MAB8400

FAMILY

SINGLE-CHIP 8-BIT MICROCOMPUTERS

DESCRIPTION
The MAB8400 family of single-chip 8-bit microcomputers are fabricated in N-MOS.

The family consists of 4 devices:

® MABB8400: capacity of 128 RAM bytes (‘Piggy-back version’),

e MAB8410: 1K ROM/64 RAM bytes,

© MABS8420: 2K ROM/64 RAM bytes, *)

® MAB8440: 4K ROM/128 RAM bytes.

Each type has 20 quasi-bidirectional 1/0 port lines, one serial 1/O line, one single-level vectored
interrupt, and an 8-bit timer/event counter and an on-board clock oscillator and clock circuits.

This micrecomputer family is designed to be an efficient controller as well as an arithmetic processor.
The instruction set is based on that of the MAB8048. The microcomputers have extensive bit handling

ability and facilities for both binary and BCD arithmetic.

FEATURES

8-bit CPU, ROM, RAM, 1/0 in a single 28-lead DIL package
1K, 2K or 4K ROM bytes

64, 64 or 128 RAM bytes

20 quasi-bidirectional 1/0 port lines

external interrupt input

Single-level vectored interrupts: external, timer/event tounter, serial 1/0

Serial 1/0 which can be used in bus systems with more than one master (serial /O data via an
existing port line and clock via a dedicated line)

Two test inputs: one of which can be used to detect zero voltage cross-over, the other is also the

® 8-bit programmable timer/event counter E
® internal oscillator, clock driver e
® OQver 80 instructions (based on MAB8048) s
@ All instructions 1 or 2 cycles
@ Single 5 V supply (x 10%)
® Operating temperature range: 0 to + 70 °C (MAB8400 family), or —40 to + 85 ©C (MAF8400 family)
*) MAB 8421: same as MAB 8420,

bt Doamd 4. U {14 0V 4 T N 40 2

UUv £0Fv 413 VOL = 1yU V &v J.OL = maX. 1U mA
PACKAGE OUTLINES
MABB8400B : 28-lead ‘Piggy-back’ package (with up to 28-lead EPROM on top).
MABB8400Q: 56-lead QUIL; plastic (VO-35).
MAB8410P /20P /40P : 28-lead DIL; plastic (SOT-117D).
MAB8410D/20D/40D: 28-lead DIL; ceramic (SOT-135).
MABS8410T /20T /40T : 28-lead flat pack ; plastic (SO-28;SOT-136A).
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PIN DESIGNATION

P22 (‘ U 7_8_! Vee designation  pin no.
Vss 14
P23 [2 27] P21 Vee 28
PO0-PO7 411
scLk[3 [26] P20
P10-P17 18-25
P00 [ [25] P17
P20-P23 26,27,1,2
PO1 [5 E P16
po2 [6 | 23] P15
P03 7 E P14 SCLK 3
Po4 | 8 E P13 INT/TO 12
pos |9 [20] P12
po6  [10] E] P11 -, ;
po7 [11] 18] P10
NT/To[12] 17] ReSET
o [13] 16] xTAL2
Vss [14] 15] xTAL1
7284529.1 RESET 17

Fig. 1 Pinning diagram for MAB8400B

‘Piggy-back’ version bottom pinning (for XTAL1 15
top pinning see Fig. 2), MAB8410,

MAB8420 and MAB8440.

XTAL2 16

function
Ground
Power supply, + 5 V.

Port 0. 8-bit quasi-
bidirectional 1/0 port.

Port 1. 8-bit quasi-
bidirectional 1/0 port.

Port 2. 4-bit quasi-
bidirectional 1/0 port;
P23 is the serial data
input/output in serial
1/0 mode.

Bidirectional clock for
serial 1/0.

External interruptinput
(sensitive to negative-
going edge); testable
using the JTO, JNTO
instructions.

Input pin testable
using the JT1, JNT1
instructions. Can be
designated the event
counter input, using
the STRT CNT
instruction. Also allows
Zero cross-over sensing
of slowly moving a.c.
inputs.

Input, used to initialize
the processor (active
HIGH).

Connection to timing
component (crystal)
which determines the
frequency of the
internal oscillator.
Also the input for an
external clock source.

Connection of the

other side of timing
component.
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PIN DESIGNATION

VCC designation pin no.
Vgs 14, 22
Vee Vee 1,26-28
v AD-A12 10-3, 25, 24,
cc 21,23,2
DO-D7 11413, 1519
A8 it
PSEN 20
A9
A1
Vss
A10
PSEN
D7
D6
D5
D4
D3

Fig. 2 Pinning diagram for MAB8400B
‘Piggy-back’ version top pinning (for
bottom pinning see Fig. 1); to access
a 2732 or 2764 EPROM.

function
Ground
Power supply, +5 V

Address outputs
Data

Program store enable
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PIN DESIGNATION

P22 [‘: U E Vee designation  pin no. function
p23 2 55| P21 Vgg 28 Ground
+
scik 3] E] P20 Vee 56 Power supply, + 5V
POO-PO7 4,5,7-12 Port 0. 8-bit quasi-
poo [4_ | | s3] ew7 bidirectional 1/0 port.
P10-P17 46-53 Port 1. 8-bit quasi-
PO1 |5 52| P16
[: :] bidirectional 1/0 port.
ne [6 ] [ s1]es P20-P23 54,55, 1,2 Port 2. 4-bit quasi-
P02 7] E] P14 bidirectional 1/0 port;

P23 is the serial data

P03 49 P13 input/output in serial
1/0 mode.
P04 [9] 48] P12

SCLK 3 Bidirectional clock for
pos [10 47] P11 serial 1/0.
pos [11] [46] P10 INT/TO 15 External interrupt

input (sensitive to

P07 |12 45| RESET negative-going edge) ;

. testable using the JTO,
&1 [13] 44] xTAL2 JNTO instructions.

INTA |14 43| XTAL1 T 16 Input pin testable

using the JT1, JNT1

INT 15 42| HALT . .
T /7o [15 ] 42] instructions. Can be
T1 |16 41| CLK designated the event
counter input, using
oo [17] 40] PSEN the STRT CNT
instruction. This also
D1 {18 39| D7
[: : allows zero cross-over
o2 [19] 38] D6 sensing of slowly moving
- a.c. inputs.
A12 |20 37| D5 L
(:: RESET 45 Input, used to initialize,
Al [Z E D4 the processor (active
HIGH).
A10 [22 35| D3 .
[: :j XTAL1 43 Connection to timing
A9 E 34 A0 component (crystal)
which determines the
AB |24 E Al frequency of the
A7 [25] E A2 internal oscillator.
‘Also the input for an
AB |26 31| A3 external clock source.
Vas E E A4 XTAL2 44 Connection of the

other side of timing

Vss (28 | 29| A5 component.

7286140 VeB 27 Back bias voltage.

Fig. 3 Pinning diagram for MAB8400Q;
56-leads, quadruple in-line.
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Single-chip 8-bit microcomputers MAB8400

FAMILY
PIN DESIGNATION (continued)
designation pin no. function
AD-A12 34-29, 26-20 Program memory address outputs (active HIGH); AO = LSB,
A12 = MSB. Address output change after begin Phi3 of TS8.
DO0O-D7 17-19, 35-39 Data input lines (active HIGH). Used for reading external
program memory. DO = LSB, D7 = MSB.
CLK 41 Clock output buffered from XTAL2. On the positive-going edge
the (internal) Phi clock goes HIGH.
PSEN 40 Program store enable. This signal is used for enabling the external

EPROM (e.g. on the ‘Piggy-back’ version). For emulation it
enables the emulation memory and it indicates machine cycles.
Active LOW during TS9, TS10 of each machine cycle and TS1
of the following machine cycle.

C1 13 Cycle 1 indication output (active LOW). During emulation this
signal indicates the opcode fetch cycle (useful for external
instruction decoding, real time trace). Active from begin of
TS10 of the cycle preceeding cycle 1, to begin TS10 of cycle 1.

HALT 42 Halt input (active LOW). If activated, the current instruction is
finished and the microcomputer stops execution (HALT mode).
The next following program counter address is available on the
address bus. Program counter and timer/counter are no longer
updated. The serial 1/0 finishes the current transmit/receive
action and goes into the idle state.
Interrupts are not sampled in the HALT mode, they are only
sampled when the microcomputer is running. Interrupt routines
can be single-stepped as a normal program.

INTA 14 Interrupt acknowledge output (active LOW). It indicates the
acception of any interrupt. Active from begin of TS8 of the
interrupted cycle, to begin of TS7 of the second cycle of the
(internally forced) ‘CALL vector address’ instruction.

During INTA active, the address bus shows the address, that has
been saved in the stack. (return address); the C1 output indicates
opcode fetch cycles as if a user CALL was executed.
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A

SERIAL DATA/P23

2
(pin 2) {_ | P17-P10 Po7-Poo
(s‘an;j Pa2-Pag | RESIDENT ROM |
P (pins 1,27, 26) | |
|
: KBYTES
KBYTES [T
CLOoCK DATA PORT 2 PORT 1 PORT O
* ; 8440:4 KBYTES || BUFFER [ BUFFER
|
| DECODE | PORT 1 /} PORT 0 /}
L= —_— — e — LATCH LATCH
MEMORY
BANK 13
FLIPFLOPS »—]
SERIAL TIMER/ HIGHER LoweR PROGRAM
INPUT/ EVENT PROGRAM PROGRAM STATUS
ouTePuT COUNTER COUNTER COUNTER WORD
INTERFACE INTERNAL [‘* (8)
CLOCK
SI0 FREQ TEST 1
inter. {B/ '{9/
L 8 ]
A4 ﬁ
INTER- RAM MULTIPLEXER
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 RUPT ADDRESS
(8) (8) )] | LoGic REGISTER [
REGISTER 2
ARITHMETIC INSTRUCTION __REGISTER3 |
LOGIC UNIT REGISTER REGISTER 4
—
DECO&DER REGISTER 5
D REGISTER 6
:> B REGISTER 7
9 8 LEVEL STACK
- O | (VARIABLE LENGTH)
(8) e— TEST 0 €
-c¢ OPTIONAL SECOND
POWER { f t «— TEST 1 REGISTER BANK
suppLY | Vss external DECIMAL TIMER I
— GN interrupt CONDITIONAL |¢—
GND ADJUST BRANCH FLAG
LoGiC  |e— CARRY DATA STORE
— l«— ACC
— CONTROL & TIMING <:—_>
—— ACCBIT
—— INT/TO RESET XTAL1 XTAL2 <: TEST
e RESIDENT RAM ARRAY
P SCILLATOR 8410: 64 BYTES
INTERRUPT INITIALIZE O e ol Baag: Sabyres
* 12837393 8440: 128 BYTES
Fig. 4a Block diagram of the MAB8400 family.
____________ —_——— e
r A0-A12 1 | A0-A12 h
| D0-D7 | D0-D7 |
| 1] | | | I
| Gk | | |
| PN | FSER +—
| Ti 8 | 8
| HALT »— | | |
l INT, ' ’ I
—— J [ L S, J
7286142
Fig. 4b Replacement of dotted part in Fig. 4c Replacement of dotted part in
. . . o
Fig. 4a, showing the MAB8400Q Fig. 4a, for the MAB8400B ‘Piggy-
. . .
bond-out version. back’ version.
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Single-chip 8-bit microcomputers MAB8400
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FUNCTIONAL DESCRIPTION
Bond-out version MAB8400Q

The bond-cut version is a microcomputer that contains no on-board ROM, but hzs all address and data
lines brought-out to access an external ROM or EPROM. So, this version has more pins than the
standard microcomputers with on-board ROM. It has all the features of the other members of the
MABB8400 family. The RAM has 128 bytes.

Program memory {ROM)

The program memory consists of 1024, 2048, or 4096 bytes (8-bit words), which are addressed
by the program counter. The memory is mask-programmed at our factory. Because the MAB8400
family offers a range of ROM capacities to suit the application, ROM expansion is not required. . -
Figure 5 shows the program memory map.

Four program memory locations are of special lmportance

location 0 — contains the first instruction to be executed after the processor is initialized (RESET),
location 3 — contains the first byte of an external interrupt service subroutine,

location 5 — contains the first byte of a serial /0 interrupt service subroutine,

location 7 — contains the first byte of a timer/event counter interrupt service subroutine.

Program memory is arranged in banks of 2K bytes, which are selected by SEL MB instructions. Further,
the program memory is organized in pages of 256 bytes. Only the unconditional branch instructions
(JMP and CALL) can cause jumps over page boundaries. Memory bank boundaries can be crossed only
by using the same unconditional branch instructions after the appropriate memory bank has been
selected. A CALL instruction can transfer control to a subroutine on any page; RET and RETR
instructions can transfer control from a subroutine back to the main program. Note, a memory bank
must be selected prior to a CALL or JMP instruction.

Data memory (RAM)

Data memory consists of 64 or 128 bytes (8-bit words). All locations are indirectly addressable
using RAM pointer registers; up to 16 designated locations are directly addressable: Memory alsa
includes an 8-level program counter stack addressed by a 3-bit stack pointer. Figure 6 shows the data
memory map.

Locations O to 7 are designated as working registers, directly addressable by the direct register
instructions. Because these registers are easily addressed and require the minimum instruction bytes to
manipulate their contents, they are commonly used to store frequently accessed intermediate results.
This bank of registers can be selected by the SEL. RBO instruction.

Executing the select register bank instruction SEL. RB1, designates locations 24 to 31 as working
registers, instead of locations O to 7, and these are then directly addressable. This second bank of
working registers may be used as an extension of the first or reserved for use during interrupt service
subroutines, saving the first bank for use in the main program. If the second bank is not used, locations
24 to 31 may serve as general purpose RAM.

The first two locations of each bank contain the RAM pointer registers RO, R1, R0’ and R1’, which
indirectly address all RAM locations.

All RAM locations make efficient program loop counters when used with the decrement register and
test instruction DINZ.

Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as
general purpose RAM. The program counter stack (Fig. 7} enables the processor to keep track of the
return addresses and status generated by interrupts or CALL instructions by storing the contents of the
program counter prior to servicing the sttbroutine. A 3-bit stack pointer determines which of the
program counter stack's eight register pairs will be loaded with the next return address generated.

July 1982 401



A

‘dew Asowsw g1eg 9 ‘B

_

0>jueg usym
alqgessaippe
Aposuip

[ RETENEY

™~

e

€2

pa1oa|as st

L dueq uaym
ajgessaippe
Apoasp

ve

S¢

L€

.id .04 ‘LY ‘oY
siayutod ybnoayy
Apdasipul
passaippe

MABB84C0
FAMILY

145

€9
¥9

‘dew Asowasw wesboid ¢ Bid

JO138A 13381 : ( UONEDT|

10108A

1dnuisiul [BLIa1Xe : £ UCIRJ0|

40138A

1dnuisius /| jeUSS 1 G UOIBDO|

103994 1dnu

-431U1 J3lUNOa/iaWy : £ UoNEd0|

*SUOIIONIISUL
€9 T3S pue ZgiNl 73S 8yl
BIA pasn aqg ued Mg 01 M
10 Ajowesw wiesboud ayj ()

08N T3S

W

-5

vGESYRZ L

W ™S OO MN~— O

N
A\

€201l

\¥

Lv0C

LeL

¢

|

L8W13S

(1)

A
=

vzol|

8402 |

S60% |

OLy88VIN

0Zy88vIN

o v8aviN

402 July 1982 W (




Single-chip 8-bit microcomputers MA884OO
FAMILY

FUNCTIONAL DESCRIPTION (continued)

The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and points
to locations 10 and 11 ready for another call. Because an address may be up to 13 bits long, two bytes
must be used to store each address.

At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack
pointer decrements by one and the contents of the register pair on top of the stack are transferred to
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction.

If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be
used as any other indirectly addressable RAM locations. Possible locations from 32 to 127 may be
used for storage of program variables or data.

STACK 7289147.2
POINTER

T
R23

111 |
| 22
! 21

110 }
i 20

|
19

101 1
| 18
! 17

100 t
| 16

| ,

15

011 }
| 14
| 13

010 |
| 12

1
11

001 1
i 10
000 PCy | Pce | PCs | Pcq | Pca| PCa| Pei[Pco| 9
_|PSW7{PSWg PC12 PSW4:PC11 PCio| PCg|PCg| R8

ms8 LSB

Fig. 7 Program counter stack.

Input/output

The MABB8400 family has 23 1/0 lines arranged as:

— two parallel ports of 8 lines (P00 to P07, P10 to P17),

— one parallel port of 4 lines (P20 to P23),

— aserial 1/0 consisting of a data line shared with a parallel port line {P23) and a separate clock
line SCLK, . o

— one external interrupt and test input (INT/TO); when used as a test input it can be tested by the
conditional branch instructions JTO and JNTO,

— one test input (T1), which can alter program sequences when tested by conditional jump instructions

JT1 and JNT1; T1 can also be used as an input to the timer/event counter, or for zero-cross detection.

July 1982
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MAB8400

FAMILY

FUNCTIONAL DESCRIPTION (continued)
Parallel ports

Output data written to a port is latched and remains unchanged until rewritten. Input data is not
latched and so must be present until read by an input instruction.

Input lines are fully TTL compatible, output lines can drive one standard TTL load. Figure 8a shows
the quasi-bidirectional /0 interface with push-pull output with pull-up resistance. Each line is
continuously pulled up to + 5 V through a relatively high resistance (= 50 k£2). When a ‘0" is written
to the line, the low impedance of TR1 overcomes the pull-up and provides TTL current sinking
capability. When a ‘1" is written, TR2 is momentarily switched on to give fast pull-up. One state of a
machine cycle later, the ‘1’ level is maintained by the puli-up through the 50 k£2. When used as an
input line, a ‘1" must first be written to the line, otherwise the pull-down transistor TR1 is low
impedance. This can be done by software control. After RESET, all I/0 lines are in the input mode.
The 1" on these lines can then be easily pulled down to a ‘0’ by CMOS or TTL circuits.

Two other interface output configurations can also be specified:
— open drain output with pull-up (Fig. 8b),

— open drain output without pull-up (Fig. 8c),

— P23 only with open drain configuration.

Serial 1/0

The MABB400 family serial /0 interface has been designed to eliminate the heavy processing load
imposed upon a normal microcomputer performing serial data transfer. Whereas a normal microcom-
puter must regularly monitor the serial data bus for the presence of dat'é, the serial 1/0 interface
detects, receives and converts the serial data stream into parallel format without interrupting the
execution of the current program. An interrupt is sent to the microcomputer only when a complete
byte is received. Then, the microcomputer reads the data byte in one instruction. Likewise, for
transmission, the serial 1/0 interface performs parallel to serial conversion and subsequent serial output
of the data and the microcomputer is only interrupted in the execution of its programmed tasks when
a complete byte has been transmitted.

The design of the MAB8400 family serial I/0 system allows any number of MAB8400 family devices
to be interconnected by the two-line serial bus. The ability of any two devices to communicate,
without interrupting the operation of any other devices on the bus, is an outstanding attribute of the
system. This is achieved by allocating a specific 7-bit address to each device and providing a system
whereby a device reacts only to message prefixed with its own address or the ‘general call’ address.
Address recognition is performed by the interface hardware so that operation of the microcomputer
need only be interrupted when a valid address has been received. This saves significant processing time
and memory space compared with a convential microcomputer employing a software serial interface.
When the addressing facility is not required, for instance in a system with only two microcomputers,
direct data transfer without addressing can be performed. In multi-master systems, an automatically
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission.
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Single-chip 8-bit microcomputers

FAMILY
ANL, ORL +5V +5V
~50kQ
internal TR2
bus =5
D kQ
FF
a - 1/0 port line
4 CLK TR1
write 1
pulse
INPUT
in ——}l BUFFER
ANL, ORL (a)
+5V
internal l ~50k$
interna
bus 2D Q@
;:E:: TR1
— I —
~ ,0 1/0 port line
(9] =
write __ | | |£
pulse
INPUT
in\jBUFFER
ANL, ORL (b)
internal
bus 0 a
FDF TR1
- ’__o
Q —”'
CLK 1/0 port line
write | ]
pulse
]J INPUT
in BUFFER
72845634.2

(c)

Fig. 8 Quasi-bidirectional 1/0 interface with (a) push-pull output with puli-up resistance; (b) open
drain output with pull-up resistance; (c) open drain output without pull-up resistance.,
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FUNCTIONAL DESCRIPTION (continued)

Serial 1/0 interface

Figure 9 shows the serial |/O interface. The clock line of the serial bus has exclusive use of pin 3
(SCLK) while the data line shares pin 2 (serial data) with the 1/0 line P23 of port 2. When the serial
1/0 is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain).

The microcomputer and interface communicate via the internal microcomputer bus and the Serial
Interrupt Request line. Data andinformation controlling the operation of the interface are stored in
four registers:

— data shift register SO,

— serial 1/0 interface status word S1,

— serial clock control word S2,

— address register.

Data shift register.

S0 is the shift register that converts serial data to parallel format and vice versa. A pending interrupt is
generated only after a complete byte has been transmitted, or after a complete data byte, specific
address or general call address has been received. The most significant bit is transmitted first.

Status word S1.

S1 provides information about the state of the interface and stores interface control information from
the microcomputer. Bits O to 3 are duplicated: control bits in these positions can only be written by
the microcomputer, while interface status bits can only be read.

MST and TRX
These bits determine the operating mode of the serial 1/0 interface (Table 1).

Table 1 Operating modes of the serial /O interface

MST TRX mode
0 0 slave receiver
1 0 master receiver
0 1 slave transmitter
1 1 master transmitter
BB: Bus Busy

This'is the flag which indicates the status of the bus.

PIN: Pending Interrupt Not

PIN = ‘0" indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request
when the serial interrupt mechanism is enabled.

ESO: Enable Serial outpur
The ESO flag enables/disables the serial 1/0 interface: ESO = 1’ enables, ESO = ‘0’ disables.

BCO, BC1 and BC2
These bits indicate the number of bits received or transmitted in a serial data stream.
Bits ESO, BCO, BC1 and BC2 can only be written by software.

406
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AL: Arbitration Lost

The arbitration lost flag is set by hardware when the serial |/O interface, as master transmitter, loses a
bus arbitration procedure.

AAS: Addressed As Slave

This flag is set by hardware when the interface detects either its own specific address or the general
call address as the first byte of a transfer and the interface has been programmed to operate in the ¢
address recognition mode.

ADQ: Address Zero

This flag is set by hardware after detection of the general call address when the interface is operating
in the address recognition mode.

LRB: Last Received Bit

This contains either the last data bit received or, for a transmitting device in the acknowledgement
mode, the acknowledgement signal from the receiving device.

Bits AL, AAS, ADO and LRB can only be read by software.

Clock control register S2

Bits 0 to 4 of S2 are used to set the frequency of the serial clock signal. When a 4,43 MHz crystal is
used, the frequency of the serial clock can be varied between 100 kHz and 720 Hz. An asymmetrical
clock with a HIGH to LOW ratio of 3 : 1 can be generated using bit 5. The asymmetrical clock allows
a microcomputer more time per clock period for sampling the data line, making the timing of this
action less critical. Bit 6 can be used to activate the acknowledge mode of the serial 1/0.

S2 is a write-only register.

Address register

The address register contains the 7-bit address back-up latches'and the bit (ALS) used to enable/disable
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO,
# data instructions, but only when ESO = ‘0'.

Serial 1/0 interrupt logic

An EN Sl instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is
enabled, a pending interrupt results in a serial 1/0 interrupt to the processor, causing a call to location

5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1, thus the
interrupt can still be serviced. However, vectored interrupt will not occur.

July 1982

407



MAB8400
FAMILY

£0PLE8ZL

HO070 TYNHIINI ———

"adey81u1 Q| |e148S 6 Bl

[

!

T

H31NNOD "HO0Hd
L

1 T

T
HOLVHY3N3D 3S7Nd MIO01D TVIE3S

] 1 i

10HLNOD (guid)
+ 3108
¥IXIdILINN 29019 RIS0 oo °
ONAS H31714°910 p
43151934 SNLVLS 1s H 320710
1Sag”| 897 | oav | sy | v 25
Nid 88 XYdi | 1SW T — T T
o] 008 | 108 | 208 | 0S3 —=+! 43151934 TOYLNOD %0070 || OSV || Mov
LS HM ZS UM | | : .
03a Lug 01q 4 v R
|Gy
31901
‘auv
—_ L e
- 13534 ¢———0
SN8 H31NdWOIOHIIW TYNHIALNI > (£1 ud)
IZIVILING
o
21901
Asng
sng
Nid oav Svv f:1'] v 89 |+ o
(Zuid)
NI VivQ Z uod jo
£2d 0/1 0
N/ 0s o/1 viva
0S a4 — T T ! T 10U1NOD viva VIY3s
05 M — m_uhm_cm_z .E:_a <.E_n o viva ¥aL114°01G )
03q L ng viva
T T T I T ﬁ
1Ssi1a HOLVHVJWOD SS3yaav
ISN3 T | 21901 1 ] L L 1 0s3
21901 [¢e—] LdNYHILNL
1dNYYIINI o1s |
.08
oov8 T T Y | E—
034 LNl +—F .0S UM ——>| 57V S3IHOLYT dN- X0V8 SSIHAAY
1 L 1 ] L
\ 0q Y31S193Y SS3¥aav Ly

S3HOLVYT 'HAav 4M

408 July 1982) (




Single-chip 8-bit microcomputers MAB8400
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FUNCTIONAL DESCRIPTION (continued)
Interrupt

When the external interrupt is enabled, a HIGH to LOW transition on the INT/TO input initiates an
external interrupt subroutine which causes a call to program memory location 3 following completion
of the current instruction. The.interrupt must remain enabled until the interrupt instruction is com-
pleted, otherwise the next instruction of the main program will be executed. Serial 1/0 interrupt, when
enabled, causes a call to location 5, and a timer/event counter overflow acall to location 7, when the
interrupt is enabled.

When the external interrupt is disabled, an external interrupt is latched. Therefore, keyboard or sensor
interrupt requests are not lost when the processor must first perform some necessary functions whilst
the external interrupt is disabled. When an interrupt subroutine starts, the program counter contents
and bits 4, 6 and 7 of the PSW have been saved in the program counter stack. Accumulator contents
have to be saved by software. Interrupt acknowledgement can be carried out by software via port pins.
All interrupt routines must reside in memory bank 0.

The interrupt system is single-level — once an interrupt is detected, further interrupt requests are
latched but ignored until the execution of a RETR instruction re-enables the interrupt input logic.
After executing RETR, the program continues in the main part; this is independent of the occurrence
of a second interrupt during the running of the first routine. If 2 or all 3 interrupts occur simultaneous-
ly, their priority is: (1} external, (2) serial 1/0O, (3) timer/event counter.

Another external interrupt can be created by enabling the timer/event counter interrupt loading FFH
into the counter (one less than overflow) and enabling the event counter mode. A LOW to HIGH
transition on the T1 input will then initiate an interrupt subroutine and cause a call to location 7.

Test input T1

The T1 input line can be used as:

— atest input for branch instructions,

— an input for zero voltage cross-over detection,
— an external input to the event counter.

A pull-up resistor can be provided as a ROM mask option. This is useful when the input is from a e
switch or a standard TTL output. —
When T1 is used as a test input, the JT1 and JNT 1 instructions test for 1and O levels respectively. The —
T1 input has a self-biasing circuit which can detect when an a.c. signal crosses zero (within + 100 mV
when coupled through a 1 uF capacitor). The maximum input voltage is 3 V (peak-to-peak), the
maximum frequency 1 kHz. Zero cross-over detection used in conjunction with the timer/event
counter interrupt is useful in thyristor control of power equipment.
The operation of T1 as an input to the event counter is described under the heading Timer/event
counter.
High current outputs /
Four pins are provided which can sink higher currents (typical values):
— P23 (serial data, pin 2 5 mA at 0,45 V (open drain),
— SCLK, pin 3 5 mA at 0,45 V (open drain),
- P10, pin 18 7mAat25V,
— P11, pin 19 7mAat25V. ]
P10 and P11 may be paralled (if their logic outputs are always the same) to give 14 mA drive at 2,5 V.
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FUNCTIONAL DESCRIPTION (continued)

Oscillator and clock

A crystal, inductor or resistor connected between XTAL1 and XTAL2 (see below) determines the
frequency of the internal oscillator. An externally generated clock signal can also be applied to XTAL1
as the frequency reference. A machine cycle consists of 10 states, each state being 3 oscillator periods.
The common 4,43 MHz crystal gives a 6,77 us machine cycle.

The MAB8400 family has dynamic logic; for adequate refreshing the oscillator frequency must be

> 600 kHz.

15
151 x1AL 151 xTAL1 XTALI
) 1MQ
T N
= XTAL2
1 XTAL2 XTAL2
16 16
7284843 7286141

Timer/event counter

An internal 8-bit binary up-counter is provided. This can count external events, modulo-32 machine
cycles, or machine cycles directly (Fig. 10). Table 2 gives the instructions that control the counter and
the prescaler and the functions performed.

When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. When
used as an event counter, LOW to HIGH transitions on T1 (pin 13) are counted. The maximum rate at
which the counter may be incremented is once every machine cycle (147,7 kHz for a 6,77 us

machine cycle). When the counter overflows, the timer flag is set. The flag can be tested and reset using
the JTF (jump if timer flag = 1) instruction or JNTF instruction. Overflow also generates an interrupt
to the processor when the timer/event counter interrupt is enabled.

Table 2 Timer/event counter control

function modulgr;‘f:nr:ggresr counter mode
CLEAR MOV T,A (A)=0 MOV T,A (A)=0
or RESET or RESET
PRESET MOV T,A MOV T,A
START STRTT STRT CNT
STOP STOP TCNT STOP TCNT
or RESET or RESET
TEST JTF/INTF JTF/INTF
READ** MOV AT ’ MOV AT

*  With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS = 1 it counts
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable.
** READ does not disturb the counting process.
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| PRESCALER
XTAL+30 +32
(internal clock
cleared on
frequency) start timer
PS = 1ﬂ PS=0
jump if
timer flag
load or read =1
A |
8-BIT
EDGE OVER-
7' P peTecTor [B° TIMER/ L, 1% ow
o | EVEnT i
c COUNTER
A = START TIMER cleared
B = START COUNTER on reset
C = STOP TIMER/COUNTER 7289148

Fig. 10 Timer/event counter.

Program status word

The program status word (PSW) is an 8-bit word (1-byte) in the CPU which stores information about
the current status of the microcomputer (Fig. 11). The PSW bits are:
bits 0, 1 and 2 — stack pointer bits (SPg, SP1, SP2),

bit 3 — prescaler select (PS); 0 = modulo-32; 1 = modulo-1 (no prescaling),

bit 4 — working register bank select (RBS); O = register bank O; 1 = register bank 1,

bit 5 — not used (1),

bit 6 — auxiliary carry (AC); half-carry bit generated by an ADD instruction and used
by the decimal adjust instruction DA A,

bit 7 — carry (CY); the carry flag indicates that the previous operation has resulted in an

overflow of the accumulator.

saved in saved in .
the stack the stack stack pointer

[cv|Ac| 1 I::SI PS Lspzlsmlsgol

7 6 5 4 3 2 1 0
MSB LSB

7289149
Fig. 11 Program status word.

All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and
bits 0, 1 and 2 by the CALL, RET or RETR instructions and in case of an interrupt. Bits 7, 6 and 4
are stored in the program counter stack during subroutine and interrupt calls. These bits are restored in
the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt
and can be used at the end of a normal subroutine. The RET instruction has no restore feature and
cannot be used at the end of an interrupt.
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FUNCTIONAL DESCRIPTION (continued)
Program counter

A 13-bit program counter is used so that up to 8K bytes of ROM can be addressed. Figure 12 shows
the arrangement of the bits. During an interrupt subroutine PCq1 and PCqp are forced to 0. All 13
bits are saved in the stack during CALL and interrupt routines.

’PC12!PC1 11PC10, PCQIPCS[PC7IPC6 ! PC5! PC4J FC3’PC2’ PC1 JPC(;‘

J

~
Conventional Program Counter

e counts 000H to 7FFH
e overflows 7FFH to 000H

JMP or CALL instructions transfer the
contents of internal flipflop MBFFO to PC1q
and MBFF 1 to PC12

e (MBFFO) « 0 by SELMBO or RESET

(MBFF1) «< 0

e (MBFFQO) « 1 by SEL MB1
(MBFF1) « 0

o (MBFFO) « O by SEL MB2
(MBFF1) « 1

e (MBFFO) « 1 by SELMB3
(MBFF1) « 1

7289150
F

g. 12 Program counter.
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Central processing unit

The MABB8400 family has arithmetic, logical and branching capabilities. The DA A, SWAP A, and
XCHD instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction
permits efficient table look up from the current ROM page.

The conditional branch logic within the processor enables several conditions, internal and external to
the processor, to be tested by the user’s program. Table 3 lists the conditional jump instructions used
to change the program execution sequence. The DINZ instruction decrements a designated register or
data memory location and branches if the contents are not zero. This instruction is useful for looping
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents
of the accumulator.

Table 3 Conditional branches

test jump condition jump instruction
accumulator 0 or non-zero JZ, INZ
accumulator bit test 1 JBO to JB7
carry flag Oor1 JNC, JC
timer overflow flag Oor1 JNTF, JTF
test input TO Oor1 JNTO, JTO
test input T1 Oor1 JNT1,JT1
register non-zero DJNZ

Reset

A positive-going signal on the RESET input:
— sets the program counter to zero,
— selects location O of memory bank 0, and register bank O,

— sets the stack pointer to zero (000); pointing to RAM address 8, —
— disables the interrupts {(external, timer and serial 1/0), _—
— stops the timer/event counter, then sets it to zero, —
— sets the timer prescaler to modulo-32, -
— resets the timer flag,
— sets all ports to logic ‘1’ (input mode),
— sets the serial 1/0 to slave receiver mode and disables the serial 1/0.
The external power-on-reset circuit can consist of a capacitor connected between Ve and the RESET
pin. A diode may be added between the RESET pin and ground to endure reset if the supply voltage
falls momentarily.
RESET has to be active HIGH for at least > 2 machine cycles after the power supply and clock have
stabilized.
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Instruction set

The MABB8400 family instruction set consists of over 80 one and two byte instructions and is based on
the MABB8048 instruction set. New instructions include those for serial |/0 operation and memory
bank selection. Program code efficiency is high because all RAM locations and all ROM locations on a
256 byte page require only a single byte address.

Table 7 gives the instruction set of the MAB8400 family; Table 4 shows the instruction map. The
following symbols and abbreviations are used:

symbol description

A accumulator

addr program memory address

Bb bit designation (b = 0—7)

RBS register bank select

C carry (bit CY)

CNT event counter

D mnemonic for 4-bit digit (nibble)
data 8-bit number or expression

| interrupt

MB memory bank

MBFF memory bank flip-flop

P mnemonic for ‘in-page’ operation
PC program counter

Pp port designation (p =0, 1, 2)
PSW program status word

RB register bank

Rr register designation (r = 0—7)

Sn serial 1/0 register

SP stack pointer

T timer

TF timer flag

T test 1 input

TO test O input

# immediate data prefix

@ indirect address prefix

(X) contents of X

((X)) contents of location addressed by X
- is replaced by

«> is exchanged with
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FUNCTIONAL DESCRIPTION (continued)

Table 5 shows the MAB8400 family instructions (including the five instructions for serial 1/O operation)
absent from the MAB8048 instruction set.

Table 5 MABB400 family instructions not in the MAB8048 instruction set

serial 1/0 register control conditional branch
MOV A, S, DEC @Rr SEL MB2 JNTF addr

MOV S, A DJNZ @Rr, addr SEL MB3

MOV S, #data

EN SI

DIS SI

Table 6 shows the MAB8048 instructions absent from the MAB8400 family instruction set.

Table 6 MAB8048 instructions not in the MAB8400 family instruction set

data moves flags branch control
MOVX A, @R CLRFO * NI addr ENTO CLK
MOVX @R, A CPL FO JFO addr

MOVP3 A, @A CLRF1 JF1 addr

MOVD A, P CPL F1

MOVD P, A

ANLD P, A * replaced by JTO,

ORLDP, A JNTO.

Differences between the MAB8021, MAB8048 microcomputers and the MAB8400 family:

8021 8048 8410, 8420, 8440, 8400

ROM capacity (bytes) 1K 1K 1K, 2K, 4K, ROMiess
RAM capacity (bytes) 64 64 64,64, 128, 128
parallel 1/0 lines 8+8+4 8+8+8 8+8+4
single inputs 1 3 2
serial 1/0 no no yes, 2-line multi-transmitter
timer 8 bit 8 bit 8 bit
prescaler mod. 32 mod. 32 mod. 1 & mod. 32
machine cycle time (us) 10 2,5 6,7

for clock (MHz) .3 6 4,43
instruction set 8021 8048 8048 with omissions;

5 new serial 1/0 instructions;

2 new register instructions;

2 new control instructions;

1 new cond. branch instruction

interrupts none 2 3

external external

timer/ serial 1/0

event counter | timer/event counter
no. of pins (DIL) 28 40 28

Table 7 Instruction set is shown on the next 5 pages.
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Single-chip 8-bit microcomputers
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Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage with respect to Vgg Vee -05t0 +7 V
All input and output voltages with respect to Vsg
(except for the port pins) Vi,Vg -05t0 +7V
Voltage at any port pin with respect to Vgg; with R > 1 kQ in series V) -05t0 +12 V
Total power dissipation
for SOT-117D Piot max. 1w
for SOT-135 and SOT-136A (SO-28) Piot max. 06 W
Input output current £, lg  max. ., 10 mA
Storage temperature range Tstg —65 to + 150 °C
Operating ambient temperature range Tamb Oto +70 ©°C

D.C. CHARACTERISTICS

Ves =0V; Ve =5V (£ 10%); Tymp = 0 to + 70 OC; all voltages with respect to Vgg; unless
otherwise specified

symbol min. typ. max. conditions

Supply voltage Vee 4.5 5,0 5,5 \Y

Inputs

Input voltage LOW
all inputs except
P23, SCLK ViL -0,5 — 0,8 \Y

Input voltage HIGH
all inputs except

XTAL1, P23, SCLK VIH 2,0 — Vee \Y,
Input voltage HIGH

XTAL1, P23, SCLK ViH 3,0 — Vee \Y
Input voltage LOW

P23, SCLK ViL -0,5 - 1,5 \%
Qutputs
Output voltage LOW VoL — — 0,45 \% loL =16 mA
Output voltage LOW

P10, P11 VoL — - 2,5 \Y loL=7mA
Output voltage LOW

P23, SCLK VoL — — 0,45 \Y loL=5mA

Output voltage HIGH
all outputs unless

open drain VoH 24 — — \% —lgn =50 uA
Output leakage current
open drain —loL - - 10 MA Vee= V)= Vsg

A.C. CHARACTERISTICS
Vss=0V;Vgee =5V (£ 10%); Tgmp =0 to + 70 OC; unless otherwise specified

symbol ! min. typ. max. condition

/ 4,43 MHz crystal

Cycle time 6,77 - 50 us | ='6.77 s
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