CMOS 8-Bit Single Chip Microcomuputer

SM803/SMB03A/SM805/SMB805A

SM 803/ S M803A CMOS 8-Bit Single Chip
SM805/SM805A "

Bl Description

H Pin Connections

The SM803/A, SM805/A are CMOS 8-bit sin-
gle chip microcomputers which have 4K bytes and SM803/5M803A
8K bytes of ROM respectively. SM805/SMB05A
The devices offer faster e>_<ec‘ution; plorc CfﬁCiL?I'It n o
use of memory, more sophisticated interrupt, in- XTAL2[Z O ] P,
put/output and bit-manipulation capabilities, and
casier system expansion. xraL1 3] 38 P2;
Under program control, the devices can be tai- P37E 37 P2
lored to the user’s needs. It can be configured as a o P3}{E 136] P2s
stand-alone microcomputer with 4K bytes for the RESETE 58] P2,
SM803/A or 8K bytes for the SM805/A of inter- R/w [7] 34] P2,
nal ROM, a traditional microprocessor that man- DS [E] [33] P2,
ages up 1o 120 bytes for the SM803/A or 112 As[g] 132 P2,
bytes for the SM805/A of external memory, or a P3; [19] 51 P2,
parallel processing device in a system with other 6ND [1] 130} p3,
processors and peripheral controllers linked by the P3. [12] 23] P3,
BUS. In all configurations, a large number of pins P, [13] 28] P1,
remain available for 1/0. Po, [14] 27 P1,
Po, [13 2] P1;
PO, [16 7] P,
pPo, [17] 24 p1,
Po; [TE] 23 P1,
PO, [19] ] r1,
Po- [20} 21 P,
SM803M/SM803AM SM803U/SM803AU Lo
SM805M/SM805AM SM805U/SM803AU 33
sEgEEifssss
[e1[51 [ (31 [ (o] (o] (3] [o2] [a] Joo],
RESET [7 o = 39} NC
R/W [2] [38) P2,
s [7] 5] P2
As [0} 3] P2
P3; [11] 3] P2,
GND [zz] 34 P2,
P3; [13] [33] P3;
P0o E E P3,
vo, [B] 51 P1,
P, [15] 0] Ple
ne [T %P1
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CMOS 8-Bit Single Chip Microcomuputer

SM803/SM803A/SM805/SM805A

B Features

1. Complete single—chip microcomputer with in-
ternal ROM, RAM and 1/O
RAM capacity: 124 bytes (SM803/A)
. 236 bytes (SMB05/A)
ROM capacity: 4K bytes (SM803/A)
. 8K bytes (SMB05/A)
170 ports: 32
. On-chip two programmable 8-bit
couter/timers, each with a 6-bit programmable
prescaler
. Full-duplex UART
. 144 byte register file (SMB03/A)
256 byte register file (SM805/A)
. Register pointer so that short, fast instructions
can access any working register groups
. Vectored, priority interrupts for 1/0, counter/
timers, and UART
. Up to 60K bytes for the SM803/A or 56K
bytes for the SM805/A addressable external
space each for program and data memory
. On-chip oscillator
. Maximum clock frequency
8MHz (internal 4MHz). SM803/SM806H
8MHz (internal 6MHz): SMB03A/SME05A

o)

Bl Block Diagram

10. High speed instruction execution
(8MHz/12MHz)
Working register execution time:
1.5 48/1.0 s
Average instruction exccution time:
2.2 4s/1.5 pes
Maximum instruction execution time:
5.0 p£s/3.3 s
11. Single +5V power supply
12. 40-pin DIP (DIP40-P-600):
SM&803/A, SMBOH/A
44-pin QFP (QFP44-P-1414)
SM803M/AM, SM805M/AM
44-pin QFJ (QF]44-P-5650):
SM803U/AU, SM805U/AU

B Ordering Information
SM80X X X

i

I

Package
Blank: 40-pin DIP (DIP40-P-600)
M: 44-pin QFP (QFP44-P-1414)
U: 44-pin QF] (QFJ44-P-5650)
Clock frequency
Blank: 8MHz
A: 12MHz
———Model No.
SM803 (On-chip 4K byte ROM)
SM805 (On-chip 8K byte ROM)
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CMOS 8-Bit Single Chip Microcomuputer SM803/SM803A/SM805/SM805A
2/ /7 / / /7 /7 /7 /J /7 /7 /7 /7 gy

B Pin Description

Pin Meaning 170 Function
P0O,—PO, Port 0 170 8-bit [/0 port, programmable for 1/0.
P1,—P1, Port 1 1/0 Programmable for 170 in btyes.
P2,—P2, Port 2 170 Programmable for I/0 in bits.
P3,—P3, Port 3 1/0 P3,-P3; for input, P3,-P3. for output.
AS Address Strobe 0 Active “Low”, activated for external address memory transfer.
DS Data Strobe 0 Active “Low”, activated for external data memory transfer.
R/W Read/Write 0 Read at “High”, Write at “Low”.
RESET Reset 1 Active “Low”. Initializes.
XTAL1 Clock 1 1 Clock terminal pin.
XTAL2 Clock 2 6] Clock terminal pin.

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Input voltage Vin —0.3 to Vee \Y% 1
Output voltage Vour —0.3 to Ve v
Operating temperature Topr 0to +70 [®
Storage temperatuer Tstg | —65 to +150 T

Note: The maximum applicable voltage on any pin with respect to GND.

Bl DC Characteristics (Vee=5V+10%, Ta=0to +70T)

8MH 12MH
Parameter Symbol Condition MIN. I\Z{AX. MIN. MZAX. Unit | Note
Clock input high voltage Ven | Driven by external clock oscillator 3.8 Vee 3.8 Vee V
Clock input low voltage Veo Driven by external clock oscillator | —0.3 0.8 —0.3 0.8 vV
Input high voltage v 2.0 Vee 2.0 Vee v 1
(handshaking) " (2.2) (2.2)
Input low voltage v —0.3 0.8 —0.3 0.8 v
{handshaking) 't (0.5) (0.5)
Reset input high voltage Vi 3.8 Vee 3.8 Vee \i
Reset input low voltage A\ —0.3 0.8 —0.3 0.8 \4
Output high voltage Vou |lou=—250pA 2.4 2.4 \4
Output low voltage VoL lo,=+2.0mA 0.4 0.4 \%
Input leakage current I ovV=Vy=+55V —10 10 —10 10 HA
Output leakage current Tow OV=Vys+5.5V —10 10 —10 10 HrA
Reset input current Iik Vee=5.5V, Vi =0V HA
Supply current Iee mA
Iecy HALT instruction 7 10 mA
Standb t
anchy curren lecz | STOP intstruction 200 200 | #A
Notel: For the SM805/A, the minimum value should be 2.2V as well as when handshaking.
Vee .
Ve Ve
2.1kQ
- 1.5kQ
From output Clock in 74L504 )
under test Crystal 2
41504 ;CL:IS pF MAX.
Crystal 1
CL=15pF MAX.
i
Test load 1 External clock generator circuit
SHARP
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CMOS 8-Bit Single Chip Microcomuputer SM803/SM803A/SM805/SM805A

(Vee=5V £10%, Ta=0to +707C)

M External I/0 or Memory Read/Write "t !

Paramet Symbol SMH- 12MHz Unit | Not
R ni
arameter YIROL TTMIN, [ MAX. | MIN. | MAX. oL
Address valid to AS 1 delay TdA (AS) 50 35 ns 2,3
AStTtoi i
o input data required TdAS (DR) 360 220 | ns | 2.3.4
LaIId delay
AS 1t low width TwAS 80 55 ns 2,3
— Read TwDSR 250 185 ns 2,3,4
DS 1 idth
ow widt Write | TwDSW | 160 110 ns | 23,4
DS { to input data requjred valid TdDSR (DR) 200 130 ns 2,3, 4
Input data hold time ThDSR (DS) 0 0 ns 2
DS 1 to address active delay TdDS (A) 70 45 ns 2,3
DS 1t to AS | delay TdDS (AS) 70 55 ns 2,3
Read valid to AS 1 delay TdR/W (AS)| 50 30 ns 2,3
DS 1 to read not valid TdDS (R/W)| 60 35 ns 2,3
Output data valid to DS | delay TdDW (DSW) 50 35 ns 2,3
DS 1 to output data not valid delay | TdDS (DW) 70 45 ns 2,3
Write valid to AS 1 delay TdA (DR) 410 255 ns 2,3, 4
DS to write not valid delay TdAS (DS) 80 55 ns 2,3
Note 1: All timing references use 2.0 V for a logic “1" and 0.8 V for a logic “0".
Note 2:  Test load 1
Note 3: The timing is defined at the minimum cycle of TpC.
Note 4:  Apply double cycle of input clock TpC for the expansion memory timing.
R/W 7X
TdR/W (AS) TdDS(R W)
PORTO
DM X
TaA (DR)
= TdAS(DR)———**—)'L
— Do—-D7 IN
PORT1 X A=A D { vo-D; >
TaAS(A) —s{ =— ThDR(DS)
o TdA (AS) |
AS \ /| <————TdDSR (DR)——> k—q\
TdDS (AS)
- TwAS—>| | TdA(DS) e ———— —TwDSR——————————
DS
(READ) l—TdAS (DS)— TdDS (A)
PORT1 X Aog—As Do—D7; OUT )(
TdDW (DSW) DS W TdDS (DW)
B N : /
(WRITE)
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CMOS 8-Bit Single Chip Microcomuputer SM803/SM803A/SM805/SMB805A

B Input Clock, Timer Input, Interrupt Request Input
(Vee=5VE10%, to=0 to +70T)

8MH 12MH !
Parameter Symbol MIN. Ii/[AX. MIN. NZ[AX. Unit Note
Input clock cycle TpC 125 1000 83 1000 ns 1
Input clock rise, fall time TrC, TiC 25 15 ns 1
Input clock width TwC 37 26 ns 1
Timer input low width TwTinL 100 70 ns 2
Timer input high width TwTinH 3TpC 3TpC ns 2
Timer input cycle R TpTin 8TpC 8TpC ns ! 2
Timer input rise, fall time TrTin. T{Tin 100 100 ns 2
Interrupt t input low ti TwliL 100 70 ns 23
nterru n / . }
errupt request input low time w 3TpC 3TpC TThs | 2.4
Interrupt request input high time TwlIH 3TpC 3TpC i ns | 2,3
Note 1:  The clock timing references use 3.8V for a logic “1" and 0.8V for logic “0".
Note 2:  The timing references use 2.0V (2.2V for SM805/A) for a logic "1” and 0.8V for a logic "0".
Note 3: Interrupt request from port 3 (P3;-P3,).
Note 4: Interrupt request from port 3 (P3).
f TpC TwC
CLOCK
TrC TwC
Tix
IRQy \
TwIL TwIH——
M Handshake Timing "¢ (Vee=5V£10%, Ta=0 to +707)
8MHz 12MHz
P t 1 Uni N
arameter Symbo MIN. MAX. MIN. MAX. nit ote
Data input setup time TsDI (DAV) 0 0 ns
Data input hold time ThDI (DAV)| 230 160 ns
Data valid signal input width TwDAV 175 120 ns
— TdDAVIf
DAV ¢ input to RDY { delay ti 175 120 3 2,3
} input to } delay time (RDY) 75 ns
— TdDAVOf
DAV tput to RDY 4 delay ti 0 0 S 2,4
{ output to | delay time (RDY) ns
— TdDAVI
DAV t input to RDY 1 delay time r 175 120 | ns | 235
(RDY)
- TdDAVO
DAV 1 output to RDY 1 delay time (RDY) r 0 0 ns 2,4
Data output to DAV | delay time |TdDO (DAV) 50 30 ng, 2
—_— TdRDY
RDY | input to DAV 1 delay time (DAV) 0 200 0 140 ns 2

Note 1: All timing references use 2.0V for a logic “1" and 0.8V for a logic “0”.
Note 2: Test load 1.

Note 3: Input handshake

Note 4: Output handshake o

Note 5:  When read out from the port before DAV t input.
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CMOS 8-Bit Single Chip Microcomuputer

SM803/SM803A/SM805/SM805A

DATA IN X DATA IN VALID F(
TsDI(DAV) ThDI(DAV)
DAV Se—TwDAv—;‘ZL
(INPUT)
TdDAVIf l«——TdDAVIr
RDY J'R(RDY) (RDY)
(OUTPUT)
input handshake
DATA OUT DATA OUT VALID
TdDO (DAV)
DAV
(OUTPUT) J,Sr
l<——~-TdDAVOf(RDY) TdRDY &—T?gg¥§)rﬁ‘
RDY /
DAV
(INPUT) ( !

Output handshake

B Architecture

(1) Address Spaces

(1) Program Memory The 16-bit program
counter addresses 64K bytes of program memory
space. Program memory can be located in two areas
- one internal and the other external (Fig. 2). The

first 2048 bytes consist of on-chip mask-prog-

rammed ROM. At addresses 2048 and greater, the
78 exccutes external program memory fetches.

The first 12 bytes of program memory are re-
served for the interrupt vectors. These locations
contain six 16-hit vectors that correspond to the
six available interrupts.

(11) Data Memory The Z8 can address 62K
bytes of external data memory beginning at loca-
tion 2048 (Fig. 3). External data memory may be
include with or separated from the external prog-
ram memory space. DM, an optical I/O function
that can be programmed to appear on pin P34, is
used to distinguish between data and program
memory space.

(111} Register File The 144-byte register
file includes four 170 port registers (RO-R3), 124
general-purpose registers (R4-R127) and 16 con-
trol and status registers (R240-R255). These reg-
isters are assigned the address locations shown in
Fig. 4.

7Z& instructions can access registers directly or
indirectly with an 8-bit address field. The Z8 also
allows short 4-hit register addressing using the

212
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Register Pointer (one of the control registers). In
the 4-bit mode, the register file is divided into nine
working-register groups, each occupying 16 con-
tiguous locations. The Register Pointer addresses
the starting location of the active working-regsist-
er group.

The 4-bit address specifies the nth (O to 15)
address from the starting location (see Fig. 5).

* The addresses QEQ,~OEF; of SM805 register file can not be
directly accessed due to the essential function of the register poin-
ter. Either of the following two methods is available for accessing
those 16 registers.

1) Working register addressing
SRP #OEOy (set the RP to OEOp)
2) Register indirect addressing
ex.) LD 70H, # 0ECy,
LD 40H, @70H (read)
LD @70H, 40H (write)

(1v) Stacks Either the internal register file
or the external data memory can be used for the
stack. A 16-bit Stack Pointer (R254 and R255) is
used for the external stack, which can reside any-
where in data memory between locations 4096
(8192 for SM805/A) and 65535. An 8-bit Stack
Pointer (R255) is used for the internal stack that
resides within the 124 (236 for SM805/A) gener-
al-purpose registers,

Either an internal stack or an external stack may
be selected with ports 0, 1 and the bit D, of mode
register (248). The internal stack is specified with
the device to be reset.




CMOS 8-Bit Single Chip Microcomuputer SM803/SM803A/SM805/SM805A
——___—___—_____—_—

65,535
65,535
External ROM or RAM
4,096/8,192*
Location of first .
byte of instruction On-chip ROM
excuted afterreset \|
12 N
11 IRQ5
10 IRQ5 External data memory
9 IRQ 4
8 IRQ 4
Interrupt vector 7 IRQ3
(Lower byte) 6 IRQ3
5 IRQ?2
4 RQ2 4,096, 8.192*
Interrupt vector 3 RQ1
(Upper byte) 2 IRQ1
1 IRQ0 Not addressable
0 IRQO
* SM803/A=4,096 0
SMB805/A =8,192
Fig. 2 Program memory map Fig. 3 Data memory map
LOCATION IDENTIFIERS
255 STACK POINTER (BITS 7-0) SPL )
S - . — SMB03 SMR03
254 STACK POINTER (BITS 15-3) SPH
253 REGISTER POINTER RP I 255 255
252 PROGRAM CONTROL FLAGS | FLAGS e [ 0000 |233933
i 7 . i ).
251 INTERRUPT MASK REGISTER IMR L 240 240
250 INTERRUPT REQUEST REGISTER | IRQ The upper nibble of the register file address
249 INTERRUPT PRIORITY REGISTER IPR = = provided by the register pointer specifies the
active working-register group.
248 PORTS 0-1 MODE POIM 17 239
247 PORT 3 MODE P3M i e
246 PORT 2 MODE P2M T
. L 112 224
245 TO PRESCALER PREO I I N ETTE
244 TIMER/COUNTER 0 TO Smme
243 T 1 PRESCALER PRE1 ~N — 96 208
242 TIMER/COUNTER 1 T1 - A )
241 TIMER MODE TMR )
240 SERIAL /O __|Sto R The lower nibble
239 NOT : of the register
IMPLEMENTED > - 63 file address
FOR SM803/A SPECIFIED WORKING- _|  provided by the
127 T REGISTER GROUP instruction
48 points to the
47 specified
GENERAL-PURPOSE I register
REGISTER ; 32
~ 31
4 i B
3 PORT 3 P3 N |16
2 PORT 2 P2 ' 15
1 PORT 1 pr T R 10 Ports 3
™ 0
0 PORT 0 PO Register file
Fig. 4 The register file Fig. 5 The register pointer
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CMOS 8-Bit Single Chip Microcomuputer

SM803/SMB03A/SM805/SM805A

(2) 170 ports
The Z8 has 32 lines dedicated to input and out-
put. These lines are grouped into four ports of
eight lines each and are configurable as input, out-
put or address/data. Under software control, the
ports can be programmed to provide address out-
puts, timing, status signals, serial 1/0, and parallel
170 with or without handshake. All ports have ac-
tive pull-ups and pull-downs compatible with TTL
loads.
(1) Port 1 can be programmed as a byte /O
port or an address/data port for interfacing exter-
nal memory.
Memory locations greater than 4095 (8191 for
SM805/A) are referenced through Port 1. To in-
terface external memory, Port 1 must be program-
med for the multiplexed Adress/Data mode. If more
than 257 external locations are required, Port O
must output the additional lines.
(11) Port O can be programmed as a nibble 1/0
port, or as an address port for interfacing external
memory.
For external memory references, Port 0 can pro-
vide address bits AgA;; (lower nibble) or Ag-Aqg
(lower and upper nibble) depending on the required
address space.
(111) Port 2 bits can be programmed indepen-
dently as input or output. The port is always avail-
able for 1/0 operations. In addition, Port 2 can be
configured to provide open-drain outputs.
(iv) Port 3 lines can be configured as 1/0 or
control lines. In either cases, the direction of the
eight lines is fixed as four input (P34-P33) and
four output (P34-P3;). For serial 1/0, lines P3,
and P3; are programmed as serial in and serial out
respectively L
® handshake for Ports 0, 1 ind 2 (DAV and
RDY)

® four external interrupt request signals
(IRQo-IRQ3)

® timer input and output signals (Tiy and

Tour) L
® Data Memory Select (DM).

(3) Serial Input/Output

Port 3 lines P3g and P3; can be programmed as
serial 1/0 lines for full-duplex serial asynchro-
nous receiver/transmitter operation. The bit rate
is controlled by Counter/Timer 0, with a maximum
rate of 62.5K-bits/second.

The device automatically adds a start bit and
two stop bits to transmitted data (Fig. 6). Odd par-
ity is also aviliable as an option.

214
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(4) Counter/Timer

The device contains two 8-bit programmable
counter/timers (T and T), each driven by its own
6-bit programmable prescaler. The T; prescaler
can be driven by internal or external clock
sources; however, the T prescaler is driven by the
internal clock only.

The counters can be started, stopped, restarted
to continue, or restarted from the initial value. The
counters can also be programmed to stop upon
reaching zero (single-pass mode) or to automatical-
ly reload the initial value and continue counting
(modulo-n continuos mode). The conters, but not
the prescalers, can be read any time without dis-
turbing their value or count mode.

(5) Interrupts

The device allows six different interrupts from
eight sources: the four Port 3 lines P3,-P3;, Serial
In, Serial Out, and the two conter/timers. These in-
terrupts are both maskable and prioritized.

All device interrupts are vectored. Polled inter-
rupt systems are also supported.

Transmitted Data (No Parity)

[sP-sP D DD DD DDDST

—~START BIT

\——— —-———EIGHT DATA BITS
- ONE STOP BITS

Transmitted Data (With Parity)

[sp[sP P D DD DD D DL oST

L START BIT
-emesemos = GEVEN DATA BITS
ODD PARITY
R TWO STOP BITS
Received Data (No Parity)

I}I)’;i[)l'D",iDliDl;DH}STJ

b

[sP] D Ds

~— START BIT
EIGHT DATA BITS
" ONE STOP BITS

|
b -

Received Data (With Parity)

T
| —START BIT
i t——————SEVEN DATA BITS
, PARITY ERROR FLAGS
ONE STOP BITS

Fig. 6 Serial data formats

[E]P\Dhib-,[o,in»,]myu,‘DHEST
Lol




CMOS 8-Bit Single Chip Microcomuputer

B Instruction Set Notation

(1) Addressing modes

The following notation is used to describe the
addressing modes and instruction operations as
shown in the instruction summary.

IRR Indirect register pair or indirect
working-register pair address

Irr Indirect working-register pair only

X Indexed address

DA Direct address
RA Relative address

SM803/SM803A/SM805/SM805A

FLAGS Flag register (control register 252)

RP Register pointer (control register 253)
IMR Interrupt mask register (control register
251)

Assignment of a value is indicated by the symbol

“+"_ For example.
dst < dst + src

indicates that the source data is added to the des-
tination data and the result is stored in the destina-
tion location. The notation “addr (n)" is used to re-
fer to bit “n” of a given location. For example,
dst (7) refers to bit 7 of the destination operand.

(3) Flags.

M Immediate Control Register R252 contains the following six
R Register or working-register address flags :
r Work_ing—register address only C Carry flag
IR Indirect-register or indirect working-re- 7 Zero flag
gister address ‘S Sign flag
Ir Indirect working-register address only \Y Overflow flag
RR Register pair or working register pair D Decimal-adjust flag
address H Half-carry flag
(2) Symbols Affected flags are indicated by :
The following symbols are used in describing the 0 Cleared to zero
instruction set. 1 Set to one
dst Destination location or contents * Set or cleared according to operation
sre Source location or contents — Unaffected
ce Condition code (see list) X Undefined
@ Indirect address prefix (4) Condition codes
SP Stack pointer (control registers 254-255) See Table 1.
PC Program counter
Table 1 Condition codes
Value \ Mnemonic ] Meaning ! Flags set
1000 | Always truc T T
0111 ! C Carry Cc=1
1111 ‘ NC No carry c=0
0110 7z Zero i 7Z=1
1110 NZ Not Zero L Z=0
1101 PL Plus S=0
0101 MI Minus S=1
0100 ov Overflow | v=1
1100 NOV No overflow V=0
0110 EQ Equal z=1
1110 NE Not equal Z=0
1001 GE Greater than or equal £ (S XOR V) =0
0001 LT Less than | (S XOR V) =1
1010 GT Greater than (Z OR ($ XOR V)} =0
0010 LE Less than or equal [Z OR (S XOR V)) =1
1111 UGE Unsigned greater than or equal C=0
0111 ULT Unsigned less than C=1
1011 ) uGT Unsigned greater than (C=0AND Z=0) =1
0011 ; ULE Unsigned less than or equal ‘ (CORZ)=1
0000. | Never true | e

SHARP
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CMOS 8-Bit Single Chip Microcomuputer SM803/SM803A/SM805/SM8B05A

y— - 2 7 [ 77 7 77 77 77 J /7 /7 J /7 /J /7 /4
(5] * Opcode map

Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 ] A B C D E F

65 65 6.5 65 | 105 | 105 | 105 | 105 | 65 6.5 |12/10.5/12/100] 65 |12/10.0] 65
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD | LD | LD |DJNZ| JR LD JP | INC
R, IR, | rivre |ridrs | ReuRy | 1R Ry R IM IR, IM| ri Ry | 2 Ry L e RA | co, RA| 1 IM | ce. DA| 1,
6.5 6.5 6.5 65 | 105 | 105 | 10.5 | 10.5
1 | RLC | RLC | ADC | ADC | ADC | ADC | ADC | ADC 1
R, IR, | riore | rodee | Re Ry IR, Ry RyIM (IR, IM | N
6.5 6.5 6.5 65 | 105 : 105 | 105 | 105 i
2 INC | INC | SUB {SUB|SUB|SUBSUB |SUB i
R, IR, | rioro | v dry | ReoRy (IR, Ry Ry, IM [IR,, IM
8.0 6.1 6.5 65 | 105 | 105 | 105 | 105
3 JP | SRP | SBC | SBC | SBC | SBC | SBC | SBC |
IRR, | IM | ri.rs | ridrs | Roo Ry [ 1R Ry | Ry, IM [IR,IM ]
85 85 6.5 6.5 10.5 10.5 10.5 105 :
4 DA | DA | OR | OR | OR | OR | OR | OR
R, IR, | riee | rides | Reo Ry | 1Ro, R | RyIM [IR,, IM ‘ o
105 | 105 6.5 65 | 105 | 105 | 105 | 105 i
5 POP | POP | AND | AND | AND | AND | AND | AND
R, IR | rire |rides | RaR 1R R RiIM IR, IM ; : ]
65 6.5 6.5 65 | 105 | 105 | 105 105 I I © 60
6 |COM|COM TCM|TCM | TCM|TCM | TCM | TCM 1 STOP
= R, IR, | rore [rdes | Ro Ry | IR R | RyVIM (IR, IM ; ‘
I 10/12.1]12/14.1] 65 | 65 105 ; 105 : 105 | 10.5 i | 60
= 7 |PUSHIPUSH TM " TM TM | TM | TM | TM ' ! HALT
% N IR, | rire fredre | Re Ry [ TRa R DR IM IR, IM
=l 105 [ 05 | azo | o180 E ' | 6.1
Z 8 |DECWDECW LDE ;LDEI, : , bl
o RR, IR, |rdreg o dr lres i
a , i . ——
[*8 6.5 6.5 12.0 18.0 i B 6.1
2 9 RL RL | LDE | LDEI . I El
R, IR o dee ! drs ber, ‘
105 | 105 | 65 | 65 | 105 | 105 | 105 | 105 ‘ 14.0
A |INCW|INCW| CP  CP | CP | CP | CP | CP | | RET
RR, | IR | riors irades | Ro Ry [ IR R RGIM IR, M | |
65 | 65 | 65 65 | 105 | 105 | 105 | 105 | | i 16.0
B |CLR | CLR | XOR | XOR | XOR | XOR | XOR ! XOR i | | IRET
R, IR, | rr ey | Ro Ry [ IR R | R IM IR, (M ‘ ‘ ]
6.5 65 ° 120 | 180 ' | 6.5
C | RRC | RRC ' LDC |LDCI| \ ! RCF
R, * IR, {rilers| e e, |
65 . 65 120 | 180 200 6.5
D | SRA : SRA | LDC | LDCI : CALL* SCF
R IRy oo | e der IR, .
65 | 65 . 65 | 105 “ 105 i 65
E RR RR | LD | LD : LD ! CCF
R, IR, s | R Ry IR R R IM (TR IMC i
8.5 85 6.5 T les T | 6.0
F [SWAP|SWAP LD | LD ! . NOP
R, IR, Iri.rs | IRy IR, i i | J‘ \ ] \ y
Bytes per Instruction 3 2 3 1
Lower Opcode
Nibble Legend:
R =8-Bit Address
o r =4-Bit Address
Execution Pipeline Cycles R1i or r1 =Dst Address
Cycles A Rz or r2 = Src Address
! ¥ Sequence:
Up}};-‘;’blg:code A ‘(‘:Jsﬁ Mnemenic Opcode, Hrst Operand, Second Operand
PAN Note: The blank areas are not defined.
First Operand Second Operand

SHARP
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(6) Instruction Summary Instruction Addr Mode Opcode Byte |Flags Affected
Instruction Addr Mode Opcode Byte |Flags Affected and Operation, dst  src (Hex) CZSVDH
and Operation dst  sre (Hex) CZSVDH LDEI dst,src Ir Irr 8 |- ----
ADC dst,src (Note 1) 10 * X %% 0% dste—src Irr Ir 93
dst—dst +src+C rer+1;rrerr+1
ADD dst,src (Note 1) oJ * XXX Q¥ NOP FF [
dst«—dst +src
AND dst,src (Note 1) 501 % %0 - - OR dst,src (Note 1) 40 S*%0 -
dstedst AND src dstdst OR src
CALL dst DA D6 - - - - - POP dst R 50 |- - - - -
SP—SP -2 IRR D4 dst—@SP IR 51
@SP«PC;PCedst SP—SP+ 1
CCF EF L PUSH src R 7 -

0 ,,,,,
g‘L_RthT ¢ . _ SP—SP—1;@SPsrc IR 71
s o |------
dste0 IR Bl SCF CF 0-----
COM dst R 60 “x%0 - - 0
dst—NOT dst IR 61 RET AF | - -« - -
CP dst,src (Note 1) AQO * K KK - - PC @SP;SP-SP+ 2
dste—src RL dst — ] R 90 XK - -
DA dst R 40 * %% X - - {7 o IR 91 |
gSEhC_(ljjlt\ dst III; ;(1) RLC dst R 10 %% |
5 - % kX - - Clk{7 0] :
dste—dst -1 IR 01 IR 1
DEGW dst RR 80 Txwx AR g e & E0 EHER -
dste—dst -1 IR 81 R El
DI 8F |- - - - - - RRCdstR co * kKK - -
IMR(7}—0 IR C1
DJUNZ r,dst RA rA |- ---- SBC dst,src (Note 1) 3 * ok k k] %
rer—1 r=0-F dste—dst —src —C
ifr 0 PC—PC+dst
Range: +127,—128 SCF DF 1-----
El 9F oo Ce1 i
IMR(7) <1 SRA dst R Do * kKO- -
(710 ]
HALF FF 7F |----__ (Y IR D1
INC dst r rE - %k E - - SR?,}?_SS];CC M S
dste—dst + 1 R r=0-F |
20 i Y T
IR 21 STOP FF 6F
INCW dst RR A0 T ¥ - - SUB dst,src (Note 1) 2[] k ok k k ] %
dstdst+ 1 IR - Al dste—dst —src !
IRET BF XXX RR SWAPdst R Fo Xk % X - -
FLAGS«—@SP; SP<SP+1 ——+ IR F1 !
PC—@SP,SP<SP + 2, IMR(7)«1 TCM dst,src (Note 1) 605 Sk E ) - -
JP ce,dst DA cD S (NOT dst) AND src
if cc is true c=0—F
PCe—dst IRR 30 TM dst,src (Note 1) 7 *k O - -
JR cc,dst RA ¢cB |- - - _-C dst AND src
if cc is true, c=0—F XOR dst,src (Note1) B * %k Q -- !
PC—PC+dst dstedst XOR src ’
Range: +127,—128 '
LD dst,src r IM rC - - Note 1 These instructions have an identical set of addressing
dste—src r R r8 modes, which are encoded for brevity. The first opcode nibble is
R r r9 found in the instruction set table above. The second nibble is ex-
X r=C07—F pressed symbolically by a [] in this table, and its value is found
g( r D7 in the following table to the left of the applicable addressing mode
ro I E3 pair. _ .. A
Ir r F3 For example, to determine the opcode of an ADC instruction use
R R E4 the addressing modes r {destination) and Ir (source). The result 1s
R IR E5 13
g
R E7
IR R F5 Addr Mode Lower
LDC dst,src r Irr c2  |------ dst sre Opcode Nibble
dstesrc Irr r D2
LDCI dst,src Ir Irr c3 |- r "
dstesrc Ir Ir D3 r Ir 13
re—r+Lrerr+1 R R 4
R IR 15
LDE dst,src r Irr 82 |- - R M 6]
dstesrc Irr r 92 i IR M 7l
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B Register
R240 (SIO)

Serial I/0 Register
(FOu : Read Write)

{p:[ e[ ps]p.[D,]D.] D, [ DA

LSERIAL DATA (Do=LSB)

R241 (TMR)
Timer Mode Register
(Flu : Read/ " Write)

DOBD D

1=LOAD T, !

R244 (T0)
Counter/Timer 0 Register
(F-tx : Read Write)

o olo o o]

LTO INITIAL VALUE
(WHEN WRITTEN)

(RANGE : 1-256 DECIMAL
01-00 HEX)
To CURRENT VALUE
{WHEN READ!
R245 (PREO)
Prescaler 0 Register
(Fou: Write Only)

Do oo 5]

' ‘! COUNT MODE
——0=To, SINGLE-PASS
| 1=T» MODULO-N

L RESERVED

o

Tocr MODES I LOZNO FUNCTION
NOT USED =00 ,
To OUT =01 i
T OUT - 10 0=DISABLE To COUNT
INTERNAL CLOCK OUT =11 1=ENABLE To COUNT
T ix MODES 0=NO FUNCTION
EXTERNAL =00 1=LOAD T,
CLOCK INPUT

GATE INPUT =01
TRIGGER INPUT =10
(NON-RETRIGGERABLE)
TRIGGER INPUT =11
(RETRIGGERABLE)

R242 (T1)
Counter Timer 1 Register
(F2u: Reads Write)

[v:]p.]p:[p.]D.[D.[ D] DJ]

LT1 INITIAL VALUE
(WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)
T: CURRENT VALUE
(WHEN READ)

R243 (PRE1)
Prescaler 1 Register

— 0=DISABLE T COUNT
1=ENABLE T: COUNT

PRESCALER MODULO
(RANGE :1-64 DECIMAL
01-00 HEX"

R246 (P2M)
Port 2 Mode Register

(F6u: Write Only)

PIol [oe o ]n]n]

LPZO'PZ? I O DEFINITION
0 DEFINES BIT AS OUTPUT
1 DEFINES BIT AS INPUT

R247 (P3M)
Port 3 Mode Register
(F7w: Write Only)

(P&H Write Only)

[p:[ps]D:{D[D.| DD\ | D |

ool [olo o ]

' COUNT MODE
0=Ti SINGLE-PASS
1=T: MODULO-N

CLOCK SOURCE

1=T, INTERNAL

0=T,; EXTERNAL TIMING INPUT
(Tix) MODE

l_0 PORT 2 PULL -UPS OPEN DRAIN
1 PORT 2 PULL -UPS ACTIVE

RESERVED
0 P3:=INPUT P3;=0UTPUT
1 P3:=DAVO/RDY0 P3s=RDY0 DAVO

i

00 P3;=INPUT P3:=0UTPUT
10 P3;=INPUT P3s=
11 P3;=DAVI/RDY1 P3:=RDY1/DAV1

0 P3; =INPUT (T
1 P31=DAV2/RDY2

P3s=0UTPUT L Tout)
P3s=RDY2'DAV2

“—0 P3,=INPUT P3; =QUTPUT
—PRESCALER MODULO | 1 P3o=SERIAL IN P3; =SERIAL OUT
IRANGE :1-64 DECIMAL 0 PARITY OFF
01-00 HEX) 1 PARITY ON
SHARP
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R248 (PO1M)
Port 0 and 1 Mode Register
(F8y: Write Only)

Rl lo o]

P0,-P0; MODE

P0,-P0; MODE 00=0UTPUT
OUTPUT =00 01 =INPUT
INPUT =01 1X=As-An
Apz-Aps=1X STACK SELECTION
EXTERNAL MEMORY 0=EXTERNAL
TIMING 1=INTERNAL
NORMAL =0 - P1.-Pl; MODE

EXTENDED =1 00=BYTE OUTPUT
01=BYTE INPUT

10=ADo-AD-

11 =HIGH-IMPEDANCE AD,-ADy,

E,D_S, R/W,As- A1, A2 Ass
IF SELECTED

R249 (iPR)
Interrupt Priority Register
(F9s : Write Only)

Elelo oo oo ]o]

R252 (FLAGS)
Flag Register
(FCu: Read/Write)

DERDDDER

L [|ISER FLAG F1
USER FLAG F2
HALF CARRY FLAG
DECIMAL ADJUST FLAG
OVERFLOW FLAG
SIGN FLAG
—ZERO FLAG

L_CARRY FLAG

R253 (RP)
Register Pointer
(FDw : Read/Write)

IDSID lD4|D3lD2|D;lDo

RESERViSD: | INTERRUPT GROUP r7—I L—DON T CARE 3 =
IRQ3,IRQS5 PRIORITY (GROUP A) PRIORITY J DON T CARE e
0=IRQ5>IRQ3 RESERVED =000 c
I*IRQ3>IRQ5 C>A>B=00l DON'T CARE
IRQO, IRQ2 PRIORITY (GROUP B) A>B > C=010 DON'T CARE
0=IRQ2>IRQO A>C > B=011
1—IRQO>IRQ2 BS ¢S A=100 REGISTER POINTER
IRQ1.,IRQ4 PRIORITY (GROUP C) CSESA=101
0=IRQ1>IRQ4 B> A > C=110
1=IRQ4>1RQ] RESERVED =111

R250 (IRQ)
Interrupt Request Register
(FAu : Read/Write)

o[ o]

L L IRQ0=P3: INPUT

DR

[RQ1=P3; INPUT
IRQ2=P3, INPUT
IRQ3=P3, INPUT, SERIAL INPUT
IRQ4=To, SERIAL OUTPUT
IRQ5 =T
RESERVED

R251 (IMR)
Interrupt Mask Register

(FBx : Read/Write)

EEDDDRaD

]_1 ENABLES IRQ0-IRQ5
(Dy=IRQO)

RESERVED

1 ENABLES INTERRUPTS

SHARP

R254 (SPH)
Stack Pointer
(FEu : Read/Write)

DDRRDEDD

LSTACK POINTER UPPER
BYTE (SPs-5P1s)

R255 {SPL)
Stack Pointer
(FFu : Read/Write)

D, DﬁlelDﬁ'I DaIDzl Dl]&]

l—STACK POINTER LOWER
BYTE (SPo-SP1)
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