

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  A 2  r r 

       6  A 3  r lr 

           

 opc  s rc  d s t   3  6  A 4  R  R  

       6  A 5  R  IR  

           

 opc  d s t s rc    3  6  A 6  R  IM  

 

E x a m p l e s :  1 .  G i v e n :  R 1   =   0 2 H  a n d   R 2   =   0 3 H : 

 C P  R 1 , R 2  → S e t  t h e  C  a n d  S  f l a g s  

 Des t i na t i on  wo rk ing  reg i s te r  R1  con ta ins  t he  va lue  02H and  sou rce  reg i s te r  R2  con ta ins  t he  va lue  
0 3 H .  T h e  s t a t e m e n t  " C P   R 1 , R 2 "  s u b t r a c t s  t h e  R 2  v a l u e  ( s o u r c e / s u b t r a h e n d )  f r o m  t h e  R 1  v a l u e  
( d e s t i n a t i o n / m i n u e n d ) .  B e c a u s e  a  " b o r row"  occu rs  and  the  d i f f e rence  i s  nega t i ve ,  C  and  S  a re  "1 " .  

 2 .  G iven:  R 1  =  0 5 H  a n d  R 2  =  0 A H : 

 C P  R 1 , R 2  

 JP  U G E , S K I P  

 INC R 1  
SKIP  L D  R 3 , R 1  

 I n  t h i s  examp le ,  des t i na t i on  wo rk i ng  reg i s t e r  R1  con ta i ns  t he  va lue  05H  wh i ch  i s  l ess  t han  t he  
c o n t e n t s  o f  t h e  s o u r c e  w o r k i n g  r e g i s t e r  R 2  ( 0 A H ) .  T h e  s t a t e m e n t  " C P   R 1 , R 2 "  g e n e r a t e s  C  =  " 1 "  
a n d  t h e  J P  i n s t r u c t i o n  d o e s  n o t  j u m p  t o  t h e  S K I P  l o c a t i o n .  A f t e r  t h e  s t a t e m e n t  " L D   R 3 , R 1 "  
execu tes ,  t he  va lue  06H  rema ins  i n  wo rk i ng  reg i s t e r  R3 .  
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DEC  — D e c r e m e n t 

D E C  d s t 

O p e r a t i o n : d s t   ←  d s t  –  1  

The  con ten t s  o f  t he  des t i na t i on  ope rand  a re  dec remen ted  by  one .  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  resu l t  i s  nega t i ve ;  c lea red  o therw ise .  

   V : Set  i f  a r i thmet i c  over f low occur red ,  tha t  i s ,  ds t  va lue  i s  – 128(80H)  and  resu l t  va lue   

   i s  +127  (7FH) ;  c l ea red  o the rw i se .  

   D : Unaf fec ted .  

 H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  0 0  R  

       4  0 1  IR  

 

E x a m p l e s :  Given:  R 1   =   0 3 H  a n d  r e g i s t e r  0 3 H   =   1 0 H : 

D E C R 1  → R 1   =   0 2 H  

D E C @ R 1  → R e g i s t e r  0 3 H   =   0 F H  

 I n  t he  f i r s t  examp le ,  i f  wo rk i ng  reg i s te r  R1  con ta i ns  t he  va lue  03H ,  t he  s ta temen t  "DEC  R1 "  
dec remen ts  t he  hexadec ima l  va l ue  by  one ,  l eav i ng  t he  va l ue  02H .  I n  t he  second  examp le ,  t he  
s t a t e m e n t  " D E C  @ R 1 "  d e c r e m e n t s  t h e  v a l u e  1 0 H  c o n t a i n e d  i n  t h e  d e s t i n a t i o n  r e g i s t e r  0 3 H  b y  o n e ,  
leav ing  the  va lue  0FH. 
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DI — Disable Interrupts  

D I  

O p e r a t i o n : S Y M  ( 2 )   ←  0  

B i t  z e r o  o f  t h e  s y s t e m  m o d e  r e g i s t e r ,  S Y M . 2 ,  i s  c l e a r e d  t o  " 0 " ,  g l o ba l l y  d isab l ing  a l l  in te r rup t  
p rocess ing .  In te r rup t  reques ts  w i l l  con t inue  to  se t  t he i r  respec t i ve  i n te r rup t  pend ing  b i t s ,  bu t  t he  
CPU w i l l  no t  se rv i ce  t hem wh i l e  i n te r rup t  p rocess ing  i s  d i sab led .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  4  8 F  

 

E x a m p l e : Given:  S Y M   =   0 4 H : 

D I 

 I f  t he  va lue  o f  t he  SYM reg is te r  i s  04H,  the  s ta temen t  "D I "  l eaves  the  new va lue  00H in  the  reg i s te r  
a n d  c l e a r s  S Y M . 2  t o  " 0 " ,  d i s a b l i n g  i n t e r r u p t  p r o c e s s i n g .  
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EI  — Enable Interrupts  

EI  

O p e r a t i o n : S Y M  ( 2 )   ←  1  

 A n  E I  i n s t r u c t i o n  s e t s  b i t  2  o f  t h e  s y s t e m  m o d e  r e g i s t e r ,  S Y M . 2  t o  " 1 " .  T h i s  a l l o w s  i n t e r r u p t s  t o  b e  
se rv i ced  as  they  occu r .  I f  an  i n te r rup t ' s  pend ing  b i t  was  se t  wh i l e  i n te r rup t  p rocess ing  was  d i sab led  
(by  execu t i ng  a  D I  i ns t ruc t i on ) ,  i t  w i l l  be  se rv i ced  when  you  execu te  t he  E I  i ns t ruc t i on .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  4  9 F  

 

E x a m p l e : Given:  S Y M   =   0 0 H : 

E I 

 I f  t he  SYM reg is te r  con ta ins  the  va lue  00H,  tha t  i s ,  i f  i n te rrup t s  a re  cu r ren t l y  d i sab led ,  t he  s ta temen t  
"E I "  se t s  t he  SYM reg i s te r  t o  04H,  enab l i ng  a l l  i n te r rup ts  (SYM.2  i s  t he  enab le  b i t  f o r  g l oba l  i n te r rup t  
p rocess ing ) .  
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IDLE  — Idle Operat ion  

I D L E  

O p e r a t i o n : 

 T h e  I D L E  i n s t r u c t i o n  s t o p s  t h e  C P U  c l o c k  w h i l e  a l l o w i n g  s y s t e m  c l o c k  o s c i l l a t i o n  t o  c o n t i n u e .  I d l e  
mode  can  be  re leased  by  an  i n te r rup t  reques t  ( IRQ)  o r  an  ex te rna l  r ese t  ope ra t i on .  

F l a g s :    No f lags  a re  a f fec ted .   

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc      1  4  6 F  –  –  

 

E x a m p l e : The  ins t ruc t i on   

I D L E   

 s t o p s  t h e  C P U  c l o c k  b u t  n o t  t h e  s y s t e m  c l o c k . 
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INC  — Increment 

I N C  d s t 

O p e r a t i o n : d s t   ←  d s t   +   1  

The  con ten t s  o f  t he  des t i na t i on  ope rand  a re  i nc remen ted  by  one .  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  i s  nega t i ve ;  c lea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow  occu r red ,  tha t  i s  ds t  va lue  i s  +127(7FH)  and  resu l t  i s  –   
   128 (80H) ;  c l ea red  o the rw ise .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o rm a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 ds t   |   opc      1  4  rE  r 

        r   =   0   t o   F   

          

 opc  d s t    2  4  2 0  R  

       4  2 1  IR  

 

E x a m p l e s :  Given:  R 0   =   1 B H ,  r e g i s t e r  0 0 H   =   0 C H ,  a n d  r e g i s t e r  1 B H   =   0 F H : 

INC R 0  → R 0   =   1 C H  

INC 0 0 H  → R e g i s t e r  0 0 H   =   0 D H  

INC @ R 0  → R 0   =   1 B H ,  r e g i s t e r  0 1 H   =   1 0 H  

 I n  t he  f i r s t  examp le ,  i f  des t i na t i on  wo rk ing  reg i s te r  R0  con ta ins  t he  va lue  1BH,  t he  s ta temen t  " INC  
R0"  l eaves  the  va lue  1CH in  t ha t  same  reg i s te r .   

 T h e  n e x t  e x a m p l e  s h o w s  t h e  e f f e c t  a n  INC  i ns t r uc t i on  has  on  reg i s t e r  00H ,  assum ing  t ha t  i t  
con ta i ns  t he  va lue  0CH.   

 I n  t he  th i rd  examp le ,  INC i s  used  i n  Ind i rec t  Reg is te r  ( IR )  add ress ing  mode  to  i nc remen t  t he  va lue  o f  
r e g i s t e r  1 B H  f r o m  0 F H  t o  1 0 H . 



SAM88RI INSTRUCTION SET   S3C9688 /P9688   

6 -2 4    

IRET  — Interrupt Return  

IRET  I R E T 

O p e r a t i o n : F L A G S   ←  @ S P  

 S P   ←  S P   +   1  

 P C   ←  @ S P  

 S P   ←  S P   +   2  

 S Y M ( 2 )   ←  1  

 Th is  ins t ruc t ion  i s  used  a t  the  end  o f  an  in te r rup t  se rv i ce  rou t ine .  I t  res to res  the  f l ag  reg is te r  and  the  
p rogram coun te r .  I t  a l so  re -enab les  g loba l  i n te r rup ts . 

F l a g s :    Al l  f l ags  a re  res to red  to  the i r  o r ig ina l  se t t ings  ( tha t  i s ,  the  se t t ings  be fo re  the  in te r rup t  occur red) .  

F o r m a t :  

 IRET  
(Norma l )  

    B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  6  B F  
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JP  — J u m p  

JP  c c , d s t   (Cond i t iona l )  

JP  d s t (Uncond i t i ona l )  

O p e r a t i o n : I f   cc   i s  t r ue ,  PC  ←  d s t 

 The  cond i t i ona l  JUMP ins t ruc t i on  t r ans fe rs  p rog ram con t ro l  t o  t he  des t i na t i on  add ress  i f  t he  
cond i t i on  spec i f i ed  by  t he  cond i t i on  code  ( cc )  i s  t r ue ;  o the rw ise ,  t he  i ns t ruc t i on  fo l l ow ing  the  JP  
i n s t r u c t i o n  i s  e x ec u t e d .  T h e  u n c o n d i t i o n a l  J P  s i m p l y  r e p l a c e s  t h e  c o n t e n t s  o f  t h e  P C  w i t h  t h e  
c o n t e n t s  o f  t h e  s p e c i f i e d  r e g i s t e r  p a i r .  C o n t r o l  t h e n  p a s s e s  t o  t h e  s t a t e m e n t  a d d r e s s e d  b y  t h e  P C . 

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  (1)  

  

(2) 

   B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 cc   |   opc  d s t  3  8  (3) c c D  D A  

       c c  =  0  t o  F   

         

 opc  d s t   2  8  3 0  IRR 

NOTES: 

1. The 3-byte format is used for a conditional jump and the 2-byte format for an unconditional jump.  

2. In the first byte of the three-byte instruction format (conditional jump), the condition code and the opcode are both  four bits. 

  

E x a m p l e s :  Given:  The  ca r r y  f l ag  (C )  =  "1 " ,  r eg i s te r  00   =   01H ,  and  reg i s te r  01   =   20H : 

JP  C , L A B E L _ W  → L A B E L _ W   =   1 0 0 0 H ,  P C   =   1 0 0 0 H  

JP  @ 0 0 H  → P C   =   0 1 2 0 H  

 T h e  f i r s t  e x a m p l e  s h o w s  a  c o n d i t i o n a l  J P .  A s s u m i n g  t h a t  t h e  c a r r y  f l a g  i s  s e t  t o  " 1 " ,  t h e  s t a t e m e n t   
" J P   C , L A B E L _ W "  r e p l a c e s  t h e  c o n t e n t s  o f  t h e  P C  w i t h  t h e  v a l u e  1 0 0 0 H  a n d  t r a n s f e r s  c o n t r o l  t o  
t ha t  l oca t i on .  Had  the  ca r r y  f l ag  no t  been  se t ,  con t ro l  wou ld  t hen  hav e  p a s s e d  t o  t h e  s t a t e m e n t  
immed ia te l y  f o l l ow ing  t he  JP  i ns t ruc t i on .  

 T h e  s e c o n d  e x a m p l e  s h o w s  a n  u n c o n d i t i o n a l  J P .  T h e  s t a t e m e n t  " J P   @ 0 0 "  r e p l a c e s  t h e  c o n t e n t s  o f  
t he  PC w i th  t he  con ten ts  o f  t he  reg i s te r  pa i r  00H  and  01H,  l eav ing  the  va lue  0120H. 
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JR — Jump Rela t ive  

J R  c c , d s t 

O p e r a t i o n : I f   cc   i s  t r ue ,  PC  ←  P C   +    d s t  

 I f  t he  cond i t i on  spec i f i ed  by  the  cond i t i on  code  (cc )  i s  t rue ,  t he  re la t i ve  add ress  i s  added  to  the  
p r o g r a m  c o u n t e r  a n d  c o n t r o l  p a s s e s  t o  t h e  s t a t e m e n t  w h o s e  a d d r e s s  i s  n o w  i n  t he  p rog ram coun te r ;  
o the rw ise ,  t he  i ns t ruc t i on  fo l l ow ing  the  JR  i ns t ruc t i on  i s  execu ted  (See  l i s t  o f  cond i t i on  codes ) .   

 The  range  o f  the  re la t i ve  address  i s   +127 ,  – 128 ,  and  the  o r ig ina l  va lue  o f  the  p rogram coun te r  i s  
t aken  to  be  t he  add ress  o f  t he  f i r s t  i ns t ruc t i on  by te  f o l l ow ing  the  JR  s ta temen t .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

  

(1) 

   B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 cc   |   opc  d s t   2  6  (2) c c B  R A  

       c c  =  0  t o  F   

NOTE: In the first byte of the two-byte instruction format, the condition code and the opcode are each four bits. 

E x a m p l e : Given:  T h e  c a r r y  f l a g  =  " 1 "  a n d  L A B E L _ X   =   1 F F 7 H : 

JR  C , L A B E L _ X → P C   =   1 F F 7 H  

 I f  t he  ca r r y  f l ag  i s  se t  ( t ha t  i s ,  i f  t he  cond i t i on  code  i s  t r ue ) ,  t he  s ta temen t  " JR   C ,LABEL_X"  w i l l  
p a s s  c o n t r o l  t o  t h e  s t a t e m e n t  w h o s e  a d d r e s s  i s  n o w  i n  t h e  P C .  O t h e r w i s e ,  t h e  p r o g r a m  i n s t r u c t i o n  
f o l l ow ing  t he  JR  wou ld  be  execu ted .  
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LD  — L o a d  

L D  ds t , s r c  

O p e r a t i o n : d s t   ←  s rc  

The  con ten ts  o f  t he  sou rce  a re  l oaded  i n to  t he  des t i na t i on .  The  sou rce ' s  c on ten ts  a re  una f fec ted .  

F l a g s :  No f lags  a re  a f fec ted .  

F o r m a t :  

     B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 ds t   |   opc  s rc    2  4  rC  r IM  

      4  r8  r R  

          

 s rc   |   opc  d s t   2  4  r9  R  r 

       r  =  0  to  F    

          

 opc  ds t   |   s rc    2  4  C 7  r lr 

      4  D 7  Ir r 

          

 opc  s rc  d s t  3  6  E 4  R  R  

      6  E 5  R  IR  

          

 opc  d s t s rc   3  6  E 6  R  IM  

      6  D 6  IR  IM  

          

 opc  s rc  d s t  3  6  F 5  IR  R  

          

 opc  ds t   |   s rc  x   3  6  8 7  r x [ r ]  

          

 opc  s r c   |   d s t x   3  6  9 7  x [ r ]  r 
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LD  — L o a d  

L D  (Con t i nued ) 

E x a m p l e s :  Given:  R 0   =   0 1 H ,  R 1   =   0 A H ,  r e g i s t e r  0 0 H   =   0 1 H ,  r e g i s t e r  0 1 H   =   2 0 H , 
r e g i s t e r  0 2 H   =   0 2 H ,  L O O P   =   3 0 H ,  a n d  r e g i s t e r  3 A H   =   0 F F H : 

L D  R 0 , # 1 0 H  → R 0   =   1 0 H  

L D  R 0 , 0 1 H  → R 0   =   2 0 H ,  r e g i s t e r  0 1 H   =   2 0 H  

L D  0 1 H , R 0  → R e g i s t e r  0 1 H   =   0 1 H ,  R 0   =   0 1 H  

L D  R 1 , @ R 0  → R 1   =   2 0 H ,  R 0   =   0 1 H  

L D  @ R 0 , R 1  → R 0   =   0 1 H ,  R 1   =   0 A H ,  r e g i s t e r  0 1 H   =   0 A H 

L D  0 0 H , 0 1 H  → R e g i s t e r  0 0 H   =   2 0 H ,  r e g i s t e r  0 1 H   =   2 0 H  

L D  0 2 H , @ 0 0 H  → R e g i s t e r  0 2 H   =   2 0 H ,  r e g i s t e r  0 0 H   =   0 1 H  

L D  0 0 H , # 0 A H → R e g i s t e r  0 0 H   =   0 A H 

L D  @ 0 0 H , # 1 0 H  → R e g i s t e r  0 0 H   =   0 1 H ,  r e g i s t e r  0 1 H   =   1 0 H  

L D  @ 0 0 H , 0 2 H  → R e g i s t e r  0 0 H   =   0 1 H ,  r e g i s t e r  0 1 H   =   0 2 ,  r e g i s t e r  0 2 H   =   0 2 H  

L D  R 0 , # L O O P [ R 1 ]  → R 0   =   0 F F H ,  R 1   =   0 A H 

L D  # L O O P [ R 0 ] , R 1  → R e g i s t e r  3 1 H   =   0 A H ,  R 0   =   0 1 H ,  R 1   =   0 A H 
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LDC/LDE — L o a d  M e m o r y  

L D C / L D E  ds t , s r c  

O p e r a t i o n : d s t   ←  s rc  

Th i s  i ns t ruc t i on  l oads  a  by te  f r om p rog ram o r  da ta  memory  i n to  a  wo rk i ng  reg i s te r  o r  v i ce-versa.  The 
sou rce  va lues  a re  una f fec ted .  LDC re fe rs  to  p rog ram m e m o r y  a n d  L D E  t o  d a t a  m e m o r y .  T h e  
assemb le r  makes  ' I r r '  o r  ' r r '  va lues  an  even  number  fo r  p rog ram memory  and  an  odd  number  fo r  da ta  
m e m o r y . 

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

1 .   opc  dst  |  src    2 10 C3 r Irr 

           

2 .  opc  src  |  dst    2 10 D3 Irr r 

           

3 .  opc  dst  |  src XS    3 12 E7 r XS [rr]  

           

4 .  opc  src  |  dst XS    3 12 F7 XS [rr] r 

           

5 .  opc  dst  |  src XL
L XL

H  4 14 A7 r XL [rr] 

           

6 .  opc  src  |  dst XL
L XL

H  4 14 B7 XL [rr] r 

           

7 .  opc  dst | 0000 D A
L D A

H  4 14 A7 r DA 

           

8 .  opc  src | 0000 D A
L D A

H  4 14 B7 DA r 

           

9 .  opc  dst | 0001 D A
L D A

H  4 14 A7 r DA 

           

10 .  opc  src | 0001 D A
L D A

H  4 14 B7 DA r 

NOTES: 

1. The source (src) or working register pair [rr] for formats 5 and 6 cannot use register pair 0–1. 

2. For formats 3 and 4, the destination address 'XS [rr]' and the source address 'XS [rr]' are each one byte.  

3. For formats 5 and 6, the destination address 'XL [rr] and the source address 'XL [rr]' are each two bytes. 

4. The DA and r source values for formats 7 and 8 are used to address program memory; the second set  of values,  

 used in formats 9 and 10, are used to address data memory. 
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LDC/LDE  — L o a d  M e m o r y  

L D C / L D E  (Con t i nued ) 

E x a m p l e s :  Given:  R 0   =   1 1 H ,  R 1   =   3 4 H ,  R 2   =   0 1 H ,  R 3   =   0 4 H ,  R 4   =   0 0 H ,  R 5   =   6 0 H ;  P r o g r a m  m e m o r y  
l o c a t i o n s  0 0 6 1   =   A A H ,  0 1 0 3 H   =   4 F H ,  0 1 0 4 H   =   1 A ,  0 1 0 5 H   =   6 D H ,  a n d  1 1 0 4 H   =   8 8 H .  
E x t e r n a l  d a t a  m e m o r y  l o c a t i o n s  0 0 6 1 H   =   B B H ,  0 1 0 3 H   =   5 F H ,  0 1 0 4 H   =   2 A H ,  0 1 0 5 H   =   7 D H ,  
a n d  1 1 0 4 H   =   9 8 H : 

L D C  R 0 , @ R R 2  ;  R 0   ←  c o n t e n t s  o f  p r o g r a m  m e m o r y  l o c a t i o n  0 1 0 4 H  

  ;  R 0   =   1 A H ,  R 2   =   0 1 H ,  R 3   =   0 4 H  

L D E  R 0 , @ R R 2  ;  R 0   ←  c o n t e n t s  o f  e x t e r n a l  d a t a  m e m o r y  l o c a t i o n  0 1 0 4 H  

  ;  R 0   =   2 A H ,  R 2   =   0 1 H ,  R 3   =   0 4 H  

L D C  *  @ R R 2 , R 0  ;  11H  ( con ten t s  o f  R0 )  i s  l oaded  i n t o  p rog ram memory  

  ;  l oca t i on  0104H (RR2) ,   

  ;  wo rk i ng  r eg i s t e r s  R0 ,  R2 ,  R3   →  n o  c h a n g e  

L D E  @ R R 2 , R 0  ;  1 1 H  ( c o n t e n t s  o f  R 0 )  i s  l o a d e d  i n t o  e x t e r n a l  d a t a  m e m o r y   

  ;  l oca t i on  0104H  (RR2) ,   

  ;  wo rk i ng  r eg i s t e r s  R0 ,  R2 ,  R3   →  n o  c h a n g e  

L D C  R 0 , # 0 1 H [ R R 4 ]  ;  R 0   ←  c o n t e n t s  o f  p r o g r a m  m e m o r y  l o c a t i o n  0 0 6 1 H   

  ;  ( 01H  +  RR4) ,  

  ;  R 0   =   A A H ,  R 2   =   0 0 H ,  R 3   =   6 0 H  

L D E  R 0 , # 0 1 H [ R R 4 ]  ;  R 0   ←  c o n t e n t s  o f  e x t e r n a l  d a t a  m e m o r y  l o c a t i o n  0 0 6 1 H   

  ;  ( 0 1 H  +  R R 4 ) ,  R 0   =   B B H ,  R 4   =   0 0 H ,  R 5   =   6 0 H  

L D C  (note)  # 0 1 H [ R R 4 ] , R 0  ;  1 1 H  ( c o n t e n t s  o f  R 0 )  i s  l o a d e d  i n t o  p r o g r a m  m e m o r y  l o c a t i o n   

  ;  0 0 6 1 H  ( 0 1 H  +  0 0 6 0 H ) 

L D E  # 0 1 H [ R R 4 ] , R 0  ;  1 1 H  ( c o n t e n t s  o f  R 0 )  i s  l o a d e d  i n t o  e x t e r n a l  d a t a  m e m o r y   

  ;  l oca t io n  0 0 6 1 H  ( 0 1 H  +  0 0 6 0 H ) 

L D C  R 0 , # 1 0 0 0 H [ R R 2 ]  ;  R 0   ←  c o n t e n t s  o f  p r o g r a m  m e m o r y  l o c a t i o n  1 1 0 4 H   

  ;  ( 1 0 0 0 H  +  0 1 0 4 H ) ,  R 0   =   8 8 H ,  R 2   =   0 1 H ,  R 3   =   0 4 H  

L D E  R 0 , # 1 0 0 0 H [ R R 2 ]  ;  R 0   ←  c o n t e n t s  o f  e x t e r n a l  d a t a  m e m o r y  l o c a t i o n  1 1 0 4 H   

  ;  ( 1 0 0 0 H  +  0 1 0 4 H ) ,  R 0   =   9 8 H ,  R 2   =   0 1 H ,  R 3   =   0 4 H  

L D C  R 0 , 1 1 0 4 H  ;  R 0   ←  c o n t e n t s  o f  p r o g r a m  m e m o r y  l o c a t i o n  1 1 0 4 H ,  R 0   =   8 8 H  

L D E  R 0 , 1 1 0 4 H  ;  R 0   ←  c o n t e n t s  o f  e x t e r n a l  d a t a  m e m o r y  l o c a t i o n  1 1 0 4 H ,   

  ;  R 0   =   9 8 H  

L D C  (note) 1 1 0 5 H , R 0  ;  11H  ( con ten t s  o f  R0 )  i s  l oaded  i n to  p rog ram m e m o r y  l o c a t i o n  

  ;  1105H,  (1105H)   ←  1 1 H  

L D E  1 1 0 5 H , R 0  ;  1 1 H  ( c o n t e n t s  o f  R 0 )  i s  l o a d e d  i n t o  e x t e r n a l  d a t a  m e m o r y   

  ;  l oca t i on  1105H,  (1105H)   ←  1 1 H  

NOTE: These instructions are not supported by masked ROM type devices. 
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LDCD/LDED — L o a d  M e m o r y  a n d  D e c r e m e n t 

L D C D / L D E D  ds t , s r c  

O p e r a t i o n : d s t   ←  s rc  

 rr  ←  rr –  1  

 These  i ns t r uc t i ons  a re  used  f o r  use r  s t acks  o r  b l ock  t r ans fe r s  o f  da ta  f r om  p rog ram o r  da ta  memory  
t o  t he  reg i s te r  f i l e .  The  add ress  o f  t he  memory  l oca t i on  i s  spec i f i ed  by  a  work ing  reg is te r  pa i r .  The  
con ten t s  o f  t he  sou rce  l oca t i on  a re  l oaded  i n t o  t he  des t i na t i on  l oca t i on .  The  memory  add ress  i s  t hen  
dec remen ted .  The  con ten t s  o f  t he  sou rce  a re  una f f ec ted .  

 L D C D  r e f e r e n c e s  p r o g r a m  m e m o r y  a n d  L D E D  r e f e r e n c e s  e x t e r n a l  d a t a  m e m o r y .  T h e  a s s e m b l e r  
m a k e s  ‘ I r r ’  a n  e v e n  n u m b e r  f o r  p r o g r a m  m e m o r y  a n d  a n  o d d  n u m b e r  f o r  d a t a  m e m o r y . 

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  1 0  E 2  r Irr 

 

E x a m p l e s :  Given:  R 6   =   1 0 H ,  R 7   =   3 3 H ,  R 8   =   1 2 H ,  p r o g r a m  m e m o r y  l o c a t i o n  1 0 3 3 H   =   0 C D H ,  a n d   
 e x t e r n a l  d a t a  m e m o r y  l o c a t i o n  1 0 3 3 H   =   0 D D H : 

L D C D  R 8 , @ R R 6  ;  0 C D H  ( c o n t e n t s  o f  p r o g r a m  m e m o r y  l o c a t i o n  1 0 3 3 H )  i s  l o a d e d   

  ;  i n t o  R 8  a n d  R R 6  i s  d e c r e m e n t e d  b y  o n e  

  ;  R 8   =   0 C D H ,  R 6   =   1 0 H ,  R 7   =   3 2 H  ( R R 6   ←  R R 6  –  1 ) 

L D E D R 8 , @ R R 6  ;  0 D D H  ( c o n t e n t s  o f  d a t a  m e m o r y  l o c a t i o n  1 0 3 3 H )  i s  l o a d e d   

  ;  i n t o  R 8  a n d  R R 6  i s  d e c r e m e n t e d  b y  o n e  ( R R 6   ←  R R 6  –  1 ) 

  ;  R 8   =   0 D D H ,  R 6   =   1 0 H ,  R 7   =   3 2 H  
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LDCI /LDEI — L o a d  M e m o r y  and  Increment 

L D C I / L D E I  ds t , s r c  

O p e r a t i o n : d s t   ←  s rc  

 rr  ←  r r   +   1  

 These  i ns t r uc t i ons  a re  used  f o r  use r  s t acks  o r  b l ock  t r ans fe r s  o f  da ta  f r om  p rog ram o r  da ta  memory  
to  the  reg i s te r  f i l e .  The  add ress  o f  t he  memory  l oca t i on  i s  spec i f i ed  by  a  work ing  reg i s te r  pa i r .  The  
con ten t s  o f  t he  sou rce  l oca t i on  a re  l oaded  i n t o  t he  des t i na t i on  l oca t i on .  The  memory  add ress  i s  t hen  
i nc remen ted  au toma t i ca l l y .  The  con ten t s  o f  t he  sou rce  a re  una f f ec ted .  

 LDCI  r e fe r s  t o  p rog ram memory  and  LDE I  r e fe r s  t o  ex te rna l  da ta  mem ory .  The  assemb le r  makes  ' I r r '  
e v e n  f o r  p r o g r a m  m e m o r y  a n d  o d d  f o r  d a t a  m e m o r y . 

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  1 0  E 3  r Irr 

 

E x a m p l e s :  Given:  R 6   =   1 0 H ,  R 7   =   3 3 H ,  R 8   =   1 2 H ,  p r o g r a m  m e m o r y  l o c a t i o n s  1 0 3 3 H   =   0 C D H  a n d  
 1 0 3 4 H   =   0 C 5 H ;  e x t e r n a l  d a t a  m e m o r y  l o c a t i o n s  1 0 3 3 H   =   0 D D H  a n d  1 0 3 4 H   =   0 D 5 H : 

L D C I R 8 , @ R R 6  ;  0 C D H  ( c o n t e n t s  o f  p r o g r a m  m e m o r y  l o c a t i o n  1 0 3 3 H )  i s  l o a d e d   

  ;  i n t o  R 8  a n d  R R 6  i s  i n c r e m e n t e d  b y  o n e  ( R R 6   ←  R R 6  +  1 ) 

  ;  R 8   =   0 C D H ,  R 6   =   1 0 H ,  R 7   =   3 4 H  

L D E I R 8 , @ R R 6  ;  0 D D H  ( c o n t e n t s  o f  d a t a  m e m o r y  l o c a t i o n  1 0 3 3 H )  i s  l o a d e d   

  ;  i n t o  R 8  a n d  R R 6  i s  i n c r e m e n t e d  b y  o n e  ( R R 6   ←  R R 6  +  1 ) 

  ;  R 8   =   0 D D H ,  R 6   =   1 0 H ,  R 7   =   3 4 H  
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NOP  — No Operat ion  

N O P  

O p e r a t i o n : N o  a c t i o n  i s  p e r f o r m e d  w h e n  t h e  C P U  e x e c u t e s  t h i s  i n s t r u c t i o n .  T y p i c a l l y ,  o n e  o r  m o r e  N O P s  a r e  
execu ted  in  sequence  in  o rde r  to  e f fec t  a  t im ing  de lay  o f  va r iab le  du ra t ion .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  4  F F  

 

E x a m p l e : W h e n  t h e  i n s t r u c t i o n  

N O P  

 i s  encoun te red  i n  a  p rog ram,  no  ope ra t i on  occu rs .  I ns tead ,  t he re  i s  a  de lay  i n  i ns t ruc t i on  execu t i on  
t i m e .  
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OR  — Logical  OR  

O R  ds t , s r c  

O p e r a t i o n : d s t   ←  d s t   O R   s r c  

 The  sou rce  ope rand  i s  l og i ca l l y  ORed  w i t h  t he  des t i na t i on  ope rand  and  t he  resu l t  i s  s t o red  i n  t he  
des t i na t i on .  The  con ten ts  o f  t he  sou rce  a re  una f fec ted .  The  OR ope ra t i on  resu l t s  i n  a  "1 "  be ing  
s to red  whenever  e i t he r  o f  t he  co r respond ing  b i t s  i n  t he  two  operands  i s  a  "1 " ;  o the rw is e  a  " 0 "  i s  
s to red .  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : A l w a y s  c l e a r e d  t o  " 0 " .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  4 2  r r 

       6  4 3  r lr 

           

 opc  s rc  d s t   3  6  4 4  R  R  

       6  4 5  R  IR  

           

 opc  d s t s rc    3  6  4 6  R  IM  

 

E x a m p l e s :  Given:  R 0   =   1 5 H ,  R 1   =   2 A H ,  R 2   =   0 1 H ,  r e g i s t e r  0 0 H   =   0 8 H ,  r e g i s t e r  0 1 H   =   3 7 H ,  a n d  
r e g i s t e r  0 8 H   =   8 A H : 

O R  R 0 , R 1  → R 0   =   3 F H ,  R 1   =   2 A H 

O R  R 0 , @ R 2  → R 0   =   3 7 H ,  R 2   =   0 1 H ,  r e g i s t e r  0 1 H   =   3 7 H  

O R  0 0 H , 0 1 H  → R e g i s t e r  0 0 H   =   3 F H ,  r e g i s t e r  0 1 H   =   3 7 H  

O R  0 1 H , @ 0 0 H  → R e g i s t e r  0 0 H   =   0 8 H ,  r e g i s t e r  0 1 H   =   0 B F H  

O R  0 0 H , # 0 2 H  → R e g i s t e r  0 0 H   =   0 A H 

 I n  the  f i r s t  examp le ,  i f  wo rk ing  reg i s te r  R0  con ta ins  the  va lue  15H and  reg i s te r  R1  the  va lue  2AH,  the  
s t a t e m e n t  " O R   R 0 , R 1 "  l o g i c a l-O R s  t h e  R 0  a n d  R 1  r e g i s t e r  c o n t e n t s  a n d  s t o r e s  t h e  r e s u l t  ( 3 F H )  i n  
des t i na t i on  reg i s te r  R0 .   

 The  o the r  e x a m p l e s  s h o w  t h e  u s e  o f  t h e  l o g i c a l  O R  i n s t r u c t i o n  w i t h  t h e  v a r i o u s  a d d r e s s i n g  m o d e s  
a n d  f o r m a t s . 
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POP — P O P  F r o m  S t a c k  

P O P  d s t 

O p e r a t i o n : d s t   ←  @ S P  

 S P   ←  S P   +   1  

 The  con ten t s  o f  t he  l oca t i on  add ressed  by  t he  s tack  po in te r  a re  l oaded  i n to  t he  des t i na t i on .  The  
s t a c k  p o i n t e r  i s  t h e n  i n c r e m e n t e d  b y  o n e .  

F l a g s :    No f lags  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  8  5 0  R  

       8  5 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  0 0 H   =   0 1 H ,  r e g i s t e r  0 1 H   =   1 B H ,  S P  ( 0 D 9 H )   =   0 B B H ,  a n d  s t a c k  r e g i s t e r  0 B B H   
=   5 5 H : 

P O P  0 0 H  → R e g i s t e r  0 0 H   =   5 5 H ,  S P   =   0 B C H  

P O P  @ 0 0 H  → R e g i s t e r  0 0 H   =   0 1 H ,  r e g i s t e r  0 1 H   =   5 5 H ,  S P   =   0 B C H  

 I n  t he  f i r s t  examp le ,  gene ra l  r eg i s t e r  00H  con ta i ns  t he  va l ue  01H .  The  s t a temen t  "POP  00H"  l oads  
t h e  c o n t e n t s  o f  l o c a t i o n  0 B B H  ( 5 5 H )  i n t o  d e s t i n a t i o n  r e g i s t e r  0 0 H  a n d  t h e n  i n c r e m e n t s  t h e  s t a c k  
p o i n t e r  b y  o n e .  R e g i s t e r  0 0 H  t h e n  c o n t a i n s  t h e  v a l u e  5 5 H  a n d  t h e  S P  p o i n t s  t o  l o c a t i o n  0 B C H . 
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PUSH  — P u s h  T o  S t a c k  

P U S H src  

O p e r a t i o n : S P   ←  S P   –   1  

 @ S P   ←  s rc  

 A  P U S H  i n s t r u c t i o n  d e c r e m e n t s  t h e  s t a c k  p o i n t e r  v a l u e  a n d  l o a d s  t h e  c o n t e n t s  o f  t h e  s o u r c e  ( s r c )  
i n t o  t h e  l o c a t i o n  a d d r e s s e d  b y  t h e  d e c r e m e n t e d  s t a c k  p o i n t e r .  T h e  o p e r a t i o n  t h e n  a d d s  t h e  n e w  
va lue  t o  t he  t op  o f  t he  s tack . 

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  s rc     2  8   7 0  R  

       8  7 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  4 0 H   =   4 F H ,  r e g i s t e r  4 F H   =   0 A A H ,  S P   =   0 C 0 H : 

P U S H 4 0 H  → R e g i s t e r  4 0 H   =   4 F H ,  s t a c k  r e g i s t e r  0 B F H   =   4 F H ,   

   S P   =   0 B F H  

P U S H @ 4 0 H  → R e g i s t e r  4 0 H   =   4 F H ,  r e g i s t e r  4 F H   =   0 A A H ,  s t a c k  r e g i s t e r 
   0 B F H   =   0 A A H ,  S P   =   0 B F H  

 I n  the  f i r s t  examp le ,  i f  t he  s tack  po in te r  con ta ins  the  va lue  0C0H,  and  genera l  reg i s te r  40H the  va lue  
4 F H ,  t h e  s t a t e m e n t  " P U S H   4 0 H "  d e c r e m e n t s  t h e  s t a c k  p o i n t e r  f r o m  0 C 0  t o  0 B F H .  I t  t h e n  l o a d s  t h e  
c o n t e n t s  o f  r e g i s t e r  4 0 H  i n t o  l o c a t i o n  0 B F H .  R e g i s t e r  0 B F H  t h e n  c o n t a i n s  t h e  v a l u e  4 F H  a n d  S P  
p o i n t s  t o  l o c a t i o n  0 B F H . 
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RCF  — Reset  Carry  F lag  

R C F  R C F  

O p e r a t i o n : C   ←  0  

 The  ca r ry  f l ag  i s  c lea red  to  log ic  ze ro ,  regard less  o f  i t s  p rev ious  va lue .  

F l a g s :  C : Clea red  to  "0 " .  

 No o ther  f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  4  C F  

 

E x a m p l e : Given:  C  =  " 1 "   o r   " 0 " :  

 The  i ns t ruc t i on  RCF c lea rs  the  ca r r y  f l ag  (C )  t o  l og i c  ze ro .  
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RET  — Return  

RET  

O p e r a t i o n : P C   ←  @ S P  

 S P   ←  S P   +   2  

 The  RET i ns t ruc t i on  i s  no rma l l y  used  to  re tu rn  t o  t he  p rev ious l y  execu t i ng  p rocedu re  a t  t he  end  o f  a  
p rocedu re  en te red  by  a  CALL  i ns t ruc t i on .  The  con ten t s  o f  t he  l oca t i on  add re s s e d  b y  t h e  s t a c k  
p o i n t e r  a r e  p o p p e d  i n t o  t h e  p r o g r a m  c o u n t e r .  T h e  n e x t  s t a t e m e n t  t h a t  i s  e x e c u t e d  i s  t h e  o n e  t h a t  i s  
add ressed  by  t he  new  p rog ram coun te r  va l ue .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  8  A F  

 

E x a m p l e : Given:  S P   =   0 B C H ,  ( S P )   =   1 0 1 A H ,  a n d  P C   =   1 2 3 4 :  

R E T → P C   =   1 0 1 A H ,  S P   =   0 B E H 

 T h e  s t a t e m e n t  " R E T "  p o p s  t h e  c o n t e n t s  o f  s t a c k  p o i n t e r  l o c a t i o n  0 B C H  ( 1 0 H )  i n t o  t h e  h i g h  b y t e  o f  
t he  p rog ram coun te r .  The  s tack  po in te r  t hen  pops  t he  va lue  i n  l oca t i o n  0 B D H  ( 1 A H )  i n t o  t h e  P C ' s  
l o w  b y t e  a n d  t h e  i n s t r u c t i o n  a t  l o c a t i o n  1 0 1 A H  i s  e x e c u t e d .  T h e  s t a c k  p o i n t e r  n o w  p o i n t s  t o  m e m o r y  
l o c a t i o n  0 B E H . 
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RL  — Rotate Left  

R L  d s t 

O p e r a t i o n : C   ←  d s t  ( 7 ) 

 ds t  (0 )   ←  d s t  ( 7 ) 

 ds t  ( n   +   1 )   ←  ds t  ( n ) ,   n   =   0– 6  

 The con ten ts  o f  the  des t ina t ion  operand  a re  ro ta ted  le f t  one  b i t  pos i t i on .  The  in i t i a l  va lue  o f  b i t  7  i s  
moved  to  t he  b i t  ze ro  (LSB)  pos i t i on  and  a l so  rep laces  t he  ca r r y  f l ag .  

7 0

C

 

F l a g s :   C : Set  i f  t he  b i t  ro ta ted  f rom the  mos t  s i gn i f i can t  b i t  pos i t i on  (b i t  7 )  was  "1 " .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow occur red ,  tha t  i s ,  i f  t he  s ign  o f  the  des t ina t ion  changed  dur ing   

   ro ta t i on ;  c lea red  o the rw ise .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  9 0  R  

       4  9 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  0 0 H   =   0 A A H ,  r e g i s t e r  0 1 H   =   0 2 H  a n d  r e g i s t e r  0 2 H   =   1 7 H : 

R L  0 0 H  → R e g i s t e r  0 0 H   =   5 5 H ,  C   =   " 1 "  

R L  @ 0 1 H  → R e g i s t e r  0 1 H   =   0 2 H ,  r e g i s t e r  0 2 H   =   2 E H ,  C   =   " 0 "  

 I n  t he  f i r s t  examp le ,  i f  gene ra l  r eg i s te r  00H  con ta ins  t he  va lue  0AAH (10101010B) ,  t he  s ta temen t  
"RL   00H"  ro ta tes  the  0AAH va lue  l e f t  one  b i t  pos i t i on ,  l eav ing  the  new va lue  55H (01010101B)  and  
se t t i ng  the  ca r ry  and  over f l ow f l ags . 
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RLC  — Rotate  Lef t  Through Carry  

R L C  d s t 

O p e r a t i o n : ds t  (0 )   ←  C  

 C   ←  d s t  ( 7 ) 

 ds t  ( n   +   1 )   ←  ds t  ( n ) ,  n   =   0– 6  

 The  con ten ts  o f  t he  des t i na t i on  ope rand  w i th  t he  car ry  f lag  a re  ro ta ted  le f t  one  b i t  pos i t ion .  The in i t ia l  
va lue  o f  b i t  7  rep laces  the  car ry  f lag  (C) ;  the  in i t ia l  va lue  o f  the  car ry  f lag  rep laces  b i t  zero .  

7 0

C

 

F l a g s :   C : Set  i f  t he  b i t  ro ta ted  f rom the  mos t  s ign i f i can t  b i t  pos i t i on  (b i t  7 )  was  "1 " .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow occur red ,  tha t  i s ,  i f  t he  s ign  o f  the  des t ina t ion  changed  dur ing   

   ro ta t ion ;  c leared  o therw is e .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  1 0  R  

       4  1 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  0 0 H   =   0 A A H ,  r e g i s t e r  0 1 H   =   0 2 H ,  a n d  r e g i s t e r  0 2 H   =   1 7 H ,  C   =   " 0 " :  

R L C  0 0 H  → R e g i s t e r  0 0 H   =   5 4 H ,  C   =   " 1 "  

R L C  @ 0 1 H  → R e g i s t e r  0 1 H   =   0 2 H ,  r e g i s t e r  0 2 H   =   2 E H ,  C   =  " 0 "  

 I n  t he  f i r s t  examp le ,  i f  gene ra l  r eg i s te r  00H  has  t he  va lue  0AAH (10101010B) ,  t he  s ta temen t  "RLC  
00H"  ro ta tes  0AAH one  b i t  pos i t i on  to  the  le f t .  The  in i t i a l  va lue  o f  b i t  7  se t s  t he  ca r r y  f l ag  and  t he  
in i t ia l  va lue  o f  the  C f lag  rep laces  b i t  ze ro  o f  reg is te r  00H,  leav ing  the  va lue  55H (01010101B) .  The  
MSB o f  reg i s te r  00H rese ts  t he  ca r r y  f l ag  to  "1 "  and  se ts  t he  ove r f l ow  f l ag .  



S3C9688 /P9688    SAM88RCRI INSTRUCTION SET  

  6 -4 1  

RR  — Rota te  R ight 

R R  d s t 

O p e r a t i o n : C   ←  d s t  ( 0 ) 

 ds t  (7 )   ←  d s t  ( 0 ) 

 ds t  (n )   ←  d s t  ( n   +   1 ) ,  n   =   0 – 6  

 The con ten ts  o f  the  des t ina t ion  operand  a re  ro ta ted  r igh t  one  b i t  pos i t i on .  The  in i t i a l  va lue  o f  b i t  ze ro  
(LSB)  i s  moved  to  b i t  7  (MSB)  and  a l so  rep laces  t he  ca r r y  f l ag  (C ) .  

7 0

C

 

F l a g s :   C : Set  i f  t he  b i t  ro ta ted  f rom the  leas t  s ign i f i can t  b i t  pos i t i on  (b i t  ze ro )  was  "1 " .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow occur red ,  tha t  i s ,  i f  t he  s ign  o f  the  des t ina t ion  changed  dur ing   

   ro ta t i on ;  c lea red  o the rw ise .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  E 0  R  

       4  E 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  0 0 H   =   3 1 H ,  r e g i s t e r  0 1 H   =   0 2 H ,  a n d  r e g i s t e r  0 2 H   =   1 7 H : 

R R  0 0 H  → R e g i s t e r  0 0 H  =   9 8 H ,  C   =   " 1 "  

R R  @ 0 1 H  → R e g i s t e r  0 1 H   =   0 2 H ,  r e g i s t e r  0 2 H   =   8 B H ,  C   =   " 1 "  

 I n  t he  f i r s t  examp le ,  i f  gene ra l  r eg i s te r  00H  con ta ins  t he  va lue  31H (00110001B) ,  t he  s ta temen t  "RR 
00H"  ro ta tes  th is  va lue  one  b i t  pos i t i on  to  the  r igh t .  The  in i t i a l  va lue  o f  b i t  ze ro  i s  moved to  b i t  7 ,  
l eav ing  the  new va lue  98H (10011000B)  in  the  des t ina t ion  reg is te r .  The  in i t i a l  b i t  ze ro  a l so  rese ts  the  
C f lag  to  "1"  and the  s ign  f lag  and over f l ow  f l ag  a re  a l so  se t  t o  "1 " .  
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RRC  — Rota te  R ight  Through Carry  

R R C  d s t 

O p e r a t i o n : ds t  (7 )   ←  C  

 C   ←  d s t  ( 0 ) 

 ds t  (n )   ←  d s t  ( n   +   1 ) ,  n   =   0 – 6  

 The  con ten ts  o f  t he  des t ina t i on  operand  and  the  ca r ry  f l ag  a re  ro ta ted  r i gh t  one  b i t  pos i t i on .  The  
in i t ia l  va lue  o f  b i t  zero  (LSB)  rep laces  the  car ry  f lag ;  the  in i t ia l  va lue  o f  the  car ry  f lag  rep laces  b i t  7  
( M S B ) .  

7 0

C

 

F l a g s :   C : Set  i f  t he  b i t  ro ta ted  f rom the  leas t  s ign i f i can t  b i t  pos i t i on  (b i t  ze ro )  was  "1 " .  

   Z:  Set  i f  t he  resu l t  i s  " 0 "  c l ea red  o the rw i se .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow occur red ,  tha t  i s ,  i f  t he  s ign  o f  the  des t ina t ion  changed  dur ing   

   ro ta t i on ;  c lea red  o the rw ise .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  C 0  R  

       4  C 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  0 0 H   =   5 5 H ,  r e g i s t e r  0 1 H   =   0 2 H ,  r e g i s t e r  0 2 H   =   1 7 H ,  a n d  C   =   " 0 " :  

R R C  0 0 H  → R e g i s t e r  0 0 H   =   2 A H ,  C   =   " 1 "  

R R C  @ 0 1 H  → R e g i s t e r  0 1 H   =   0 2 H ,  r e g i s t e r  0 2 H   =   0 B H ,  C   =   " 1 "  

 I n  t he  f i r s t  examp le ,  i f  gene ra l  r eg i s te r  00H con ta ins  the  va lue  55H (01010101B) ,  t he  s ta temen t  
"RRC  00H"  ro ta tes  th i s  va lue  one  b i t  pos i t i on  to  the  r igh t .  The  in i t i a l  va lue  o f  b i t  ze ro  ( "1 " )  rep laces  
the  car ry  f lag  and  the  in i t i a l  va lue  o f  the  C f lag  ( "1 " )  rep laces  b i t  7 .  Th is  leaves  the  new va lue  2AH 
(00101010B)  in  des t ina t ion  reg is te r  00H.  The  s ign  f l ag  and  over f low f lag  a re  bo th  c lea red  to  "0 " .  
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SBC  — Subtract  With Carry  

S B C  ds t , s r c  

O p e r a t i o n : d s t   ←  d s t   –   s r c   –   c  

 The  source  operand ,  a long  w i th  the  cu r ren t  va lue  o f  t he  ca r ry  f l ag ,  i s  sub t rac ted  f rom the  des t i na t i on  
ope rand  and  the  resu l t  i s  s to red  i n  t he  des t i na t i on .  The  con ten ts  o f  t he  sou rce  a re  una f fec ted .  
Sub t rac t i on  i s  pe r fo rmed  by  add ing  the  two ' s -c o m p l e m e n t  o f  t h e  s o u r c e  o p e r a n d  t o  t h e  d e s t i n a t i o n  
ope rand .  I n  mu l t i p le  p rec i s ion  a r i t hme t i c ,  t h i s  i ns t ruc t i on  pe rm i t s  t he  ca r ry  ( "bo r row" )  f rom the  
sub t rac t i on  o f  t he  l ow-o rde r  ope rands  to  be  sub t rac ted  f rom the  sub t rac t i on  o f  h igh -o rde r  ope rands . 

F l a g s :   C : S e t  i f  a  bo r row  occu r red  ( s rc   >   ds t ) ;  c l ea red  o the rw ise .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  i s  nega t i ve ;  c lea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow  occur red ,  tha t  i s ,  i f  t he  operands  were  o f  oppos i te  s ign  and  the   

   s ign  o f  t he  r esu l t  i s  t he  same  as  t he  s i gn  o f  t he  sou rce ;  c l ea red  o the rw i se .  

   D : A l w a y s  s e t  t o  " 1 " .  

H : Cleared  i f  t he re  i s  a  ca r ry  f rom the  mos t  s ign i f i can t  b i t  o f  t he  low-order  four  b i ts  o f  the  
            r esu l t ;  se t  o the rw ise ,  i nd i ca t i ng  a  "bo r row" .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  3 2  r r 

       6  3 3  r lr 

           

 opc  s rc  d s t   3  6  3 4  R  R  

       6  3 5  R  IR  

           

 opc  d s t s rc    3  6  3 6  R  IM  

 

E x a m p l e s :  Given:  R 1   =   1 0 H ,  R 2   =   0 3 H ,  C   =   " 1 " ,  r e g i s t e r  0 1 H   =   2 0 H ,  r e g i s t e r  0 2 H   =   0 3 H ,  a n d  r e g i s t e r  
0 3 H   =   0 A H : 

S B C  R 1 , R 2  → R 1   =   0 C H ,  R 2   =   0 3 H  

S B C  R 1 , @ R 2  → R 1   =   0 5 H ,  R 2   =   0 3 H ,  r e g i s t e r  0 3 H   =   0 A H 

S B C  0 1 H , 0 2 H  → R e g i s t e r  0 1 H   =   1 C H ,  r e g i s t e r  0 2 H   =   0 3 H  

S B C  0 1 H , @ 0 2 H  → R e g i s t e r  0 1 H   =   1 5 H , r e g i s t e r  0 2 H   =   0 3 H ,  r e g i s t e r  0 3 H   =   0 A H 

S B C  0 1 H , # 8 A H → R e g i s t e r  0 1 H   =   9 5 H ;  C ,  S ,  a n d  V   =   " 1 "  

 I n  the  f i r s t  examp le ,  i f  wo rk ing  reg is te r  R1  con ta ins  the  va lue  10H and  reg is te r  R2  the  va lue  03H,  the  
s ta temen t  "SBC  R1 ,R2"  sub t rac t s  t he  sou rce  va lue  (03H)  and  t he  C  f l ag  va lue  ( "1 " )  f r om the  
des t i na t i on  (10H)  and  then  s to res  the  resu l t  ( 0CH)  i n  reg i s te r  R1 .  
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SCF  — Set  Carry  F lag  

S C F  

O p e r a t i o n : C   ←  1  

 The car ry  f lag  (C)  i s  se t  to  log ic  one ,  regard less  o f  i t s  p rev ious  va lue .  

F l a g s :    C : S e t  t o  " 1 " .  

 No o ther  f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

 opc      1  4  D F  

 

E x a m p l e : T h e  s t a t e m e n t  

S C F  

 se ts  t he  ca r r y  f l ag  t o  l og i c  one .  
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SRA  — Shift  Right Arithmetic  

S R A  d s t 

O p e r a t i o n : ds t  (7 )   ←  d s t  ( 7 ) 

 C   ←  d s t  ( 0 ) 

 ds t  (n )   ←  d s t  ( n   +   1 ) ,  n   =   0 – 6  

 An a r i t hmet i c  sh i f t -r i gh t  o f  one  b i t  pos i t i on  i s  pe r fo rmed  on  the  des t ina t i on  operand .  B i t  ze ro  ( the  
LSB)  rep laces  the  ca r ry  f l ag .  The  va lue  o f  b i t  7  ( the  s ign  b i t )  i s  unchanged  and  i s  sh i f t ed  in to  b i t  
pos i t i on  6 .  

7 0

C

6

 

F l a g s :   C : Set  i f  t he  b i t  sh i f t ed  f rom the  LSB pos i t i on  (b i t  ze ro )  was  "1 " .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  i s  nega t i ve ;  c lea red  o the rw ise .  

   V : A l w a y s  c l e a r e d  t o  " 0 " .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst  

 opc  d s t    2  4  D 0  R  

       4  D 1  IR  

 

E x a m p l e s :  Given:  R e g i s t e r  0 0 H   =   9 A H ,  r e g i s t e r  0 2 H   =   0 3 H ,  r e g i s t e r  0 3 H   =   0 B C H ,  a n d  C   =   " 1 " :  

S R A  0 0 H  → R e g i s t e r  0 0 H   =   0 C D ,  C   =   " 0 "  

S R A  @ 0 2 H  → R e g i s t e r  0 2 H   =   0 3 H ,  r e g i s t e r  0 3 H   =   0 D E H ,  C   =   " 0 "  

 I n  t he  f i r s t  examp le ,  i f  gene ra l  r eg i s te r  00H  con ta ins  t he  va lue  9AH (10011010B) ,  t he  s ta temen t  
"SRA  00H"  sh i f t s  t he  b i t  va lues  i n  reg i s te r  00H r i gh t  one  b i t  pos i t i on .  B i t  ze ro  ( "0 " )  c l ea rs  the  C  f l ag  
and  b i t  7  ( "1 " )  i s  then  sh i f ted  in to  the  b i t  6  pos i t i on  (b i t  7  rema ins  unchanged) .  Th is  l eaves  the  va lue  
0CDH (11001101B)  i n  des t i na t i on  r eg i s t e r  00H . 
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STOP  — Stop Operat ion  

S T O P  

O p e r a t i o n : 

 T h e  S T O P  i n s t r u c t i o n  s t o p s  b o t h  t h e  C P U  c l o c k  a n d  s y s t e m  c l o c k  a n d  c a u ses  t he  m i c rocon t ro l l e r  
t o  e n t e r  S t o p  m o d e .  D u r i n g  S t o p  m o d e ,  t h e  c o n t e n t s  o f  o n -ch ip  CPU reg i s te rs ,  pe r i phe ra l  reg i s te rs ,  
and  I /O  po r t  con t ro l  and  da ta  reg i s te r s  a re  re ta i ned .  S top  mode  can  be  re l eased  by  an  ex te rna l  r ese t  
opera t ion  o r  Ex te rna l  i n te r rup t  i npu t .  Fo r  the  rese t  opera t ion ,  the  RESET  p i n  mus t  be  he ld  t o  Low l eve l  
un t i l  t he  requ i red  osc i l l a t ion  s tab i l i za t ion  in te rva l  has  e lapsed .  

F l a g s :    No f lags  a re  a f fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc      1  4  7 F  –  –  

 

E x a m p l e : T h e  s t a t e m e n t  

S T O P  

 ha l t s  a l l  m ic rocon t ro l l e r  ope ra t i ons . 
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SUB  — Subt ract 

S U B  ds t , s r c  

O p e r a t i o n : d s t   ←  d s t   –  s rc  

 The  sou rce  ope rand  i s  sub t rac ted  f r om the  des t i na t i on  ope rand  and  t he  resu l t  i s  s to red  i n  t he  
des t i na t i on .  The  con ten ts  o f  t he  sou rce  a re  una f fec ted .  Sub t rac t i on  i s  pe r fo rmed  by  add ing  t he  two ' s  
c o m p l e m e n t  o f  t h e  s o u r c e  o p e r a n d  t o  t h e  d e s t i n a t i o n  o p e r a n d .  

F l a g s :   C : Set  i f  a  "bo r row"  occu r red ;  c l ea red  o the rw ise .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  the re su l t  i s  nega t i ve ;  c lea red  o the rw ise .  

   V : Set  i f  a r i t hmet i c  ove r f l ow  occu r red ,  t ha t  i s ,  i f  t he  operands  were  o f  oppos i te  s igns  and  the   

   s ign  o f  t he  resu l t  i s  o f  t he  same  as  t he  s i gn  o f  t he  sou rce  ope rand ;  c l ea red  o the rw i se .  

   D : A l w a y s  s e t  t o  " 1 " .  

   H : Cleared  i f  t he re  i s  a  ca r ry  f rom the  mos t  s ign i f i can t  b i t  o f  t he  low-order  four  b i ts  o f  the  
                                r esu l t ;  se t  o the rw ise  i nd i ca t i ng  a  "bo r row" .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  2 2  r r 

       6  2 3  r lr 

           

 opc  s rc  d s t   3  6  2 4  R  R  

       6  2 5  R  IR  

           

 opc  d s t s rc    3  6  2 6  R  IM  

 

E x a m p l e s :  Given:  R 1   =   1 2 H ,  R 2   =   0 3 H ,  r e g i s t e r  0 1 H   =   2 1 H ,  r e g i s t e r  0 2 H   =   0 3 H ,  r e g i s t e r  0 3 H   =   0 A H : 

S U B  R 1 , R 2  → R 1   =   0 F H ,  R 2   =   0 3 H  

S U B  R 1 , @ R 2  → R 1   =   0 8 H ,  R 2   =   0 3 H  

S U B  0 1 H , 0 2 H  → R e g i s t e r  0 1 H   =   1 E H ,  r e g i s t e r  0 2 H   =   0 3 H  

S U B  0 1 H , @ 0 2 H  → R e g i s t e r  0 1 H   =   1 7 H ,  r e g i s t e r  0 2 H   =   0 3 H  

S U B  0 1 H , # 9 0 H  → R e g i s t e r  0 1 H   =   9 1 H ;  C ,  S ,  a n d  V   =   " 1 "  

S U B  0 1 H , # 6 5 H  → R e g i s t e r  0 1 H   =   0 B CH ;  C  a n d  S   =   " 1 " ,  V   =   " 0 "  

 I n  the  f i r s t  examp le ,  i f  wo rk ing  reg is te r  R1  con ta ins  the  va lue  12H and  i f  reg i s te r  R2  con ta ins  the  
va lue  03H ,  t he  s ta temen t  "SUB  R1 ,R2"  sub t rac t s  t he  sou rce  va lue  (03H)  f r om the  des t i na t i on  va lue  
(12H)  and  s to res  the  resu l t  ( 0FH)  i n  des t i na t i on  reg i s te r  R1 .  
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TCM  — Tes t  Complement  Under  Mask  

T C M  ds t , s r c  

O p e r a t i o n : ( N O T  d s t )   A N D   s r c  

 Th is  i ns t ruc t i on  tes t s  se lec ted  b i t s  i n  t he  des t i na t i on  ope rand  fo r  a  l og i c  one  va lue .  The  b i t s  t o  be  
t es ted  a re  spec i f i ed  by  se t t i ng  a  "1 "  b i t  i n  t he  co r respond ing  pos i t i on  o f  t he  sou rce  ope rand  (mask ) .  
T h e  T C M  s t a t e m e n t  c o m p l e m e n t s  t h e  d e s t i n a t i o n  o p e r a n d ,  w h i c h  i s  t h e n  A N D e d  w i t h  t h e  s o u r c e  
mask .  The  ze ro  (Z )  f l ag  can  t hen  be  checked  t o  de te rm ine  t he  r esu l t .  The  des t i na t i on  and  sou rce  
operands  a re  una f fec ted .  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : A l w a y s  c l e a r e d  t o  " 0 " .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  6 2  r r 

       6  6 3  r lr 

           

 opc  s rc  d s t   3  6  6 4  R  R  

       6  6 5  R  IR  

           

 opc  d s t s rc    3  6  6 6  R  IM  

 

E x a m p l e s :  Given:  R 0   =   0 C 7 H ,  R 1   =   0 2 H ,  R 2   =   1 2 H ,  r e g i s t e r  0 0 H   =   2 B H ,  r e g i s t e r  0 1 H   =   0 2 H ,  a n d  
r e g i s t e r  0 2 H   =   2 3 H : 

T C M  R 0 , R 1  → R 0   =   0 C 7 H ,  R 1   =   0 2 H ,  Z   =   " 1 "  

T C M  R 0 , @ R 1  → R 0   =   0 C 7 H ,  R 1   =   0 2 H ,  r e g i s t e r  0 2 H   =   2 3 H ,  Z   =   " 0 "  

T C M  0 0 H , 0 1 H  → R e g i s t e r  0 0 H   =   2 B H ,  r e g i s t e r  0 1 H   =   0 2 H ,  Z   =   " 1 "  

T C M  0 0 H , @ 0 1 H  → R e g i s t e r  0 0 H   =   2 B H,  r eg i s t e r  01H   =   02H ,   
   r e g i s t e r  0 2 H   =   2 3 H ,  Z   =   " 1 "  

T C M  0 0 H , # 3 4  → R e g i s t e r  0 0 H   =   2 B H ,  Z   =   " 0 "  

 I n  t he  f i r s t  examp le ,  i f  wo rk ing  reg i s te r  R0  con ta ins  the  va lue  0C7H (11000111B)  and  reg i s te r  R1  the  
va lue  02H  (00000010B) ,  t he  s ta temen t  "TCM  R0 ,R1"  t es t s  b i t  one  i n  t he  des t i na t i on  reg i s te r  f o r  a  
" 1 "  va l ue .  Because  t he  mask  va l ue  co r responds  t o  t he  t es t  b i t ,  t he  Z  f l ag  i s  se t  t o  l og i c  one  and  can  
be  t es ted  t o  de te rm ine  t he  resu l t  o f  t he  TCM ope ra t i on .  
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TM  — Tes t  Under  Mask  

T M  ds t , s r c  

O p e r a t i o n : d s t   A N D   s r c  

 Th is  i ns t ruc t i on  tes t s  se lec ted  b i t s  i n  t he  des t i na t i on  ope rand  fo r  a  l og i c  ze ro  va lue .  The  b i t s  t o  be  
t es ted  a re  spec i f i ed  by  se t t i ng  a  "1 "  b i t  i n  t he  co r respond ing  pos i t i on  o f  t he  sou rce  ope rand  (mask ) ,  
wh i ch  i s  ANDed  w i t h  t he  des t i na t i on  ope rand .  The  ze ro  (Z )  f l ag  can  t hen  be  checked  t o  de te rm ine  
the  resu l t .  The  des t i na t i on  and  sou rce  ope rands  a re  una f fec ted .  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : A l w a y s  r e s e t  t o  " 0 " .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  7 2  r r 

       6  7 3  r lr 

           

 opc  s rc  d s t   3  6  7 4  R  R  

       6  7 5  R  IR  

           

 opc  d s t s rc    3  6  7 6  R  IM  

 

E x a m p l e s :  Given:  R 0   =   0 C 7 H ,  R 1   =   0 2 H ,  R 2   =   1 8 H ,  r e g i s t e r  0 0 H   =   2 B H ,  r e g i s t e r  0 1 H   =   0 2 H ,  a n d  
r e g i s t e r  0 2 H   =   2 3 H : 

TM  R 0 , R 1  → R 0   =   0 C 7 H ,  R 1   =   0 2 H ,  Z   =   " 0 "  

TM  R 0 , @ R 1  → R 0   =   0 C 7 H ,  R 1   =   0 2 H ,  r e g i s t e r  0 2 H   =   2 3 H ,  Z   =   " 0 "  

TM  0 0 H , 0 1 H  → R e g i s t e r  0 0 H   =   2 B H ,  r e g i s t e r  0 1 H   =   0 2 H ,  Z   =   " 0 "  

TM  0 0 H , @ 0 1 H  → R e g i s t e r  0 0 H   =   2 B H ,  r e g i s t e r  0 1 H  =   0 2 H ,   
   r e g i s t e r  0 2 H   =   2 3 H ,  Z   =   " 0 "  

TM  0 0 H , # 5 4 H  → R e g i s t e r  0 0 H   =   2 B H ,  Z   =   " 1 "  

 I n  t he  f i r s t  examp le ,  i f  wo rk ing  reg i s te r  R0  con ta ins  the  va lue  0C7H (11000111B)  and  reg i s te r  R1  the  
va lue  02H  (00000010B) ,  t he  s ta temen t  "TM  R0 ,R1"  t es t s  b i t  one  i n  t he  des t i na t i on  reg i s te r  f o r  a  "0 "  
va l ue .  Because  t he  mask  va l ue  does  no t  ma tch  t he  t es t  b i t ,  t he  Z  f l ag  i s  c l ea red  t o  l og i c  ze ro  and  
c a n  b e  t es ted  t o  de te rm ine  the  resu l t  o f  t he  TM ope ra t i on .  
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XOR  — Logical  Exclusive  OR  

X O R  ds t , s r c  

O p e r a t i o n : d s t   ←  d s t   X O R   s r c  

 The  sou rce  ope rand  i s  l og i ca l l y  exc lus i ve -ORed  w i t h  t he  des t i na t i on  ope rand  and  t he  resu l t  i s  s t o red  
in  the  des t ina t ion .  The  exc lus ive -OR ope ra t i on  resu l t s  i n  a  "1 "  b i t  be ing  s to red  wheneve r  t he  
co r respond ing  b i t s  i n  the  operands  a re  d i f f e ren t ;  o the rw ise ,  a  "0 "  b i t  i s  s to red .  

F l a g s :   C : Unaf fec ted .  

   Z:  Set  i f  t he  resu l t  i s  "0 " ;  c l ea red  o the rw ise .  

   S : Set  i f  t he  resu l t  b i t  7  i s  se t ;  c l ea red  o the rw ise .  

   V : A l w a y s  r e s e t  t o  " 0 " .  

   D : Unaf fec ted .  

   H : Unaf fec ted .  

F o r m a t :  

      B y t e s C y c l e s O p c o d e  

( H e x ) 

A d d r  M o d e  

dst       src  

 opc  ds t  |  s rc     2  4  B 2  r r 

       6  B 3  r lr 

           

 opc  s rc  d s t   3  6  B 4  R  R  

       6  B 5  R  IR  

           

 opc  d s t s rc    3  6  B 6  R  IM  

 

E x a m p l e s :  Given:  R 0   =   0 C 7 H ,  R 1   =   0 2 H ,  R 2   =   1 8 H ,  r e g i s t e r  0 0 H   =   2 B H ,  r e g i s t e r  0 1 H   =   0 2 H ,  a n d  
r e g i s t e r  0 2 H   =   2 3 H : 

X O R  R 0 , R 1  → R 0   =   0 C 5 H ,  R 1   =   0 2 H  

X O R  R 0 , @ R 1  → R 0   =   0 E 4 H ,  R 1   =   0 2 H ,  r e g i s t e r  0 2 H   =   2 3 H  

X O R  0 0 H , 0 1 H  → R e g i s t e r  0 0 H   =   2 9 H ,  r e g i s t e r  0 1 H   =   0 2 H  

X O R  0 0 H , @ 0 1 H  → R e g i s t e r  0 0 H   =   0 8 H ,  r e g i s t e r  0 1 H   =   0 2 H ,  r e g i s t e r  0 2 H   =   2 3 H  

X O R  0 0 H , # 5 4 H  → R e g i s t e r  0 0 H   =   7 F H  

 I n  the  f i r s t  examp le ,  i f  wo rk ing  reg i s te r  R0  con ta ins  the  va lue  0C7H and  i f  r eg i s te r  R1  con ta ins  the  
va lue  02H ,  t he  s ta temen t  "XOR  R0 ,R1"  l og i ca l l y  exc lus i ve -ORs  the  R1  va lue  w i t h  t he  R0  va lue  and  
s to res  the  resu l t  ( 0C5H)  i n  t he  des t i na t i on  reg i s te r  R0 .  
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7  CLOCK CIRCUIT  

O V E R V I E W A E  

T h e  c r y s t a l  o r  c e r a m i c  o s c i l l a t i o n  s o u r c e  p r o v i d e s  a  m a x i m u m  6  M H z  c l o c k  f o r  t h e  S 3 C 9 6 8 8 / P 9 6 8 8 .  T h e  X
IN

 a n d  X
OUT

 

p i ns  a re  connec ted  w i t h  t he  osc i l l a t i on  sou rce  t o  t he  on -c h i p  c l o c k  c i r c u i t .   

S3C9688/P9688

XIN

XOUT

6 MHz

 

F i g u r e  7 -1 .  M a i n  O s c i l l a t o r  C i r c u i t  ( C r y s t a l / C e r a m i c  O s c i l l a t o r )  

M A I N  O S C I L L A T O R  L O G IC  

T o  i n c r e a s e  p r o c e s s i n g  s p e e d  a n d  t o  r e d u c e  c l o c k  n o i s e ,  n o n -d i v ided  log i c  i s  imp lemen ted  fo r  t he  ma in  osc i l l a to r  
c i r cu i t .  Fo r  t h i s  reason ,  ve ry  h igh  reso lu t i on  wave fo rms  ( squa re  s igna l  edges )  mus t  be  gene ra ted  i n  o rde r  f o r  t he  CPU 
to  e f f i c i en t l y  p rocess  l og i c  ope ra t i ons . 

C L O C K  S T A T U S   D U R I N G  P O W E R -D O W N  M O D E S  

T h e  t w o  p o w e r-d o w n  m o d e s ,  S t o p  m o d e  a n d  I d l e  mode ,  a f f ec t  c l ock  osc i l l a t i on  as  f o l l ows :   

—  I n  S top  mode ,  t he  ma in  osc i l l a to r  " f r eezes " ,  ha l t i ng  t he  CPU and  pe r i phe ra l s .  The  con ten ts  o f  t he  reg i s te r  f i l e  and  
cu r ren t  sys tem reg i s te r  va l ues  a re  re ta i ned .  S top  mode  i s  r e l eased ,  and  t he  osc i l l a t o r  s t a r t ed ,  by  a  r ese t  
ope ra t i on  o r  by  an  ex te rna l  i n te r rup t  w i th  RC-de lay  no ise  f i l t e r  ( fo r  S3C9688/P9688,  INT0 – INT2).  

—  I n  Id le  mode ,  t he  i n te rna l  c lock  s igna l  i s  ga ted  o f f  t o  t he  CPU,  bu t  no t  t o  i n te r rup t  con t ro l  and  the   t imer .  The  
c u r r e n t  C P U  s t a t u s  i s  p r e s erved ,  i nc lud ing  s tack  po in te r ,  p rog ram coun te r ,  and  f l ags .  Da ta  in  the  reg is te r  f i l e  i s  
re ta ined .  Id le  mode  i s  re leased  by  a  rese t  o r  by  an  in te r rup t  (ex te rna l  o r  i n te rna l l y -genera ted) .  
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S Y S T E M  C L O C K  C O N T R O L  R E G I S T E R  ( C L K C O N ) 

T h e  s y s t e m  c l o c k  c o n t r o l  r e g i s t e r ,  C L K C O N ,  i s  l o c a t e d  i n   l o c a t i o n  D 4 H .  I t  i s  r e a d / w r i t e  a d d r e s s a b l e  a n d  h a s  t h e  
fo l l ow ing  func t ions : 

—  O s c i l l a t o r  I R Q  w a k e-u p  f u n c t i o n  e n a b l e / d i s a b l e  ( C L K C O N . 7 ) 

—  Osc i l l a to r  f requency  d iv ide -by  va lue :  non -d i v i d e d ,  2 ,  8  o r  1 6  ( C L K C O N . 4  a n d  C L K C O N . 3 ) 

The  CLKCON reg i s te r  con t ro l s  whe the r  o r  no t  an  ex te rna l  i n t e r rup t  can  be  used  t o  t r i gge r  a  S top  mode  re l ease  (Th i s  
i s  c a l l e d  t h e  " I R Q  w a k e-up "  f unc t i on ) .  The  IRQ wake-u p  e n a b l e  b i t  i s  C L K C O N . 7 .  

A f te r  a  rese t ,  t he  ex te rna l  i n te r rup t  osc i l l a to r  wake-up  func t i on  i s  enab led ,  t he  ma in  osc i l l a to r  i s  ac t i va ted ,  and  the  
f
OSC

/ 1 6   ( t h e  s l o w e s t  c l o c k  s p e e d )  i s  s e l e c t e d  a s  t h e  C P U  c l o c k .  I f  n e c e s s a r y ,  y o u  c a n  t h e n  i n c r e a s e  t h e  C P U  c l o c k  

s p e e d  t o  f
OSC

,  f
OSC

/2  o r  f
s
/ 8 .  

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

System Clock Control Register (CLKCON)
D4H, R/W

Divide-by selection bits for
CPU clock frequency:

00 = f OSC/16
01 = f OSC/8
10 = f OSC/2

11 = f OSC (non-divided)

Oscillator IRQ wake-up enable bit:
0 = Enable IRQ for main-system
      oscillator wake-up function

1 = Disable IRQ for main-system
      oscillator wake-up function

     Not used for S3C9688/P9688

Not used for S3C9688/P9688
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Main
OSC

Noise
Filter

Oscillator
Wake-up

Oscillator
Stop

CLKCON.7

INT Pin

CLKCON.3, .4

1/2

1/8

1/16

M
U
X

Stop

Instruction

CPU Clock

P3.3/CLO

P3CON
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8  RESET AND P O W E R -D O W N 

S Y S T E M  R E S E T  

O V E R V I E W  

D u r i n g  a  p o w e r-on  rese t ,  the  vo l tage  a t  V
DD

 i s  H igh  leve l  and  the  RESET  p in  i s  fo rced  to  Low leve l .  The  RESET  s i gna l  i s  

i npu t  th rough  a  s c h m i t t  t r i g g e r  c i r c u i t  w h e r e  i t  i s  t h e n  s y n c h r o n i z e d  w i t h  t h e  C P U  c l o c k .  T h i s  b r i n g s  t h e  
S 3 C 9 6 8 8 / P 9 6 8 8  i n t o  a  k n o w n  o p e r a t i n g  s t a t u s .   

The  RESET  p in  mus t  be  he ld  t o  Low  l eve l  f o r  a  m in imum t ime  i n t e r va l  a f t e r  t he  power  supp l y  comes  w i t h i n  t o l e rance  
i n  o rde r  t o  a l l ow  t ime  fo r  i n te rna l  CPU c lock  osc i l l a t i on  to  s tab i l i ze .  The  m in imum requ i red  osc i l l a t i on  s tab i l i za t i on  
t i m e  f o r  a  r e s e t  i s  a p p r o x i m a t e l y  1 0 m s  ( @  2 16/fOSC

,  f
OSC 

=  6  M H z ) .  

W h e n  a  r e s e t  o c c u r s  d u r i n g  n o r m a l  o p e r a t i o n  ( w i t h  b o t h  V
DD 

a n d  RESET  a t  H ig h  leve l ) ,  the  s igna l  a t  the  RESET  p in  i s  

f o r ced  Low and  the  rese t  ope ra t i on  s ta r t s .  A l l  sys tem and  pe r i phe ra l  con t ro l  r eg i s te rs  a re  then  se t  t o  t he i r  de fau l t  
ha rdware  rese t  va lues  (see  Tab le  8 -1) .   

The  fo l l ow ing  sequence  o f  even ts  occu rs  du r ing  a  rese t  ope ra t i on :  

—  A l l  i n te r rup ts  a re  d i sab led .  

—  The  wa tchdog  func t i on  (bas i c  t ime r )  i s  enab led .  

—  P o r t s  0 -4  a re  se t  t o  schm i t t  t r i gge r  i npu t  mode  and  a l l  pu l l -up  res i s to rs  a re  d i sab led .  

—  Per iphera l  con t ro l  and  da ta  reg is te rs  a re  d i sab led  and  rese t  to  the i r  i n i t i a l  va lues . 

—  T h e  p r o g r a m  c o u n t e r  i s  l o a d e d  w i t h  t h e  R O M  r e s e t  a d d r e s s ,  0 1 0 0 H . 

—  W h e n  t h e  p r o g r a m m e d  o s c i l l a t i o n  s t a b i l i z a t i o n  t i m e  i n t e r v a l  h a s  e l a p s e d ,  t h e  a d d r e s s  s t o r e d  i n  R O M  l o c a t i o n  
0 1 0 0 H  ( a n d  0 1 0 1 H )  i s  f e t c h e d  a n d  e x e c u t e d .  

N O T E 

To  p rog ram the  du ra t i on  o f  t he  osc i l l a t i on  s tab i l i za t i on  i n te rva l ,  you  mus t  make  the  app rop r i a te  se t t i ngs  to  
t he  bas i c  t ime r  con t r o l  r eg i s t e r ,  BTCON,  be fo re  en te r i ng  S top  mode .  A l so ,  i f  you  do  no t  wan t  t o  use  t he  
b a s i c  t i m e r  w a t c h d o g  f u n c t i o n  ( w h i c h  c a u s e s  a  s y s t e m  r e s e t  i f  a  bas i c  t ime r  coun te r  ove r f l ow  occu rs ) ,  you  
can  d i sab le  i t  by  w r i t i ng  ' 1010B '  t o  t he  uppe r  n ibb le  o f  BTCON. 
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P O W E R -D O W N  M O D E S  

S T O P  M O D E  

S t o p  m o d e  i s  i n v o k e d  b y  t h e  i n s t r u c t i o n  S T O P  ( o p c o d e  7 F H ) .  I n  S t o p  m o d e ,  t h e  o p e r a t i o n  o f  t h e  C P U  a n d  a l l  
pe r iphe ra l s  i s  ha l ted .  Tha t  i s ,  t he  on -c h i p  m a i n  o s c i l l a t o r  s t o p s  a n d  t h e  s u p p l y  c u r r e n t  i s  r e d u c e d  t o  l e s s  t h a n  
3 0 0  µA.  A l l  s ys tem func t i ons  a re  ha l t ed  when  the  c l ock  " f r eezes " ,  bu t  da ta  s to red  i n  t he  i n te rna l  r eg i s te r  f i l e  i s  
r e t a i n e d .  S t o p  m o d e  c a n  b e  r e l e a s e d  i n  b o t h  w a y s :  b y  a  RESET  s igna l  o r  by  an  ex te rna l  i n te r rup t .  

U s i n g  R E S E T  t o  R e l e a s e  S t o p  M o d e  

S t o p  m o d e  i s  r e l e a s e d  w h e n  t h e  RESET  s i gna l  i s  re leased  and  re tu rns  to  H igh  l eve l .  A l l  sys tem and  pe r iphe ra l  con t ro l  
reg is te rs  a re  then  rese t  to  the i r  de fau l t  va lues  and  the  con ten ts  o f  a l l  da ta  reg is te rs  a re  re ta ined .  A  rese t  opera t ion  
a u t o m a t i c a l l y  s e l e c t s  a  s l o w  c l o c k  ( 1 / 1 6 )  b e c a u s e  C L K C O N . 3  a n d  C L K C O N . 4  a r e  c l e a r e d  t o  ‘ 0 0 B ’ .  A f ter  the 
osc i l l a t i on  s tab i l i za t i on  i n te r va l  has  e l apsed ,  t he  CPU execu tes  t he  sys tem i n i t i a l i za t i on  rou t i ne  by  f e t ch ing  t he  16 -b i t  
a d d r e s s  s t o r e d  i n  R O M  l o c a t i o n s  0 1 0 0 H  a n d  0 1 0 1 H .   

U s i n g  a n  E x t e r n a l  I n t e r r u p t  t o  R e l e a s e  S t o p  M o d e  

On ly  ex te rna l  i n t e r rup t s  w i t h  an  RC-de lay  no i se  f i l t e r  c i r cu i t  can  be  used  t o  r e l ease  S top  mode  (C lock -re la ted  
ex te rna l  i n te r rup ts  canno t  be  used) .  Ex te rna l  i n te r rup ts  INT0 – INT2  i n  t he  S3C9688 /P9688  i n t e r rup t  s t r uc tu re  mee t  
th is  c r i te r ia .  

No te  t ha t  when  S top  mode  i s  r e l eased  by  an  ex te rna l  i n t e r rup t ,  t he  cu r ren t  va lues  i n  sys tem and  pe r i phe ra l  con t ro l  
r e g i s t e r s  a r e  n o t  c h a n g e d .  W h e n  y o u  u s e  a n  i n t e r r u p t  t o  r e l e a s e  S t o p  m o d e ,  t h e  C L K C O N . 3  a n d  C L K C O N . 4  r e g i s t e r  
va lues  rema in  unchanged ,  and  the  cu r ren t l y  se lec ted  c l ock  va lue  i s  used .  I f  you  use  an  ex te rna l  i n te r rup t  f o r  S top  
mode  re l ease ,  you  can  a l so  p rog ram the  du ra t i on  o f  t he  osc i l l a t i on  s tab i l i za t i on  i n t e r va l .  To  do  t h i s ,  you  mus t  make  
t he  app rop r i a te  con t ro l  and  c l ock  se t t i n g s  before  e n t e r i n g  S t o p  m o d e .  

The  ex te rna l  i n te r rup t  i s  se rv i ced  when  the  S top  mode  re lease  occu rs .  Fo l l ow ing  the  IRET  f rom the  se rv i ce  rou t i ne ,  
t he  i ns t r uc t i on  immed ia te l y  f o l l ow ing  t he  one  t ha t  i n i t i a t ed  S top  mode  i s  execu ted .  

I D L E  M O D E  

I d l e  mode  i s  i nvoked  by  t he  i ns t ruc t i on  IDLE  (opcode  6FH) .  I n  I d l e  mode ,  CPU ope ra t i ons  a re  ha l t ed  wh i l e  se lec t  
pe r iphe ra l s  rema in  ac t i ve .  Dur ing  Id le  mode ,  the  i n te rna l  c lock  s igna l  i s  ga ted  o f f  t o  the  CPU,  bu t  no t  t o  i n te r rup t  l og i c  
a n d  t i m e r / c o u n t e r s .  Po r t  p i ns  r e ta i n  t he  mode  ( i npu t  o r  ou tpu t )  t hey  had  a t  t he  t ime  I d l e  mode  was  en te red .   

The re  a re  two  ways  t o  r e l ease  I d l e  mode :  

1 .   Execu te  a  rese t .  A l l  s ys tem and  pe r i phe ra l  con t ro l  r eg i s te r s  a re  rese t  t o  t he i r  de fau l t  va lues  and  the  con ten ts  o f  
a l l  d a t a  r e g i s t e r s  a r e  r e t a i n e d .  T h e  r e s e t  a u t o m a t i c a l l y  s e l e c t s  a  s l o w  c l o c k  ( 1 / 1 6 )  b e c a u s e  C L K C O N . 3  a n d  
C L K C O N . 4  a r e  c l e a r e d  t o  ‘ 0 0 B ’ .  I f  i n t e r r u p t s  a r e  m a s k e d ,  a  r e s e t  i s  t h e  o n l y  w a y  t o  r e l e a s e  I d l e  m o d e .   

2 .   Ac t i va te  any  enab led  i n te r rup t ,  caus ing  I d l e  mode  to  be  re l eased .  When  you  use  an  i n te r rup t  t o  r e l ease  I d l e  
m o d e ,  t h e  C L K C O N . 3  a n d  C L K C O N . 4  r e g i s t e r  v a l u e s  r e m a i n  u n c h a n g e d ,  a n d  t h e  c u r r e n t l y  s e l e c t e d  c l o c k  v a l u e  
i s  used .  The  i n te r rup t  i s  t hen  se rv i ced .  Fo l l ow ing  the  IRET f rom the  se rv i ce  rou t i ne ,  t he  i ns t ruc t i on  immed ia te l y  
f o l l ow ing  the  one  tha t  i n i t i a ted  Id le  mode  i s  execu ted .  

N O T E 

On ly  ex te rna l  i n t e r rup t s  t ha t  a re  no t  c l ock -r e l a t e d  c a n  b e  u s e d  t o  r e l e a s e  S t o p  m o d e .  T o  r e l e a s e  I d l e  m o d e ,  
however ,  any  type  o f  i n te r rup t  ( tha t  i s ,  i n te rna l  o r  ex te rna l )  can  be  u s e d .  
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H A R D W A R E  R E S E T  V A L U E S  

Tab les  8 -1  t h rough  8 -3  l i s t  t he  va lues  fo r  CPU and  sys tem reg i s te rs ,  pe r i phe ra l  con t ro l  reg i s te rs  and  pe r iphe ra l  da ta  
reg i s te rs  fo l l ow ing  a  rese t  ope ra t i on  i n  no rma l  ope ra t i ng  mode .  The  fo l l ow ing  no ta t i on  i s  used  i n  these  tab les  to  
rep resen t  spec i f i c  rese t  va lues : 

 A "1 "  o r  a  "0 "  shows  t he  rese t  b i t  va lue  as  l og i c  one  o r  l og i c  ze ro ,  r espec t i ve l y . 

 An ' x '  means  tha t  the  b i t  va lue  i s  unde f ined  fo l l ow ing  a  rese t .  

 A  d a s h  ( '-' )  m e a n s  t h a t  t h e  b it  i s  e i t he r  no t  used  o r  no t  mapped .  

T a b l e  8 -1 .  R e g i s t e r  V a l u e s  a f t e r  a  R e s e t 

R e g i s t e r  N a m e M n e m o n i c  A d d r e s s  B i t  V a l u e s  a f t e r  R E S E T  

  D e c H e x  7  6  5  4  3  2  1  0  

Genera l  pu rpose  reg i s te rs  –  0 0 0 – 1 9 1  0 0 H – B F H  x  x  x  x  x  x  x  x  

  Work i ng  reg i s t e r s  R 0 – R 1 5  1 9 2 – 2 0 7  C 0 H – C F H  x  x  x  x  x  x  x  x  

T i m e r  0  c o u n t e r T 0 C N T 2 0 8  D 0 H  0  0  0  0  0  0  0  0  

T imer  0  da ta  reg i s te r T 0 D A T A  2 0 9  D 1 H  1  1  1  1  1  1  1  1  

T imer  0  con t ro l  reg i s te r T 0 C O N  2 1 0  D 2 H  0  0  0  0  0  0  0  0  

U S B  s e l e c t i o n  a n d  t r a n sce i ve r 
c rossover  po in t  con t ro l  reg is te r   

U S X C O N  2 1 1  D 3 H  0  0  0  0  0  0  0  0  

C lock  con t ro l  r eg i s t e r C L K C O N  2 1 2  D 4 H  0  0  0  0  0  0  0  0  

S y s t e m  f l a g s  r e g i s t e r F L A G S  2 1 3  D 5 H  0  0  0  0  –  –  –  –  

D + / P S 2 ,  D -/ P S 2  d a t a  r e g i s t e r 
( o n l y  P S 2  m o d e ) 

P S 2 D A T A  2 1 4  D 6 H  0  0  0  0  0  0  0  0  

PS2  con t ro l  and  i n te r rup t  
pend ing  reg i s te r 

P S 2 C O N I N T 2 1 4  D 7 H  0  0  0  0  0  0  0  0  

Por t  0  i n te r rup t  con t ro l  reg is te r P 0 I N T 2 1 6  D 8 H  0  0  0  0  0  0  0  0  

S t a c k  p o i n t e r S P  2 1 7  D 9 H  x  x  x  x  x  x  x  x  

Por t  0  in te r rup t  pend ing  reg is te r   P 0 P N D  2 1 8  D A H 0  0  0  0  0  0  0  0  

L o c a t i o n  D B H  i s  n o t  m a p p e d .  

B a s i c  t i m e r  c o n t r o l  r e g i s t e r B T C O N  2 2 0  D C H  0  0  0  0  0  0  0  0  

B a s i c  t i m e r  c o u n t e r B T C N T 2 2 1  D D H  0  0  0  0  0  0  0  0  

L o c a t i o n  D E H  i s  n o t  m a p p e d .  

S y s t e m  m o d e  r e g i s t e r S Y M  2 2 3  D F H  –  –  –  –  –  0  0  0  

Po r t  0  da ta  r eg i s t e r P 0  2 2 4  E 0 H  0  0  0  0  0  0  0  0  

Po r t  1  da ta  r eg i s t e r P 1  2 2 5  E 1 H  0  0  0  0  0  0  0  0  

Po r t  2  da ta  r eg i s t e r P 2  2 2 6  E 2 H  0  0  0  0  0  0  0  0  

Po r t  3  da ta  r eg i s t e r P 3  2 2 7  E 3 H  0  0  0  0  0  0  0  0  

Po r t  4  da ta  r eg i s t e r P 4  2 2 8  E 4 H  0  0  0  0  0  0  0  0  
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T a b l e  8 -1 .  R e g i s t e r  V a l u e s  a f t e r  a  R e s e t  ( c o n t i n u e d )  

B a n k  0  R e g i s t e r  N a m e M n e m o n i c  A d d r e s s  B i t  V a l u e s  a f t e r  a  R e s e t 

  D e c H e x  7  6  5  4  3  2  1  0  

Por t  3  con t ro l  r eg i s te r P 3 C O N  2 2 9  E 5 H  0  0  0  0  0  0  0  0  

Po r t  0  con t ro l  reg i s te r  (h igh  by te ) P 0 C O N H  2 3 0  E 6 H  0  0  0  0  0  0  0  0  

Po r t  0  con t ro l  r eg i s te r  ( l ow  by te ) P 0 C O N L  2 3 1  E 7 H  0  0  0  0  0  0  0  0  

Po r t  1  con t ro l  reg i s te r  (h igh  by te ) P 1 C O N H  2 3 2  E 8 H  0  0  0  0  0  0  0  0  

Po r t  1  con t ro l  r eg i s te r  ( l ow  by te ) P 1 C O N L  2 3 3  E 9 H  0  0  0  0  0  0  0  0  

Por t  2  con t ro l  reg is te r  (h i g h  b y t e ) P 2 C O N H  2 3 4  E A H  0  0  0  0  0  0  0  0  

Po r t  2  con t ro l  r eg i s te r  ( l ow  by te ) P 2 C O N L  2 3 5  E B H  0  0  0  0  0  0  0  0  

Por t  2  i n te r rup t  enab le  reg is te r P 2 I N T 2 3 6  E C H  0  0  0  0  0  0  0  0  

Por t  2  i n te r rup t  pend ing  reg is te r P 2 P N D  2 3 7  E D H  0  0  0  0  0  0  0  0  

Po r t  4  con t ro l  r eg i s te r P 4 C O N  2 3 8  E E H  0  0  0  0  0  0  0  0  

Por t  4  i n te r rup t  enab le /pend ing  reg is te r P 4 I N T P N D  2 3 9  E F H  0  0  0  0  0  0  0  0  

U S B  f u n c t i o n  a d d r e s s  r e g i s t e r F A D D R  2 4 0  F 0 H  0  0  0  0  0  0  0  0  

Con t ro l  endpo in t  s t a tus  reg i s te r E P 0 C S R 2 4 1  F 1 H  0  0  0  0  0  0  0  0  

In te r rup t  endpo in t  s t a t u s  r e g i s t e r E P 1 C S R 2 4 2  F 2 H  0  0  0  0  0  0  0  0  

Con t ro l  endpo in t  by te  coun t  r eg i s t e r E P 0 B C N T 2 4 3  F 3 H  0  0  0  0  0  0  0  0  

Con t ro l  endpo in t  F IFO reg i s te r E P 0 F I F O  2 4 4  F 4 H  x  x  x  x  x  x  x  x  

In te r rup t  endpo in t  F IFO reg is te r E P 1 F I F O  2 4 5  F 5 H  x  x  x  x  x  x  x  x  

USB i n te r rup t  pend ing  reg i s te r U S B P N D  2 4 6  F 6 H  0  0  0  0  0  0  0  0  

USB i n te r rup t  enab le  reg i s te r U S B I N T 2 4 7  F 7 H  0  0  0  0  1  0  1  1  

U S B  p o w e r  m a n a g e m e n t  r e g i s t e r P W R M G R  2 4 8  F 8 H  0  0  0  0  0  0  0  0  

In te r rup t  endpo in t  2  con t ro l  s ta tus  
reg i s te r 

E P 2 C S R 2 4 9  F 9 H  0  0  0  0  0  0  0  0  

In te r rup t  endpo in t  2  F IFO reg is te r E P 2 F I F O  2 5 0  F A H x  x  x  x  x  x  x  x  

E n d p o i n t  m o d e  r e g i s t e r E P M O D E  2 5 1  F B H 0  0  0  0  0  0  0  0  

E n d p o i n t  1  b y t e  c o u n t  E P 1 B C N T 2 5 2  F C H  0  0  0  0  0  0  0  0  

E n d p o i n t  2  b y t e  c o u n t  E P 2 B C N T 2 5 3  F D H  0  0  0  0  0  0  0  0  

U S B  c o n t r o l  r e g i s t e r U S B C O N  2 5 4  F E H 0  0  0  0  1  0  1  1  

L o c a t i o n  F F H  i s  n o t  m a p p e d  
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9  I /O PORTS  

O V E R V I E W  

T h e  S 3 C 9 6 8 8 / P 9 6 8 8  U S B  M o d e  h a s  f i v e  I / O  p o r t s  ( 0 – 4)  w i th  a  to ta l  o f  32  p ins .   

P S 2  M o d e  h a s  t w o  I / O  p o r t s  ( D + / P S 2 ,  D -/PS2)  w i t h  a  t o ta l  o f  34  p ins .                                    

Y o u  c a n  a c c e s s  t hese  po r t s  d i r ec t l y  by  w r i t i ng  o r  r ead ing  po r t  da ta  reg i s te r  add resses . 

Fo r  keyboa rd  app l i ca t i ons ,  po r t s  0 ,  1  and  2  a re  usua l l y  con f i gu red  as  keyboa rd  ma t r i x  i npu t / ou tpu t .  Po r t  3  can  be   
con f i gu red  as  LED d r i ve .  Po r t  4  i s  used  fo r  hos t  commun ica t i on  o r  f o r  con t ro l l i ng  a  mouse  o r  o the r  ex te rna l  dev i ce .   

T a b l e  9 -1 .  S 3 C 9 6 8 8 / P 9 6 8 8  P o r t  C o n f i g u r a t i o n  O v e r v i e w  

P o r t  F u n c t i o n  D e s c r i p t i o n  P r o g r a m m a b i l i t y  

0  B i t -p rog rammab le  I /O  po r t  f o r  schmi t t  t r i gge r  i npu t  o r  open-d ra in  ou tpu t .  
Por t0  can  be  ind iv idua l l y  con f igu red  as  ex te rna l  i n te r rup t  i npu ts .  Pu l l -u p  
res i s to r s  a re  ass ignab le  by  so f twa re .  

B i t   

1  B i t -p rog rammab le  I /O  po r t  f o r  schmi t t  t r i gge r  i npu t  o r  open-d ra in  ou tpu t .  
Pu l l -up  res i s t o r s  a re  ass ignab le  by  so f twa re .  

B i t   

2  B i t -p rog rammab le  I /O  po r t  f o r  schmi t t  t r i gge r  i npu t  o r  open-d ra in  ou tpu t .  
Por t2  can  be  ind iv idua l l y  con f igu red  as  ex te rna l  i n te r rup t  i npu ts .  Pu l l -u p  
res i s to r s  a re  ass ignab le  by  so f twa re .  

B i t   

3  B i t -p rog rammab le  I /O  po r t  f o r  schm i t t  t ri gger  i npu t ,  open-d ra i n  o r  push-pul l  
o u t p u t .  P 3 . 3  c a n  b e  u s e d  t o  s y s t e m  c l o c k  o u t p u t  ( C L O )  p i n .  

B i t   

4  B i t -p rog rammab le  I /O  po r t  f o r  schmi t t  t r i gge r  i npu t  o r  open-dra in  ou tpu t  o r  
p u s h-pu l l  ou tpu t .  Por t4  can  be  ind iv idua l l y  con f igu red  as  ex te rna l  i n te r rup t  
i npu ts .  I n  ou tpu t  mode ,  pu l l -up  res i s t o r s  a re  ass i gnab le  by  so f twa re .  Bu t  i n  
i npu t  mode ,  pu l l -up  res i s to rs  a re  f i xed .  

B i t  

D + / P S 2        
D -/ P S 2        

( P S 2  m o d e  
O n l y ) 

B i t -p rog rammab le  I /O  po r t  f o r  schmi t t  t r i gge r  i npu t  o r  open-dra in  ou tpu t  o r  
p u s h-pu l l  ou tpu t .  Th is  por t   ind iv idua l l y  con f igured  as  ex te rna l  in te r rup t  
i npu ts .  I n  ou tpu t  mode ,  pu l l -up  res i s t o r s  a re  ass i gnab le  by  so f twa re .  Bu t  i n  
i npu t  mode ,  pu l l -up  res i s to rs  a re  f i xed .  

B i t  
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P O R T  D A T A  R E G I S T E R S  

Tab le  9 -2  g i ves  you  an  ove rv iew  o f  t he  po r t  da ta  reg i s te r  names ,  l oca t i ons  and  add ress ing  cha rac te r i s t i cs .  Da ta  
reg is te rs  fo r  por ts  0– 4  have  the  s t ruc tu re  shown  i n  F igu re  9 -1 .   

T a b l e  9 -2 .  P o r t  D a t a  R e g i s t e r  S u m m a r y  

R e g i s t e r  N a m e  M n e m o n i c  D e c i m a l  H e x  R / W  

Por t  0  da ta  r eg i s t e r P 0  2 2 4  E 0 H  R / W  

Po r t  1  da ta  r eg i s t e r P 1  2 2 5  E 1 H  R / W  

Po r t  2  da ta  r eg i s t e r P 2  2 2 6  E 2 H  R / W  

Po r t  3  da ta  r eg i s t e r P 3  2 2 7  E 3 H  R / W  

Po r t  4  da ta  r eg i s t e r P 4  2 2 8  E 4 H  R / W  

 

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

I/O Port n Data Register (n = 0-4)

Pn.0
Pn.1

Pn.2

Pn.4
Pn.3

Pn.5
Pn.6

Pn.7

NOTE: Because only the four lower-nibble pins of port 3
and port 4 are mapped, data register bits P3.4-P3.7

and P4.4-P4.7 are not used.

NOTE:  Because only the four lower-nibble pins of port 3

and port 4 are mapped, data register bits P3.4-P3.7
and P4.4-P4.7 are not used.

 

F i g u r e  9 -1 .  P o r t  D a t a  R e g i s t e r  F o r m a t 
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P O R T  0  A N D  P O R T  1  

P o r t s  0  b i t -p r o g r a m m a b l e ,  g e n e r a l-p u r p o s e ,  I / O  p o r t s .  Y o u  c a n  s e l e c t  s c h m i t t  t r i g g e r  i n p u t  m o d e ,  N -CH open  d ra i n  
o u t p u t  m o d e .  

Y o u  c a n  a ccess  po r t s  0  and  1  d i r ec t l y  by  w r i t i ng  o r  r ead ing  t he  co r respond ing  po r t  da ta  reg i s te r s  —  P 0  ( E 0 H )  a n d  P 1  
( E 1 H ) .  A  r e s e t  c l e a r s  t h e  p o r t  c o n t r o l  r e g i s t e r s  P 0 C O N H ,  P 0 C O N L ,  P 1 C O N H  a n d  P 1 C O N L  t o  ' 0 0 H ' ,  c o n f i g u r i n g  a l l  
po r t  0  and  po r t  1  p i ns  as  schm i t t  t r i gge r  i npu t s . 

I n  t y p i c a l  k e y b o a r d  c o n t r o l l e r  a p p l i c a t i o n s ,  t h e  s i x t e e n  p o r t  0  a n d  p o r t  1  p i n s  c a n  b e  u s e d  t o  c h e c k  p r e s s e d  k e y  f r o m  
k e y b o a r d  m a t r i x  b y  g e n e r a t i n g  k e y s t r o k e  o u t p u t  s i g n a l s .   

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

Port 0 Control Registers

P0CONH, E6H, R/W, P0CONL, E7H, R/W

P0CONH

P0CONL

P0.7/INT2

P0.3/INT2

P0.6/INT2

P0.2/INT2

P0.5/INT2

P0.1/INT2

P0.4/INT2

P0.0/INT2

7,5,3,1 6,4,2,0

0
0

1
1

0
1

0
1

Schmitt trigger input, rising edge external interrupt  mode
Schmitt trigger input, falling edge external interrupt mode
with pull-up

N-CH open drain output mode
N-CH open drain output mode with pull-up

Port Mode Selection

 

F i g u r e  9 -2 .  P o r t  0  C o n t r o l  R e g i s t e r s  ( P 0 C O N H , P 0 C O N L ) 
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.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

Port 1 Control Registers

P1CONH, E8H, R/W, P1CONL, E9H, R/W

P1CONH
P1CONL

P1.7
P1.3

P1.6
P1.2

P1.5
P1.1

P1.4
P1.0

7,5,3,1 6,4,2,0

0
0

1
1

0
1

0
1

Schmitt trigger input mode
Schmitt trigger input mode with pull-up

N-CH open-drain output mode
N-CH open-drain output mode with pull-up

Port Mode Selection

 

F i g u r e  9 -3 .  P o r t  1  C o n t r o l  R e g i s t e r s  ( P 1 C O N H ,  P 1 C O N L ) 
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P O R T  2   

P o r t  2  i s  a n  8 -b i t  I /O  por t  w i th  ind iv idua l l y  con f igu rab le  p ins .  I t  can  be  used  fo r  genera l  I /O  (Schmi t t  t r i gger  inpu t  mode  
o r  p u s h-pu l l  ou tpu t  mode) .  O r ,  you  can  use  po r t  2  p ins  as  ex te rna l  i n te r rup t  ( INT0)  i npu ts .  I n  add i t i on ,  you  can  
conf igure  a  pu l l -u p  res is to r  to  ind iv idua l  p ins  us ing  con t ro l  reg is te r  se t t i ngs .  A l l  po r t  2  p in  c i r cu i t s  have  no ise  f i l t e rs .   

I n  t yp i ca l  keyboa rd  con t ro l l e r  app l i ca t i ons ,  t he  po r t  2  p ins  a re  p rog rammed  to  rece i ve  key  i npu t  da ta  f r om the  
k e y b o a r d  m a t r i x .   

You  can  add ress  po r t  2  b i t s  d i rec t l y  by  w r i t i ng  o r  read ing  the  po r t  2  da ta  reg i s te r ,  P2  (E2H) .  The  po r t  2  h igh -b y t e  a n d  
l ow-b y t e  c o n t r o l  r e g i s t e r s ,  P 2 C O N H  a n d  P 2 C O N L ,  a r e  l o c a t e d  a t  a d d r e s s e s  E A H  a n d  E B H ,  r e s p e c t i v e l y .   

Two add i t i ona l  reg is te rs ,  a re  used  fo r  i n te r rup t  con t ro l:  P 2 I N T  ( E C H )  a n d  P 2 P N D  ( E D H ) .  B y  s e t t i n g  b i t s  i n  t h e  p o r t  2  
i n te r rup t  enab le  reg is te r  P2 INT,  you  can  con f igu re  spec i f i c  po r t  2  p ins  to  genera te  i n te r rup t  reques ts  when  r i s ing  o r  
f a l l i ng  s igna l  edges  a re  de tec ted .  The  app l i ca t i on  p rog ram po l l s  t he  po r t  2  i n te r rup t  pend ing  reg i s te r ,  P2PND,  to  
de tec t  i n t e r r up t  r eques t s .  When  an  i n t e r r up t  r eques t  i s  acknow ledged ,  t he  co r respond ing  pend ing  b i t  mus t  be  c l ea red  
by  the  in te r rup t  se rv ice  rou t ine .  

I n  case  o f  keyboa rd  app l i ca t i ons ,  t he  po r t  2  p i ns  can  be  used  t o  r ead  k e y  v a l u e  f r o m  k e y  m a t r i x . 

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

Port 2 Control Registers
P2CONH, EAH, R/W, P2CONL, EBH, R/W

P2CONH

P2CONL

P2.7/INT0

P2.3/INT0

P2.6/INT0

P2.2/INT0

P2.5/INT0

P2.1/INT0

P2.4/INT0

P2.0/INT0

7,5,3,1 6,4,2,0

0
0

1

1

0
1

0

1

Schmitt trigger input, rising edge external interrupt
Schmitt trigger input, falling edge external interrupt

with pull-up
N-CH open-drain

N-CH open-drain with pull-up

Port Mode Selection

 

F i g u r e  9 -4 .  P o r t  2  C o n t r o l  R e g i s t e r s  ( P 2 C O N H ,  P 2 C O N L ) 
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.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

Port 2 Interrupt Enable Register (P2INT)
ECH, R/W

P2.7/INT0

Port 2 Interrupt Control Settings:
0 = Disable interrupt at P2.n pin

1 = Enable interrupt at P2.n pin

P2.6/INT0

P2.5/INT0
P2.4/INT0

P2.3/INT0

P2.2/INT0

P2.0/INT0
P2.1/INT0

 

F i g u r e  9 -5 .  P o r t  2  I n t e r r u p t  E n a b l e  R e g i s t e r  ( P 2 I N T ) 

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

Port 2 Interrupt Pending Register (P2PND)
EDH, R/W

P2.7/INT0

Port 2 Interrupt Request Pending Bits:
0 = Not interrupt is pending

1 = Interrupt request is pending

P2.6/INT0
P2.5/INT0

P2.4/INT0

P2.3/INT0

P2.2/INT0

P2.0/INT0
P2.1/INT0

 

F i g u r e  9 -6 .  P o r t  2  I n t e r r u p t  P e n d i n g  R e g i s t e r  ( P 2 P N D ) 
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P O R T  3   

P o r t  3  i s  a  4 -b i t ,  b i t -con f igurab le ,  genera l  I /O por t .  I t  i s  des igned fo r  h igh-cu r ren t  f unc t i ons  such  as  LED d r i ve .   

A  r e s e t  c o n f i g u r e s  P 3 . 0 -P 3 . 3  t o  s c h m i t t  t r i g g e r  i n p u t  m o d e .  U s i n g  t h e  P 3 C O N  r e g i s t e r  ( E 5 H ) ,  y o u  c a n  a l t e r n a t i v e l y  
con f i gu re  the  po r t  3  p ins  as  n -c h a n n e l ,  o p e n -d r a i n  o u t p u t s .  P 3 . 3  c a n  b e  u s e d  t o  s y s t e m  c l o c k  o u t p u t  ( C L O )  p o r t .  

Port 3 Control Register (P3CON)
E5H, R/W

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

P3.0
P3.1

P3.2
P3.3/CLO

Schmitt trigger input

System Clock Ouput (CLO) mode.
CLO comes from System clock circuit.
Push-pull output

N-CH open drain output

Port Mode Selection (P3.3)

0

1

0

1

Bit 7   Bit 6

0

0

1

1

Schmitt trigger input,
Push-pull output

N-CH open drain output

Port Mode Selection (P3.2-P3.0)

x
0

1

5,3,1  4,2,0

0
1

1

 

F i g u r e  9 -7 .  P o r t  3  C o n t r o l  R e g i s t e r  ( P 3 C O N ) 
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P O R T  4  

P o r t  4  i s  a  4 -b i t  I /O  por t  w i th  ind iv idua l l y  con f igu rab le  p ins .  I t  can  be  used  fo r  genera l  I /O  (Schmi t t  t r i gger ,  N -C H  o p e n  
d r a i n  o u t p u t  m o d e ,  p u s h-pu l l  ou tpu t  mode) .  Or ,  you  can  use  po r t  4  p ins  as  ex te rna l  i n te r rup t  ( INT1)  i npu ts .  I n  
add i t i on ,  you  can  con f igu re  a  pu l l -up  res is to r  to  i nd iv idua l  p ins  us ing  con t ro l  reg is te r  se t t i ngs .  A l l  po r t  4  p ins  have  
no ise  f i l t e rs . 

A  r e s e t  c o n f i g u r e s  P 4 . 0 -P4 .3  t o  i npu t  mode .  You  add ress  po r t  4  d i r ec t l y  by  w r i t i ng  o r  r ead ing  t he  po r t  4  da ta  reg i s te r ,  
P4  (E4H) .  The  po r t  4  con t ro l  r eg i s t e r ,  P4CON,  i s  l o ca ted  a t  E E H .  

A  add i t i ona l  reg i s te rs  used  fo r  i n te r rup t  con t ro l :  P4 INTPND (EFH) .  By  se t t i ng  b i t s  i n  t he  po r t  4  i n te r rup t  enab le  and  
pend ing  reg i s t e r  P4 INTPND.7 -P4 INTPND.4 ,  you  can  con f i gu re  spec i f i c  po r t  4  p i ns  t o  gene ra te  i n te r rup t  r eques t s  
when  fa l l i ng  s igna l  edges  a re  de tec ted .  The  app l i ca t i on  p rog ram po l l s  t he  i n te r rup t  pend ing  reg i s te r ,  P4 INTPND.3 -
P4 INTPND.0 ,  t o  de tec t  i n t e r r up t  r eques t s .  When  an  i n t e r r up t  r eques t  i s  acknow ledged ,  t he  co r respond ing  pend ing  b i t  
mus t  be  c lea red  by  the  i n te r rup t  se rv i ce  rou t i ne .  

Port 4 Control Register (P4CON)
EEH, R/W

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

P4.0/INT1
P4.1/INT1

Schmitt trigger input, falling edge external interrupt with pull-up

N-CH open-drain output with pull-up register
N-CH open-drain output

Push-pull output

P4CON Pin Configuration Settings:

00

01
10

11

P4.3/INT1

P4.2/INT1
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.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

Port 4 Interrupt Enable and Pending Register (P4INTPND)
EFH, R/W

P4.3/INT1 P4INTPND.7-.4: Port 4 interrupt control settings:

0 = Disable interrupt at P4.n pin
1 = Enable interrupt at P4.n pin

P4.2/INT1

P4.1/INT1

P4.0/INT1

P4.3/INT1

P4.2/INT1

P4.0/INT1
P4.1/INT1

P4INTPND.3-.0: Port 4 interrupt pending bit:
0 = No interrupt request pending

1 = Interrupt request is pending

 

F i g u r e  9 -9 .  P o r t  4  I n t e r r u p t  E n a b l e  a n d  P e n d i n g  R e g i s t e r  ( P 4 I N T P N D ) 

 

 



I /O PORTS  S3C9688 /P9688   

9 -1 0    

D + / P S 2 ,  D -/ P S 2 

PS2 Control and Interrupt and Pending Register
D7H, R/W

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

D-/PS2PND

D+/PS2INT

Schmitt trigger input, falling edge external interrupt
Schmitt trigger input, falling edge external interrupt with pull-up

N-CH open-drain output
N-CH open-drain output with pull-up register

PS2CONINT.7-4 Pin Configration Settings: D+/PS2, D-/PS2

00
01

10
11

PS2CONINT.3-2 : Interrupt Control Setting

0 = Disable interrupt
1 = Enable interrupt

D+/PS2
D-/PS2

D-/PS2INT
D+/PS2PND

PS2CONINT.1-0 : Interrupt Pending Bit

0 = No interrupt request pending
1 = Interrupt request pending

NOTE : Used only PS2MODE.

 

F i g u r e  9 -1 0 .  P S 2  C o n t r o l  a n d  I n t e r r u p t  a n d  P e n d i n g  R e g i s t e r  ( P S 2 C O N I N T ) 
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10  BASIC T IMER and T IMER 0  

M O D U L E  O V E R V I E W  

T h e  S 3 C 9 6 8 8 / P 9 6 8 8  h a s  t w o  d e f a u l t  t i m e r s :  a n  8 -b i t  b a s i c  t i m e r  a n d  o n e  8 -b i t  genera l-pu rpose  t ime r / coun te r .  The  
8 -b i t  t ime r / coun te r  i s  ca l l ed  t imer  0 .   

B a s i c  T i m e r  ( B T ) 

You  can  use  t he  bas i c  t ime r  (BT )  i n  two  d i f f e ren t  ways :   

—  A s  a  w a t c h d o g  t i m e r  t o  p r o v i d e  a n  a u t o m a t i c  r e s e t  m e c h a n i s m  i n  t h e  e v e n t  o f  a  s y s t e m  m a l f u n c t i o n .  

—  To  s igna l  the  end  o f  the  requ i red  osc i l l a t i on  s tab i l i za t ion  in te rva l  a f te r  a  rese t  o r  a  S top  mode  re lease .   

The  f unc t i ona l  componen t s  o f  t he  bas i c  t ime r  b l ock  a re :  

—  C lock  f requency  d iv ider  ( f
OSC

 d i v i ded  by  4096 ,  1024 ,  o r  128 )  w i th  mu l t i p l exe r 

—  8 -b i t  bas i c  t ime r  coun te r ,  BTCNT  (DDH,  r ead -o n l y ) 

—  B a s i c  t i m e r  con t ro l  r eg i s te r ,  BTCON (DCH,  read /wr i t e ) 

T i m e r  0   

T i m e r  0  h a s  t w o  o p e r a t i n g  m o d e s ,  o n e  o f  w h i c h  y o u  s e l e c t  b y  t h e  a p p r o p r i a t e  T 0 C O N  s e t t i n g :   

—  In te rva l  t imer  mode 

—  Over f l ow  mode  

T ime r  0  has  t he  f o l l ow ing  f unc t i ona l  componen t s : 

—  C lock  f requency  d iv ider  ( f
OSC

 d i v ided  by  4096 ,  256 ,  o r  8 )  w i th  mu l t i p lexe r 

—  8 -b i t  coun te r  (T0CNT) ,  8 -b i t  compa ra to r ,  and  8 -b i t  r e fe rence  da ta  reg i s te r  (T0DATA) 

—  T imer  0  over f low in te r rup t  (T0OVF)  and  match  in te r rup t  (T0 INT)  genera t ion  

—  T imer  0  cont ro l  re g i s t e r ,  T 0 C O N  
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B A S I C  T I M E R  C O N T R O L  R E G I S T E R  ( B T C O N ) 

T h e  b a s i c  t i m e r  c o n t r o l  r e g i s t e r ,  B T C O N ,  i s  u s e d  t o  s e l e c t  t h e  i n p u t  c l o c k  f r e q u e n c y ,  t o  c l e a r  t h e  b a s i c  t i m e r  c o u n t e r  
and  f requency  d i v ide rs ,  and  to  enab le  o r  d i sab le  the  wa tchdog  t imer  f unc t i on .  

A  r e s e t  c l e a r s  B T C O N  t o  ' 0 0 H ' .  T h i s  e n a b l e s  t h e  w a t c h d o g  f u n c t i o n  a n d  s e l e c t s  a  b a s i c  t i m e r  c l o c k  f r e q u e n c y  o f  
f
OSC

/ 4096 .  To  d i sab le  t he  wa tchdog  f unc t i on ,  you  mus t  w r i t e  t he  s i gna tu re  code  ' 1010B '  t o  t he  bas i c  t im er  reg is ter  

c o n t r o l  b i t s  B T C O N . 7 -B T C O N . 4 .  

The  8 -b i t  bas i c  t ime r  coun te r ,  BTCNT,  can  be  c l ea red  a t  any  t ime  du r i ng  no rma l  ope ra t i on  by  w r i t i ng  a  "1 "  t o  
BTCON.1 .  To  c l ea r  t he  f r equency  d i v i de rs  f o r  bo th  t he  bas i c  t ime r  i npu t  c l ock  and  t he  t ime r  0  c l ock ,  you  w r i t e  a  "1 "  
t o  B T C O N . 0 .  

Basic Timer Control Register (BTCON)
DCH, R/W

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

Basic timer counter clear bit:

0 = No effect
1 = Clear BTCNT

Watchdog timer enable bits:

 = Disable watchdog
    function
 = Enable watchdog
    function

1010B

Other value

Basic timer input clock selection bits:

00 = f OSC/4096
01 = f OSC/1024
10 = f OSC/128

11 = Invalid selection

Divider clear bit for basic:
0 = No effect

1 = Clear both dividers
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B A S I C  T I M E R  F U N C T I O N  D E S C R I P T I O N  

W a t c h d o g  T i m e r  F u n c t i o n  

Y o u  c a n  p r o g r a m  t h e  b a s i c  t i m e r  o v e r f l o w  s i g n a l  t o  g e n e r a t e  a  r e s e t  b y  s e t t i n g  B T C O N . 7 -BTCON.4  t o  any  va l ue  o the r  
t han  ' 1010B '  (The  ' 1010B '  va lue  d i sab les  t he  wa tchdog  func t i on ) .  A  rese t  c l ea rs  BTCON to  ' 00H ' ,  au toma t i ca l l y  
e n a b l i n g  t h e  w a t c h d o g  t i m e r  f u n c t i o n .  A  r e s e t  a l s o  s e l e c t s  t h e  C P U  c l o c k  ( a s  d e t e r m i n e d  b y  t h e  c u r r e n t  C L K C O N  
reg i s t e r  se t t i ng )  d i v i ded  by  4096  as  t he  BT  c l ock . 

A  rese t  wheneve r  a  bas i c  t imer  coun te r  ove r f l ow  occu rs .  Du r ing  no rma l  ope ra t i on ,  t he  a p p l i c a t i o n  p r o g r a m  m u s t  
p reven t  t he  ove r f l ow ,  and  the  accompany ing  rese t  ope ra t i on ,  f r om occu r r i ng .  To  do  th i s ,  t he  BTCNT va lue  mus t  be  
c lea red  (by  wr i t i ng  a  "1 "  to  BTCON.1)  a t  regu la r  i n te rva ls .   

I f  a  sys tem ma l func t i on  occu rs  due  to  c i r cu i t  no i se  o r  some  o the r  e r ro r  cond i t i on ,  t he  BT  coun te r  c l ea r  ope ra t i on  w i l l  
no t  be  execu ted  and  a  bas i c  t imer  ove r f l ow  w i l l  occu r ,  i n i t i a t i ng  a  rese t .  I n  o the r  words ,  du r ing  no rma l  ope ra t i on ,  t he  
bas ic  t imer  over f low loop (a  b i t  7  over f low o f  the  8-b i t  b a s i c  t i m e r  c o u n t e r ,  B T C N T )  i s  a l w a y s  b r o k e n  b y  a  B T C N T  c l e a r  
i ns t ruc t i on .  I f  a  ma l f unc t i on  does  occu r ,  a  rese t  i s  t r i gge red  au toma t i ca l l y . 

O s c i l l a t i o n  S t a b i l i z a t i o n  I n t e r v a l  T i m e r  F u n c t i o n  

You  can  a l so  use  the  bas i c  t ime r  t o  p rog ram a  spec i f i c  osc i l l a t i on  s tab i l i za t i on  i n te rva l  f o l l ow ing  a  rese t  o r  when  S top  
mode  has  been  re l eased  by  an  ex te rna l  i n t e r r up t .  

I n  S top  mode ,  wheneve r  a  rese t  o r  an  ex te rna l  i n te r rup t  occu rs ,  t he  osc i l l a to r  s ta r t s .  The  BTCNT va lue  then  s t a r t s  
i nc reas ing  a t  the  ra te  o f  f

OSC
/ 4096  ( fo r  rese t ) ,  o r  a t  the  ra te  o f  the  p rese t  c lock  source  ( fo r  an  ex te rna l  i n te r rup t ) .  When  

BTCNT.4  i s  se t ,  a  s i gna l  i s  gene ra ted  t o  i nd i ca te  t ha t  t he  s tab i l i za t i on  i n te r va l  has  e lapsed  and  t o  ga te  t he  c l ock  
s i gna l  o f f  t o  t he  CPU so  t ha t  i t  can  resume  no rma l  ope ra t i on .   

I n  s u m m a r y ,  t h e  f o l l o w i n g  e v e n t s  o c c u r  w h e n  S t o p  m o d e  i s  r e l e a s e d :  

1 .  D u r i n g  S t o p  m o d e ,  a  p o w e r-on  rese t  o r  an  ex te rna l  i n te r rup t  occu rs  t o  t r i gge r  t he  S top  mode  re lease  and  
osc i l l a t i on  s t a r t s . 

2 .  If a p o w e r-on  rese t  occu r red ,  t he  bas i c  t ime r  coun te r  w i l l  i nc rease  a t  t he  ra te  o f  f
OSC

 /4096.  I f  an  ex terna l  in te r rup t  

i s  u s e d  t o  r e l e a s e  S t o p  m o d e ,  t h e  B T C N T  v a l u e  i n c r e a s e s  a t  t h e  r a t e  o f  t h e  p r e s e t  c l o c k  s o u r c e .  

3 .  C lock  osc i l l a t i on  s tab i l i za t i on  i n te rva l  beg ins  and  con t i nues  un t i l  b i t  4  o f  t he  bas i c  t imer  coun te r  i s  se t .  

4 .  W h e n  a  B T C N T . 4  i s  s e t ,  n o r m a l  C P U  o p e r a t i o n  r e s u m e s . 

F i g u r e s  1 0 -2  a n d  1 0 -3  s h o w s  t h e  o s c i l l a t i o n  s t a b i l i z a t i o n  t i m e  o n  R E S E T  a n d  S T O P  m o d e  r e l e a s e   
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Oscillation Stabilization Normal Operating mode

0.5 V DD

tWAIT = (4096x16)/f OSC

Basic timer increment and

CPU operations are IDLE mode

10000B

00000B

Reset ReleaseVoltage

VDD

RESET

Internal

 Reset
 Release

Oscillator
(XOUT)

BTCNT

clock

BTCNT

value

0.5 V DD

Oscillator Stabilization Time

trst   RC~~~

NOTE: During of the oscillator stabilization wait time, t WAIT, when it is released

by a Power-on-reset is 4096x16/fosc.
trst   RC (R is external resister and C is on chip capacitor)~~~

 

F i g u r e  1 0 -2 .  O s c i l l a t i o n  S t a b i l i z a t i o n  T i m e  o n  R E S E T  



S3C9688 /P9688    BASIC TIMER AND TIMER 0  

  1 0 -5  

NOTE: Duration of the oscillator stabilzation wait time, tWAIT, it is released by an
interrupt is determined by the setting in basic timer control register, BTCON.

VDD

Oscillation Stabilization Time

RESET

External
Interrupt

Oscillator

(XOUT)

BTCNT
clock

BTCNT

Value tWAIT

Basic Timer Increment

10000B

STOP

Release
Signal

00000B

Normal
Operating

Mode

Normal
Operating

Mode

STOP Mode

STOP Mode
Release Signal

STOP

Instruction
Execution

BTCON.3 BTCON.2

0

0

1

1

0

1

0

1

tWAIT

(4096 x 16)/fosc

(1024 x 16)/fosc

(128 x 16)/fosc

Invalid setting

tWAIT (When f OSC is 6 MHz)

10.92 ms

2.7 ms

0.34 ms

 

F i g u r e  1 0 -3 .  O s c i l l a t i o n  S t a b i l i z a t i o n  T i m e  o n  S T O P  M o d e  R e l e a s e  



BASIC TIMER AND TIMER 0   S3C9688 /P9688   

1 0 -6    

T I M E R  0  C O N T R O L  R E G IS T E R  ( T 0 C O N ) 

T 0 C O N  i s  l o c a t e d  a t  a d d r e s s  D 2 H ,  a n d  i s  r e a d / w r i t e  a d d r e s s a b l e .  

A  r e s e t  c l e a r s  T 0 C O N  t o  ' 0 0 H ' .  T h i s  s e t s  t i m e r  0  t o  n o r m a l  i n t e r v a l  m a t c h  m o d e ,  s e l e c t s  a n  i npu t  c l ock  f r equency  o f  
f
OSC

/ 4096 ,  and  d i sab les  t he  t ime r  0  ove r f l ow  i n te r rup t  and  ma tch  i n te r rup t .  You  can  c l ea r  t he  t ime r  0  coun te r  a t  any  

t ime  du r i ng  no rma l  ope ra t i on  by  w r i t i ng  a  "1 "  t o  T0CON.3 .  

The  t imer  0  ove r f l ow  in te r rup t  can  be  enab led  by  wr i t i ng  a  "1 "  t o  T0CON.2 .  When  a  t imer  0  ove r f l ow  in te r rup t  occu rs  
a n d  i s  s e r v i c e d  b y  t h e  C P U ,  t h e  p e n d i n g  c o n d i t i o n   m u s t  b e  c l e a r e d  b y  s o f t w a r e  b y  w r i t i n g  a  " 0 "  t o  t h e  t i m e r  0  
i n te r rup t  pend ing  b i t ,  T0CON.0 .  

To  enab le  t he  t ime r  0  ma tch  i n t e r r up t ,  you  mus t  w r i t e  T0CON.1  t o  "1 " .  To  de tec t  an  i n te r rup t  pend ing  cond i t i on ,  t he  
a p p l i c a t i o n  p r o g r a m  p o l l s  T 0 C O N . 0 .  W h e n  a  " 1 "  i s  d e t e c t e d ,  a  t i m e r  0  m a t c h /  c a p t u r e  i n t e r r u p t  i s  p e n d i n g .  W h e n  t h e  
i n te r rup t  r eques t  has  been  se rv i ced ,  t he  pend ing  cond i t i on  mus t  be  c l ea red  by  so f twa re  by  w r i t i ng  a  "0 "  t o  t he  t ime r  0  
i n te r rup t  pend ing  b i t ,  T0CON.0 .  

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

Timer 0 Control Register (T0CON)
D2H, R/W

Timer 0 interrupt pending bit:

0 = No interrupt pending
0 = Clear pending bit (when write)
1 = Interrupt is pending (When read)

      No effect (When write)

Timer 0 input clock selection bits:

00 = f OSC/4096
01 = f OSC/256
10 = f OSC/8

11 = Invalid selection

Timer 0 overflow interrupt enable bit:
0 = Disable overflow interrupt
1 = Enable overflow interrupt

Timer 0 match interrupt enable bit:

0 = Disable match interrupt
1 = Enable match interrupt

Timer 0 operating mode selection bits:

00 = Interval match mode
01 = Invalid selection
10 = Invalid selection

11 = Overflow mode

Timer 0 counter clear bit:
0 = No effect

1 = Clear the timer 0 counter (when write)
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T I M E R  0  F U N C T I O N  D E S C R I P T I O N  

I n t e r v a l  M a t c h  M o d e  

I n  i n te rva l  ma tch  mode ,  a  ma tch  s igna l  i s  gene ra ted  when  the  coun te r  va lue  i s  i den t i ca l  t o  t he  va lue  wr i t t en  to  t he  T0  
re fe rence  da ta  r eg i s t e r ,  T0DATA.  The  ma tch  s i gna l  gene ra tes  a  t ime r  0  ma tch  i n t e r rup t  and  t hen  c l ea rs  t he  coun te r .  
I f  f o r  examp le ,  you  wr i te  the  va lue  ' 10H '  to  T0DATA,  the  coun te r  w i l l  i nc rement  un t i l  i t  reaches  ' 10H ' .  A t  th i s  po in t ,  t he  
T0  ma tch  i n t e r r up t  i s  gene ra ted ,  t he  coun te r  va l ue  i s  r ese t  and  coun t i ng  r esumes . 

O v e r f l o w  M o d e  

In  over f low mode,  a  over f low s igna l  i s  genera ted  regard less  o f  the  va lue  wr i t ten  to  the  T0  re fe rence  da ta  reg is te r  when 
the  counte r  va lue  i s  over f lowed.  The  over f low s igna l  genera tes  a  t imer  0  over f low in te r rup t  and  then  T0  counte r  i s  
c lea red .  

CounterCLK R

Match

T0INT

T0OVF

Data Bus

8

T0PND

When 8-Bit counter is cleared,
this buffer is open

Data Bus

8

Comparator

T0DATA Buffer

Register

T0DATA
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Bit 1

RESET or STOP

MUXDIV

R

XIN

1/4096

1/1024

1/128

Bit 0

DIV

R

2-Bit
SCA
LER

1/4096

1/8

Bits 3, 2

Bits 7, 6

8-Bit Basic Counter
(BTCNT,  Read-only)

Data Bus

8

When BTCNT. 4 is set after releasing from
RESET or STOP mode, CPU clock start.

Bit 2
OVINT

R

OVF

Bits 7, 6, 5, 4

Write '1010xxxxB' to disable

RESET

8

Data Bus

Overflow

8-Bit Counter
(T0CNT, Read-only)

Bit 3
T0CLR

8

8-Bit Comparator

8

T0DATA Buffer Register

T0DATA

8

Data Bus

When 8-bit counter is cleared,
this buffer is open.

Match
Signal

Match/
Overflow

Bits 5, 4

Bit 1
T0INT

Bit 0

IRQ

Basic Timer Control Register Timer 0 Control Register

1/256
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11  UNIVERSAL SERIAL BUS  

O V E R V I E W  

U n i v e r s a l  S e r i a l  B u s  ( U S B )  i s  a  c o m m u n i c a t i o n  a r c h i t e c t u r e  t h a t  s u p p o r t s  d a t a  t r a n s f e r  b e t w e e n  a  h o s t  c o m p u t e r  
and  a  w ide  range  o f  PC  pe r i phe ra l s .  USB  i s  ac tua l l y  a  cab le  bus  i n  wh i ch  t he  pe r i phe ra l s  sha re  i t s  bandw id th  t h rough  
a  h o s t  s c h e d u l e d  t o k e n  b a s e d  p r o t o c o l .  

T h e  U S B  m o d u l e  i n  S 3 C 9 6 8 8 / P 9 6 8 8  i s  d e s i g n e d  t o  s e r v e  a t  a  l o w  s p e e d  t r a n s f e r  r a t e  ( 1 . 5  M b s )  U S B  d e v i c e  a s  
desc r i bed  i n  t he  Un i ve rsa l  Se r i a l  Bus  Spec i f i ca t i on  Rev i s i on  2 .0 .  S3C9688 /P9688  can  be  b r i e f l y  desc r i be  as  a  
m i c r o c o n t r o l l e r  w i t h  S A M  8 8 R C R I  c o r e  w i t h  a n  o n -ch ip  USB  pe r i phe ra l  as  can  be  seen  i n  f i gu re  11 -1 .  

T h e  S 3 C 9 6 8 8 / P 9 6 8 8  c o m e s  e q u i p p e d  w i t h  S e r i a l  I n t e r f a c e  E n g i n e  ( S I E ) ,  w h i c h  h a n d l e s  t h e  c o m m un ica t i on  p ro toco l  
o f  t h e  U S B .  T h e  S 3 C 9 6 8 8 / P 9 6 8 8  s u p p o r t s  t h e  f o l l o w i n g  c o n t r o l  l o g i c :  p a c k e t  d e c o d i n g / g e n e r a t i o n ,  C R C  
gene ra t i on / check i ng ,  NRZ I  encod ing /decod ing ,  Sync  de tec t i on ,  EOP (end  o f  packe t )  de tec t i on  and  b i t  s t u f f i ng .   

S3C9688 /P9688  suppo r t s  two  t ypes  o f  da ta  t r ans fe rs ;  con t ro l  and  i n te r rup t .  Th ree  endpo in t s  a re  used  i n  t h i s  dev i ce ;  
Endpo in t  0 ,  Endpo in t  1 ,  and  Endpo in t  2  .  P lease  re fe r  t o  t he  USB spec i f i ca t i on  rev i s i on  2 .0  fo r  de ta i l  desc r i p t i on  o f  
U S B .  
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D-/PS2D+/PS2

SAM88RCRI
Core

Transceiver

Voltage
Regulator

SIE
(Serial Interface

Engine)

Endpoint 0 FIFO

Endpoint 1, 2

FIFOInterface
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S e r i a l  B u s  I n t e r f a c e  E n g i n e  ( S I E ) 

The  Ser ia l  I n te r face  Eng ine  i n te r faces  to  the  USB se r ia l  da ta  and  hand les ,  dese r ia l i za t i on /se r ia l i za t i on  o f  da ta ,  NRZI  
encod ing /decod ing ,  c l ock  ex t rac t i on ,  CRC gene ra t i on  and  check ing ,  b i t  s t u f f i ng  and  o the r  spec i f i ca t i ons  pe r ta i n i ng  t o  
t h e  U S B  p r o t o c o l  s u c h  a s  h a n d l i n g  i n t e r  p a c k e t  t i m e  o u t  a n d  P I D  d e c o d i n g .   

C o n t r o l  L o g i c   

T h e  U S B  c o n t r o l  l o g i c  m a n a g e s  d a t a  m o v e m e n t s  b e t w e e n  t h e  C P U  a n d  t h e  t r a n s c e i v e r  b y  m a n i p u l a t i n g  t h e  
t ransce ive r  and  the  endpo in t  r eg i s te r .  Th i s  i nc l udes  bo th  t r ansm i t  and  rece i ve  ope ra t i ons  on  t he  USB.  The  l og i c  
con ta ins  by te  coun t  bu f f e r s  f o r  t r ansm i t  ope ra t i ons  t ha t  l oad  t he  ac t i ve  t r ansm i t  endpo in t ' s  by te  coun t  and  use  t h i s  t o  
de te rm ine  the  number  o f  by tes  t o  t r ans fe r .  The  same bu f fe r  i s  used  fo r  rece i ve  t ransac t i ons  to  coun t  t he  number  o f  
by tes  rece i ved  and  t rans fe r  t ha t  number  to  t he  rece i ve  endpo in t ' s  by te  coun t  reg i s te r  a t  t he  end  o f  t he  t ransac t i on .  

The  con t r o l  l og i c  i n  S3C9688 /P9688 ,  when  t r ansm i t t i ng ,  manages  pa ra l l e l  t o  se r ia l  conve rs ion ,  packe t  genera t i on ,  
CRC genera t i on ,  NRZI  encod ing  and  b i t  s tu f f i ng .   

W h e n  r e c e i v i n g ,  t h e  c o n t r o l  l o g i c  i n  S 3 C 9 6 8 8 / P 9 6 8 8  h a n d l e s  S y n c  d e t e c t i o n ,  p a c k e t  d e c o d i n g ,  E O P  ( e n d  o f  p a c k e t )  
de tec t i on ,  b i t  s tu f f i ng ,  NRZI  decod ing ,  CRC check ing  and  se r ia l  t o  pa ra l l e l  conve rs ion  

B u s  P r o t o c o l 

A l l  b u s  t r a n s a c t i o n s  i n v o l v e  t h e  t r a n s m i s s i o n  o f  p a c k e t s .  S 3 C 9 6 8 8 / P 9 6 8 8  s u p p o r t s  t h r e e  p a c k e t  t y p e s ;  T o k e n ,  D a t a  
a n d  H a n d s h a k e .  E a c h  t r a n s a c t i o n  s t a r t s  w h e n  t h e  h o s t  c o n t r o l l e r  s e n d s  a  T o k e n  P a c k e t  t o  t h e  U S B  d e v i c e .  T h e  
T o k e n  p a c k e t s  a r e  g e n e r a t e d  b y  t h e  U S B  h o s t  a n d  d e c o d e d  b y  t h e  U S B  d e v i c e .  A  T o k e n  P a c k e t  i n c l u d e s  t h e  t y p e  
desc r i p t i on ,  d i r ec t i on  o f  t he  t r ansac t i on ,  USB  dev i ce  add ress  and  t he  endpo in t  number .   

D a t a  a n d  H a n d s h a k e  p a c k e t s  a r e  b o t h  d e c o d e d  a n d  g e n e r a t e d  b y  t h e  U S B  d e v i c e .  I n  a n y  t r a n s a c t i o n ,  t h e  d a t a  i s  
t r ans fe r red  f r om the  hos t  t o  a  dev i ce  o r  f r om a  dev i ce  t o  t he  hos t .  The  t r ansac t i on  sou rce  t hen  sends  a  Da ta  Packe t  
o r  i nd i ca tes  t ha t  i t  has  no  da ta  t o  t r ans fe r .  The  des t i na t i on  t hen  responds  w i th  a  H a n d s h a k e  P a c k e t  i n d i c a t i n g  
whe the r  t he  t r ans fe r  was  success fu l .  

D a t a  T r a n s f e r  T y p e s 

U S B  d a t a  t r a n s f e r  o c c u r s  b e t w e e n  t h e  h o s t  s o f t w a r e  a n d  a  s p e c i f i c  e n d p o i n t  o n  t h e  U S B  d e v i c e .  A n  e n d p o i n t  
suppo r t s  a  spec i f i c  t ype  o f  da ta  t r ans fe r .  The  S3C9688 /P9688  suppo r t s  two  da ta  t r ans fe r  endpo in t s :  con t ro l  and  
in ter rupt .   

Con t ro l  t r ans fe r  con f i gu res  and  ass igns  an  add ress  t o  t he  dev i ce  when  de tec ted .  Con t ro l  t r ans fe r  a l so  suppo r t s  
s ta tus  t ransac t i on ,  re tu rn ing  s ta tus  i n fo rma t i on  f rom dev i ce  to  hos t .  

In terrupt  t ransfe r  r e fe r s  t o  a  sma l l ,  spon taneous  da ta  t r ans fe r  f r om USB dev i ce  t o  hos t .  

E n d p o i n t s  

C o m m u n i c a t i o n  f l o w s  b e t w e e n  t h e  h o s t  s o f t w a r e  a n d  t h e  e n d p o i n t s  o n  t h e  U S B  d e v i c e .  E a c h  e n d p o i n t  o n  a  d e v i c e  
has  an  i den t i f i e r  number .  I n  add i t i on  to  t he  endpo in t  number ,  each  endpo in t  suppo r t s  a  spec i f i c  t r ans fe r  t ype .  
S 3 C 9 6 8 8 / P 9 6 8 8  s u p p o r t s  t h r e e  e n d p o i n t s :  E n d p o i n t  0  s u p p o r t s  c o n t r o l  t r a n s f e r ,  a n d  E n d p o i n t  1  a n d  E n d p o i n t  2  
suppor ts  in te r rup t  t rans fer .  
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S T R U C T U R E  O F  U S B  A N D  P S / 2  C O M B I N A T I O N A L  P O R T  

USB Signal Transceiver
(With Pull-up)

PS/2 Signal Transceiver
(With Pull-up)

DM

DP

Voltage Regulator
(3.3 V Generation)

USB Control

PS/2 Control
(P2CONINT)

Pull-up Enable

USB Enable

[A] [B]

[C]

NOTE: That block explain USB block can be enabled or disabled with pull-up by s/w.
Voltage regulator also disabled automatically when USB  block was disabled.

And PS/2 block can be controlled by software with pull-up.
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S T R U C T U R E  O F  V O L T A G E R E G U L A T O R  

Enable

Reference
Voltage

Generator
3.3 V

Current
Amplifier

A B

NOTE: This block can give a explanation how it can be controlled automatically.

If the 3.3 voltage regulator is enabled by software, it operates to cover fluctuation of
the line load, sometimes the line is unstable and the driving ability dropped.
As it operates in the normal stage without any peak, power will be supplied with

8 mA, and when the operating. It was designed to cover by 50 mA, the peak current
consumption. It means any kind of load problem will be compensated with the above

design.
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UNIVERSAL SERIAL BUS   S3C9688 /P9688   

1 1 -6    

CTRL

D-

D+

Slope
Control

A B

V3.3IN

Control
Sinals

Enable

DM
TX/RX

DP

TX/RX

C

D

DM

DP

Pull-up Control

R, 1.5 K Ω    5 %+

NOTE: We didn't used the by-pass capacitor on the 3.3 V out, since the 3.3 V regulator and clamp
circuit will give a solution through the feedback.

USB block was designed to cover the line load,  the typically designed value is 300 pF (max: 800 pF).
The clamp block operating after it detect the voltage variation

(actually the current fluctuation will be feedback into voltage variation, di/dt to dt/dt variation.
 Bias controls the slope.
Control signal means NRZI, EOP, XCON, IN/OUT.

Enable is for the Tx, Rx.
Internal pull-up resistor will be 1.5 k Ω      10 %+
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V DD

DM_DRVP

DM_DRVN
DM

PS/2 Data

Pull-up Enable

VDD

DP_DRVP

DP_DRVN
DP

PS/2 Clock

Pull-up Enable

NOTE: It explain the PS2 block.
The pull-up resistor value will be 4.3 k Ω      20 %

This block can be controlled with pull-up resistor and it was designed with totally
different from usb.

+
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U S B  F U N C T I O N  A D D R E S S  R E G I S T E R  ( F A D D R ) 

T h i s  r e g i s t e r  h o l d s  t h e  U S B  a d d r e s s  a s s i g n e d  b y  t h e  h o s t  c o m p u t e r .  F A D D R  i s  l o c a t e d  a t  a d d r e s s  F 0 H  a n d  i s  
read /wr i t e  add ressab le .   

B i t 7  Th is  reg is te r  b i t  i s  u s e d  a s  t e s t  m o d e  o r  s p e c i a l  p u r p o s e  m o d e ,  s o  u s e r  s h o u l d  s e t   z e r o  v a l u e ,    

B i t 6 – 0  F A D D R :   

 M C U  u p d a t e s  t h i s  r e g i s t e r  o n c e  i t  d e c o d e s  a  S E T _ A D D R E S S  c o m m a n d .  M C U  m u s t  w r i t e  t h i s    
 r e g i s t e r  b e f o r e  i t  c l e a r s  O U T _ P K T _ R D Y  ( b i t 0 )  a n d  s e t s  D A T A _ E N D  ( b i t 3 )  i n  t h e  E P 0 C S R  r e g i s t e r .  T h e  
 f unc t i on  con t ro l l e r  use  t h i s  reg i s te r ' s  va lue  t o  decode  USB Token  packe t  add ress .  A t  r ese t ,  i f  t he  dev i ce  
 i s  no t  ye t  con f igu red  the  va lue  i s  rese t  to  0 .  

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

USB Function Address Register (FADDR)
F0H, R/W

7-bit programming device address. This register

maintains the USB address assigned by the host.
The function controller uses this register's value to

decode USB token packet address. At reset when
the device is not yet configured the value is reset to 0.

This register bit sets zero value
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C O N T R O L  E N D P O I N T  S T A T U S  R E G I S T E R  ( E P 0 C S R) 

E P 0 C S R  r e g i s t e r  c o n t r o l s  E n d p o i n t  0  ( C o n t r o l  E n d p o i n t ) ,  a n d  a l s o  h o l d s  s t a t u s  b i t s  f o r  E n d p o i n t  0 .  E P 0 C S R  i s  
l oca ted  a t  F1H  and  i s  r ead /w r i t e  add ressab le .  

B i t 7  C L E A R _ S E T U P _ E N D :  M C U  w r i t e s  " 1 "  t o  t h i s  b i t  t o  c l e a r  S E T U P _ E N D  b i t  ( b i t 4 ) .  T h i s  b i t  i s  
 a u t o m a t i c a l l y  c l e a r e d  a f t e r  c l e a r i n g  S E T U P _ E N D  b i t  b y  S I E .  S o  r e a d  v a l u e  w i l l  b e  a l w a y s  " 0 " .  

B i t 6  C L E A R _ O U T _ P K T _ R D Y :   MCU wr i t es  " 1 "  t o  t h i s  b i t  t o  c l ea r  OUT_PKT_RDY b i t  ( b i t 0 ) .  Th i s  b i t  i s  
 au toma t i ca l l y  c l ea re d  a f t e r  c l e a r i n g  O U T _ P K T _ R D Y  b i t  b y  U S B  b l o c k .  S o  r e a d  v a l u e  w i l l  b e  a l w a y s  " 0 " .  

B i t 5  S E N D _ S T A L L :  M C U  w r i t e s  " 1 "  t o  t h i s  b i t  t o  s e n d  S T A L L  p a c k e t  t o  H o s t ,  i t  m u s t  c l e a r  O U T _ P K T _ R D Y  
 (b i t  0 )  a t  t he  same  t ime .  I f  MCU rece i ve  i nva l i d  command  then  shou ld  w r i t e  #60h  to  t h i s  reg i s te r .  The  S IE   
 i s sues  a  STALL  handshake  t o  t he  cu r ren t  con t ro l  t r ans fe r (Means  nex t  t r ansac t i on ) .  Th i s  b i t  w i l l  be  c l ea red  
 a f t e r  s e n d i n g  S T A L L  h a n d s h a k e .  

B i t 4  S E T U P _ E N D :  S IE  se t s  t h i s  b i t ,  when  a  con t ro l  t r ans fe r  ends  w i t hou t  se t t i ng  D A T A _ E N D  b i t  ( b i t 3 ) .  M C U  
 c l e a r s  t h i s  b i t ,  b y  w r i t i n g  a  " 1 "  t o  C L E A R _ S E T U P _ E N D  b i t  ( b i t 7 ) .  W h e n  S I E  s e t s  t h i s  b i t ,  a n  i n t e r r u p t  i s  
 g e n e r a t e d  t o  M C U .  W h e n  s u c h  c o n d i t i o n  o c c u r s ,  S I E  f l u s h e s  t h e  F I F O .  M C U  c a n  n o t  a c c e s s  t o  F I F O  
 un t i l  t h i s  b i t  c l ea red .  Th i s  f l ag  i s  a  read  on l y  b i t  so  MCU can  no t  w r i t e  t o  t h i s  b i t  d i r ec t l y . 

B i t 3  D A T A _ E N D :  M C U  s e t s  t h i s  b i t :   
 
 —   A f t e r  l o a d i n g  t h e  l a s t  p a c k e t  o f  d a t a  i n t o  t h e  F I F O ,  a n d  a t  t h e  s a m e  t i m e  I N _ P K T _ R D Y  b i t  s h o u l d  b e  
 s e t .   
 —   W h i l e  i t  c l e a r s  O U T _ P K T _ R D Y  b i t  a f t e r  un load ing  t he  l as t  packe t  o f  da ta .   
 —   F o r  a  z e r o  l e n g t h  d a t a  p h a s e ,  t h i s  b i t  s h o u l d  b e  s e t  w h e n  i t  c l e a r s  O U T _ P K T _ R D Y  b i t .  

B i t 2  S E N T _ S T A L L :   S I E  s e t s  t h i s  b i t  a f t e r  s e n d  s t a l l  h a n d s h a k e  t o  h o s t .  T h e r e  a r e  t w o  c a s e s  w h i c h  i s s u e  s t a l l  
 p a c k e t  t o  h o s t .  I f  M C U  s e t  S E N D _ S T A L L  b i t ,   t h e n  S I E  w i l l  s e n d  s t a l l  t o  t h e  n e x t  t r a n s a c t i o n  a n d  s e t  t h i s  
 b i t .  The  o the r  case  i s  send  s ta l l  by  S IE  au toma t i ca l l y  s i nce  p ro toco l  v i o l a t i on .  An  i n te r rup t  i s  gene ra ted  
 when  t h i s  b i t  ge t s  se t .  Th i s  b i t  i s  a  r ead /w r i t e  b i t  so  MCU s h o u l d  c l e a r s  t h i s  b i t  t o  e n d  t h e  S T A L L  
 cond i t i on .  

B i t 1  I N _ P K T _ R D Y :  MCU se t s  t h i s  b i t ,  a f t e r  l oad ing  da ta  i n t o  Endpo in t  0  F IFO .  S IE  c l ea r s  t h i s  b i t ,  once  t he  
 p a c k e t  h a s  b e e n  s u c c e s s f u l l y  s e n t  t o  t h e  h o s t .  A n  i n t e r r u p t  i s  g e n e r a t e d  w h e n  S I E  c l e a r s  t h i s  b i t  s o  t h a t  
 M C U  c a n  l o a d  t h e  n e x t  p a c k e t .  F o r  a  z e r o  l e n g t h  d a t a  p h a s e ,  M C U  s e t s  I N _ P K T _ R D Y  b i t  w i t h o u t  l o a d  
 d a t a  t o  F I F O . 

B i t 0  O U T _ P K T _ R D Y :  S IE  se ts  th i s  b i t ,  i f  t he  dev ice  rece ive  va l id  da ta  f rom hos t .  An  in te r rup t  i s  genera ted ,  
 w h e n  S I E  s e t s  t h i s  b i t .  M C U  s h o u l d  d o w n l o a d  d a t a  a n d  c l e a r s  t h i s  b i t  b y  w r i t i n g  " 1 "  t o  
 C L E A R _ O U T _ P K T _ R D Y  b i t  a t  t h e  e n d  o f  e x e c u t i o n .  

N O T E  

W h e n  S E T U P _ E N D  b i t  i s  s e t ,  O U T _ P K T _ R D Y  b i t  m a y  a l s o  b e  s e t .  T h i s  h a p p e n s  w h e n  t h e  c u r r e n t  t r a n s f e r  
h a s  t e r m i n a t e d  b y  n e w  s e t u p  t r a n s a c t i o n .  I n  s u c h  c a s e ,  M C U  s h o u l d  f i r s t  c l e a r   S E T U P _ E N D  b i t ,  a n d  t h e n  
s ta r t  se rv ic ing  the   new con t ro l  t rans fe r .   
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Control Endpoint Status Register (EP0CSR)

F1H, R/W

CLEAR_
SETUP_END

CLEAR_

OUT_PKT_RDY

SEND_STALL

SETUP_END

DATA_END

SENT_STALL

IN_PKT_RDY

OUT_PKT_RDY
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I N T R R U P T  E N D P O I N T S  S T A T U S  R E G I S T E R  ( E P 1 C S R ,  E P 2 C S R )— I N  M O D E  

E P 1C S R  r e g i s t e r  c o n t r o l s  E n d p o i n t  1 ,  a n d  a l s o  h o l d s  s t a t u s  b i t s  f o r  E n d p o i n t  1 .  E P 1 C S R  i s  l o c a t e d  a t  F 2 H  a n d  i s  
r e a d / w r i t e  a d d r e s s a b l e .  E P 2 C S R  r e g i s t e r  c o n t r o l s  E n d p o i n t 2 ,  a n d  t h e  c o n t e n t s  i s  p e r f e c t l y  s a m e  t o  E P 1 C S R .  
E P 2 C S R  i s  l o c a t e d  a t  F 9 H  a n d  i s  r e a d / w r i t e  a d d r e s s a b l e .  

E P 1 C S R  a n d  E P 2 C S R  h a v e  t w o  m o d e s .  T h e s e  a r e  I N  a n d  O U T  m o d e  w h i c h  a r e  d e c i d e d  b y  E N D P O I N T _ M O D E  
reg is te r .  The  be low i s  IN  mode  con f igu ra t i on .  

B i t 7  C L R _ D A T A _ T O G G L E :  MCU wr i t e  "1 "  t o  t h i s  b i t  f o r  i n i t i a l i z i ng  da ta  togg le  sequence .  Da ta  togg le  
 s e q u e n c e  c a n  b e  m o n i t o r e d  t h r o u g h  W R T _ C N T  r e g i s t e r .  

B i t 6  M A X P [ 3 ] .  

B i t 5  M A X P [ 2 ] .  

B i t 4  M A X P [ 1 ] .  

B i t 3  M A X P [ 0 ] .   

            —   S 3 P 9 6 8 8  i s  a  l o w  s p e e d  U S B  c o n t r o l l e r  s o  t h e  m a x i m u m  p a c k e t  s i z e  i s  8  b y t e s ,   
 —   T h i s  p a r t  i s  a  l i m i t a t i o n  o f  M A X M U M  p a c k e t  s i z e  s o  t h e  d e v i c e  c a n  n o t  s e n d  m o r e  d a t a  t h a n  t h i s   value.  

B i t 2  U C _ F I F O _ F L U S H :  M C U  s e t s  t h i s  b i t  f o r  i n i t i a l i z i n g  t h e  F I F O .  M C U  c a n  n o t  c l e a r  I N _ P K T _ R D Y  s o  i f  
 M C U  w a n t  t o  c l e a r  I N _ P K T _ R D Y  a f t e r  s e t  t h e n  M C U  s h o u l d  i s s u e  U C _ F I F O _ F L U S H  f o r  c l e a r i n g  
 I N _ P K T _ R D Y .   

B i t 1  F O R C E _ S T A L L :  M C U  s e t s  t h i s  b i t  f o r  s e n d i n g  s t a l l  p a c k e t .  T h i s  f l a g  w i l l  n o t  b e  c l e a r e d  b y  S I E .  S o  M C U  
 shou ld  c lea r  th i s  f l ag  fo r  s topp ing  s ta l l  cond i t i on .  Dev ice  w i l l  send  s ta l l  un t i l  t h i s  f l ag  i s  c lea red .  

B i t 0  I N _ P K T _ R D Y :  MCU se ts  t h i s  b i t  a f t e r  l oad ing  da ta  to  F IFO.  S IE  w i l l  c l ea r  t h i s  f l ag  a f te r  send ing  da ta  to  
 hos t .  An  i n te r rup t  i s  gene ra ted  when  t h i s  f l ag  i s  c l ea red .  I f  MCU i ssue  UC_F IFO_FLUSH du r i ng  t h i s  f l ag  
 se t  t hen  t h i s  f l ag  i s  c l ea red  and  gene ra te  i n t e r rup t  t o  MCU.  So  MCU w i l l  ge t  i n t e rrup t  d i rec t l y  a f te r  se t t ing  
 UC_F IFO_FLUSH f l ag  i f  t h i s  f l ag  was  se t .  
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I N T R R U P T  E N D P O I N T S  S T A T U S  R E G I S T E R  ( E P 1 C S R ,  E P 2 C S R )— O U T  M O D E 

The  be low  i s  OUT  mode  con f i gu ra t i on .  

B i t 7  R e s e r v e d .  

B i t 6  C L E A R _ O U T _ P K T _ R D Y : MCU wr i t es  " 1 "  t o  t h i s  b i t  t o  c l ea r  OUT_PKT_RDY b i t  ( b i t 0 ) .  Th i s  b i t  i s  
 au toma t i ca l l y  c l ea red  a f t e r  c l ea r i ng  OUT_PKT_RDY b i t  by  S IE .  So  read  va l ue  w i l l  be  a lways  "0 " .  

B i t 5  R e s e r v e d .  

B i t 4  R e s e r v e d .  

B i t 3  S E N T _ S T A L L :  Th i s  f l ag  i s  se t  by  S IE  a f t e r  send ing  s ta l l  packe t .  And  th i s  f l ag  i s  j us t  f o r  mon i to r ing  the  
 a c t i o n  o f  S I E  s o  i t  d o e s  n o t  m e a n  a n y  o t h e r  t h i n g s .  T h i s  f l a g  c a n  b e  c l e a r e d  b y  M C U . 

B i t 2  U C _ F I F O _ F L U S H :  M C U  s e t s  t h i s  b i t  f o r  i n i t i a l i z i n g  t h e  F I F O .  M C U  c a n  n o t  c l e a r  I N _ P K T _ R D Y  s o  i f  
 M C U  w a n t  t o  c l e a r  I N _ P K T _ R D Y  a f t e r  s e t  t h e n  M C U  s h o u l d  i s s u e  U C _ F I F O _ F L U S H  f o r  c l e a r i n g  
 I N _ P K T _ R D Y .   

B i t 1  F O R C E _ S T A L L :  M C U  s e t s  t h i s  b i t  f o r  s e n d i n g  s t a l l  p a c k e t .  T h i s  f l a g  w i l l  n o t  b e  c l e a r e d  b y  S I E .  S o  M C U  
 shou ld  c lear  th i s  f l ag  fo r  s topp ing  s ta l l  cond i t ion .  Dev ice  w i l l  send  s ta l l  un t i l  th i s  f l ag  i s  c leare d .  

B i t 0  O U T _ P K T _ R D Y : S IE  se ts  th i s  b i t ,  i f  t he  dev ice  rece ive  va l id  da ta  f rom hos t .  An  in te r rup t  i s  genera ted ,  
 w h e n  S I E  s e t s  t h i s  b i t .  M C U  s h o u l d  d o w n l o a d  d a t a  a n d  c l e a r s  t h i s  b i t  b y  w r i t i n g  " 1 "  t o  
 C L E A R _ O U T _ P K T _ R D Y  b i t  a t  t h e  e n d  o f  e x e c u t i o n .  
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E N D P O I N T  0  W R I T E  C O U N T  R E G I S T E R  ( E P 0 B C N T ) 

E P 0 B C N T  r e g i s t e r  c o n t a i n s  d a t a  c o u n t  v a l u e ,  s o m e  m o n i t o r i n g  a n d  f l o w  c o n t r o l  f l a g .  E P 0 B C N T  i s  l o c a t e d  a t  F 3 H  a n d  
i s  r ead  add ressab le .  

B i t 7  D A T A _ T O G G L E :  Th is  b i t  i s  a  read  on ly  f lag .   Th is  f lag  i s  jus t  fo r  mon i to r ing  the  d a t a  t o g g l e  s e q u e n c e .  

B i t 6  T O K E N : Th i s  f l ag  i s  fo r  mon i to r i ng .  I f  t h i s  va lue  i s  se t  t hen  i t  means  the  l as t  rece ived  token  packe t  i s  
 SETUP token  and  i f  t he  va l ue  i s  " 0 "  t hen  t he  l as t  r ece i ved  t oken  packe t  i s  OUT  o r  IN  packe t .  

B i t 5  O V E R _ 8 :. I f  dev i ce  rece i ve  ove r  8  by tes  SETUP o r  OUT t ransac t i on  t hen  the  dev i ce  does  no t  answer  t o  
 t hese  t ransac t ion  and  se t  t h i s  f l ag  as  a  e r ro r  i nd i ca to r .  

B i t 4  E N A B L E :.  MCU se t  t h i s  b i t  f o r  d i sab l i ng  endpo in t  0 .  Dev i ce  does  no t  answer  t o  any  t ra f f i c  i f  add ressed  to  
 endpo in t  0  un t i l  t h i s  b i t  i s  c lea red .  

B i t 3  E P 0 W R T _ C N T [ 3 ].   

B i t 2  E P 0 W R T _ C N T [ 2 ].  

B i t 1  E P 0 W R T _ C N T [ 1 ].  

B i t 0  E P 0 W R T _ C N T [ 0 ] :  S IE  s to re  da ta  coun t  a f t e r  r ece i ve  va l i d  da ta  f r om hos t .  The  max imum va lue  i s  8 .  And  
 i f  MCU down load ing  t he  F IFO  t hen  t h i s  va l ue  a l so  dec reased  acco rd i ng  t o  r ema in  da ta  coun t .   
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E N D P O I N T  1  W R I T E  C O U N T  R E G I S T E R  ( E P 1 B C N T ) 

E P 1 B C N T  r e g i s t e r  c o n t a i n s  d a t a  c o u n t  v a l u e ,  s o m e  m o n i t o r i n g  a n d  f l o w  c o n t r o l  f l a g .  E P 1 B C N T  i s  l o c a t e d  a t  F C H  
and  i s  read /wr i t e  add ressab le .  

B i t 7  D A T A _ T O G G L E :  Th i s  b i t  i s  a  read  on ly  f l ag .  Th is  f l ag  i s  j us t  f o r  mon i to r i ng  the  da ta  togg le  sequence .  

B i t 6  R e s e r v e d .  

B i t 5  O V E R _ 8 :. I f  dev i ce  rece i ve  ove r  8  by tes  SETUP o r  OUT t ransac t i on  t hen  the  dev i ce  does  no t  answer  t o  
 t hese  t ransac t ion  and  se t  t h i s  f l ag  as  a  e r ro r  i nd i ca to r .  

B i t 4  E N A B L E :.  MCU se t  t h i s  b i t  f o r  d i sab l i ng  endpo in t  1 .  Dev i ce  does  no t  answer  t o  any  t ra f f i c  i f  add ressed  to  
 endpo in t  1  un t i l  t h i s  b i t  i s  c lea red .  

B i t 3  E P 1 W R T _ C N T [ 3 ].   

B i t 2  E P 1 W R T _ C N T [ 2 ].  

B i t 1  E P 1 W R T _ C N T [ 1 ].  

B i t 0  E P 1 W R T _ C N T [ 0 ] :  S IE  s to re  da ta  coun t  a f te r  rece ive  va l i d  d a t a  f r o m  h o s t .  T h e  m a x i m u m  v a l u e  i s  8 .  A n d  
 i f  MCU down load ing  t he  F IFO  t hen  t h i s  va l ue  a l so  dec reased  acco rd i ng  t o  r ema in  da ta  coun t .  
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E N D P O I N T  2  W R I T E  C O U N T  R E G I S T E R  ( E P 2 B C N T ) 

E P 2 B C N T  r e g i s t e r  c o n t a i n s  d a t a  c o u n t  v a l u e ,  s o m e  m o n i t o r i n g  a n d  f l o w  c o n t r o l  f l a g .  E P 2 B C N T  i s  l o c a t e d  a t  F D H  
and  i s  read /wr i t e  add ressab le .  

B i t 7  D A T A _ T O G G L E :  Th is  b i t  i s  a  read  on ly  f l ag .  Th is  f l ag  i s  j us t  f o r  mon i to r ing  the  da ta  togg le  sequence .   

B i t 6  R e s e r v e d .  

B i t 5  O V E R _ 8 :. I f  dev ice  rece ive  over  8  by tes  SETUP or  OUT t rans ac t i on  t hen  t he  dev i ce  does  no t  answe r  t o  
 t hese  t ransac t ion  and  se t  t h i s  f l ag  as  a  e r ro r  i nd i ca to r .  

B i t 4  E N A B L E :.  MCU se t  t h i s  b i t  f o r  d i sab l i ng  endpo in t  2 .  Dev i ce  does  no t  answer  t o  any  t ra f f i c  i f  add ressed  to  
 endpo in t  1  un t i l  t h i s  b i t  i s  c lea red .  

B i t 3  E P 1 W R T _ C N T [ 3 ].   

B i t 2  E P 1 W R T _ C N T [ 2 ].  

B i t 1  E P 1 W R T _ C N T [ 1 ].   

B i t 0  E P 1 W R T _ C N T [ 0 ] :  S IE  s to re  da ta  coun t  a f t e r  rece i ve  va l i d  da ta  f r om hos t .  The  max imum va lue  i s  8 .   
            A n d   i f  M C U  d o w n l o a d i n g  t h e  F I F O  t h e n  t h i s  v a l u e  a l s o  d e c r e a s e d  a c c o r d i n g  t o  r e m a i n  d a t a  c o u n t .  
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E N D P O I N T  M O D E  R E G I S T E R  ( E P M O D E ) 

EPMODE reg i s te r  con ta i ns  t he  f i e l d  wh i ch  de f i nes  USB rese t  s i gna l  l eng th  and  t he  f i e l d  wh i ch  de f i nes  t he  d i r ec t i on  o f  
e n d p o i n t s .  E P M O D E  i s  l o c a t e d  a t  F B H  a n d  i s  r e a d / w r i t e  a d d r e s s a b l e .  

B i t 7  R E S E T _ L E N G T H [ 1 ] .   

B i t 6  R E S E T _ L E N G T H [ 0 ] :  Th i s  f i e l d  de f i nes  t he  l eng th  o f  USB rese t  s i gna l .   The  rese t  va lue  i s  "00 " .  MCU can  
 con t ro l  USB rese t  l eng th  th rough  th i s  f i e ld .  The  de f i n i t i on  i s  as  be low.   

  —  " 0 0 "  :  2 0 . 9 5 4  u s .   

  —  " 0 1 "  :  1 0 . 4 7 6  u s . 

  —  " 1 0 "  :  5 . 2 3 6  u s . 

—  " 1 1 "  :  2 . 6 6 4  u s . 

B i t 5  R e s e r v e d .  

B i t 4  R e s e r v e d .  

B i t 3  C H I P _ T E S T _ M O D E : I f  t h i s  va lue  i s  "1 "  t hen  Tes t  mode  and  I f  t h i s  va lue  i s  "0 "  t hen  Norma l  mode .  Use r  
 m u s t  n o t  s e t  t h i s  b i t .  T h e  R e s e t  v a l u e  i s  " 0 "  

B i t 2  O U T P U T _ E N A B L E _ M O D E : I f  t h i s  va lue  i s  "1 "  t hen  Norma l  mode  and  I f  t h i s  va lue  i s  "0 "  t hen  Enhanced  
 mode .  The  Rese t  va l ue  i s  " 0 " .  

B i t 1  E N D P O I N T _ M O D E [ 1 ] :  MCU can  de f ines  d i rec t ion  o f  i n te r rup t  t rans fe r .  I f  t h i s  va lue  i s  "1 "  then  endpo in t  2  
 ac t  as  a  OUT in te r rup t  endpo in t  and  i f  t h i s  va lue  i s  "0 "  t hen  endpo in t  2  ac t  as  a  IN  in te r rup t  endpo in t .  The  
 rese t  va lue  i s  "0 " .  

B i t 0  E N D P O I N T _ M O D E [ 0 ] :  MCU can  de f ines  d i rec t ion  o f  i n te r rup t  t rans fe r .  I f  t h i s  va lue  i s  "1 "  then  endpo in t  1  
 ac t  as  a  OUT in te r rup t  endpo in t  and  i f  t h i s  va lue  i s  "0 "  t hen  endpo in t  1  ac t  as  a  IN  i n te r rup t  endpo in t .  The  
 rese t  va lue  i s  "0 " .  
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U S B  P O W E R  M A N A G E M E N T  R E G I S T E R  ( P W R M G R ) 

P W R M G R  r e g i s t e r  i n t e r a c t s  w i t h  t h e  H o s t ' s  p o w e r  m a n a g e m e n t  s y s t e m  t o  e x e c u t e  s y s t e m  p o w e r  e v e n t s  s u c h  a s  
S U S P E N D  o r  R E S U M E .  A n d  t h i s  r e g i s t e r  a l s o  c o n t a i n s  m o n i t o r i n g  f i e l d  f o r de ta i l  con t ro l  o f  MCU.  Th is  reg i s te r  i s  
l o ca ted  a t  add ress  F8H  and  i s  r ead /w r i t e  add ressab le .  

B i t 7  R e s e r v e d .  

B i t 6  R e s e r v e d .  

B i t 5  R e s e r v e d .  

B i t 4  V P I N _ M O N I T O R :  I f  th i s  va lue  i s  "1 "  then  DATA - i s  one  and  I f  t h i s  va lue  i s  "0 "  t hen  DATA+  i s  ze ro .  

B i t 3  V M I N _ M O N I T O R :  I f  th i s  va lue  i s  "1 "  then  DATA - i s  one  and  I f  t h i s  va lue  i s  "0 "  then  DATA - i s  one .  

B i t 2  C L E A R _ S U S P _ C N T : M C U  w r i t e  " 1 "  v a l u e  t o  t h i s  b i t  f o r  c l e a r i n g  s u s p e n d  c o u n t e r  w h i c h  c o u n t  3  m s .  A n d  
 d u r i n g  t h i s  v a l u e  s t a y  " 1 "  t h e  s u s p e n d  c o u n t e r  d o e s  n o t  p r o c ee d .  T h a t  m e a n s  t h e  U S B  c o n t r o l l e r  c a n  n o t  
 go  i n t o  suspend  s t a te  du r i ng  t h i s  va l ue  s t ays  "1 " .  

B i t 1  R e s e r v e d .  

B i t 0  S U S P E N D _ S T A T E :   S u s p e n d  s t a t e  i s  s e t  w h e n  t h e  M C U  s e t s  s u s p e n d  i n t e r r u p t .  T h i s  b i t  i s  c l e a r e d  
 a u t o m a t i c a l l y  w h e n :   
 
 —   M C U  w r i t e s  " 0 "  t o  S E N D _ R E S U M E  b i t  t o  e n d  t h e  R E S U M E  s i g n a l i n g  ( a f t e r  S E N D _ R E S U M E  i s  s e t   
  fo r  10ms) .  
 —    M C U  r e c e i v e s  R E S U M E  s i g n a l i n g  f r o m  t h e  H o s t  w h i l e  i n  S U S P E N D  m o d e .  
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.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

USB Power Mangement Register (PWRMGR)

F8H, R/W

SUSPEND_STATEReserved

Reserved

CLEAR_SUSP_CNT

VMIN

VPIN

 

F i g u r e  1 1 -8 .  U S B  P o w e r  M a n a g e m e n t  R e g i s t e r  ( P W R M G R ) 
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C O N T R O L  E N D P O I N T  F I F O  R E G I S T E R  ( E P 0 F I F O ) 

Th is  reg i s te r  i s  b i-d i r ec t i ona l ,  8  by te  dep th  F IFO  used  t o  t r ans fe r  Con t ro l  Endpo in t  da ta .  EP0F IFO i s  l o ca ted  a t  
a d d r e s s  F 4 H  a n d  i s  r e a d / w r i t e  a d d r e s s a b l e .  

I n i t i a l l y ,  t he  d i rec t i on  o f  t he  F IFO,  i s  f rom the  Hos t  to  the  MCU.  A f te r  a  se tup  token  i s  rece ived  fo r  a  con t ro l  t rans fe r ,  
t h a t  i s ,  a f t e r  M C U  u n l o a d  t h e  s e t u p  t o k e n  b y t e s ,  a n d  c l e a r s  O U T _ P K T _ R D Y ,  t h e  d i r e c t i o n  o f  F I F O  i s  c h a n g e d  
a u t o m a t i c a l l y  f r o m  M C U  t o  t h e  H o s t .  

I N T E R R U P T  E N D P O I N T  1  F I F O  R E G I S T E R  ( E P 1 F I F O ) 

E P 1 F I F O  i s  a n  b i-d i rec t ion  8 -b y t e  d e p t h  F I F O  u s e d  t o  t r a n s f e r  d a t a  f r o m  t h e  M C U  t o  t h e  H o s t  o r  f r o m  t h e  H o s t  t o  t h e  
M C U .   M C U  w r i t e s  d a t a  t o  t h i s  r e g i s t e r ,  a n d  w h e n  f i n i s h e d  s e t  I N _ P K T _ R D Y .  M e a n w h i l e ,  w h e n  U S B  r e c e i v e s  v a l i d  
d a t a  t h r o u g h  t h i s  r e g i s t e r  ,  i t  s e t s  O U T _ P K T _ R D Y ,  a f t e r  M C U  u n l o a d  D a t a  b y t e s ,  a n d  c l e a r s  O U T _ P K T _ R D Y  ,  T h i s  
r eg i s t e r  i s  l o ca ted  a t  add ress  F5H .   

I N T E R R U P T  E N D P O I N T  2  F I F O  R E G I S T E R  ( E P 2 F I F O ) 

E P 2 F I F O  i s  a n  b i-d i rec t ion  8 -b y t e  d e p t h  F I F O  u s e d  t o  t r a n s f e r  d a t a  f r o m  t h e  M C U  t o  t h e  H o s t  o r  f r o m  t h e  H o s t  t o  t h e  
M C U .   M CU wr i t es  da ta  t o  t h i s  r eg i s t e r ,  and  when  f i n i shed  se t  IN_PKT_RDY.  Meanwh i l e ,  when  USB  rece i ves  va l i d  
d a t a  t h r o u g h  t h i s  r e g i s t e r  ,  i t  s e t s  O U T _ P K T _ R D Y ,  a f t e r  M C U  u n l o a d  D a t a  b y t e s ,  a n d  c l e a r s  O U T _ P K T _ R D Y  ,  T h i s  
r e g i s t e r  i s  l o c a t e d  a t  a d d r e s s  F A H .   

U S B  I N T E R R U P T  P E N D I N G  R E G I S T E R  ( U S B P N D ) 

U S B P N D  r e g i s t e r  h a s  t h e  i n t e r r u p t  b i t s  f o r  e n d p o i n t s  a n d  p o w e r  m a n a g e m e n t .  This register is cleared once read by MCU. 
W h i l e  a n y  o n e  o f  t h e  b i t s  i s  s e t ,  a n  i n t e r r u p t  i s  g e n e r a t e d .  U S B P N D  i s  l o c a t e d  a t  a d d r e s s  F 6 H . 

B i t 7 – 6  N o t  u s e d  

B i t 5  U S B _ R S T _ P N D :  Th i s  b i t  i s  se t ,  when  usb  rese t  s i gna l  i s  r ece i ved .  

B i t 4  E N D P T 2 _ P N D :  Th i s  b i t  i s  se t ,  when  suspend  s i gna l i ng  i s  r ece i ved .  

B i t 3  R E S U M E _ P N D :   Wh i l e  i n  suspend  mode ,  i f  r esume  s i gna l i ng  i s  r ece i ved  t h i s  b i t  ge t s  se t .  

B i t 2  S U S P E N D _ P N D :   Th i s  b i t  i s  se t ,  when  suspend  s i gna l i ng  i s  r ece i ved .  

B i t 1  E N D P T 1 _ P N D :  T h i s  b i t  i s  s e t ,  w h e n  E ndpo in t  1  needs  to  be  se rv i ced .  

B i t 0  E N D P T 0 _ P N D :  Th i s  b i t  i s  se t ,  when  Endpo in t  0  needs  t o  be  se rv i ced .  I t  i s  se t  unde r  any  one  o f  t he   
 f o l l ow ing  cond i t i ons : 

 —   O U T _ P K T _ R D Y  i s  s e t .  

 —   I N _ P K T _ R D Y  g e t s  c l e a r e d .  

 —   S E N T _ S T A L L  g e t s  s e t .  

 —   D A T A _ E N D  g e t s  c l e a r e d .  

 —   S E T U P _ E N D  g e t s  s e t .  



S3C9688 /P9688    UNIVERSAL SERIAL BUS  

  1 1 -1 9  

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

USB Interrupt Pending Register (USBPND)
F6H, R/W

SUSPEND_PND

ENDPT1_PND

ENDPT0_PNDNot used

RESUME_PND

USB_RST_PND

ENDPT2_PND

 

F i g u r e  1 1 -9 .  U S B  I n t e r r u p t  P e n d i n g  R e g i s t e r  ( U S B P N D ) 

 



UNIVERSAL SERIAL BUS   S3C9688 /P9688   

1 1 -2 0    

U S B  I N T E R R U P T  E N A B L E R E G I S T E R  ( U S B I N T ) 

USBINT  i s  l oca ted  a t  add ress  F7H  and  i s  r ead /w r i t e  add ressab le .  Th i s  r eg i s t e r  se r ves  as  an  i n t e r rup t  mask  reg i s t e r .  
I f  t he  co r respond ing  b i t  =  1  then  the  respec t i ve  in te r rup t  i s  enab led .  

By  de fau l t ,  a l l  i n te r rup ts  excep t  suspend  in te r rup t  i s  enab led .  I n te r rup t  en a b l e s  b i t s  f o r  s u s p e n d  a n d  r e s u m e  i s  
comb ined  in to  a  s ing le  b i t  (b i t  2 ) .  

B i t 7 – 5  N o t  u s e d  

B i t 4  E N A B L E _ U S B _ R S T _ I N T : 

 1 :  E n a b l e  U S B  R E S E T   I N T E R R U P T  ( d e f a u l t ) 
 0 :  D i s a b l e  U S B  R E S E T   I N T E R R U P T 

B i t 3  E N A B L E _ E N D P T 2 _ I N T : 

 1 :   E n a b l e  E N D P O I N T  2  I N T E R R U P T  ( d e f a u l t ) 
 0 :   D i s a b l e  E N D P O I N T  2  I N T E R R U P T 

B i t 2  E N A B L E _ S U S P E N D _ R E S U M E _ I N T :  

 1 :   E n a b l e  S U S P E N D  a n d  R E S U M E  I N T E R R U P T 
 0 :   D i s a b l e  S U S P E N D  a n d  R E S U M E  I N T E R R U P T  ( d e f a u l t ) 

B i t 1  E N A B L E _ E N D P T 1 _ I N T : 

 1 :   E n a b l e  E N D P O I N T  1  I N T E R R U P T  ( d e f a u l t ) 
 0 :   D i s a b l e  E N D P O I N T  1  I N T E RR U P T 

B i t 0  E N A B L E _ E N D P T 0 _ I N T : 

 1 :   E n a b l e  E N D P O I N T  0  I N T E R R U P T  ( d e f a u l t ) 
 0 :   D i s a b l e  E N D P O I N T  0  I N T E R R U P T 

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

USB Interrupt Enable Register (USBINT)

F7H, R/W

ENABLE_ENDPT0_INTNot used

ENABLE_ENDPT1_INT

ENABLE_SUSPEND_RESUME_INT

ENABLE_ENDPT2_INT

ENABLE_USB_RST_INT

 

F i g u r e  1 1 -1 0 .  U S B  I n t e r r u p t  E n a b l e  R e g i s t e r  ( U S B I N T ) 

 



S3C9688 /P9688    UNIVERSAL SERIAL BUS  

  1 1 -2 1  

U S B  C O N T R O L  R E G I S T E R  ( U S B C O N ) 

USBCON i s  f o r  t he  con t r o l  o f  USB  da ta  l i ne  and  t he  con t r o l  o f  r ese t  . Th i s  r eg i s t e r  i s  l o ca ted  a t  add ress  FEH and  i s  
read /wr i t e  add ressab le .  

B i t 5  D P / D M  C o n t r o l :   W h e n  t h i s  b i t  i s  s e t  ,   D P / D M  l i n e s  c a n  b e  c o n t r o l l e d   b y  M C U  a s  b e l l o w s  

B i t 4  D P :  On  the  cond i t i on  o f  b i t5  se t ,  i f   t h i s  b i t  i s  1 ,   DP  l i ne  i s  t o  be  h i gh  and  t he  o the r  case  t h i s  b i t   i s  0                    
 DP  l i ne  i s  l ow  .     

B i t 3  D M :  On  the  cond i t i on  o f  b i t 5  se t ,  i f   t h i s  b i t  i s  1 ,   DM l i ne  i s  t o  be  h igh  and  the  o the r  case  th i s  b i t  i s  0                    
 D M  l i n e  i s  l o w  .     

B i t 2  U S B _ R E S E T _ E N :  W h e n  t h i s  b i t  i s  s e t ,  i t  i s   U S B  i s  m a d e  r e s e t  ,  w h i c h  t r i g g e r  M C U   r e s e t   
 au toma t i ca l l y  

B i t 1  M C U _ R E S E T : W h e n  t h i s  b i t  i s  s e t ,  M C U  m a k e s  U S B  r e s e t   

B i t 1  U S B _ R S T N :   U S B  r e s e t  s t a t u s  b i t           
 0 :  U S B  i s  n o t  r e s e t           
 1 :  U S B  i s  r e s e t   

.7 .6 .5 .4 .3 .2 .1 .0 LSBMSB

USB Control Register (USBCON)
FEH (Page 0), R/W

USB_RSTNReserved

MCU_RESET

USB_RESET_EN
DP/

DM_CONTROL

DP

DM

 

F i g u r e  1 1 -1 1 .  U S B  C o n t r o l  R e g i s t e r  ( U S B C O N ) 

 

 

 



UNIVERSAL SERIAL BUS   S3C9688 /P9688   

1 1 -2 2    

U S B  S I G N A L  A N D  S I G N A L  C R O S S O V E R  P O I N T  C O N T R O L  R E G I S T E R  ( U S X CO N ) 

U S X C O N  i s  l o c a t e d  a t  a d d r e s s  D 3 H  a n d  i s  r e a d / w r i t e  a d d r e s s a b l e .  Y o u  c a n  s e l e c t  p r o t o c o l  m o d e  b e t w e e n  U S B  P S 2  
a n d  a d j u s t  U S B  s i g n a l  c r o s s o v e r  p o i n t .   

B i t 7  U S B / P S 2  m o d e  s e l e c t  b i t :   

 0 :  P S 2  m o d e  ( D e f a u l t )                                                         
 1 :  U S B  m o d e  ( T h i s  b i t  i s  s e t  w h e n  t h e  D + / P S 2 ,  D -/ P S 2  p o r t  s e t  t h e  D + ,  D -)  

B i t 6  U S B  P u l l -U p  C o n t r o l  b i t :   

 0 :  P ull-U p  D i s a b l e                                 
 1 :  Pu l l -Up  Enab le  

B i t 5  U S B  s i g n a l  c r o s s o v e r  p o i n t  c o n t r o l  b i t :  

E d g e  D e l a y  

C o n t r o l 

B i t  5 ,  (2 ) B i t  4 ,  (1 ) B i t  3 ,  (0 ) D e l a y  V a l u e  D e l a y  U n i t 

Ris i ng  0  0  0  0   

E d g e   0  1  1  (abou t ) 

  1  0  2  2 . 5  m s e c  

  1  1  4   

Fa l l ing  1  0  0  0   

E d g e   0  1  1   

  1  0  2   

  1  1  4   

NOTE: The value is recommended by chip Vendor. 

 

 

 

 

 



S3C9688 /P9688    LVR (LOW VOLTAGE  RESET) 

  1 2 -1  

12  LVR (LOW VOLTAGE RESET)  

O V E R V I E W  

The  S3C9688 /P9688  have  a  LVR (Low  Vo l t age  Rese t )  f o r  power  on  rese t  and  vo l t age  rese t .  

Start Up
Reference

Voltage
Generator

Voltage

Divider

Glitch FilterComparator RESET

 

F i g u r e  1 2 -1 .  L V R  A r c h i t e c t u r e  

—  L o w  V o l t a g e  R e s e t  g e n e r a t e d  RESET  s i gna l .  

—  S ta r t  Up  C i rcu i t :  S ta r t  up  re fe rence  vo l tage  genera to r  c i r cu i t  when  dev ice  i s  powered .  

—  Re fe rence  Vo l tage  Genera to r :  Supp ly  Vo l tage  i ndependen t  re fe rence  vo l tage  genera to r .  

—  Vo l tage  D iv ide r :  D iv ide  supp ly  vo l tage  by  "N"  

—  Compara to r :  Compare  re fe rence  vo l tage  and  d iv ided  vo l tage .  

—  G l i t ch  F i l t e r :  Remove  g l i t ch  and  no i se  s i gna l .  



LVR (LOW VOLTAGE RES ET)  S3C9688 /P9688   

1 2 -2    

Vc (Compare Voltage)

Reference Voltage

Divide Voltage

VDD (Supply Voltage)

Normal Operation
Reset Operation

by LVR

NOTES:
1.     LVR Operation Voltage Range: 2.3 V-6.0 V
2.     LVR Detection Voltage Range: 3.4 V + 0.4 V
3.     LVR Current Consum ption:
        Less then 10 uA (normally 5 uA)

4.     LVR Powered Reset Release Time:
         more then 500 usec (LVR only, typical)
5.     LVR Simulation Conditions (Hspice Simulation)

        Temp: 0  - 80 oC
        Process Veriation: Worst to best conditions
        Test Voltage: 0.0 V - 7.0 V

        Powered Slew Rate: 5 V/1 usec- 5 V/100 msec

 

F i g u r e  1 2 -2 .  L V R  C h a r a c t e r i s t i c s   
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  1 2 -3  

L V R  A N D  P O W E R  O N  RESET O P E R A T I O N S  

Normal Operating mode

tWAIT = (4096x16)/f OSC

Basic timer increment and

CPU operations are IDLE mode

10000B

00000B

NOTES:
1.     T1 = 500 usc (at normal)
2.     T2 = T1 + (4096 x 16)/f OSC

VDD

LVD

RESET
Release

Internal

RESET
 Release

Oscillator

(XOUT)

BTCNT

clock

BTCNT

value

Oscillator Stabilization Time

T3

Oscillation Stabilization Time

T2

T1

LVD RESET Release Time

 

F i g u r e  1 2 -3 .  L V R  a n d  P o w e r  O n  RESET O p e r a t i o n  

 



LVR (LOW VOLTAGE RES ET)  S3C9688 /P9688   

1 2 -4    

N O T E S  
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  1 3 -1  

13  ELECTRICAL DATA  

O V E R V I E W  

I n  t h i s  sec t i on ,  t he  f o l l ow ing  S3C9688 /P9688  e l ec t r i ca l  cha rac te r i s t i c s  a re  p resen ted  i n  t ab les  and  g raphs : 

—  A b s o l u t e  m a x i m u m  r a t i n g s  

—  D .C .  e l ec t r i ca l  cha rac te r i s t i c s  

—  I npu t /Ou tpu t  c a p a c i t a n c e 

—  A .C .  e l ec t r i ca l  cha rac te r i s t i c s  

—  Inpu t  t im ing  fo r  ex te rna l  i n te r rup t  (Po r t s  0 ,   2 ,  and  4 )   D+ /PS2 ,  D -/ P S 2  :  P S 2  M o d e  O n l y  

—  I n p u t  t i m i n g  f o r  R E S E T 

—  Osc i l l a t o r  cha rac te r i s t i c s  

—  Osc i l l a t i on  s tab i l i za t i on  t ime   

—  C l o c k  t i m i n g  m e a s u r e m e n t  p o i n t s  a t  X
IN

 

—  Da ta  r e ten t i on  supp l y  vo l t age  i n  S top  mode  

—  S t o p  m o d e  r e l e a s e  t i m i n g  w h e n  i n i t i a t e d  b y  a  r e s e t  

—  S top  mode  re l ease  t im ing  when  i n i t i a t ed  by  an  ex te rna l  i n t e r rup t  

—  Charac te r i s t i c  cu rves  



ELECTRICAL DATA  S 3 C9688 /P9688   

1 3 -2    

T a b l e  1 3 -1 .  A b s o l u t e  M a x i m u m  R a t i n g s 

(T
A
 =   2 5 °C ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s R a t i n g  U n i t 

S u p p l y  V o l t a g e  V
DD

 –  –  0 . 3   t o   +  6 . 5  V  

Inpu t  Vo l tage  V
IN

 Al l  inpu t  por ts  –  0 .3   t o   V
DD

 +  0 . 3  V  

O u t p u t  V o l t a g e  V
O

 Al l  ou tpu t  po r t s  –  0 .3   t o   V
DD

 +  0 . 3  V  

Ou tpu t  Cu r ren t  H igh  I
OH

 One I /O p in  ac t i ve  –  1 8  m A  

  Al l  I /O p ins  ac t ive  –  6 0   

O u t p u t  C u r r e n t  L o w  I
OL

 One I /O p in  ac t i ve  +  3 0  m A  

  Tota l  p in  cur ren t  fo r  por ts  3  +  1 0 0   

  Tota l  p in  cur ren t  fo r  por ts  0 ,  1 ,  2 ,  4  +  1 0 0   

Opera t i ng  Tempera tu re  T
A
 –  –  4 0   t o   +  8 5  °C  

Sto rage  Tempera tu re  T
STG

 –  –  6 5   t o   +  1 5 0  °C  

 
 

 



S3C9688 /P9688    ELECTRICAL DATA 

  1 3 -3  

T a b l e  1 3 -2 .  D . C .  E l e c t r i c a l  C h a r a c t e r i s t i c s 

(T
A  

=   –  4 0  °C  t o   +  8 5  °C ,  V
DD

  =   4 . 0  V   t o   5 . 2 5   V ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s M i n  T y p  M a x  U n i t 

Opera t i ng  Vo l t age  V
DD

 f
OSC 

=  6  M H z  

( i n s t r u c t i o n  c l o c k  =  1  M H z ) 

4 .0  5 .0  5 .25  V  

Inpu t  H igh  Vo l t age  V
IH1

 A l l  i n p u t  p i n s  e x c e p t  V
IH2

 0 .8  V
DD

 –  V
DD

 V  

 V
IH2

 X
IN

 V
DD 

–  0 .5   V
DD

  

 V
IH3

 RESET  0 .5V
DD

   

I npu t  Low  Vo l t age  V
IL1

 A l l  i n p u t  p i n s  e x c e p t  V
IL2

 –  –  0 .2  V
DD

 V  

 V
IL2

 X
IN

   0 .4   

 V
IL2

 RESET  0 .5V
DD

   

O u t p u t  H i g h  V o l t a g e   V
OH

 I
OH

 =   –  2 0 0  µA ;  A l l  o u t p u t  p o r t s  

e x c e p t  p o r t s  0 ,  1  a n d  2 ,  D + ,  D –  

V
DD 

–  1 .0  –  –  V  

O u t p u t  L o w  V o l t a g e  V
OL

 I
OL

 =  1  m A  

A l l  o u t p u t  p o r t  e x c e p t  D + ,  D –  

–  –  0 .4  V  

O u t p u t  L o w  C u r r e n t  I
OL

 V
OL 

 =  3 V  

P o r t  3  o n l y   

8  1 5  2 3  m A  

Inpu t  H igh   
Leakage  Cu r ren t  

I
LIH1

 (3) V
IN 

=  V
DD 

A l l  i n p u t s  e x c e p t  I
LIH2 

e x c e p t  D + ,  D –  

–  –  3  µA  

 I
LIH2

 (3) V
IN 

=  V
DD 

X
IN, 

X
OUT, RESET 

–  –  2 0  µA  

Inpu t  Low  
Leakage  Cu r ren t  

I
LIL1

 (3) V
IN 

=  0  V  

A l l  i n p u t s  e x c e p t  I
LIL2 

e x c e p t  D + , D –  

–  –  –  3  µA  

 I
LIL2

 (3) V
IN 

=  0  V  

X
IN, 

X
OUT, RESET 

–  –  –  2 0  µA  



ELECTRICAL DATA  S 3 C9688 /P9688   

1 3 -4    

T a b l e  1 3 -2 .  D . C .  E l e c t r i c a l  C h a r a c t e r i s t i c s  ( C o n t i n u e d ) 

(T
A  

=   –  4 0  °C  t o   +  8 5  °C ,  V
DD

  =   4 . 0  V   t o   5 . 2 5   V ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s M i n  T y p  M a x  U n i t 

O u t p u t  H i g h  
Leakage  Cu r ren t  

I
LOH 

(1) V
OUT 

=  V
DD 

A l l  I /O  p i ns  and  ou tpu t  p i ns  
e x c e p t  D + ,  D –  

–  –  3  µA  

O u t p u t  L o w  
Leakage  Cu r ren t  

I
LOL

 (1) V
OUT 

=  0  V  

A l l  I /O  p i ns  and  ou tpu t  p i ns  
e x c e p t  D + ,  D –  

–  –  –  3  µA  

Pu l l -up  Res i s t o r s  R
L1

 V
IN =  0  V  

P o r t s  0 ,  1 ,  2 ,  4 . 2 -3 ,  R e s e t  

2 5  5 0  1 0 0  k Ω 

 R
L2

 V
IN =  0  V ;  P 4 . 0 -1  2  – 5   

S u p p l y  C u r r e n t  (2) I
DD1

 N o r m a l  o p e r a t i o n  m o d e   
6  M H z  C P U  c l o c k  

– 5 .5  1 2  m A  

 I
DD2

 I d l e  m o d e ;  6  M H z  o s c i l l a t o r  2 .2  5  m A  

 I
DD3

 S t o p  m o d e   6  1 5  µA  

NOTES : 
1. Except XIN and XOUT. 

2. Supply current does not include current drawn through internal pull-up resistors or external output current loads. 

3.  When USB Mode Only in 4.2 V to 5.25 V, D+ and D– satisfy the USB spec 1.1.  
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  1 3 -5  

T a b l e  1 3 -3 .  I n p u t / O u t p u t  C a p a c i t a n c e  

(T
A 

 =   –  4 0  °C  t o   +  8 5  °C ,  V
DD  

=   0  V ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s M i n  T y p  M a x  U n i t 

Input  
C a p a c i t a n c e 

C
IN

 f  =  1  M H z ;  U n m e a s u r e d  p i n s  
a r e  c o n n e c t e d  t o  V

SS
 

–  –  1 0  p F  

O u t p u t  
C a p a c i t a n c e 

C
OUT

      

I / O  C a p a c i t a n c e C
IO

      

T a b l e  1 3 -4 .  A . C .  E l e c t r i c a l  C h a r a c t e r i s t i c s 

(T
A  

=   –  4 0  °C  t o   +  8 5  °C ,  V
DD  =   4 . 0  V   t o   5 . 2 5  V ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s M i n  T y p  M a x  U n i t 

In ter rupt  Input  
H i g h ,  L o w  W i d t h  

t
INTH

,  t
INTL

 P 0 ,  P 2  a n d  P 4   –  2 0 0  –  ns  

R E S E T  I n p u t   L o w  
W i d t h  

t
RSL

 RESET 1 0  –  –  µs  

 

tINTHtINTL

0.8 V DD

0.2 V DD

tRSL

 

F i g u r e  1 3 -1 .  I n p u t  t i m i n g  f o r  E x t e r n a l  I n t e r r u p t  ( P o r t s  0 ,  2 ,  a n d  4 ) 

RESET

tRSL

0.5 V DD

 

F i g u r e  1 3 -2 .  I n p u t  T i m i n g  f o r  RESET



ELECTRICAL DATA  S 3 C9688 /P9688   

1 3 -6    

T a b l e  1 3 -5 .  O s c i l l a t o r  C h a r a c t e r i s t i c s 

(T
A
  =   –  4 0 °C  +   8 5 °C ,  V

DD 
 =  4 . 0  V   t o   5 . 2 5  V ) 

O s c i l l a t o r C l o c k  C i r c u i t T e s t  C o n d i t i o n  M i n  T y p  M a x  U n i t 

M a i n  c r y s t a l  M a i n  
ce ramic  ( f

OSC
) XIN

XOUT
 

Osc i l l a t i on  f r equency  –  6 .0  –  M H z  

E x t e r n a l  c l o c k  

XIN

XOUT
 

Osc i l l a t i on  f r equency  –  6 .0  –   

T a b l e  1 3 -6 .  O s c i l l a t i o n  S t a b i l i z a t i o n  T i m e 

(T
A 

 =   –  4 0 °C  +  8 5 °C ,  V
DD

  =   4 . 0  V   t o   5 . 2 5  V ) 

O s c i l l a t o r T e s t  C o n d i t i o n  M i n  T y p  M a x  U n i t 

M a i n  C r y s t a l f
OSC 

=  6 . 0  M H z  –  –  1 0  m s  

M a i n  C e r a m i c  (Osc i l l a t i on  s tab i l i za t i on  occu rs  when  V
DD

 i s  equa l  t o  

t he  m in imum osc i l l a t o r  vo l t age  range . ) 

    

Osc i l l a to r  
S t a b i l i z a t i o n  W a i t  
T i m e 

t
WAIT

 s t o p  m o d e  r e l e a s e  t i m e  b y  a  r e s e t  –  2 16/  f
OSC

 –   

 t
WAIT

 s t o p  m o d e  r e l e a s e  t i m e  b y  a n  i n t e r r u p t  –  (note) –   

NOTE: The oscillator stabilization wait time, tWAIT, is determined by the setting in the basic timer control register, BTCON. 

T a b l e  1 3 -7 .  D a t a  R e t e n t i o n  S u p p l y  V o l t a g e  i n  S t o p  M o d e  

(T
A
  =   –  4 0 °C  t o   +  8 5 °C ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s M i n  T y p  M a x  U n i t 

D a t a  R e t e n t i o n  
S u p p l y  V o l t a g e  

V
DDDR

 S t o p  m o d e  2 .0  –  6  V  

D a t a  R e t e n t i o n  
S u p p l y  C u r r e n t  

I
DDDR

 S t o p  m o d e ;  V
DDDR

 =  2 . 0  V  

 

–  –  3 0 0  µA  



S3C9688 /P9688    ELECTRICAL DATA 

  1 3 -7  

Data Retention Mode~
~ ~

VDDDR
Execution of

 Stop Instrction

VDD

Normal
Operating
Mode

IDLE Mode
(Basic Timer Active)

~

Stop Mode

tWAIT

0.5 V DD0.5 V DD

RESET

Internal Reset
Operation

 

F i g u r e  1 3 -3 .  S t o p  M o d e  R e l e a s e  T i m i n g  W h e n  I n i t i a t e d  b y  a  R e s e t 

Data Retention Mode~
~ ~

VDDDR
Execution Of

 Stop Instrction

VDD

Normal
Operating
Mode

IDLE Mode

(Basic Timer Active)

~

Stop Mode

tWAIT

0.8 V DD

0.2 V DD

External
Interrupt

 

F i g u r e  1 3 -4 .  S t o p  M o d e  R e l e a s e  T i m i n g  W h e n  I n i t i a t e d  b y  a n  E x t e r n a l  I n t e r r u p t 

 

 



ELECTRICAL DATA  S 3 C9688 /P9688   

1 3 -8    

T a b l e  1 3 -8 .  L o w  S p e e d  U S B  E l e c t r i c a l  C h a r a c t e r i s t i c s 

(T
A
  =   –  4 0 °C   t o   +  8 5 °C ,  V o l t a g e  R e g u l a t o r  O u t p u t  V

33out
 =  2 . 8  V   t o   3 . 5  V ,  t y p  3 , 3  V ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s   M i n  M a x  U n i t 

Trans i t i on  T ime:       

R i s e  T i m e Tr C L  =  5 0  p F  7 5  –  ns  

  C L  =  3 5 0  p F  –  3 0 0   

F a l l  T i m e Tf C L  =  5 0  p F  7 5  –   

  C L  =  3 5 0  p F  –  3 0 0   

R i s e / F a l l  T i m e  M a t c h i n g  Trfm  (Tr /T f )  CL =  50  pF 8 0  1 2 0  %  

Ou tpu t  S i gna l  C rossove r  Vo l t age  V c r s  C L  =  5 0  p F  1 .3  2 .0  V  

V o l t a g e  R e g u l a t o r  O u t p u t  V o l t a g e  V
33OUT

 wi th  V
33OUT

 t o  G N D  0 . 1  µF  

c a p a c i t o r 

2 .8  3 .5  V  

 

R1 = 15 K Ω
R2 = 1.5 K Ω
CL = 50 pF - 350 pF

DM: S/W ON
DP: S/W OFF

D. U. T

Test

Point

S/W

2.8 V

R2

R1 C2

90 %
Measurement

Points

10 %

90 %

10 %

Tr Tf

 

F i g u r e  1 3 -5 .  U S B  D a t a  S i g n a l  R i s e  a n d  F a l l  T i m e 

DM

DP

Vcrs

MAX: 2.0 V

MIN: 1.3 V

 3.3 V

0 V

 

F i g u r e  1 3 -6 .  U S B  O u t p u t  S i g n a l  C r o s s o v e r  P o i n t  V o l t a g e  



S3C9688 /P9688    ELECTRICAL DATA 

  1 3 -9  

T a b l e  1 3 -9 .  L o w  S p e e d  U S B  E l e c t r i c a l  C h a r a c t e r i s t i c s 

(T
A
  =   –  4 0 °C   t o   +  8 5 °C ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s   M i n  T y p  M a x  U n i t 

Low leve l  de tec t  vo l tage  V
LVD

 –  3 .00  3 .40  3 .80  V  

 



ELECTRICAL DATA  S 3 C9688 /P9688   

1 3 -1 0    

N O T E S  

 



S3C9688 /P9688    MECHANICAL DATA 

  1 4 -1  

14  MECHANICAL DATA  

O V E R V I E W  

The  S3C9688 /P9688  i s  ava i l ab le  i n  a  42 -p i n  S D I P  p a c k a g e  ( S a m s u n g :  4 2 -SDIP -600 )  and  a  44 -p i n  Q F P  p a c k a g e  
(44-Q F P -1 0 1 0 B ) .  P a c k a g e  d i m e n s i o n s  a r e  s h o w n  i n  F i g u r e s  1 4 -1  a n d  1 4 -2 .   

NOTE :    Dimensions are in millimeters.

39.50 MAX

0.50 ± 0.1

1.78(1.77)

0.
51

 M
IN

3.
50

±
0.

2

5.
08

 M
A

X

42-SDIP-600

0-15

1.00 ± 0.1

0.
25

+ 
0.1

- 0
.0515

.2
4

14
.0

0
0.

2

#42 #22

#21#1

16
.3

0
±

0.
5

39.10 0.2±

3.
30

0.
3

±

±

 

F i g u r e  1 4 -1 .  42 -P i n  S D I P  P a c k a g e  M e c h a n i c a l  D a t a  ( 4 2 -S D I P -6 0 0  ) 

                



MECHANICAL DATA  S 3 C9688 /P9688   

1 4 -2    

44-QFP-1010B

#44

NOTE :   Dimensions are in millimeters.

10.00 + 0.2

13.20  + 0.3
10

.0
0

+ 
0.

2

13
.2

0
+ 

0.
3

#1
0.35

+ 0.10
- 0.05

0.80 (1.00)

0.10 MAX

0.
80

 +
 0

.2
0

0.05 MIN

2.05 + 0.10

2.30 MAX

0.15
+ 0.10
- 0.05

0-8

 

F i g u r e  1 4 -2 .  44 -P i n  Q F P  P a c k a g e  M e c h a n i c a l  D a t a  ( 4 4 -Q F P -1 0 1 0 B ) 

 

 



S3C9688 /P9688    S3P9688  OTP 

  1 5 -1  

15  S3P9688 OTP  

O V E R V I E W  

T h e  S 3 P 9 6 8 8  s i n g l e -c h i p  C M O S  m i c r o c o n t r o l l e r  i s  t h e  O T P  ( O n e  T i m e  P r o g r a m m a b l e )  v e r s i o n  o f  t h e  S 3 C 9 6 8 8  
m ic rocon t ro l l e r .  I t  has  an  on -c h i p  O T P  R O M  i n s t e a d  o f  m a s k e d  R O M .  T h e  E P R O M  i s  a c c e s s e d  b y  s e r i a l  d a t a  
fo rmat .  

The  S3P9688  i s  f u l l y  compa t i b l e  w i t h  t he  S3C9688 ,  bo th  i n  f unc t i on  and  i n  p i n  con f i gu ra t i on .  Because  o f  i t s  s imp le  
p rog ramming  requ i r emen ts ,  t he  S3P9688  i s  i dea l  f o r  use  as  an  eva lua t i on  ch ip  f o r  t he  S3C9688 .   

S3P9688

(42-SDIP)

P3.1
P3.0

INT0/P2.0

INT0/P2.1

INT0/P2.2

INT0/P2.3
INT0/P2.4
INT0/P2.5

SDAT /INT0/P2.6

SCLK /INT0/P2.7

VDD/V DD

VSS/V SS

XOUT/X OUT

XIN/XIN

TEST /TEST

INT1/P4.0

INT1/P4.1
RESET/RESET

INT1/P4.2

INT1/P4.3

P1.7

1

2
3

4
5
6

7
8
9

10
11

12
13

14
15
16

17
18

19
20
21

P3.2
P3.3/CLO

D+/PS2

D-/PS2

3.3V OUT

NC
P0.0/INT2

P0.1/INT2

P0.2/INT2

P0.3/INT2
P0.4/INT2

P0.5/INT2
P0.6/INT2

P0.7/INT2

P1.0

P1.1
P1.2
P1.3

P1.4

P1.5

P1.6

42

41
40

39
38
37

36
35
34

33
32

31
30

29
28
27

26
25

24
23
22

NOTE: The TEST pin must be connected to V SS (GND) in normal operation mode.

Th pins which used in writing OTP-ROM codes are assigned in bold.

 

F i g u r e  1 5 -1 .  S 3 P 9 6 8 8  P i n  A s s i g n m e n t s  ( 4 2 -S D I P  P a c k a g e ) 

 



S3P9688  OTP          S3C9688 /P9688   

1 5 -2     

IN
T0

/P
2.

4
IN

T0
/P

2.
5

S
D

A
T

/IN
T0

/P
2.

6
S

C
LK

/IN
T0

/P
2.

7
V

D
D

/V
D

D
V

S
S

/V
SS

X
O

U
T

/X
O

U
T

X
IN

/X
IN

TE
ST

/T
ES

T
IN

T1
/P

4.
0

IN
T1

/P
4.

1

P1.0

P1.1

P1.2

P1.3
P1.4
P1.5

P1.6

P1.7

P4.3/INT1
P4.2/INT1

RESET/RESET

NC NC NC P0
.0

/IN
T2

P0
.1

/IN
T2

P0
.2

/IN
T2

P0
.3

/IN
T2

P0
.4

/IN
T2

P0
.5

/IN
T2

P0
.6

/IN
T2

P0
.7

/IN
T2

3.3V OUT

D- /PS2
D+/PS2

CLO/P3.3

P3.2
P3.1
P3.0

P2.0/INT0

P2.1/INT0

P2.2/INT0

P2.3/INT0

S3P9688

44-QFP

(Top View)

NOTE: The TEST pin must connect to V SS  (GND) in the normal operation mode.
The bold is assigned to OTP pin name.

1 2 3 4 5 6 7 8 9 10 11

34
35

36
37
38

39
40
41

42
43

44

33 32 31 30 29 28 27 26 25 24 23

22
21

20
19
18

17
16

15
14
13

12

 

F i g u r e  1 5 -2 .  S 3 P 9 6 8 8  P i n  A s s i g n m e n t s  ( 4 4 -Q F P  P a c k a g e ) 

 



S3C9688 /P9688   S3P9688  OTP 

   1 5 -3  

T a b l e  1 5 -1 .  D e s c r i p t i o n s  o f  P i n s  U s e d  t o  R e a d / W r i t e  t h e  E P R O M  

M a i n  C h i p  D u r i n g  P r o g r a m m i n g  

P i n  N a m e P i n  N a m e  P i n  N o . I /O  F u n c t i o n  

P 2 . 6  S D A T 9  (3) I /O  Se r i a l  Da ta  P in  (Ou tpu t  when  read ing ,  I npu t  when  
w r i t i ng )   I npu t  and  Push-p u l l  O u t p u t  P o r t  c a n  b e  
a s s i g n e d  

P 2 . 7  S C L K  1 0  (4) I /O  S e r i a l  C l o c k  P i n  ( I n p u t  O n l y  P i n ) 

T E S T T E S T 1 5  (9) I C h i p  I n i t i a l i z a t i o n  a n d  E P R O M  C e l l  W r i t i n g  P o w e r  
S u p p l y  P i n  ( I n d i c a t e s  O T P  M o d e  E n t e r i n g )  W h e n  
wr i t i ng  12 .5  V  i s  app l i ed  and  when  read ing .  

RESET RESET 1 8  (12) I 0  V :  O T P  w r i t e  a n d  t e s t  m o d e  
5  V :  O p e r a t i n g  m o d e  

V
DD

 /  V
SS

 V
DD

 /  V
SS 

 1 1 (5)/ 12 (6) –  L o g i c  P o w e r  S u p p l y  P i n .  

NOTE: ( ) means 44 QFP package.  

T a b l e  1 5 -2 .  C o m p a r i s o n  o f  S 3 P 9 6 8 8  a n d  S 3 C 9 6 8 8  F e a t u r e s 

C h a r a c t e r i s t i c  S 3 P 9 6 8 8  S 3 C 9 6 8 8  

P r o g r a m  M e m o r y  8 -K b y t e  E P R O M  8 -K b y t e  m a s k  R O M  

Opera t ing  Vo l tage  (V
DD

) 4 . 0  V   t o   5 . 2 5  V  4 . 0  V   t o   5 . 2 5  V  

O T P  P r o g r a m m i n g  M o d e  V
DD

 =  5  V ,  V
PP 

( R E S E T )  =  1 2 . 5  V   

Pin  Con f igu ra t ion  4 2  S D I P / 4 4  Q F P  4 2  S D I P / 4 4  Q F P  

E P R O M  P r o g r a m m a b i l i t y  U s e r  P r o g r a m  1  t i m e P r o g r a m m e d  a t  t h e  f a c t o r y  

O P E R A T I N G  M O D E  C H A R A C T E R I S T I C S  

W h e n  1 2 . 5  V  i s  s u p p l i e d  t o  t h e  V
PP

 (RESET )  p i n  o f  t h e  S 3 P 9 6 8 8 ,  t h e  E P R O M  p r o g r a m m i n g  m o d e  i s  e n te red .  The  

ope ra t i ng  mode  ( read ,  w r i t e ,  o r  read  p ro tec t i on )  i s  se lec ted  acco rd ing  to  t he  i npu t  s i gna l s  t o  t he  p ins  l i s ted  i n  Tab le  
1 5 -3  be low .   

T a b l e  1 5 -3 .  O p e r a t i n g  M o d e  S e l e c t i o n  C r i t e r i a  

V D D  V p p  

( R E S E T ) 

R E G / 

M E M  

A d d r e s s  

(A15–A 0 ) 

R / W  M o d e  

5  V  5  V  0  0 0 0 0 H  1  E P R O M  r e a d  

 12 .5  V  0  0 0 0 0 H  0  E P R O M  p r o g r a m  

 12 .5  V  0  0 0 0 0 H  1  EPROM ve r i f y  

 12 .5  V  1  0 E 3 F H  0  E P R O M  r e a d  p r o t e c t i o n  

NOTE: "0" means Low level; "1" means High level. 

 



S3P9688  OTP          S3C9688 /P9688   

1 5 -4     

PASS

FAIL

NO

FAIL

YES

FAIL
NO

START

Address = First Location

VDD = 5V, V PP = 12.5V

 x = 0

Program One 1ms Pulse

Increment X

 x = 10

Verify 1 Byte

Last Address

VDD = V PP = 5 V

Compare All Byte

Device Passed

Increment Address

Verify Byte

Device Failed

 

F i g u r e  1 5 -3 .  O T P  P r o g r a m m i n g  A l g o r i t h m  

 



S3C9688 /P9688   S3P9688  OTP 

   1 5 -5  

T a b l e  1 5 -4 .  D . C .  E l e c t r i c a l  C h a r a c t e r i st ics 

(T
A  =   –  4 0  °C   t o   +  8 5  °C ,  V

DD
  =   4 . 0  V   t o   5 . 2 5  V ) 

P a r a m e t e r  S y m b o l  C o n d i t i o n s M i n  T y p  M a x  U n i t 

S u p p l y  C u r r e n t  

(note) 

I
DD1

 N o r m a l  m o d e ;   
6  M H z  C P U  c l o c k  

–  5 .5  1 2  m A  

 I
DD2

 I d l e  mode ;    
6  M H z  C P U  c l o c k  

 2 .2  5   

 I
DD3

 S t o p  m o d e   6  1 5  µA  

NOTE: Supply current does not include current drawn through internal pull-up resistors or external output current loads. 

 



S3P9688  OTP          S3C9688 /P9688   

1 5 -6     

N O T E S  

 

 



S3C9688 /P9688     DEVELOPMENT TOOLS 

  1 6 -1  

16 DEVELOPMENT TOOLS  

O V E R V I E W  

S a m s u n g  p r o v i d e s  a  p o w e r f u l  a n d  e a s y -to -u s e  d e v e l o p m e n t  s u p p o r t  s y s t e m  i n  t u r n k e y  f o r m .  T h e  d e v e l o p m e n t  
s u p p o r t  s y s t e m  i s  c o n f i g u r e d  w i t h  a  h o s t  s y s t e m ,  d e b u g g i n g  t o o l s ,  a n d  s u p p o r t  s o f t w a r e .  F o r  t h e  h o s t  s y s t e m ,  a n y  
s t a n d a r d  c o m p u t e r  t h a t  o p e r a t e s  w i t h  M S -D O S  a s  i t s  o p e r a t i n g  s y s t e m  c a n  b e  u s e d .  O n e  t y p e  o f  d e b u g g i n g  t o o l  
i nc lud ing  ha rdware  and  so f tware  i s  p rov ided :  the  soph is t i ca ted  and  power fu l  i n -c i r c u i t  e m u l a t o r ,  S M D S 2 + ,  f o r  S 3 C 7 ,  
S 3 C 9 ,  S 3 C 8  f a m i l i e s  o f  m i c r o c o n t r o l l e r s .  T h e  S M D S 2 +  i s  a  n e w  a n d  i m p r o v e d  v e r s i o n  o f  S M D S 2 .  S a m s u n g  a l s o  
o f f e r s  suppo r t  so f twa re  t ha t  i nc l udes  debugge r ,  assemb le r ,  and  a  p rog ram fo r  se t t i ng  op t i ons . 

S H I N E  

Samsung  Hos t  I n t e r f ace  f o r  in -c i r c u i t  E m u l a t o r ,  S H I N E ,  i s  a  m u l t i -w i n d o w  b a s e d  d e b u g g e r  f o r  S M D S 2 + .  S H I N E  
prov ides pu l l -d o w n  a n d  p o p -u p  m e n u s ,  m o u s e  s u p p o r t ,  f u n c t i o n / h o t  k e y s ,  a n d  c o n t e x t-sens i t i ve  hype r-l inked he lp .  I t  
has  an  advanced ,  mu l t i p l e -w i n d o w e d  u s e r  i n t e r f a c e  t h a t  e m p h a s i z e s  e a s e  o f  u s e .  E a c h  w i n d o w  c a n  b e  s i z e d ,  m o v e d ,  
sc ro l l ed ,  h i gh l i gh ted ,  added ,  o r  r emoved  comp le te l y . 

S A M A  A S S E M B L E R  

T h e  S a m s u n g  A r r a n g e a b l e  M i c r o c o n t r o l l e r  ( S A M )  A s s e m b l e r ,  S A M A ,  i s  a  u n i v e r s a l  a s s e m b l e r ,  a n d  g e n e r a t e s  o b j e c t  
c o d e  i n  s t a n d a r d  h e x a d e c i m a l  f o r m a t .  A s s e m b l e d  p r o g r a m  c o d e  i n c l u d e s  t h e  o b j e c t  c o d e  t h a t  i s  u s e d  f o r  R O M  d a t a  
a n d  r e q u i r e d  S M D S  p r o g r a m  c o n t r o l  d a t a .  T o  a s s e m b l e  p r o g r a m s ,  S A M A  r e q u i r e s  a  s o u r c e  f i l e  a n d  a n  a u x i l i a r y  
de f in i t ion  (DEF)  f i l e  w i th  dev ice  spec i f i c  in fo rmat ion .  

S A S M 8 6  

T h e  S A S M 8 6  i s  a n  r e l o c a t a b l e  a s s e m b l e r  f o r  S a m s u n g ' s  S 3 C 9 -s e r i e s  m i c r o c o n t r o l l e r s .  T h e  S A S M 8 6  t a k e s  a  s o u r c e  
f i l e  c o n t a i n i n g  a s s e m b l y  l a n g u a g e  s t a t e m e n t s  a n d  t r a n s l a t e s  i n t o  a  c o r r e s p o n d i n g  s o u r c e  c o d e ,  o b j e c t  c o d e  a n d  
c o m m e n t s .  T h e  S A S M 8 6  s u p p o r t s  m a c r o s  a n d  c o n d i t i o n a l  a s s e m b l y .  I t  r u n s  o n  t h e  M S -D O S  o p e r a t i n g  s y s t e m .  I t  
p roduces  t he  re l oca tab le  ob jec t  code  on l y ,  so  t he  use r  shou ld  l i nk  ob jec t  f i l e .  Ob jec t  f i l e s  can  be  l i nked  w i t h  o the r  
o b j e c t  f i l e s  a n d  l o a d e d  i n t o  m e m o r y . 

H E X 2 R O M  

H E X 2 R O M  f i l e  g e n e r a t e s  R O M  c o d e  f r o m  H E X  f i l e  w h i c h  h a s  b e e n  p r o d u c e d  b y  a s s e m b l e r .  R O M  c o d e  m u s t  b e  
n e e d e d  t o  f a b r i c a t e  a  m i c r o c o n t r o l l e r  w h i c h  h a s  a  m a s k  R O M .  W h e n  g e n e r a t i n g  t h e  R O M  c o d e  ( . O B J  f i l e )  b y  
H E X 2 R O M ,  t h e  va l u e  " F F "  i s  f i l l e d  i n t o  t h e  u n u s e d  R O M  a r e a  u p t o  t h e  m a x i m u m  R O M  s i z e  o f  t h e  t a r g e t  d e v i c e  
a u t o m a t i c a l l y . 

 



DEVELOPMENT TOOLS  S3C9688 /P9688   

1 6 -2    

T A R G E T  B O A R D S   

Targe t  boards  a re  ava i lab le  fo r  the  tes t  o f  a l l  S3C9-se r i es  m i c rocon t ro l l e r s .  A l l  r equ i r ed  t a rge t  s ys tem cab les  and  
adap te rs  a re  i nc luded  w i t h  t he  dev i ce-spec i f i c  ta rge t  board .   

O T P s 

One  t imes  p rog rammab le  m i c rocon t ro l l e r s  (OTPs )  a re  unde r  deve lopmen t  f o r  S3C9688 /P9688  m ic rocon t ro l l e r .  

BU
S

SMDS2+RS-232C

POD

Probe

Adapter

PROM/OTP Writer Unit

RAM Break/Display Unit

Trace/Timer Unit

SAM4 Base Unit

Power Supply Unit

IBM-PC AT or

Compatible

TB9688

Target
Board

EVA

Chip

Target
Application

System

 

F i g u r e  1 6 -1 .  S M D S  P r o d u c t  C o n f i g u r a t i o n  ( S M D S 2 + ) 



S3C9688 /P9688     DEVELOPMENT TOOLS 

  1 6 -3  

T B 9 6 8 8  T A R G E T  B O A R D  

T h e  T B 9 6 8 8  t a r g e t  b o a r d  i s  u s e d  f o r  t h e  S 3 C 9 6 8 8 / P 9 6 8 8  m i c r o c o n t r o l l e r s .  I t  i s  s u p p o r t e d  b y  t h e  S M D S 2 +  
d e v e l o p m e n t  s y s t e m s .  T h e  T B 9 6 8 8  t a r g e t  b o a r d  c a n  a l s o  b e  u s e d  f o r  S 3 C 9 6 8 8 / P 9 6 8 8 .  

TB9688

G
ND

V
C

C

+

Idle

+

Stop

J101

50
-P

in
C

on
ne

ct
or

501

25 26

10
0-

Pi
n

C
on

ne
ct

or

25

1

RESET

To User_V CC

Off On

U2

EXTTRIG1

EXTTRIG2

CN1 160 QFP
S3E9680
EVA Chip

1

40

SMDS2 SMDS2+

U1

SEL0 SEL1
H

L

H

L

4180

81

120

121 160

Y2

 

F i g u r e  1 6 -2 .  T B 9 6 8 8  T a r g e t  B o a r d  C o n f i g u r a t i o n  
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1 6 -4    

T a b l e  1 6 -1 .  P o w e r  S e l e c t i o n  S e t t i n g s  f o r  T B 9 6 8 8   

' T o  U s e r _ V c c '  S e t t i n g s O p e r a t i n g  M o d e  C o m m e n t s  

To User_VCC

Off On
 

Target
System

SMDS2/SMDS2+

TB9688

VCC

VSS

VCC

 

T h e  S M D S 2 / S M D S 2 +  s u p p l i e s  
V

CC
 t o  the  ta rge t  board  

(eva lua t ion  ch ip )  and  the  ta rge t  
s y s t e m . 

To User_V CC

Off On
 

Target

System

SMDS2+

TB9688 External

VCC

VSS

VCC

 

T h e  S M D S 2 / S M D S 2 +  s u p p l i e s  
V

CC
 on l y  t o  t he  ta rge t  boa rd  

(eva lua t ion  ch ip) .  The ta rget  
s y s t e m  m u s t  h a v e  i t s  o w n  
p o w e r  s u p p l y . 

NOTE: The following symbol in the "To User_VCC" Setting column indicates the electrical short (off) configuration: 

  

 

S M D S 2 +  S e l e c t i o n  ( S A M 8 )   

I n  o rde r  t o  w r i t e  da ta  i n to  p rog ram memory  t ha t  i s  ava i l ab le  i n  SMDS2+ ,  t he  t a rge t  boa rd  shou ld  be  se lec ted  t o  be  f o r  
S M D S 2 +  t h r o u g h  a  s w i t c h  a s  f o l l o w s .  O t h e r w i s e ,  t h e  p r o g r a m  m e m o r y  w r i t i n g  f u n c t i o n  i s  n o t  a v a i l a b l e .  

T a b l e  1 6 -2 .  T h e  S M D S 2 +  T o o l  S e l e c t i o n  S e t t i n g  

" S W 1 "  S e t t i n g  O p e r a t i n g  M o d e  

S M D S 2 S M D S 2 +  

SMDS2+

R/W* Target
Board

R/W*

 

S M D S 2 S M D S 2 +
 

SMDS2+

R/W* Target
BoardR/W* is not

available
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  1 6 -5  

T a b l e  1 6 -3 .  T h e  ' S E L 0 ,  S E L 1 '  S e l e c t i o n  S e t t i n g  

' S E L 0 ,  S E L 1 '  S e t t i n g s C o m m e n t s  

SEL0 SEL1

H

L

H

L

 

 

 

T h i s  ' S E L 0 ,  S E L 1 '  P i n  i s  n o t  U s e d . 

( N o  C o n n e c t e d ) 
 

 

T a b l e  1 6 -4 .  U s i n g  S i n g l e  H e a d e r  P i n s  a s  t h e  I n p u t  P a t h  f o r  E x t e r n a l  T r i g g e r  S o u r c e s 

T a r g e t  B o a r d  P a r t  C o m m e n t s  

CH1

CH2EXTTRIG2

EXTTRIG1

 

Connector from
external Trigger

sources of the
application System

 

You  can  connec t  an  ex te rna l  t r i gge r  sou rce  t o  one  o f  t he  two  ex te rna l  
t r i g g e r  c h a n n e l s  ( C H 1  o r  C H 2 )  f o r  t h e  S M D S 2 +  b r e a k p o i n t  a n d  t r a c e  
f u n c t i o n s . 
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1 6 -6    

J101

P3.1

P3.0

P2.0/INT0

P2.1/INT0

P2.2/INT0
P2.3/INT0
P2.4/INT0

P2.5/INT0

P2.6/INT0
P2.7/INT0

VDD

VSS

XOUT

XIN

TEST
P4.0/INT1

P4.1/INT1
RESET

P4.2/INT1

P4.3/INT1
P1.7

P3.2

P3.3/CLO

D+/PS2
D-/PS2

3.3V OUT

N.C

P0.0/INT2

P0.1/INT2
P0.2/INT2

P0.3/INT2
P0.4/INT2
P0.5/INT2

P0.6/INT2

P0.7/INT2

P1.0
P1.1
P1.2

P1.3

P1.4

P1.5

P1.6

1
2

3
4
5

6
7

8
9
10

11
12

13
14
15

16
17

18
19

20
21

42
41

40
39
38

37
36

35
34
33

32
31

30
29
28

27
26

25
24

23
22

42-P
in C

onnector

 

F i g u r e  1 6 -3 .  4 2  P i n  C o n n e c t o r  f o r  T B 9 6 8 8   

User SystemTarget Board Target System

Part Name: (AP42SD-J)
Order Code: SM6524

50-Pin D
IP

C
onnector

J101

1 50

25 26

J101

1 42

21 22

1

25

50

26

Probe for User
System

 

F i g u r e  1 6 -4 .  S 3 C 9 6 8 8  P r o b e  A d a p t e r  C a b l e  f o r  4 2 -S D I P  P a c k a g e    

 


