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? MCS-40™ Instruction Set

L 3 I..
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BASIC INSTRUCTIONS (* = 2 Word Instructions)
PA DESCRIPTION OF OPERATION
:3."‘""““"'%33:31 D, 0,0,0. D, ) e
00 NOP 0000 O0OOO Nooperation. Relac ) TN
23 Jump to ROM address A, A, A, Ay, A, A, A, A, (within the same
= * 0001 C,GCC,Cy4 ROM that contains this JCN mstructton) If condition C, C, C, C,
A JCN A, A A A, A A A A, _is true, otherwise go to the next instruction
In sequence. s ; LT
2 - *EIM OEUIEO N REB R 0 Fetch.immediage (direqt) trorr] ROM Data D, D, D, D, D, D, D, D,
L 0.0,0,0, D,D,D,D, to index register pair location RRR. Rl
Fetch indirect from ROM. Send contents of index register pair
3 - FIN OEORETE RERER A0 location 0 out as an address. Data fetched is placed into register
pair location RRR. &L
B e S o TR o o n oo
A 0 JUN 0100 AA;A;A; Jump unconditional to ROM address A, A, A, A, A, A, Az AE
- - A, A A, A, A A A A, A A A A, L e e e g
-  x IMS 0101 A;A,AA, Jump to subroutine ROM address As Ay A; AL A, Az A;. Az
- - A,A,A,A, A A A A, A, A, A, A,, save old address (up 1 level in stack.) p
6 - INC 0110 RRRR Incrementcontents of register RRRR. R —
g 0111 RRRR [nerementcontentsofregister RRRR. Goto ROMaddressAzA A A,
a0 ISZ AAA A A A A A, A A As A, (within the same HOMthatcoptalnstms ISZinstruction)
: if result $=0, otherwise go to the next instruction in sequence.
8 - ADD 1000 RRRR Addcontents of register RRRR to accumulator with carry.
9 - SuB:- 100 1 R R R R Subtract contents of register RRRR to accumulator with borrow.
_'A- L0 1010 RRRR Load contents of register RRRR to accumulator.
B- XCH 1011 RRRR Exchange contents of index register RRRR and accumulator.
ranch n1leveli
_c' BBL 1100 DDDOD B aac(c::ur?:ﬁ:té?.ﬂw 1 level in stack) and load data DDDD to
D IDM 1101 DDDD Loaddata DDDD to accumulator.
> 0 CLB 1111 0000 Clear both. (Accumulator and carry)
F1 CEoaee 1 1. 000 1 Clearcarry. 2
F2 IAC 1111 0010 Increment accumplgtgg_ e A
F3 PR 00N 1. Complementearry. .~ . 2
F4 CMA 1111 0100 Complement a_ccumulator YR &
FB RAL 1111 0101 Rotateleft. (Accumulator and carry) | 1 p.
F6 RAR 1111 0110 Rotateright. (Accumulator and carry)
F7 TCC 1111 0111 Transmitcarry to accumulator and clear carry
F8 DAC 1111 1000 Decrementaccumulator,
F9 TCS 1111 1001 Transfer carry subtract and clear carry
FA B el 10 0 Setcarry, _
W PAA 1111 1011 Decimal ad;ust accumulator
FC KBP 1111 1100 [Keyboardprocess. Converts the contents of the accumulator from a
——l | rd __one out of four code to a binary code,
B 1111 110 1 Designate command line.
M ONLY INSTRUCTIDNS
. e . OPR
0 0 0 _0‘__ D Q__(L]{_ ___E_xegjtes Halt until mterrupt recewed__ _' |
0000 0010 Return from subroutine and restore SRC.
e _ B 000 O 011 Data RAM and ROM | bank status loaded_ |_ntg ACC. e oy
0100 ORaccumulator with IR4. ol R

. r— = e —
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ONLY mSTHIJGTIDNS (Contmued)

_——— e — —

B nescmmnu OF OPERATION
ﬂ 1 e accumulator with B
AN 0000 0110 ANDaccumulator with IRS. ]
AN7 0000 0111 ANDaccumulatorwith IR7. i
0000 1000 SelctROMbanko0.
| 001 SelectROMbanki. P
1 0 Select IR bank 0. ST
DT
) 0 Enable interrupt detection. BN b I 4
) 1 Disable interrupt detection. ¥l
0

i E [ -rﬂ, - J
J . '. i g i o I L
L =, 'F' ¥ '
ey N
- b L] i 4 N
i i -:q',;" - i
L K I'l . T 1
; -f Fi . i) .
9 — = =1 i i . = L
]

Load accumulator from 4289 controlled program HAM

F_TE S S S TS - - TSR CSSS—_ e

DESCRIPTION OF OPERATION

- — mm———— il il

Send register control Send the address (,contems of index
register pair RRR) to ROM and RAM at X, and X; time in the
instruction cycle.

Write the contents of the accumulator into the prevmusly selet_:led_
RAM main memory character.

i léﬂ'-—ﬂﬁ‘*“’*ﬂw »‘m 1 10 00

|

Write the contents of the accumulator into the previously selected

e e — o e e e mm e

e 5T IR By

b 001 "RaM output port. (Output Lines)
o '.7-}%' .‘#' 1 110 0010 Wriethecontents of the accumulator into the oreviously selected
QPR _ ROM output port. (I/0 Lines)
Write the contents of the accumulator into the previously selected
RS0 001 1 half byte of read/write program memory (used
PR with 4008/4009 or 4289 only)
90 D 0100 Write the contents of the accumulator into the previously selected
RAM status character 0.
1110 0101 Writethecontents of the accumulator into the previously selected
| RAM status character 1.
1110 0110 Write the contents of the accumulator into the previously selected
RAM status character 2.
1110 . 011 1 Write the contents of the accumulator into the previously selected
o i RAM status character 3.
01000 Subtract the previously selected RAM main memory character
from accumulator with borrow.
R 0Y 100, 1 Read the previously selected RAM main memory character into
the accumulator.
T Read the contents of the previously selected ROM input port into
o R the accumulator. (1/0 Lines)
- Add the previously selected RAM main memory character to
T accumulator with carry.
| Flead the previously selected RAM status character 0 into
e 10 1 accumulator.
Wtn 1101 Read the previously selected RAM status character 1 into
accumulator.
Read the previously selected RAM status character 2 into
1 T R accumulator.
1 1 Read the previously selected RAM status character 3 mto

accumulator.

i
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1nput"‘utput Instructlons

J ,,ﬁ;}ﬁ
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- s OPA DESCRIPTION OF OPERATION
b ""E"W“‘“ D,D,D, D,D,D,D

____.*.. 1
'

B wR0o 1110 0100 Set the input mode and output mode of the 4269 according to the
e value contained in the accumulator as follows:

D, D,
00 Sensor, Scanned

Dg D,
00 Individual, Scanned
Displays, 8 or 16

Characters
e 01 Gas Discharge, 20 01 Contact Keyboard ,
Characters Scanned
AR 10 Gas Discharge, 18 10 Encoded Keyboard, not
Tt I Characters Scanned
a1 11 Gas Discharge, 16 11 Not Used
& e Characters SRR

~ 2- SRC 0010 RRRT1 Thecontents of the register pair RRR are used to select the 4269
s (1st two bits of first register will contain 01, the binary address

L Aty of a 4269). After a WRO instruction has set the mode of the
47 T 4269, an SRC preceding additional I/0 instructions is inter-
-':-,jf_.:?'_l;:jﬁ5'3;5.‘;.r g preted as follows, depending on the mode set;
 gnl ARRuwn ARRuo
| Sl D;0.D0:0, D3D.D,D,
¢ i * falld For gas discharge mode:
Pl SRS 0100 nznzn4Ng Selects the nth display register
G AR R 0110 ngn,n,n, Selects the nth display register
o :ﬁ?@fﬁ; and blanks the display (with
SEE et pinary 32)
e
" R For individual, scanned display
oy mode: | |
CPAT 0100 n,n,n;n, Selects one of 16 display
NN registers of Register A .E
| :E:._._.-,i,f ks 0101 nsn,n,N, Selects one of 16 display ’;
R registers of Register B ‘
e a o 0110 nan,n,n, Selects one of 16 display

0111 n,n,n,n,

For scanned sensor mode:
- 0100 ngn,n;x

' Eor scanned keyboard or non-
i ~;% ) aﬂ encnded keyboard;
1" -:7' @

1"
1,¢.

registers of Register A, with
Register A outputs being
placed at V; level (allowing | -
the port to be blanked while | .
allowing normal reading and |
writing) |
Selects one of 16 display

registers of Register B, with
Register B outputs being
placed at V4 level (allowing
the port to be blanked while
allowing normal readingand
writing) |

n,-n, indicates a sensor group to!
be read __2

SRC u used only to select 4269

+|—|.

bo: gjsensor and display logic and fills the display
i aoes not change mode).

lr‘,

q|
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01 Resets the internal disp
_______memory fo blank state

| F Display
| Diaplay B is 8 nibbles deep

. 1 Display A is 8 nibbles deep
jidual. scanned ¢ ﬂlﬂl‘ﬂnd and gas discharge display mode:
Loads the contents of the register addressed by the internal display
register pointer with the contents of ACC. then advances the
displayed data by one digit in refation to the scan ine timing, and

Increments the display register poiriter. In the gas discharge

mode, the display register pointer altérnates between the A& and B
registers.'"

Loads ACC wsth the contems m‘ the reguster addressad by me
display register pointer and then incremerits the display register
pointer. In the gas discharge mode, the display register pointer
dlternates between the A and B registers.'"

Loads the contents of the register addressed by the display
register pointer with the contents of ACC.

Loads ACC with the contents of the display register pointed to by
the display register pointer.

R

i

&y register pointer to 0 and forces display

Resets the internal display register pointer to 0 and forces
display memory ta blank state. Upper two bits of ACC select
~ length of display as follows:

B is 16 mbbles desp

is 16 nibbles deep

. o

e —mm— ———

i — e

e -

Clears FIFO/RAM M logic, the status buffer, and the INT line.

el — — kel e il

Heads the ﬂrst nibble of the current FIFO register pasition.

Heads the second nibble of the current FIFO register pasition
FlFOﬁreglster position is incremented to the next position.

Loads ACC with the FIFQ status.

Clears the FIFO/RAM logic and the INT line.

Loads into ACC the upper 4 bits of the 8-bit sensor RAM group
previously addressed by an SRC instruction. \

|

Jieed
.Ft'l"‘ﬁ G‘}‘ rﬂ"‘!ﬁm *‘ G
ﬁ} : ﬂ’ j'-.f- *a: FE—‘ | ] 1 0
HDJ I'.: vl W " Ol U 1
R
. 1n 1 0 |
7. s _
- _...._....._._...h..l_.. * Et‘;'i.: f..‘-i.;?.ﬂ:“ | ;
EE ﬂiﬂ);?* ""i&f‘" }Eﬁj* f”t f*@ 1; 10
7'-." Jf ** |

e — L-

1
Loads into ACC the lower 4 bits of the 8-bit sensor RAM group
previously addressed by an SRC instruction.

:E"'i"‘r

CHIP- F’lpé |
|r=| G- =r;;]:*‘rg Ghm L
Ck F“ {— 1l of Iiu;r’Huair H ggters in regnster

o) '; } w”f"'r :F 0L 111 “1Ur]i h”]

|NJ|HL" ” n“ll"l IHTTIEHT-}*TI, ilgn‘ iSaAg Bu, A*“ B1 Ag. Btc

f";;::ﬂf_‘lng for 4001, 4002, 4008, 4009, 4289

2 ) DATA RAM STATUS CHARACTER

CHIP—1 of 4 Data RAM chips
REG—1 of 4 registers in Data RAM chip
N/A—RBits are not revelant for this reference

4.) ROM INPUT OR QUTPUT PORT

CHIP i REG. —! NIA .,
| .

PORTS Nfﬁ |
RS UBU[Eaag . WG A/ {2 ]

f

PORTS—1 of 16 ROM ports

N/A—Bits not relevant for this reference

e




4265 Input/Output Instructions

LAV e
& :
e \ ¥ .‘I i . .Il
1?'_ e 1Y L N
I* .

Hex OPR OPA DESCRIPTION os opsmn N
Code graOmG 30.0,0, D,D,D,D, - - "' 3‘3 .- I
Mode Indapandant Dperatlom E!*" :

D WRM 1110 0000 TheportYorportZbit designated by D, D, D, of
~is set or reset according to D, (1= set, 0=rasa :;-- e

E1 WMP 1110 0007 Setsthemodeofthe4265tothevaluecontalnadilnt
Mode Dependent Operations g,

Mode Mode

1-3 . 0 4"11 4 s aiid

2- SRC 0010 RRR1 Formodes0-11, the contents of register pair f"-rf;ie‘.'; - ( BBRaven
RRR are used to select the 4265 chip (ﬂrst qu AR T RO

bits of first register will contain 10 or 11, | it“:f ?;‘

depehding on chip address) | L PortiX

T _-—_-ﬁ ¥ -
i o A e

€4 WRO 1110 0100 (ACCS (ACC)—
| | Port W Port Wil
ES  WRT 1 101 0D op T ARG > (ACC)—
f Port X Port X! .
E6 | WR2 4 i 00100 {ACD» (ACC)—
i | Port Y | Port Yt
E7,. WR3 LA N Ohe — (ACC)—
Port Z(") (il
EC  RDO 1110 /(1100 (PortW— (Port W)—
.. | ACC _ACGC ﬁ.
i ED  AD1 ORIt 1 (Rok X~ (Port X)—
| ACC AGCHI v
EE BO2. AR 1 08 {PerliY)e (Port Y)—
ACC ACC _
B RDS . 4 iR D ~ (Port 2)—
/ ACC ACC
F9 ROM 1110 1001 (PortY)— (Port Y)—
ACC ACC 5
EB ADM 1110 1011 (PortY)+(ACC) ~ (Port Y)+ACC g
Rt +CY—ACC +CY—ACC
EB8 SBM 1110 1000 (ACC)—(PortY) (ACC)—(PortY)
- CY—ACC ~CY—ACC

A e e ——

Note 2. WMP 1110 disables all I/0 ports, WMP 1111 enables all 1/0 ports. In both cases, the mode (s not changsd

- 4265 Mode Diagram

? Nute 1. Actmn if Port is designated, as Output Port; otherwise, no actron

ASYNC .
0001 CONTROL 0010 CONTROL 0011 CONTROL 0100

BYNC
1001 CONTROL =

0111
~ISRC 8 'f?Jﬁf?.” g
W X Y ( 'l'r s
DATA 4 DATA 4 ' UNBUFFEEED mmmm '
r **THE LINES ON THESE *
Zee SVNC 7o M ARE SUBJECT TO ‘li im?
- SET C'ﬂmmm \'] rr h .'_'.*.‘. s '
0 +MGTE%5 103 cmfmm e

3 o 'I %;;.‘ _,J_._ 5
WRR P 22y -
4 . r A TR
S AR



JCN Condition Codes

e

|

Special
Mnemonic C, C, C,C,
0000 Never Jump
INT 0001 Jump if Test = 0
JO 0010 Jump if Carry = 1
0011 Jump if Test = 0 or Carry = 1
JZ 0100 Jump if ACC = 0
0101 Jump if ACC = 0 or Test = 0
0110 Jump if ACC = 0 or Carry = 1
R N Jump if ACC = 0 or Carry = 1 or Test = 0
1000 Jump Unconditionally
JT 100 1 Jump if Test = 1
JNC 1010 Jump if Carry = 0
fog 8 B¢ Jump if Test = 1 and Carry = 0
IJNZ 1.l Jump if ACC = 0
P Jump if ACC = 0 and Test = 1
1) Jump if ACC = 0 and Carry = 0
45 Jump if ACC # 0 and Carry = 0 and Test = 1

- . i SR i i BRI CHR B i - — e s
SR T g ——————— il i e - L

System Monitor Commands

B 1 —_ - —_— —

Command Format Description

B Low Add., High Add. Output content of program RAM from low add. to high add. to the
TTY printer punch.

D Low Add., High Add. Program RAM from low add. to high add. is displayed on TTY in
Hex form.

E Causes termination record and 60 null characters to be punched.
creating an End-of-File mark.

| Low Add., High Add. Complements each byte of program RAM from low add. to high add.

J Causes monitor to use High Speed Reader for subsequent L or R

__ commands.

K Causes monitor to use TTY reader for subsequent L or R commands.

L Low Add., High Add. Loads complemented BNPF paper tape into memory from low add. to
high add.

M Low Add., High Add. Dest. Add. Causes block of memory from low add. through high add. to be moved
to location of memory starting at dest. add.

N | Causes 60 null characters to be printed. If TTY punch is on, will produce
6 in. of blank tape.
P Low Add., High Add. PROM Add. Program RAM data from low add. thru high add. is transferred to 16024
or 1702A PROM beginning at PROM address.
R Loads Hex format and paper tape into program RAM.
S Hex Add. (CR) Used to display and/or modify the contents of individual program
| ’ , RAM locations

T Hex Add. Transfers the contents of PROM to program RAM beginning at address
specified for 256 bytes.

W Low Add., High Add. Outputs program RAM low add. through high add. in Hex format to TTY
g printer/punch.

Notes: All addresses must be specified with no more than three Hex digits, otherwise monitor accepts only last three digits.
For special information on use and error conditions, refer to Intellec® 4/MODA40 Operators Manual, Section 4.0

Text Editor Commands

—— = — e g -

Command Description
C Copies one line from reader to tape punch.
nC Copies “'n" lines from reader to tape punch.,
$C Copies remaining lines to tape punch until a NULL character is sensed.
S Skips one line of source tape. ‘
no Skips “n" lines of source tape, |
$S Skips remaining lines of source tape until NULL is sensed.
A Causes subsequent lines typed on Teletype to be copied on tape punch—Terminate with control-D.
o Causes 60 NULL characters to be punched as trailer—Ends editing phase.

il o . = ‘
R . W e L
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Assembler Pseudo-OPS

'FORMAT
Label Code Operand Description
Opt. ORG “adr."  Next instruction or byte is assembled at address, “adr", tadr+1".
Req. EQU “exp””  The required LABEL is assigned value of lexp
Req. SET ‘exp” Same as EQU except required LABEL may be defined more than once.
*Opt. |IF “exp”  Assembler evaluates “exp”. If “exp” evaluates to zero, then statements between IF,
ENDIF ENDIF ignored, otherwise assemble.
*Reqg. MACRO “list” Statements between MACRO and ENDM defined by MACRO LABEL -
ENDM
*Opt. TITLE “string’’  Specified “string” will appear at top of each page of listing. :
Opt. BANK Used for assembling for 4040 system with two ROM banks.
END Signifies the physical END of the program to assembler.

*Used with MAC4™ Cross Assembler only. A

Assembler Error Messages , -

Code Description

Address error caused by JUN or JMS referencing address not in range of 0 to 4095.
Balance error caused by parentheses in expression or quotes in ASCII string being unbalanced.
Expression error caused by missing operator, comma, or misspelled op code.

Format error caused by missing or extraneous operand.
lllegal error caused by invalid ASCII character or numeric character exceeds base of number.

Multiple definition occurs when symbol or Macro is defined more than once.

Nesting error caused by IF or ENDIF improperly nested.

Phase error indicates element value changed between pass 1 and pass 2 of assembly.
Questionable Syntax error caused by omitting operator.

Register error indicates register specified is invalid.
Stack overflow indicates assembler’s internal expression evaluation stack overflowed memory available.

Table overflow indicates assemblers symbol table space was exhausted.
Undefined identifier indicates symbol in operand field was not previously defined.
Value error caused by operand or expression value exceeds range required.

4040 only instruction—cannot be executed by 4004.

Paper Tape Reader did not supply expected input. ¥

e e A —

P L

X ECECH N IOTZZT—TTmMm®>

i e ——— —— — =

f

': .' Resident Assembler Commanas

PR e —_— e  —— —

| Command ~ Description 1
B or Begins Pass 1 of assembly . ;,1

L or?2 Lists the program as Pass 2 of assembly.

Por3 Punch object tape as Pass 3 of assembly.

Allows High Speed Reader to be used as source input.
Allows Teletype reader for source input (TTY reader is assumed as initial condition).

Used to invoke Text Editor for source tape editing., :
Allows ‘X" error flag on listing for 4040 only instruction. '

_— e E s R e —— i p—— e —

>Xm X

Intal

3065 Bowers Avenue, Santa Clara, California 95051
(408) 246-7501

Printed in U.S.A./MCS-770-1175
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