MITSUBISHI MICROCOMPUTERS

MSL 8080AP, S

STACK POINTER (16}
PROGRAM COUNTER (16)

8-BIT PARALLEL
ARITHMETIC UNIT

8-BIT PARALLEL CPU
The M5L8080A P, S is an 8-bit parallel central processing PIN CONFIGURATION (TOP VIEW)
unit (CPU) fabricated on a single chip using a high-speed N- o
channel silicon-gate MOS process,in a ceramic DIL package. Asg «[T] 40— A
(ov) vss [Z 33—+ Arg
Ds«[3] 38— A3
FEATURES Ds+»[4] Bl A2
® Basic machine instructions: 78 De + (5] 136+ Ais
® Execution time (at clock frequency 2MHz): 2us DATA BUS D7 +~(8] 39~ Ag ADDRESS
. ) . D3+ (7] [34]-+ Ag BUS
® Directly accessible memory capacity: 65 536 bytes Dz« [5] 3 A
® Number of input/output ports: 256 each Dy +[9] E 32> As
® Multi-level interruption Do+ i ® 31— As
. . - v o
® Direct memory access (DMA) operation (=5V) es (] ] 30+ Ac
) RESETRE SET —[%2] )C>> 23> A3
® All outputs are fully TTL-compatible; oL = 1.9mA HOLD REQUEST HOLD -»[d > 5 Voe  (12V)
® Unlimited subroutine nesting INTERRUPT REQUEST |NT —» (12] 27+ A2
® Interchangeable with the Intel’s 80B0A in pin-to-pin €on- |\ rermot ackuow. #2-+[ 25+ A QBSDRESS
nections and machine instructions LEDGE CONTROL INTE «[§ 1251~ Ao
INPUT CONTROL DBi\_l”'l: 24— WAIT WAIT STATE|
WRITE CONTROL ~ WR +[1§] [Z3«READY READY
SYNCHRONIZE  SYNC « (1] [T« ¢ CLOCK ¢
(5v)  Vee [o [2]-+HLDA HOWD
ACKNOWLEDGE
Outline 40P1 (M5L 8080AP)
4081 (M5L 8080AS)
BLOCK DIAGRAM D7 Ds Os Da D3 Dz Dt Do Vss Voe Voo Vae
e 0.0,060000 . - POQO—
I INPUT/QUTPUT BUFFER (B)J
[
' [} ] $ 1 3
ACCUMULATOR (8! | ITEMPORARY [INSTRUCTIONI [ reap/write crcuT @) | READ/wRITE CiRcuiTig) | !
REGISTER (8) REGISTER (8) 3 T !
1 sl 5 TEMPORARY REGISTER W (8] | TEMPORARY REGISTER Z (8)
\ g |3 H(8) L (8)
©
[AccumTtaToRiLATCHE] b D8 E 8
= B(8) C(8)
‘ @
g
o

INSTRUCTION
DECODER

ARITHMETIC UNIT
CONTROL CIRCUIT

MEMORY CONTROL

I READ/WRITE CIRCUIT (16) ]
s |z ]|Plonfey,  ——i T
FLAG FUP-FLOPS [ INCREMENTER/DECREMENTER (16) ]
TIMING 11
i ARUPT] [HoLD C GENERATOR [ ADDRESS LATCH (16) ]
EONTROL ONTROL |
IRCUIT IRCUIT ] ADDRESS DRIVER (16)
- - -GN DEDICIEIEIGIEHIHDEE)
INT INTE HOLD HLDA WAIT WR SYNC RESET 4o Avs Are Ars Az Avt Avp As As A1 As As A As Az Ar Ao
DBIN READY
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8-BIT PARALLEL CPU

PIN DESCRIPTIONS

Pin Name I(?&Lgu?’ Function significance
Ag Provides the address signal to external memory up to 85 536 bytes or denotes the |/0 device number for up to 256 input and 256
§ Address bus Out output devices. Address terminals are three-state, and remain in the floating state during the HLT instruction execute cycle TwH or
Ags in the hold state,
Provides bidirectional transfer of instructions and data between CPU and the external memory or the I/0 ports. Status signals are
Do Data bus /o also transferred. When WR is low, data goes to memory o output ports. When DBIN is high. the data is received by the CPU. The
| ata bu: n/Qut ’ . i
D status signals are sent on the data bus, synchronizing with SYNC. Like the address bus. the data bus maintains the floating state
7
during the HLT instruction execute cycle {Tyy) and in the hold state.
Indicates the beginning of machine cycles M1 through Ms. The status signals for each cycle are sent out on the data bus while
SYNC Synchronizing signal|  Out . .
SYNC is active, and are latched in the external registers during SYNC.
Data bus input Indicates to the external circuits that the data bus is in the input mode. in which the CPU receives instructions or data from memory
DBIN Out .
control signal or input ports. The CPU receives instructions or data on the data bus when DBIN is high.
Indicates to the CPU that data from memory or input/output ports is valid on the data bus. When the READY signat is not high inf
READY | Ready signal In the T state. the CPU will enter a waiting state (Ty ) and the WAIT signal goes high. When READY is high, its state advances from
Tz or Ty to T3 This READY signal is used to synchronize the CPU with slower memory or input/output ports
WAIT Wait state Indicates that the CPU has entered a waiting state. When the WAIT signal 1s high, the CPU 1s in a waiting state (Ty,) and the
| Out
signal output on the address bus and the data bus is kept stable
— Indicates timing of a data write-in operation to memory or output ports. When WR is low, data on the data bus is valid: when
WR Write control signal Out
the WAIT signal is high. it is kept low.
When READY is high. the CPU enters the hold state provided that:
+ the CPU is in the HLD instruction execute state {Ty, ).
HOLD Hold request signal In - the CPUis in the T, or Ty state and the READY signal is high
When the CPU is in the hold state. the data bus and the address bus will be in the floating state, and will be used with the memory
or input/output ports regardless of CPU operation.
Hold acknowledge
HLDA | Out When high. indicates that the CPU is in the hold state and the address bus and the data bus will be in the floating state.
signal
Interrupt enable When high. indicates that an interruption will be accepted by the CPU. It is set to high by instruction El and is reset to low by
INTE control signal Out instruction DI. It is automatically reset to low at state T, of machine cycle M, when an interrupt is accepted. and is also reset by
the RESET signal.
Interrunt . Indicates to the CPU M5L 8080AP that an interrupt is being requested. When the INT is high, the interrupt request will be accepted
Interrupt reques!
INT signal In by the CPU unless HLDA is high or INTE is low. If INT is accepted, INTE will go low and status information INTA wik be transferred
1o the data bus as an interrupt request signal.
When high. the program counter is reset to ‘0" and instruction NOP is set to the instruction register.INTE is reset 1o low, and the]
i T int ts. While RESET is high, in i i :
RESET | Reset signal n CPU will not accept interrupts. While RESET is high, the address bus and the data bus remain in the floating state: when RESET goes
low. the program will start at location 0. The data registers, accumulator, stack pointer and flag flip-flops are not reset by this signal.
No synchronization is necessary for the RESET signal, but the high level must be kept for a minimum of 3 clock cycles.
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8-BIT PARALLEL CPU

BASIC TIMING

Execution of instructions proceeds in two stages: 1) fetch,
and 2) analyze and execute.

Fig. 1 shows the consecutive relationship between stages
1 and 2, after which it is determined whether or not there
has been an interrupt request. If there has not, the next
instruction is fetched immediately; if there has, it is
fetched after completing the necessary interrupt processing.
One cycle of this loop completes the execution of one
instruction.

Fig. 1 Execution of basic instructions

usually composed of three states (T, ~T,), with the excep-
tion of the instruction XTHL, which requires five states:
T, ~Ts.

When the clock period is 500ns and there is no Ty, M,
requires 2us or 2.5us, and the other machine cycles require
1.5us to execute an instruction. When T exists, the
execution time increases accordingly. Since the minimum
instruction cycle requires four states (T,~T,) of machine
cycle M;, the minimum instruction execution time is 2us.

Fig. 2 Machine cycle states {hatched blocks indicate a
state that may not be required)

|

INSTRUCTION FETCH

!

INSTRUCTION EXECUTE

INTERRUPT
AEQUEST ?

INTERRUPT
PROCESSING

|

There are five machine cycles (M,, M,, M3, M, and M)
and the fetching, analysis, and execution of a single instruc-
tion requires from 1 to 5 machine cycles.

Each cycle consists of from three to five states (T, T5, T3,
T4 and Ts), the actual number depending upon the instruc-
tion being executed. The duration of one state is defined by
successive low-to-high transitions of the ¢, clock. (500ns at
a clock frequency of 2MHz).

There is also another state, Ty, situated between T, and
T; (see Fig. 2) and controlled by the external signals
READY and HOLD, and instruction HLT. The duration of
Tw is an integral multiple of the clock cycle.

The first machine cycle (M,) in every instruction cycle
is a fetch cycle, and the address for memory read is sent on
the address bus. M, is composed of states T, ~T; or T; ~Ts,
as shown in Fig. 2. Machine cycles M,, M3, M, and Mg are

Tw
M Ty Te [Ta] Ta ] Te Taj
2 Tw
Mz, M3, M4, Mg, Te | T2 (T ) T,
INTERRUPT

When an interruption is requested, the decision whether
to accept it or not is taken after the instruction in progress
is completed; that is, during the last state of the last
machine cycle.

When interrupt is requested and the CPU is in the inter-
rupt-enable state (signal INTE is high), the CPU accepts the
interrupt and begins a special interrupt machine cycle M, in
which the program counter is not incremented and the CPU
sends out status information INTA (the interrupt ac-
knowledge signal). During state T; of special interrupt
machine cycle M, the external interrupt control circuit
sends the interrupt instruction corresponding to inter-
rupt factors on the data bus, and the CPU fetches and
executes this instruction. This instruction is a special one-
byte call (instruction RST) or a special three-byte call
(instruction CALL) which facilitates the processing of
interrupts.
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Fig. 3 Basic instruction cycle

STATUS INFORMATION

ACHINE CYCLE] M (1=1~5)
SIGNAL
Name SN ST ™ T Tw(Twm) Te Ts
CLOCK #1 44 \ \ \ \ \ r\—
CLOCK #2 ?2 / \ J zz;a‘ J L ‘ L /_\_
SYNCHRONIZING | SvNG —/ \
SIGNAL L [ ]
x UNKNOWN
ADDRESS BUS | Aws~Ac |foemme A ——
X 1 ______ j FLOATING
DATA BUS Dy ~Dg / READ MODE
DATA BUS WRITE MODE DATA BUS
READY SIGNAL | READY
WAIT STATE /
SIGNAL WA
DATA BUS INPUT / INPUT THE \
CONTROL SIGNAL ~ DBIN DATA
wR
WST(';T,EAEONTROL 1 STATUS INFORMATION /
IS LATCHED IN THE
XTERNAL REGISTER | OUTPUT THE DATA
Ats~ Ao ADDRESS OR TEST OF READY &  |OPTIONAL, ST
O DEVICE NUMBER | HOLD ot [ e STATE | evon DATA OR OPTIONAL. INSTRUCTION EXECUTION
OPERATION D7~Do : OUTPUTS| TEST OF EXECUTION |OR MEMORY ACCESS 'NSTRUCTION. OR F REQUIRED

OF INSTRUCTION HLT

TIME ADJUST

WRITE DATA

® Besides the states shown in Fig.3, there is a state Ty, in
which the CPU stays in the hold state after the machine

cycle.

@ States Ty, T, and T are optional.

Table 1 Status information

® Hatched portions indicate periods during which input
data should be kept stable.

® The address data is valid during the period designated by
solid lines.

® The period of Ty depends .on the condition of the

Date Signal - y — -
bus symbol Status information designation Function READY si an al
Goes high when the CPU :
Do INTA interrupt acknowledge accepts the interrupt request
ot from the INT terminal STATUS INFORMATION ' . -
Goes high when the current The M58710S sends out 8 bits of status information on
— . machine cycle is in a read ~ 3 H
Dy wo Wiite mode mode. and tallswhen ina write data bus (D,~Dg) at the first state of each m.actjme cycle
{output) mode. (M;*T,) synchronizing with signal SYNC that indicates the
Goes high when the address function of each machine cycle. The status signal will be
bus holds the pushdown . . : .
D2 STACK | Stack stack from the stack latched in the external register by signal SYNC-¢,. Tabie 1
pointer. gives the functions of the status information that will be
Goes high when the CPU
[35) HLTA HLT instruction acknowledge |executes the HLT instruction sent out on the data bus.
and maintains the halt state. Table 2 Status
Goes high when the address
bus contains the address of Status ———_ModeNo| 4y | 2 /3|4 |5|6 78810
8n output dev"?: and the data information
- ) ) bus contains the output data.
D4 ouT Output instruction {The address of an output g 3 3
acknowledge device is contained simuita- 2 § 2 g le
neously-in the upper 8 bits| 3 = H g = R 2
and the lower 8 bits of the g S c| 819 81518 13 |2]%
address bus. ) 2 2 § §§§§§2>;~
Goss high when the CPU is in 3 g 3 g AEIRIEREE g 38
Ds M M status the fetch cycle for the first 3 2 F1E|E|21E9 23|38
byte of an instruction.
Goes high when the address
e han tho addrass Do INTA ololofo]1Jo]s]o]0]o
;:input_deviceaqdmuam D+ w0 t ¢ |1 |1 |t{1]oflofo
De INP Input instruction acknowledge (Trferaddresss"; :1:“ ;u?;: D, STACK 00| ¢ o|o|O0{0]|O 14 0
device is contained simuita-
ey oniained semue: D3 HLTA o|{o|ojojo|i|1]0]0}]0O
and the lower 8 bits of the D. ouT o(o0ojo0o|0{O0Of(O0O|[O|O0|O¢{A1
address bus).
Ds My 1{ojJojo]4]|o]1]|olo}jo
D, MEMR | Memory read E?;;‘?; nV::"" "“’w‘:;‘d:;s De INP ojofo|1]{of{ojo|lojo]o
D, MEMR |4 {1|{fjojo|1f0a]ofojo
MITSUBISHI
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CPU STATE TRANSITION DIAGRAM
STATE CPU STATE TRANSITION DIAGRAM
T YES ™
< D]
T T2
HOLD F/F =1
PRV SO S SR AR pem——————— P,
1
i
i
| INT -INTE =1
i
Tw :
1
YES !
|
|
- 4
1
1
1
1
T '
|
i
i
i
H NO
:
|
: Twh
Ta :
|
! INT F/F =1
-
1
1
1
|
|
I
Ts ]
1
1
1
1
—_—— ,;._i
1
1
1
I
I
I
-4
TH :
!
]
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@
MACHINE INSTRUCTIONS g g2
e 2w -

Item Instruction code g g .; Flags “Address bus Data bus
instr Mnemanic emall 51 1g Functions Mach Mach,
class, D1Ds Ds5D«D3  D2Ds Do nolatn| 2 2 g S Z P CY20Yi|Contents cycle* Contents}!/0| cyciet

MOV r1,r2 |01 DDD SS8 s (r)—(r2) X X X X X
MOV M, 01 110 8§88 i) 2 M) —(r) Where, M=(H)(L) | X X X X X M Me (r) [o] Ma
MOV .M o1 DDD 110 1112 (r) — (M) Where, M=(H)(L) | X X X X X M M (M) [ Ma
MV r.n 00 DDD 110 Tl2|2 (r)en X X X X X <B2> ' Ma
®2>
MVi M,n 00 110 110 |3efi0|2}3 (M) —n Where, M= (H) (L) X X X X X M Ms <B2> ' Ms
«B2>
LXI B,m [00 000 001 |O1[10[3]3 (C) —<B2> X X X x X <B2> t] ™2
<B2> (8) — B3> Where, m =<B3><B2> <B3> 1 M3
B3>
(B 3] D.m 00 010 001 |1 1]10]3]3 {E) —<B2> X X X X X <B2> 1 Mz
<|2> (D) +— <82 Where, m =<B3><B2> B3 1l M
<By>
LXxi H,m 00 100 001 |21]10[{3}3 (L)+—<B2> X X X X X <B2> | M2
<B2> (H) —<B2> Where, m =<B3><B2> <B» i M3
B>
Lxi SP.m| 00 110 00 |[31({10/3}3 (SP)—m X X X X X <B2> | Mz
<B2> <Ba> I Mz
B3>
5 |SPHL _ 11 111 _001 [Fe|s5 1] (SPY—(H) (L) R X X X _X_X
% [sTax® 00 000 o100 [oz2[7][1[2[((®.(C))—(A) X X X x X[ (B(C)] Ms (a) [o| ™ma
S STAX D 00 010 010 |1 2[7]1]2][((D(E))—(A) X X X X X | (D)(E) M4 (A) [s] M4
& LDAX B 60 001 010 |0A 71 ]2 (a) — ((B)(C)) X X X x x| (B)(C) Ms [((BY(C))] I Ma
3 LDAX D 00 011 010 |1A|7]|1 ]2 (A) — ((D) (E)) X X X X X (D)(E) Ma [((DYCE))| | Me
8 s7a m 00 110 010 |32]13(3]a (m) — (A) X X X X X m Ma (A) O] M
®2>
<By>
LDA m 00 111 010 [3A[13[3[a (A) —(m) "X x x x x m M (m) [ M
<@2>
B3>
SHLD m 00 100 010 |22[16]3]|5 (m) ~ (L) X X X X X m M1 (L) o] M
82> (m+ 1) e (H) mel Ms (H) JOo| Ms
<Bs>
LHLD m 00 101 010 |2Ai6]3]|5 (L)~ (m) XX X X X m Ma (m) 1] Ma
<B2> (H) = (m+1) me+1 Ms (m+1) |1 Ms
B3>
XCHG 11101 0V [E@|a 1] (H) (L) <= (D) (E) X X X X X
XTHL 11 100 o011 ]e3]is[1]s (H) (L) =+ ((SP) + 1) ((SP}) X X X X [ (sP) Mz | ((sP)) |} M2
(sP)«11 M3 l((spy+1| 1| w3
ADD v 106 000 $335 [(HERE (A) - (A)+ () Q0000
ADD ™ 10 000 110 (86|71 ]2 (A) < (A) +(M) Where, M=(H)(L) | O O O OO M Ma (M) 1 Me
ADI n 11 000 1101}cel71|2]|2 (A) = (A)in [eNeNeoNeNe] <B2> 1 Ma
82>
ADC 10 001 888 AERE (A)— (A)+ () +(CY2) 00000
ADC M 10 001 110 |BE(7]|1]2 (A)+ (A)+(M)i(CY) Where, M=(H)(L) OO O OOQ M M (M) [N
ACH n 11 001 110 |CE[?|2]|2 (a)«—(A)+ a +(CY2) O0O00O0 <B2> ' Ms
<B2>
DAD 8 00 001 001 [09]10] 13 {(H)Y (L) == (H) (1L} - (B} (C) X X x Ox
DAD D 00 011 001 1910|123 {HY (LY« (HY (L) + (D) (E) X X x O x
DAD H 00 101 001 |29[10]W]3 (H) (LY« (H) (L) + (H) (L) X X x O x
@ DAD SP 00 111 001 |39(i0j1]3 (H)(LYy«-(H) (L) + (SP) X X X O x
i SUB 10 010 888 a1 (a)+ (A) -(r) [eNeNeNeNe)
suB M 10 010 110 96712 (A)+ (A) -(M) Where, M:=(H)(L) (OO O OO Y] Ma (M) oM
5 sui n 11 010 110 (D86} 7|2]|2 (A)+ (A) = n [eeNeNoNe] <Bz> | Ma
<B2>

3: SBB 10 011 8§S§8§ a1 (A) = (A) -(r) —(CYp) OC0QO0OO0

E SBB M 10 011 110|0E[7[1]2 (A) = (A)-(M)-(CY2) Where, M:=(H)(L) OO OOCO M Ma (M) 1 M

g |ser 11 011 110 oE|7|2]|2 (A)--(A)~ n —(CY2) 00000 82 | 1| Ma

N <B2>
£ ANA 7 1 100 §88 el T[] (A) = (&) ALr) 50000
ANA M 10 t00 110!A8[7[1]2 (A) = (A) ALM) Where. M=(H}(L) |O OO 0 O Y] M (M) 1] M

4 ANI n 1 100 110 [E6|7 |22 (A)—(A)A n Q0000 <B2> 1 Ma

®2>

< xmay 70 1061 §8%§ INERE (&) (A)¥ (1) 00000 0

XRA M 10 101 110 [AE[7[1t]2 (8) « (A) % (M) Where, M=(H)(L) {OO O 0 0 M M (M) 1 M
XRl n 11 101 110 |EE|1]2]2 (AY = (A)% o ,LOQO 00 ®v 1 M
<B2> |
[GRA™ ¢ 70 110 S$§8 AERE (&) = (A (1) "ooo o
ORA M 170 110 110 Be|7(1][2 (A) = (A)\ (M) Where, M=(H)(L) OO O 0 0 ™ Ma (M) 1l M
OR) n 11 110 110 |Fe|7|2]|2 (A)—(A)y n o000 00 82> 1 Ma
<B2>
cMP 10 111 888§ 41| (A) - (1) O0O00O0
[=1 | 10 111 110 ({BE|7|1]|2 (A) = (M) Compare; IWhere, M= (H) (L) O0O00O0 M Ma (M) i Me
CP1 n 11 111 110 |FE|7? 2 (A) - n Q0000 <B2> t M
B>
INR  + 00 DDD 100 511 |1 () =(r)=1 OO0 x O
c |INR M 60 110 100 |3 4i0/1]3 (M) o= (M) -1 Where, M=()(L) . O OO x O M Ma (M) L] M
BCR ¢ 060 DDD 101 BRI y~=(r) 1 000X O
DCR_ M 00 110 101 [35][10/1]3 (M)- (M)-1 Where,. M-() (L) [O O O X O M Ma (M) 1] M
g [TAx s 60 0006 011 (03|51 1 (BY(CY- (B (CY r1 X X X X X
L liex o 60 010 011 [ta|s|1]|n (D) (E) «= (D) (E) +1 X X X X X
S [INX W 00 1006 011 [23]5]1[1 (HY (L) = (H) (L) +1 X X X X X

5 INX__ SP 00 110 011 (33|51 ]|1 (5P) + (SP) + 1 X X X X X

2 bCX B 00 001 011 O0B[5|1][1 (B) (C) —(B) (C) -1 X X X X X

€ 8 |pcx b 00 011 011 [1B|5]1[1 (D) (E) = (D) (E) -1 X X X X X

gg oCXx MW 00 101 011 |28B|5(1 [ (H) (L) =~ (H) (L) -1 X X X x x

~ |pcx  sp 00 111 o011 |ag[s]1]|1 (SP) = (SP) 1 X X X X X
ALC ©0 000 114 (07|41 ‘ TATA X X X O X

& . Left shift  CY2 .Mj
325 ARC 00 001 111 |O0F]a]|1] Right shift cvz[g AThs . ""A'A“]"j X X X O X

= 3 e
2§ E[rAL 00 010 +1 1 [17]a]1 1 : X X X O X
gE§ teft shift  cv2
2 8 8[RaAR 00 o T T [RF[aT [T g o X X X O X
Accumu.| CMA 00 101 111 [2F[a[V]) (A) —(A) X X X X X
compen.[paa 00 100 111 |27 a1 [1]Resultsof binary addiion aré adjusted 1o BCD [CNeNeNeXe)

8TC 00 110 11+t [37[4[V]1 (Cya) — 1 X X X 1 X
[Carry setlc e 00 111 111 [aFla] 7] (CY2) — (C73) X X X O X

*: State is Ty +: Stateis T,
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g g 8
s 22
Instruction code 5155 Flags Address bus Data bus
L Il Il Functions Mach Mach.
D7Ds DsDaD3 Dz2D1Do rl.‘o"t}ftln IEE S Z P CY2CV|Contents| oyl « | Contents|1/0| oy i
171 000 011 [C3afw]3]3 (PC)em X X X X X <B2> 1 M2
B> @» (1| M
B>
PCHL 11_101 001 (E9 |5 (1] (PC)e~(H) (L) X X X_X X
Jc m 71 011 010 [DA|10 3 [(GV2)=1 X X X X X
<B2>
By
INC m 11 010 010 (D210 3|3 [(cva)=0 |N conditionis true X X X X X || |f condition is true
B> (PC)e—m
<8
9z m 11 001 010 |[CA[10/3]|3|(Z)=1 X X X X X B2 | 1] M2
<82> @ (1| M
ey
g INZ m 11 000 010 |C2(10[3]3[(Z)=0 X X X X X
3 <B2>
i B>
WP om 11 110 010 |F2]i0]3]|3]|(s)=0]Ifconditonis false x x x x x {f !f condition s false
<@ (PC)—(PC) + 3
<By>
M m 11 111 010 [FA[0O[3]3[(S)=1 X X X X X
<@
<@
JPE m 11 t01 o010 |€Aalw0|3|3|(P)=1 X X X X X
<@2>
[
JPO m 1% 100 010 [E2[10]3|3((P)=0 X X X X X
<\
@
CALL m 114 001 101 [CDJ17]3|5]((SP)}-1}((SP)-2)—(PC)+3.(PC)em X X X X X <B2> ! Mz
> - _ ®» (1 M3
o> (SP) -~ (sP)—2 (5P)=1| M pryiped 0 M
RST n 1t AAA 111 (SP)=2] Ms |qee)ep1-s O | Ms
1|3 [((SP)-1((SP) -2)+=(PC) +1.(PC)e—n X8, X X X X X[ (SP)-1} Mq [(PCI+DE-3 0| Ma
(SP) « (SP) -2 Where 0sn=? (SP) 2] wms [dPCItDI-0 o M3
cc m 11 011 100 |DC 71| 3[6/3](CY2) =1 X X X X X
82>
8>
CNC m 11 010 100 D4 71| 3 5/3/(Cv2)=0 X X X x X
<8 it condition 1s true Iif condition is true
= B>
8 ez m t1 001 100 |[CCN| 3153 (Z)=1|((SP)-1) ((SP) 2)—(PC)+ 3 X X X X X B> |t M2
B> <B3» 1 M3
§ > (PG)+ m (SP)=1] Ma [PC)+DE-1 O | Ma
CNZ m t1 000 100 |CafIn3|53(2z)=0 X X X X X
5 82> (sP)—(SP)-2 (sP)-2| Ms |qperepi-e| O | Ms
3 @ .
ce m 11 110 100 |Faln|3lsa3(s)=0 X X X X X ‘
<B2>
<By>
cM m 11 111 100 [Fcml3(s/3{(s)=1 | Hcondion is false X X X X X
<B2>
B> (PC)« (PC) + 3
CPE m 11 101 100 |EC[71]3|5/3](P)=1 X X X X X
<B2>
@
CcPO m 11 100 100 E4 (71| 3 5/3[(P)=0 X X X X X
<B2>
By
RET 11t 001 001 [CO® 10| 1]3][(PC) «((SP)+1)((SP)).(SP)~(SP)+2 X X X X x|[{sP) Ma | ((sP}) |1 M4
(sPy+1] Ms [((sP)+n)] | Ms
RC 11 011 000 [DBIIS 1 31/(CY2)=11] i condition is true X X X X X1 f condition is true
RNC 11 010 000 [Do|us|1 [31(cva)=10 X x X x x|
S RZ t1 001 000 [C8 151 |31(2Z)=1[(PC)((SP)+1) ((SP)) X X X X X-|(sP) Ma | ((SP)) 1 1| Ma
& |RNZ T1 000 000 [CO 151 {31j(2)-0|(SP)—{(SP)t2 X X X X X i(sPy+1 Ms [((SP)+1)| | Ms
< (AP 11 110 000 |[FO st |31\(5)=0 X X X X X I
AM 11 111 000 |[F8[nsii1 |31 (s )=1[If conditionis faise X X x X X{| If condition is false
RPE 11 101 000 |[E8 1S 1 |31|(P)=1|(PC)e(PC)+1 X X X X X |
RPO 11 100 000 |EO N5 1 3/1l(P)=0 X X X X X |
input/ | 1N n T1T 0ty o011 [08[10]2]3](A)« {Input buffer) «~ {Input device of number n) X X X X X B> [0 Mas
output <B1> (Input data) <B2> B> Ms (Inputdata) | | Ms
OouT n 1t 010 011 |D3[1w|2] 3] (Outputdevice of number n} « (a) X X X X X 82> |0] Ma
control <@ BBl Ms (a) |O| wms
Interrupt| € 1 1Tt 111 o111 [FB[a[1[1](NTE)— X X X X X
Dl 11t 1106 011 (F3l4a|1 |1 (INTE)—B X X X X X
PEW T1 110 101 F81111[3[((SP)-1)—(A)((5P)—2) —(F) X X X X XI(SP) 1] Ma (A) O M
(SP) «-(SP)-2 (SPY—2| Ms (F) [0 Ms
PUSH B 11 000 101 [C85 (1|13 |((SP)-1)«(B).((SP)-2)«(C) X X X X X|(sP)-1 Ma {B) 0 Ma
(sP) —(sP)-2 (sP)-2| Ms €y 0] Ms
PUSH D 11 010 101 DS | 1|13 |((SP)=1)«—(D).((5P)-2)« (E) X X X X X|(SP)-1] M (D) |0t M
(SP) —(SP)-2 (sP)—2| Ms (E) |O| Ws
S {PUSH H 11 100 101 [ES |11} 1]|3[((SP)-1)(H).{(SP)-2)—(L) X X X X X|(SP)-1] Ma (H) 0| M
g (SP) —(sP)-2 (SP)—2] Ms (L) O] Ms
§ POP PBW | 11 110 001 [F1]10]13[(F) «((SP)).{(A)—((SP)+1) O O O O O(sP) Me (SPYY 1T Ma
M (8P) «—(sP)+2 (SPY+1]| Ms {((SP)+N] | Ms
8 POP 8 11 0060 001 |[C1[10|1]3][|(C) «((SP)).(B)—{(SP)+1) X X X x X|(sP) Ms | ((sP)) |1 M
&» (sP) —(sP)+2 (sPy+1] M™s lism+n] 1 Ms
POP D 11 010 001 |[D1 10|11 |3]|(E) «—((SP)).(D)—((8P)+1) X X X X X|{(sP) Ma | {((SP)) {1 Me
(SP) «—(SP)+2 (SPY+1| Ms [((SP)+D)| 1 [ Ms
POP H 11 100 001 [E1[10]13[(L) —((SP))(H)—((SP)+1) X X X X X{(sP) Me | ((SP))| 1| Ma
(SP) ~(SP)+2 (SP)+1] Ms_[((SP)+1)| ) Ms
HLT 01 110 110 7€|7 1 1(F’C)k§PC)+I X X X X X
Others | nop 00 000 000 loolalil1l(pe) —(rPC)tr X X X X X
* State is T1. *=: State is Tz
Symbol Meaning Symbol Meaning Symbot Meaning
: Register — | Data is vansferred in direction shown
m | Two-byle data Bt patiern desig- [Register [ s 55 ()| Contents of register or memory location
n One byte data pating regster - mory| 0o v_|Inclusive OR
<B2) Second byte of nstruction sgs |OF memory
8 000 b Exclusive OR
B> Third byte of instruction or c 00 1 " Togical AND
AAA Binary representation for RST instruction n D 010 — .Og
DDD E 014 1's complement
£ 8-bit data from the most to the least significant H 100 X Content of flag is not changed after execution
bit 5.2.0.6v1,0.P.1.C¥2 u 1 O__| Content of flag is set o reset after execution
pC Program counter Where. A 114 ! Input mode
SP Stack pointer M=(H) (L) 0| Output mode

MITSUBISHI
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8-BIT PARALLEL CPU

INSTRUCTION CODE LIST

T
D7 -Ds 0000 ‘ 0001 { 0010 | 0011 | 0100 0101 | G110 [ 0111 § 1000 | 4001 | 4010 | 1014 | 1100 1401 | 1440 | 4414
! | i i
Hexadecima ! o V‘ 7 -
Ds - Do\ nowaton | 0 2 3 4 .5 6 7 8 3 | a B c D £ f
\ | ! ‘ |
T i : f ! ‘
; : MOV MOV | MOV { MOV | ADD | SUB | ANA | ORA } .
0000 0 NOP [(NOP)Y(NOPY(NOP) | ' RNZ  BNC | RFD | RP
BB D.B HB|MB B | B | B B ;
= ‘ S Al S 4 t ‘ - ?,, - -
LXE | Lxt | uxt | Lxi [MOv MOV iMov | mov | aDD | suB | ana [ 0RA [ PCE pPOP | POB | POP
0004 1 f : ! | I
i 8 D H SP |B.C{D.C H C|MC c i c tc o0 B D | PSW
! ; [ S R
| : + b
: STAX{STAX MOV v MOV | Mov ANA | ORA
0040 | 2 SHLD| STA I ; i INZ | UNC | yPO | P
; 8 D 8. [ D o
- - P B m J— N — ,T,,, —
; INX | INX [ INX | INX [ Mov ANA | ORA
0011 | 3 ! ; | mp DI
: 8 o FH Sk [B.E DE|HE|ME E E L E ; £
: ’ " i :
I INR | INR « INR | INR | MOV MOV ‘ MOV | MOV | ADD | suB | ANA ‘ 0RA
0100 | 4 : | : : 3 CNZ | CNC j CPO | CP
‘ B o] H M | B H D HH H MK H | H Ho| o
- . [ . : . —— e
; i i :
‘ DCR | DCR . DCR | DCR | MOV MOV | MOV | MOV | ADD | SUB | ANA | ORA |PUS= PUSH|PUSH | PUSH
0101 : 5 . ! :
i Doo i H L ML L Loy oL B D b PSW
! MOV | MOV | ADD | SUB !
0410 6 | | HLT :
DM, H.OM | Mo M
— - R e |
MOV MOV “MOV !MOV | ADD SUB ;| ANA | ORA | RST AST | RST | RST
0141 7 RLC | RAL | DAA | sTC i : i ! :
B.A .4 H A MA A A oA oA 0 2 4 6
T ‘ : ; l
MOV MOV | MOV | MOV | ADC | SBB | XRA | CMP
1000 8 |(NOP){(NOP)(NOP)I(NOP) ! ' i ~Z RC . RFE | RM
C.B E.B:.LB|AB B B B | B
R S — e E— " - A‘F —_— F,, —
DAD | DAD | DAD | DAD { MOV MOV | MOV | MOV | ADC | SBB | xRA | cMP . i
1004 9 | i ; RET RET) PCHL: SPHL
B D H sp fc.c E.ClL ClAC C c i ¢ !¢ i i
I i
LDAX|LDAX ; MOV MOV | MOV | MOV | ADC | SBB | xRA i CMP
(010 A ILHLD LDA | . Jjz JC | JPE | UM
B i i C.O £ 0 L.ODIlA D D © ¢« D ;O
I |
N A b i I 1 - !
DCX | DCX | DCX | DCX | MOV MOV ;| MOV | MOV | ADC | SBB ~ XRA | CMP |
(044 B ) ; ' : | (UMP)| % XCHG| EI
B D H sP fC.E EE'L.E'AE E 3 E E :
INR | INR | INR | INR | MOV 'MOV ~MOV | MOV | ADC | SBB | XRA | CMP
1100 c ) | cz CC | CPE| CM
c E L A C.H'E.H!IL H| A H H H | H H
— i R, RV R S T
DCR | DCR | DCR | DCR | MOV - MOV ' MOV | MOV | ADC | SBB | XRA | CMP
110 D : CALL {{CALL)|{(CALL){{CALL)
o] £ . A C.L E.L L.LJ|a L L L L L )
1o ¢ K MOV MOV MOV | MOV | ADC ~ SBB ~ XRA
CM EM LM am| M | M M
MOV MOV MOV | MOV | ADC | SBB ' xRa
1111 F RRC | RAR | CMA | CMC : ‘ | . |
! C.AalE A, L.A| A A A A jA A ¢ 3 5 17
: ; | ; i
This list shows the machine codes and corresponding [ ] indicates a three-byte instruction.
machine instructions. D3 ~Dg indicate the lower 4 bits of FZ¥¥E]  indicates a two-byte instruction.
the machine code and D;~D4 indicate the upper 4 bits. ( ) is not a formal instruction, but if this code
Hexadecimal numbers are also used to indicate this code. is accessed, the instruction in parentheses
The instruction may consist of one, two, or three bytes, may be executed. This is not, however,
but only the first byte is listed. guaranteed.
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MITSUBISHI MICROCOMPUTERS
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8-BIT PARALLEL CPU
ABSOLUTE MAXIMUM RATINGS
Symbol Parametgr Conditions Limits Unit
Voo Supply voltage —0.3~20 A\
vee Supply voltage —0.3~20 \
With respect to VBB (substrate)
Vss Supply voltage —0.3~20 A\
Vi Input voltage -0.3~20 A\
Pd Maximum power dissipation Ta=25C 1500 mw
Topr Operating free-air temperature range 0~170 °c
Tstg Storage temperature range —65~150 °C
RECOMMENDED OPERATING CONDITIONS
Limits
Symbol Parameter Unit
Min Nom Max
ves Supply voltage —4.75% ] —5.25 \
Ve Supply voltage 4.75 5 5.25 v
VDD Supply voltage 11.4 12 12.6 \
Vss Supply voltage 1] \
ViH High-level input voltage 3.3 vee+t v
Vi Low-level input voltage — 0.8 A\
VIH(#) High-level clock input voltage 9 Voo+1 \
ViL(g) Low-level clock input voltage —1 0.8 \4
Topr . Operating free-air temperature 0 70 °C

ELECTRICAL CHARACTERISTICS (Ta=0~70°C,

VoD=12V+5%. Vcc=5V5%, VBB=—5V 5%, Vss=0V. unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoL Low-level output voltage loL=1.9mA. Al output 0.45 \"
VOH High-level output voltage lOH= — 150 A 3.7 v
les VBB supply current —0.01}| —1 mA
tcc V GC supply current Operating at tc(s)=480ns, Ta=25C 60 75 mA
oD VDD supply current {Note 2) 40 70 mA
t input current, except clock and data bus 0osVisvce +10 A
li(s) Clock input current 0=VI(¢)=VDD +10 y77-y
0=Vi(e)=VIL 10
li(DB) Input current, data bus (Note 3} VIL £ Vi(om) S V6o —100 uA
10 A
11(HOLD) Input current during hold. address or data bus At hold state 0.45V =Vo=Vce —100 A
-2

Ci (g Input capacitance. clock input { @) V(g )=0V 20 25 pF
Ci Input capacitance. clock input V(g2)=0V 15 20 pF

(o0 - - (#2) ¢z f =1MHz, 25mVr.m.s
Ci Input capacitance, any input except clock Vi=0V 5 10 pF
Co Qutput capacitance Vo=0V S 20 pF

Note 1: Current flowing into an IC is positive; out is negative
2: te(g)=td(sr1H g2t tr (e2)+ tw(g2)+ 11 (g2)+ td (#2- g)+ tr (g1)
3 : Active pull-up resistors will be switched on to the data bus when DBIN is high and data input voltage is more positive than V4 min.
ELECTRIC 83—
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8-BIT PARALLEL CPU

TIMING REQUIREMENTS (Ta= 0~70"C. Vop=12V 5%, Vcc=5V £5%, Vea=—5V £ 5%, Vss=0V: unless otherwise noted)

Symbol Parameter bimits Unit
Min Typ Max

to(g) Clock cycle time (Note 4) 480 2000 ns
tr () Clock rise time 0 50 ns
tf () Clock fall time 0 S0 ns
tw{en Clock 1 pulse width 60 ns
tw(sd Clock 2.pulse width 220 ns
td (-2 Delay time, clock 1 1o clock 2 0 ns
td (g2 1) Delay time, clock 2 to clock 1 70 ns
td (iH-92) Delay time, clock 1 high to clock 2 80 ns
tsu(DA- g9 Data setup time with respect to clock 1 30 ns
tsu(DA- ¢ | Data setup time with respect to clock 2 150 ns
1su(HOLD) | Hold setup time 140 ns
tSU(INT) Interrupt setup time 120 ns
1su(RDY) Ready setup time 120 ns
th (DA) Data hold time tPo(oBI) ns
th (HOLD) Hold input hold time 0 ns
th ONT) Interrupt hold time 0 ns
th (RDY) Ready hold time’ 0 ns

Note 4 1o (8)=td(SiL-g2) + tr (e2) + Tw(g2) + tr (82)+td (2 p)+ Ir (89

SWITCHING CHARACTERISTICS (Ta= 0~ 70°C, Vpp= 12V + 5%, Voo =5V + 5%.Vag= — 5V £ 10%.Vss = 0V, uness otherwise noted]

Symbol Parameter Test conditions (Note 5) Limits Unit
Min Typ Max
tPD(AD) Propagation delay time, clock 2 to address outputs RL=2.1kQ, CL=100pF 200 ns
tPD(DA) Propagation delay time. clock;2 to data bus RL=2.1kQ, CL=100pF 220 ns
tPO(CONT) Propagation delay time. clocks to control outputs RL=2.1kQ, CL=50pF 120 ns
tep(osi) Propagation delay time, clock 2 to DBIN output RL=2.1kQ, CL=50pF 25 140 ns
tPDUNT) Propagation delay time, clock 2 to INTE output RL=2.1kQ, CL=50pF 200 ns
tep(on) Time for data bus 1o enter input mode tPD(DBI) ns
texz Disable time to high-impedance state during hold address output and data bus 120 ns
1d (WR-AD) Delay time, write signal to address output RL=2.1kQ, CL=100pF 1d (etH-92) ns
1d (AD-WR) Dslay time, address output 1o write signal RL=2.tk Q, CL=100pF Note 6 ns
1d (WR-DA) Delay time, write signal to data output RL=2.1kQ, CL=100pF td (stH- 62) ns
1d (DA-WR) | Delay time, data output to write signal RL=2.1kQ, CL=100pF Note 7 ns
Note 5 : Load circuit : Voo
RL

M58740S
ouTPUT T ¢
I cL

Note 6 : 1d(AD-WR)=2tc(#)—1d (gH-g2)— tr(4)— 140ns
7: W(EA-WR)=1c (4) —Tc(pH-g2)—tr(g)— 170 ns

MITSUBISHI
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8-BIT PARALLEL CPU

:TIMING DIAGRAM
to(g)

tw(¢4)-j tw(s2) ﬂ (—td (#1L-42)
w{g2
o T\ N | no T\ n___n
“ 4} f\ ) R L foL
td(g2-¢1) PD( DA), —t
td(¢1H-¢2) X B theoay| —Y -
Ats —A - ) G :
S T A A Trowon] - DATA INIET Mt a0 —wm) m o T
D7-Do = ! ) DATA OUT X :
tPD(DA) P—— tsu(pa— @) | | 1] ] L
SYNG tsu(pa~g2 td(DA-WR td(WR-DA) tpxz
tfg(colf_T) tro; :-
PD(CONT.
DBIN —-i / tpo(oaa)__i
WE tPD(DBY)
WR
READY - thehoLd) 4 | {tepiconn kb t PO(CONT)
_A® ‘E:_x_ tPD(CONT)
RDY)

t su(RoY)—| | th(
—i ] 1ISU(RDV) 1 |

WAIT
. - {1 h(HoLD)
PD(CONT) ® t PD(CONT)
HOLD
tsu(oLo)—=  H- T E
HLDA
INT ®

INTE tsu(INT) = —th(INT) ‘]

Note 8 : This timing diagram shows timing relationships only: it does not represent any specific machine cycle
9 : Time measurements are made at the following reference voltages: Clock voltage H =80V, L =1.0V: input voitage, H = 3.3V, L=0.8V: output voltage. H =2.0V. L=0.8V.
10 : Data on the data bus must be stable for this period in the input mode. Requirements tsu(DA—¢1). tsu(DA—g2) th(DA) must be satisfied.
11 - The ready signal must be stable for this period during state T, or T..External synchronization is required
12 . The hold signal must be ‘stable for’this'period during state T, or Ty, when entering the hold mode and during states T3y, Ta. Ts, Tww and Ty when in the hold

mode. External synchronization is not required
The interrupt signal INT must be stable for the period immediately before the last state of any instruction in order to be recognized on the following machine cycle My

External synchronization is not required.

MITSUBISHI
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8-BIT PARALLEL CPU

APPLICATIONS

A Basic System Using the MSL808B0AP, S .

The configuration of a system using the MBL8080AP, S  basic system is shown in Fig. 1, and a summary of its
will depend on the functions of the system. A typical operation is as follows:

Fig. 1 An example of a basic system using the M5L8080A P, S

CONTROL CIRCUIT
EEa> g BIDIRECTIONAL DATA BUS (8-BIT)
2 W Jda - T
- »w o « | | \
w I w 5
€ = y o y L DaiN A
DBINj y OUT-WH-—‘ DBlN—l 4 4 rINT —InNTA
-4 WO o
DBIN MEMR~ < 2
INT * INP = MULTIPLEXER MULTIPLEXER MuLTIPLEXER| MULTIPLEXER ~—]STACK 3
WR & o e —HLTA &
Q 1
WAT o & DATA SotPuT READ | g WRITE —fovr 38
HLDA & INPUT INPUT  OUTPUT y DATA DATA —{ M, g
SYNC a § -] INP L
3% INPUT DEVICE ouTPUT INTERRUPT
v Y o DEVICE MEMORY INSTRUCTION - MEMR
oD RT =
(256 PORTS) (256 PORTS) GENERATOR
Voo = INP ~0ouT
Vvss n 1 J 165536
VB8 < r® k® BYTES) SYNC- ¢
‘ “ |— W
o
o g I ADDRESS BUS (16-BIT)
CLOCK GENERATOR

1. After the CPU receives the two phase clocks ¢, and ¢, in the next machine cycle (Note 1). The memory write

from the clock generator and the external reset signal,
the address bus provides the address to memory location
zero.

. At the same time the CPU sends out status signals, which
are latched temporarily in the status latch (flip-flops in
which status information is latched). The status signals
alert external circuits as to the state of the machine
cycle that the CPU is ready to execute. When the
CPU calls for data or instructions to be read from
memory, status signal MEMR is applied to the multi-
plexer, and the 8-bit data from memory is read into the
CPU through the bidirectional data bus across the
multiplexer.

. The 8-bit data coming from memory is decoded as an
instruction. If it is a register-reference-arithmetic instruc-
tion, it is executed in the CPU; if it is a move-to-memory
instruction, the CPU outputs the memory location to
the address bus and data to be written on the data bus

in operation is executed by write control signal WR.

. During input and output operation, the CPU outputs the

I/O device number to the address bus, outputs a status
signal (INP in the input mode; OUT in the output mode)
and executes the read/write operation to the 1/0 devices
using the bidirectional data bus.

. If there is a signal from terminal INT to the CPU, the

CPU is in the interrupt enable state, and it sends out
status information INTA (Note 15), and an interrupt
instruction is sent to the CPU from the interrupt instruc-
tion generator across the multiplexer. By executing this
interrupt instruction, the CPU can jump to the interrupt
processing subroutine.

Note 14 : Each instruction may have five machine cycles. For register-to-register

transfer or arithmetic instruction. instruction fetching and execution are
carried out by machine cycle M4 but memory access instructions, or 2-byte
or 3-byte instructions require more than one machine cycie

16 : The interrupt acknowledge signal goes high when the CPU accepts an
interrupt request {INT} signal.

8—14
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Push-Down Stack Operation

The M58710S has a last-in first-out stack. This stack has a
pointer that maintains the address of the next available
stack location in memory and can be initialized to use any
position of memory. Since the stack pointer has a 16-bit
register, it can locate any stack location up to 65536
bytes according to memory capacity. An example of the
interrupt request is shown in Fig. 2 and the operation of
the stack pointer in Fig. 3.

Fig. 2 Processing an interrupt request

Fig. 2 is explained as follows:

1.

An external interrupt request occurs when the CPU
executes the instruction stored at location a in the main
program.

. Instruction RST is fetched, the content of the program

counter is incremented and pushed onto the push-down
stack. Then the CPU jumps to the first location b of the
interrupt operation program,

. The contents of the register are pushed onto the stack.

F (in Fig. 3) indicates 8-bit data of flag flip-flops includ-
ing CY,, CY,, Z, P and S. These are, from the most to
the least significant bit, S, Z, 0, CY,, 0, P, 1, CY,.

4. Instruction El is executed, enabling the CPU to accept
the next interrupt request.
5. The interrupt operation is carried out.
MAIN PROGRAM b SUSH Psw 6. The CPU enters the interrupt disable state.
o+ ([PUSH B 7. The contents of registers are popped off the stack.
PUSH D (3) 8. Instruction El is executed, enabling the CPU to accept
w a3 MoV LT (@ PUSH H the interrupt request after return to the méln program.
INTERRUPT a— 2 | MOV H.B RST El (4) 9. The content of the program counter is returned to
REQUEST 4. 4 | MOV AM ~ :L; (5) location a+1 of the main program.
a ADD B o ®)
at POP H ~ The operation of the push-down stack shown in Fig. 2 is
at2 POP D ) described in Fig. 3, where SP indicates the content of the
a+3 POP B stack pointer before the interrupt is requested. Instruction
E“‘_ f POP PSw LX 1 SP should be used to initialize the stack pointer.
+n— 1 [E . .
bin — ((g)) The content of the stack pointer is SP-4 at (3), but at
(9), after the execution of instruction RET, it returns to
the initial state, and the content of the stack point is SP.
Fig.3 Operation of the push-down stack
(1) RST (3) PUSH PSW roroeeeenienn PUSH H  wooereeemenneens (7) POP PSW (9) RET
SP—10D> (L)
(H)
> (E)
(D)
seeoennn (C)
(8) L
SP— 4D (F) (F)
() ) ] L
SP— 20| a+ 1 LOWER > a+ 1 LOWER a+ { LOWER SP— 2D a+ 4 LOWER| ¢
a+ {1 UPPER a+ 1 UPPER a+ 4 UPPER a+ 1 UPPER
SPD>
B> ¢ Memory location selected by the stack pointer
. Memory location selected by the stack pointer before the execution of instruction
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anNo
AS

3 14Od 8 140d V 14Od J1H0d 8 1HOd V L"40d
1NdINQ 1NdINO 1NdINO 1NdINO  1Nd1NO  LNdiNO
/LNdNI /1NdN) /1NdNI /1NdNI /1NdNI /1NdNI
HO9dO HOSdO xowuo HOZAO HOLEO HO0dO
| § j § §
HL9dO HISdD HLPdD HLZAO HILdD HLODO
s} st s/ P 84 81 @ , 9, H008VO
77 74 §
F ﬁ ﬂ ﬁ HSLEVO
h&n. hm,n_ TAn_ Oy ly kwn_ sm,& :“& 0y |y "..O|' aviLio
0 0 [} 094 0 ] t
od 08d Ovd o | 0d 08d tvd | oo | 2y
ldd dVGSZ8 IS Idd dVSSZ8ISW 0 .
SO 00~4iQ Qd  HM SO 0g-~ig gy WM A2l
HVTHO
! ﬂ 1 M W AMOID
HOID
HOSHO
H3LID
o} 8 HIYMO
8, Ho8ao
~
HLEAD
, 1 IM3IND
vg-£qQ ﬁvD(NQQ\‘ H 8 8 AY3NO
T0.1 B/M 00 0.1 8 MA0 00-Lq 0g~1Q ILNT LIVA £z -z
%01 Y01 (3LA8N) (31A8°31) zz%g25F
WOH XSYW WOH JSYW = D
(sig (s118 ) SXXX-OELBSW SXXX-0EL8SW vaH vaTH
WYY WvY HO 4O P 8 0t 8
dvinzIaw dVIIZIGW WOHd3 WOHd3 a~+ta 0~'0 '80~‘8af=r
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250 259 NBOLZISW
150 OV~LY 159 0V~LV sQ Oy -6y SQ v ~-Sv NIga NIBa
sine Y 3 ' o) S 4 oL UM PD———uM  5311041N0D
' 84 962 8 e a1 W31SAS
wfoy —sty d8ZZ8ISW :
. 81515
123138
ss3Haay Nndo M|||. 18180
Eosm_\“ v08081SW Q X,
AS— AS AZL mZ_mum o
ONAS] ONAS o NIAQY HAQHO
H p L_» » 1383y 1353y ovmm HOS00
(1ne
AG — =-AS AZLe-AS 43040030 O/ AQv3d AQVIY | vhanas HZ100
HILHIANOD YILHIANOD ANV AHOWIW 24 s _“ 32010 11SHO
- - 3 dYTT8IGN
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! } ¥ Syoot
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1S3N03Y Q10K
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