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H MBL8S8OC49H/N
MBL8B8OC39H/N
CMOS Single-Chip
8-Bit Microcomputer

Description

The Fujitsu MBL8B0C49/MBL80C39 is a totally self-contained
8-bit single-chip microcomputer fabricated witt. silicon-gate
CMOQOS technology. The MBLB0C49 has an 8-bit MPU, a 2K x 8
ROM program memory, and 128 x B RAM data memory, 27 1/0
ports, an 8-bit timer/counter, and clock generator on chip. The
MBL80C39 is identical to the MBL80C49 except without internal
program memory. It can be used with external memory for
system prototyping and preproduction systems.

The design is optimized for low cost and high performance
applications because the MBLBOC49/MBL80C39 is fabricated an
a single silicon chip and can be used for applications that
require additional expansion of ROM, RAM, I/O ports, and so on.

This microcomputer permits external program operation and
single-step operation. Low power applications are possible by
using the standby-mode feature. The software is upward
compatible with the MBL8049/MBL8039 and Intel 804%/8039.

The MBL80C49/MBL8B0OC39 uses a single power supply af +5V. It
is packaged in a 40-pin DIP or a 48-pin Flat Package. Operation
of N version (6 MHz) is guaranteed over the range of -40°C to
+85°C, and H version {11 MHz}), 0°C to +70°C.

Features

B 8-bit Single-chip
Microcomputer

B 12-bit Addressing

m 98 Instructions (232
Instruction Codes): 70% of

u Easily Expandable Memory
and VO

u On-chip Clock Generator
(or External Clock)

u Single-level Interrupt

Instructions are Single Byte. Capability

® 2.5 us Instruction Cycle for N Single-step Operation
N version, 1.36 us instruction Capability
cycle for H version: All s External Program Mode
instructions are 1 or 2 cycle. Capability

B ALU Functions: Addition,
Decimal Adjust Addition,
and Logic Operations

= 2K x 8-bit ROM

® 128 x 8-bit RAM

8 8-level Stack

@ 8 pairs of Working Registers

® §-bit Interval Timer/Event
Counter

H 27 |/0 Lines: Twa 8-bit 1/O
Ports, One Data Bus, Two
Test Pins and One Interrupt

8 Low-power Standby Mode
Capability by HALT and
STOP Instructions

u Single +5V Power Supply

m Silicon-gate CMOS
Technology

B Standard 40-pin DIP
{Ceramic/Plastic)

B Standard 48-pin Flat
Package

= Compatible with Intel
8049/8039 and Fujitsu
MBLB0495/MBL8039

Portions reprinted by permission of Inte! Corporation Copyright © 1983 Intel Corparation.
Compilation and additional materials Copyright < 1985 by Fujitsu Limited, Tokyo, Japan, and
Fujitsu Microelectronics, Inc., Santa Clara, California, U.S.A. Fujitsu Limited is a licensee of Intel
Corporation and authorized to produce alternate source products.
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MBLSOC49H/N
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Pin Assignment
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PORT 2
BUS BUFFER RESIDENT
PORT 2 LATCH ROM
(LOW 4) AND PROGRAM (2K x 8)
EXPANDER HIGH 2 DECODE
PORT /O COUNTER

TIMER/EVENT
COUNTER
(8)

LOWER
PROGRAM
COUNTER

18)

EXPANSION TO
MODE 1/0 AND
MEMORY
BUS BUFFER
BUSLATCH | £
AND LOW
PC TEMP REG

=

PROGRAM
STATUS
WORD

g

ﬁ

MULTIPLEXER
REGISTER REGISTER 0
INSTRUCTION WAL
ACCUMULATOR REGISTER REGISTER 2
LATCH AND DECODER [+ TEST O REGISTER 3
- TEST1 REGISTER 4
® i P INT wl REGISTERS
Vec CONDITIONAL] FLAGT | o] REGISTER 6
pOWER_| — ™ PROGRAM SUPPLY BRANCH le-rLact || REGISTER?
SUPPLY DECIMAL 8L )
Vss, aND ADJUST i .';.-'Efg (VMlE‘B'E'E fE:l%lg'HJ
<= CARRY OPTIONAL SECOND
CONTROL AND TIMING le-ACC REGISTER 8ANK
SR INT RESET PROG EA XTAL1 XTAL2 ALE PSEN S5 RD WR "?ESBT'T DATA STORE
OSCILLATOR PROGRAM
TP | o PANDER I XTAL MEMORY WRITE gk
SRE‘::;FS; STROBE  cPU/ ENABLE STROBES (128 % 8)
INITIALIZE MEMORY ADDRESS SINGLE
SEPARATE LATCH STEP
STROBE
CYCLE
CLOCK
Pin Description
Symbol Name Pin No.* Type Function
Vee Power Supply 40 (18) — Main power supply; +5V during operation.
Vgs Ground 20 (42) — Circuit GND potential.
One side of crystal input for internal ascillator.
XTALA Crystal 1 2{21) | Also input for external source. (Non-TTL
level input)
XTAL2 Crystal 2 3(22) | Other side of crystal input.
PROG Program 25 (48) O Output strobe for MBL82C43 {/0O expander.
27-34
P10-P17 Port 1** (3-8, 1/0 8-bit quasi-bidirectional port.
8-11)
P20-P23 21;2447 8-bit quasvbldl.rechonal po‘rt.
Port 2** (44-47) /0 P20-P23 contain the four high order program
Pim— counter bits during an external program
P24-P27 35-38 memory fetch and serve as a 4-bit 1/O expander
(13-16) bus for MBL82C43.

FUJITSU
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Pin Description
{Continued) Symbol Name Pin No.* Type Function

True bidirectional port which can be written or
read synchronously using the RD, WR strobes.
12-19 The port can also be statically latched.

DBO-DB7 Data Bus {33-37, 170

39-41) Contains the 8 low order program ¢ounter bits

during an external program memory fetch, and
receives the addressed instruction under the
control of PSEN. Also contains the address and
data during an external RAM data store
instruction under control of ALE, RD, and WR.

Input pin testable using the conditional transfer
instructions JT0 and JNTO. TO can be
designated as a clock output using ENTO CLK
instruction.

Input pin testable uising the JT1, and JNT1
T1 Test 1 38 (17) 1 instructions. Can be designated as the event
counter input using the STRT CNT instruction.

Interrupt input. Initiates an interrupt if interrupt
is enabled. Interrupt is disabled after a reset.
Interrupt {Active low).
Request 6 (25) !

TO Test 0 1(20) e

Interrupt must remain low for at least 3 machine
cycles to ensure proper operation.

input used to initialize the processor. (Active low)
(Non-TTL level input)

Cutput strobe activated during a BUS read. Can
be used to enable data onto the BUS from an
RD Read 8 (27) O external device. (Active low)

RESET Reset** 4 (23) 1

Used as a read strobe to external data memory.

G : Qutput strobe during a BUS write. (Active low)
WR Write 10/(30) 0 Used as write strobe to external data memory.

This signal eccurs once during each cycle and
is useful as a clock output.

Address
ALE Latch Enable 1181 O

The negative edge of ALE strobes address into
external data and program memaory.

This output occurs only during a fetch to
external program memory. (Active low)

o Single step input can be used in conjunction
S8 Single Step** 5 (24) 1 with ALE to “single step” the processor through
each instruction. (Active low)

BEEN Program
PSEN Store Enable 9(29) 0

External Access forces all program memory

fetches to reference external memaory. Useful for
7 (26) 0} emulation and debug, and essential for testing

and program verification.

(Active high)

This is the control input for standby operation.
26 (2) | Alow level an this input releases the MPU from
the standby mode.

External

EA Access

oo Standby
SR Release™*

Note: ‘Bracketed value is applied to Flat Package.
**These pins are internalty pulled up.

FUJITSU
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Functional Description

Architecture

The following sections break
the MBL80CA49 into function

blocks and describe each in

detail. See Block Diagram.

Arithmetic Section

The arithmetic section of the
processor contains the basic
data manipulation functions of
the MBL80C49 and can be
divided into the following
blocks:

® Arithmetic Logic Unit (ALU)
Accumulator

Carry Flag

Instruction Decoder

In a typical operation, data
stored in the accumulator is
combined in the ALU with data
from another source on the
internal bus (such as a register
or /0 port). The resultis stored
in the accumulator or another
register.

The following is a detailed
description of the function of
each biock.

Instruction Decoder

The operation code {op code)
portion of each program
instruction is stored in the
Instruction Decoder and
converted to outputs which
control the function of each of
the blocks of the Arithmetic
Section. These lines control
the source of data and the
destination register as welt as
the function performed in the
ALU.

Arithmetic Logic Unit

The ALU accepts 8-bit data
words from one or two sources
and generates an 8-bit result
under control of the Instruction
Decoder. The ALU can perform
the following functions:

* Add With or Without Carry
AND, OR, Exclusive OR
Increment/Decrement

Bit Compiement

Rotate Left, Right

Swap Nibbles

BCD Decimal Adjust

If the operation performed by
the ALU results in a value
represented by more than

8 bits {overflow of most
significant bit), a Carry Flag is
set in the Program Status
Word.

Accumulator

The accumutator is the single
most important data register in
the processor, being one of the
sources of input to the ALU
and often the destination of the
result of operations performed
in the ALU. Data to and from
1/Q poris and memory also
normally passes through the
accumulator.

Program Memory

Resident program memory
consists of 2048 words eight
bits wide which are addressed
by the program counter. In the
MBLB0C49 the memory is ROM
which is mask programmable
at the factory. The MBL80C39
has no internal program
memory and is used with
external memory devices.
Program code is completely
interchangeable among the
various versions. To access the
upper 2K of program memory
in the MBL80C49, a select
memory bank and a JUMP or
CALL instruction must be
executed to cross the 2K
boundary.

There are three Program
Memory locations of special
importance as shown in Fig. 1.

Location 0

Activating the Reset iine of the
processor causes the first
instruction to be fetched from
location 0.

Location 3

Activating the Interrupt input
line of the processor (if
interrupt is enabled) causes a
jump to subroutine at location
3.

Location 7

A timer/counter interrupt
resufting from timer/counter
overflow (if enabled} causes a
jump to subroutine at location
7

Therefore, the first instruction
to be executed after initializa-
tion is stored in location O, the
first word of an external inter-
rupt service subroutine is
stored in location 2, and the
first word of a timer/counter
service routine is stored in
location 7. Program memory
can be used to store constants
as well as programinstructions.
Instructions such as MOVP
and MOVP3 allow easy access
to data “lock-up” tables.

Data Memory

Resident data memory is
organized as 128 words
8-bits wide in the
MBL80C49/MBLS0C39. All
locations are indirectly
addressable through either of
two RAM Pointer Registers
which reside at address 0 and
1 of the register array. In
addition, as shown in Fig. 2,
the first 8 locations (0-7) of
the array are designated as
working registers and are
directly addressable by several
instructions. Since these
registers are more easily

“addressed, they are usually

used to store frequently
accessed intermediate results.
The DJNZ instruction makes
very efficient use of the
working registers as program
loop counters by allowing the
programmer to decrement and
test the register in a single
instruction.

By executing a Register Bank
Switch instruction {SEL RB)
RAM location 24-31 are
designated as the working
registers in place of locations
0-7 and are then directiy
addressable. This second bank
of working registers may be
used as an extension of the
first bank or reserved for use
during interrupt service
subroutines allowing the
registers of Bank 0 used in the
main program to be instantly
“saved” by a Bank Switch. Note
that if this second bank is not
used, locations 24-31 are still
addressable as general purpose
RAM. Since the two RAM
pointer Registers RO and R1
are a part of the working
register array, bank switching

FUJITSU
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Functional Description

(Continued) effectively creates two more read by an input instruction. the uC “reads” the port,
pointer registers (R0/ and R1/) Inputs are fully TTL compatible ~ modifies the data according to
which can be used with ROand  and outputs will drive one the instruction, then “writes”
R1 to easily access up to four standard TTL lead. the data back to the port. The
separate working areas in RAM “writing” {essentially an QUTL
at one time. RAM locations The lines of ports 1 and 2 are instruction) enables the low
(8-23) also serve a dual role in called guasi-bidirectional impedance pullup momentarily
that they contain the program because of special output again even if the data was
counter stack. These locations  circuit structure which allows unchanged from a 1", This
are addressed by the Stack each line to serve as an input, specifially applies to the
Pointer during subroutine calls  and cutput, or both even configurations that have inputs
as well as by RAM Pointer though outputs are statically and outputs mixed together on
Registers RO and R1. If the latched. Each line is the same port.
level of subroutine nesting is continuousty pulled up to Vo
less than 8, a.\II stack registers through a resistive device of Bus
ﬂr;gr;’;rgggler;? sg;ﬁpgzg gi\M relatively high impedance. Bus is also an 8-_bit port whigh
locations. Each level of This pullup is sufficient to is a true bidirectionai port with

: . : associated input and output
subroutine nesting not used provide the source current for i
) ) . strobes. If the bidirectional
provides the user with two a TTL high level yet can be feature is not needed, Bus can
additional RAM locations. pulled low by a standard TTL ; e
ate thus allowing the same serve as either a statically
ge 9 ] latched output port or non-
Input/Output pin to be used for both input latched input port. Input and
. and output. To provide fast Inp L np
The MBLBOC49 has 27 lines switching times in a "0” to “1” output lines on this portcannot
which can be used for input or transition to relatively | be mixed however.
output functions. These lines ; on lo relatively low . ; .
re arouned as 3 ports of 8 impedance device is switched As a static port, data is written
? e 9;‘:}% hich ports o in momentarily (=1/5 of a and latched using the OUTL
éﬂﬁzr in ug ¢ tse:’ve ?S machine cycle} whenever a “1” instruction and inputted using
bidite Itignal’ oourt‘s)uasdos st 1S Written to the line. When a the INS instruction. The INS
in ut:which?:an alter program “0" is written to the line a low and OUTL instructions
sep ences when testegl;}g impedance device overcomes generate pulses on the
co?'lchjitional UMD instr cti{)n the light pullup and provides corresponding RD and WR
Jump INSTrUCions. - TT1_cyrrent sinking capability. output strobe lines; however, in
Ports 1 and 2 Since the pulldown transistor the static port mode they are
is a low impedance device a "1" generally not used. As a
Ports 1 and 2 are each 8 bits must first be written to any line bidirectional port the MOVX
wide and have identical which is to be used as an input. instructions are used to read
characteristics. Data written to  Reset initializes all lines to the and write the port. A write to
these ports is statically latched  high impedance 1" state. the port generates a pulse on
and remains unchanged untit the WR output line and output
rewritten. As input ports these It is important to note that the data is valid at the trailing edge
lines are non-latching, i.e., ORL and ANL are read/write of WR. A read of the port___
inputs must be present until operations. When executed, generates a pulse on the RD
Figure 1. Program Memory Map Figure 2. Data Memory Map
4095 127 -
| USER RAM
x8
\-”‘—\'—\ :5 ;\
2048 i SEL MB1 gf
2047 * SEL MBO BANK 1 WORKING DIRECTLY
REGISTERS Bx 8 ADDRESSABLE
L~/ e WHEN BANK 1
1024 A1 1S SELECTED
1023 u Ro -
ADDRESSED
8 LEVEL STACK INDIRECTLY
OR THROUGH
LOCATION T — USER RAM R1 OR RO
TIMER INTERRUPT 16E»8 (R0° OR R1)
8 VECTORS
7 PROGRAM HERE 3
g LOCATION 3— BANK 0 WORKING DIRECTLY
a EXTERNAL REGISTERS 8xB ADDRESSABLE
INTERAUPT WHEN BANK 0
3 VECTORS . S—— 15 SELECTED
H PROGRAM HERE 0 RO - 1 ]
of7lels[afal 2] 1] o] RESET VECTORS . .
ADDRESS PROGRAM HERE #aﬂ“e'ﬂ'&"o“?o"fn’?:‘n‘é’é’s??s"1 !
WORDS OF EXTERNAL RAM.
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Functional Description
{Continued)

output line and input data must
be valid at the trailing edge of
RD. When not being written or
read, the BUS lines are in a
high impedance state.

Test and INT Inputs

Three pins serve as inputs and
are testable with the
conditional jump instruction.
These are TO, T1, and INT.
These pins allow inputs to
cause program branches
without the necessity to load
an input port into the
accumulator. The T0, T1, and
INT pins have other possible
functions as well. See the pin
description in page 3.

Program Counter and Stack

The Program Counter is an
independent counter while the
Program Counter Stack is
implemented using pairs of
registers in the Data Memory
Array. Only 11 bits of the
Program Counter are used to
address the 2048 words of
on-board program memory of
the MBLB0OCA49, while the most
significant bits can be used for
external Program Memory
fetches. See Fig. 3. The
Program Counter is initialized
to zero by activating the Reset
line.

An interrupt or CALL to a sub-
routine causes the contents of
the program counter to be
stored in one of the 8 register
pairs of the Program Counter
Stack as shown in Fig. 7. The
pair to be used is determined
by a 3-bit Stack Pointer which
is part of the Program Status
Word (PSW).

Data RAM locations 8-23 are
available as stack registers and
are used to store the Program
Counter and 4 bits of PSW as
shown in Fig. 7. The Stack
Painter when initialized to 000
points to RAM locations 8 and
9. The first subroutine jump or
interrupt results in the program
counter contents being
transfered ta locations 8 and 9
of the RAM array. The stack
peinter is then incremented by
one to point to locations 10
and 11 in anticipatfon of
another CALL. Nesting of
subroutines within subroutines
can continye up to 8 times
without oveflowing the stack.

If overflow does occur the
deepest address stored
(locations 8 and 9) will be
overwritten and lost since the
stack pointer overflows from
111 to 000. 1t also underflows
from 000 to 111.

The end of a subroutine, which
is signalled by a return
instruction (RET or RETR),
causes the Stack Pointer to be
decremented and the contents
of the resulting register pair to
be transferred to the Program
Counter.

Program Status Word

An 8-bit status word which
can be loaded to and from the
accumulator is called the

Program Status Word (PSW).
Fig. 5 shows the information
available in the word. The
Program Status Word is
actually a collection of flip-
flops throughout the machine
which can be read or written as
a whole. The ability to write to
PSW allows for easy restoration
of machine status after a power
down sequence.

The upper faur bits of PSW are
stored in the Program Counter
Stack with every call to
subroutine or interrupt vector
and are optionally restored
upon return with the RETR
instruction. The RET return
instruction does not update
PSW.

Figure 3. Program Counter

A | Ao ]| A | As | AT | As

|
CONVENTIONAL PROGRAM COUNTER

*COUNTS 000M to TFFH

*OVERFLOWS 7FFH TO 000H

Figure 4. Program Counter Stack
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Functional Description
{Continued)

The PSW bit definitions are as
fotlows:

Bits 0-2: Stack Pointer bits (S,
81, 82)

Bit 3: Not used (“1” level when
read)

Bit 4: Working Register Bank
Switch Bit (BS)

0 = Bank 0

1 = Bank 1

Bit 5: Flag 0 bit (FO) user
controlled flag which can be
complemented or cleared, and
tested with the conditional
jump instruction JFO.

Bit 6: Auxiliary Carry (AC)
carry bit generated by an ADD
instruction and used by the
decimal adjustinstruction DAA.

Bit 7: Carry (CY) carry flag
which indicates that the
previous operation has resulted
in overflow of the accumulator.

Conditional Branch Logic

The conditional branch logic
within the processor enables
several conditions internal and
external to the processor to be
tested by the users program.
By using the conditional jump
instruction the conditions that
are listed in Table 2 can effect
a change in the sequence of
the program execution.

Timer/Counter

The MBL80CA49 contains a
counter to aid the user in
counting external events and
generating accurate time
delays without placing a
burden on the processor for
these functions. In both modes
the counter operation is the
same, the only difference being
the source of the input to the
counter. The timer/event
counter is shown in Fig. 6.

Counter

The B-bit binary counter is pre-
settable and readable with two
MOV instructions which trans-
fer the contents of the accumu-
lator to the counter and vice
versa. The counter content
may be affected by Reset and
should be initialized by soft-
ware. The counter is stopped
by a Reset or STOP TCNT
instruction and remains
stopped until started as a timer
by a START T instruction or as
an event counter by a START

CNT instruction. Once started
the counter will increment to
this maximum count (FF) and
overflow to zero continuing its
count until stopped by a STOP
TCNT instruction or Reset.

The increment from maximum
count to zero (overflow) results
in the setting of an overflow
flag flip-flop and in the
generation of an interrupt
request. The state of the
overflow flag is testable with
the conditional jump
instruction JTF. The flag is
reset by executing a JTF or by
Reset. The interrupt request is
stored in a latch and then
ORed with the external
interrupt input INT. The timer
interrupt may be enabled or
disabled independently of
external interrupt by the EN
TCNT! and DISTCNTI
instructions. If enabled, the
counter overflow will cause a
subroutine call to location 7
where the timer or counter
service routine may be stored.

If timer and external interrupts
occur simultaneously, the
external source will be
recognized and the Call will
be to location 3. Since the
timer interrupt is latched it will
remain pending until the
external device is serviced and
immediately be recognized
upon return from the service
routine. The pending timer
interrupt is reset by the Call to
location 7 or may be removed
by executing a DIS TCNTI
instruction.

As An Event Counter

Execution of a START CNT
instruction connects the T1
input pin to the counter input
and enables the counter. The
T1input is sampled at the
beginning of state 3 or in state
time 4. Subsequent high to low
transistions on T1 will cause
the counter to increment. T1
must be held low for at least 1
machine cycle to insure it

won't be missed. The maximum

Figure 5. Program Status Word (PSW)

SAVED IN STACK

STACK EOINTER

T Y Lo

CY: CARRY

cyY AC FO BS 1 Sz S

AC: AUXILIARY CARRY
Sp FO: FLAGO
BS: REGISTER BANK SELECT

ms8

LSB

Figure 6. Timer/Event Counter

PRESCALER
XTAL
= 15— +32 LOAD OR READ
\ JUMP ON
CLEARED ON START TIMER 15.:;:2; I TIMER FLAG
COUNTER
T TIMER/
DEE'gg%JR —° EvseﬂlT COUNTER
OVERFLOW
STOP T FLAG
ENABLE
INT
Table 2 .
Jump Conditions
Device Testable {(Jump On)
Accumulator All zeros Not all zeros
Accumulator Bit — 1
Carry Flag 0 1
User Flags (FO. F1) — 1
Timer Overflow Flag — 1
Test Inputs (T0, T1) (] 1
Interrupt Input (INT) Q —
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Functional Description
{Continued)

rate at which the counter may
be incremented is once per
three instruction cycles (every
5.7 usec when using an 8 MHz
crystal}—there is no minimum
frequency. 71 input must
remain stable for at least 1/56
machine cycle after each
transition.

As A Timer

Execution of a START T
instruction connects aninternal
clock to the counter input and
enabies the counter. The
internal clock is derived by
passing the basic machine
cycle clock through a = 32
prescaler. The prescaler is
reset during the START T
instruction. The resulting clock
increments the counter every
32 machine cycle. Various
delays from 1 to 256 counts
can be obtained by presetting
the counter and detecting
overflow. Times longer than
256 counts may be achieved by
accumulating multiple
overflows in a register under
software control. Fer time
resolution less than 1 count, an
external clock can be applied
to the T1input and the counter
operated in the event counter
mode. ALE divided by 3ior
more can serve as this external
clock. Very small delays or
“fine tuning” of larger delays
can be easily accomplished by
software delay loops.

Clock and Timing Circuits

Timing generation for the
MBL80CA49 is completely seif-
contained with the exception
of a frequency reference which
can be XTAL, ceramic
resonator, or external clock
source. The clock and Timing
circuitry can be divided into
the following functional blocks.

Oscillator

The on-board oscillator is a
high gain parallel resonant
circuit with a frequency range
of 1to 11 MHz. The X1 external
pin is the input to the amplifier
stage while X2 is the output. A
crystal or ceramic resonator
connected between X1 and X2
provides the feedback and
phase shift required for
oscillatin. If an accurate
frequency reference is not
required, ceramic resonator
may be used in place of the
crystal.

For accurate clocking a crystal
should be used. An externally
generated clock may also be
applied to X1-X2 as the
frequency source.

State Counter

The output of the oscillator is
divided by 3 in the State
counter o create a clock which
defines the state times of the
machine (CLK). CLK can be
made available on the external
pin TO by executing an ENTO
CLK instruction. The output of
CLK on T0 is disabled by Reset
of the processor.

Cycle Counter

CLK is then divided by 5 in the
Cycle Counter tc provide a
clock which defines a machine
cycle consisting of 5 machine
states as shown in Fig. 7. This
clock is called Address Latch
Enable (ALE) because of its

function in MBLB0DC48 with
external memory. It is provided
cantinously on the ALE output
pin.

Reset

The reset input provides a
means for initialization for the
processor. This Schmitt-trigger
input has an internal pull-up
device, which in combination
with an external 1 fd capacitor,
provides an internal reset
puise of sufficient length to
guarantee all circuitry is reset,
as shown in Fig. 8. If the reset
pulse is generated externally
the RESET pin must be held
low for at least 10 milliseconds
after the power supply is
within tolerance. Only 5
machine cycles (6.8 us @ 11
MHz) are required if power is
already on and the oscillator
has stablized. ALE and PSEN
(if EA = 1) are active while in
Reset.

Figure 7. Timing Generation and Cycle Timing
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{Continued)

Reset performs the following
functions:

1) Sets program counter to
zero.

2) Sets stack pointer to zero.

3) Selects register bank 0.

4) Selects memory bank 0.

5) Sets BUS to high
impedance state (except when
EA = 5V).

6) Sets Ports 1 and 2 to input
made.

7) Disables interrupts (timer
and external).

8) Stops timer.

9) Clears timer flag.

10) Clears FC and F1.
11) Disables clock output from
TO.

Interrupt

An interrupt sequence is
initiated by applying a low ("0")
level input to the INT pin.
Interrupt is level triggered and

only. INT must be held low for
at least 3 machine cycles to
ensure proper interrupt
operations. As in any CALL to
subroutine, the Program
Counter and Program Status
word are saved in the stack.
For a description of this
operation see the previous
section, Program Counter and
Stack. Program Memory
focation 3 usually contains an
unconditional jump toc an
interrupt service subroutine
elsewhere in program memory.
The end of an interrupt service
subroutine is signalled by the
execution of a Return and
Restore Status instruction
RETR. The interrupt system is
single level in that once an
interrupt is detected all further
interrupt requests are ignored
until execution of an RETR
reenables the interrupt input

second external interrupt can
be created by enabling the
timer/counter interrupt, loading
FFH in the Counter (one less
than terminal count), and
enabling the event counter
mode. A “t" to “0” transition on
the T1 input will then cause an
interrupt vector to location 7.

Interrupt Timing

The interrupt input may be
enabled or disabled under
Program Control using the EN |
and DIS | instructions.
Interrupts are disabled by
Reset and remain so until
enabled by the users program.
An interrupt request must be
removed before the RETR
instruction is executed upon
return from the service routine

Figure 8. Reset Circuit

active low to allow "WIRE logic. This occurs at the EXTERNAL RESET
ORing” of several interrupt beginning of the second cycle feser | Vee
sources at the input pin. Fig. 9 of the RETR instruction. This __E'S
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ocaton 3 nprogram memory _ leruptare deteciedai e
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otherwise the processor will
re-enter the service routine
immediately. Many peripheral
devices prevent this situation
by resetting their interruot
request line whenever the
processor accesses (Reads or
Writes) the peripherals data
buffer register. If the
interrupting device does not
require access by the
processor, one output line of
the MBL80C49 may be
designated as an “interrupt
acknowledge” which is
activated by the service
subroutine to reset the
interrupt request. The INT pin
may also be tested using the
conditional jump instruction
JNI. This instruction may be
used to detect the presence
of a pending interrupt before
interrupts are enabled. If
interrupt is left disabled INT
may be used as another test
input like TO and T1.

Single-Step

Thiis feature, as pictured in
Fig. 10, provides the user with
a debug capability in that the
processor can be stepped
through the program one
instruction at a time. When
stopped, the address of the
next instruction to be fetched
is available concurrently on
BUS and the lower half of Port
2. The user ¢can therefore
follow the pregram through
each of the instruction steps. A
timing diagram, showing the
interaction between output
ALE and input SS, is shown.
The BUS buffer contents are
lost during single step;
however, a latch may be added
to reestablish the lost I/O
capability if needed. Data is
valid at the leading edge of
ALE.

Timing

The MBLBOCA49 operates in a
single-step mode as follows:
1) The processor is requested
to stop by applying a low level
on SS.

2) The processor responds by
stopping during the address
fetch portion of the next
instruction. If a double cycle
instruction is in progress when
the single step command is
received, both cycles will be
completed before stopping.

3} The processor acknowledges

it has entered the stopped state
by raising ALE high. In this
state (which can be maintained
indefinitely) the address of the
next instruction to be fetched
is present on BUS and the
Jower half of port 2.
4) S5 is then raised high to
bring the processor out of the
stopped mode allowing it to
fetch the next instruction. The
exit from stop is indicated by
the processor bringing ALE
low.
5) To stop the processor at the
next instruction SS must be
brought low again soon after
ALE goes low. If SS is left high
the processor remains in a
“Run” mode.
A diagram for implementing
the single-step function of the
MBLB0C4S is shown in Fig. 10.
A D-type flip-flop with preset
and clear is used to generate
$S. In the run mode, SSis held
high by keeping the flip-flop
preset (preset has precedence
aver the clear input). To enter
single step, preset is removed
allowing ALE to bring SS low
via the clear input. ALE should
be buffered since the clear
input of an SN7474 is the
equivalent of 3 TTL loads. The
Processor is now in the
stopped state. The next

instruction is initiated by
clocking a “1” into the flip-flap.
This “1" will not appear on 5SS
unless ALE is high, removing
clear from the flip-tiop. In
response to SS going high the
processor beginsan instruction
fetch which brings ALE low,
resetting SS through the clear
input and causing the proces-
sor to again enter the stopped
state.

External Access Mode

Normally the first 2K waords of
program memory are
automaticaily fetched from
internal ROM. The EA input
pin however allows the user to
effectively disable internal
program memory by forcing all
program memory fetches to
reference externat memory.
The following chapter explains
how access to external
program memory is
accomplished.

The External Access mode is
very useful in system test and
debug because it allows the
user to disable his internal
applications program and
substitute an external program
of his choice—a diagnostic
routine for instance. In
addition, the section on Test

Figure 10. Single Step Operation
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and Debug explains how
internal pragram memory can
be read externally, independent
of the processor. A “1” level on
EA initiates the externail access
mode. For proper operation,
Reset should be applied while
the EA input is changed.

Low Power Standby Operation

MBLB0CA49 has two low-power
standby modes, HALT and
STOP modes. Both are initiated
by software and are released
by hardware.

Halt Mode

This mode is initiated by the
HALT instruction (OP code:
01H). When the HALT
instruction is executed, the
device enters the HALT mode
and stops executing
instructions after that.

During the HALT mo#é all

the other internal circuits stop,
except the on-chip oscillator.
The oscillator idles and the
clock is inhibited to the
internal circuits. This time the
program counter holds the
address next to the HALT
instruction, and the internal
RAM, internal registers, and
flags keep the states
executing the HALT
instruction. The input/output
ports hold the states shown
below:

Type Pin State
XTALI1,
XTALZ,

Input EA Active
RESET,
INT, SR
71,58  Inactive
RD, WR, High
PSEN, Level
ALE

Output p10-17,
P20-27, High
DBO-DB7, Impedance
T0, PROG

In this mode, the supply vol-
tage, V¢ can be lowered to
3.5V, and the supply current
reduced to 2mA for N version
and 4mA for H version.

A negative pulse at one of
RESET, INT, and SR inputs
releases the device from the
HALT mode. When a pulse is
applied, the device restarts
executing instructions from an
address shown below, depend-
ing on the applied pin. Before
applying the negative pulse,
the supply voltage must be
returned to the value {+5V
+10%) to guarantee normal
operation.

RESET (Low level sense):

A negative puise with
minimum 12 instruction cycle
width is needed for the
standby release. The low level
releases the device from the
standby state, and initializes
the device to the reset state.
Approximately 8200 _
instruction cycles later RESET
returns to high and the device
restarts the execution from
address #0.

INT (Low level sense):

The low level releases the
device from the standby state,
and after a dummy cycle of
approximately 5 instruction
cycles the device restarts the
execution from an address
next to the HALT instruction
executed. If the external
interrupt is enabled, the
control jumps at address #3
after executing the instruction
next to the HALT instruction
executed. The INT putse must
be kept low untit the interrupt
is accepted.

SR (Low level sense):

A negative pulse with
minimum 2 instruction cycle
is required for the standby
release. The low level releases
the device from the standby
state, and after a dummy
cycle of approximately 5
instruction cycles the device
restarts the execution from an
address next to the HALT
instruction executed.

Stop Mode

This mode is initiated by the
STOP instruction (OP code:
C1H). When the STOP
instruction is executed, the
device enters the STOP mode
and stops executing
instructions after that.

During the STOP mode all the
internal circuits stop. Only
the internal RAM is retained.
The internal registers and
flags are not kept. The
input/output ports hold the
states shown below:

Type Pin State

EA,

RESET.
INT, SR

XTAL1,

XTAL2,
T1, SS

RD, WR High
PSEN, Level
ALE

Output p1g-17,
P20-27, High
DB0-DB7, Impedance
T0, PROG

Active
Input

Inactive

In this mode, the supply vol-
tage, Vg can be lowered to
2.0V, and the supply current
reduced to 50uA.

A negative pulse at RESET
input releases the device from
the STOP mode. When a
RESET pulse is applied, the
device restarts executing
instructions from an address
#0. Before applying the
negative pulse.the supply
voltage must be returned to
the value {+5V +10%) to
guarantee normal operation.

RESET (Low level sense):

A negative pulse with
minimum 12 instruction cycle
width is needed for the
standby release. The low level
releases the device from the
standby state, and initializes
the device to the reset state.
Approximately 8200
instruction cycles after
RESET returns to high, the
device restarts the execution
from address #0.
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Accumulator and Memory Instructions

op Flag
Operation Mnemonic Code Byte Cycle CY HC F, F;, Note
Add Register to A ADD A, Ar B6X 1 1 0t — — (A)—(A)+(RR)
Add data memory to A ADD A, @R0 60 1 1 - T —  — (M) —(A)+ ((RO})
ADD A, @R1 61 1 1 ot — — (A=A ((R1))
Add immediate to A ADD A, #data 03 2 2 * ' — — (A} (A}+data
Add register to A with carry ADDC A, Rr X 1 1 £t — — {A}—(A)+(Rr)+I(C)

Add data memory to A

with carry ADDC A, @R0 70

ADDC A, @R1 T

pry
e
»
-

{A) — (A} + ((RO}) + (C)
(A} — (A} + ((R1)) + (C)

4
-
.
.
|
|

Add immediata to A

with carry ADDGC A, #data 13 2 2 — — (A) —(A)+data+{C)

And register to A ANL A, Rr 5X ] 1 — — — — (A= (A)N(Rn)

And data memory to A ANL A, @RO 50 1 1 — - — — (A}~ (A)N{(RO))
ANL A, @R1 51 1 1 — — — — (A} —(A)YN((R1))

And immediate to A ANL A, #data 53 2 2 — — — — (A)~-(A)Ndata

Clear A CLR A 27 1 1 _ - — — (A)-0O

Complement A CPL A 37 1 1 - - — — (A-{A)

Decimal Adjust A DA A 57 1 1 * — — — (Note1l)

Decrement A DEC A o7 1 1 — - — - (A=A

Increment A INC A 17 1 1 — — — — {Aj—{A)+1

Orregisterto A | ORL A, Rr 4X 1 1 — — — — (A}=(AYU(RNn

QGr data memory to A ORL A, @RO 40 1 1 — — — — (A} — (A) U ((RO}}
ORL A, @R1 41 1 1 — — — — (A)-(AYU({(R1Y

Or immediate to A ORL A, #data 43 2 2 — — — — (A)—(A)Udata

Rotate A left RL A E7 1 1 - - - =

Rotate A left through carry RLC A F7 1 1 - = =

Rotate A right RR A I 1 1 _ - - -

Rotate A right through carry RRC A 67 1 1 N _

SWAP nibbies of A SWAP A a1 1 — _ _ _ HIITIirlis

A5 Tikgy)

Exclusive Or register to A XRLA, Rr DX 1 1 — — — — (A}—(A}+ (Rn)

Exclusive Or data memory to AXRL A, @R0 DO 1 1 — — — — (A} = (A} *+ {(RO})
XAL A, @R1 Dt 1 1 — — —  — (A} —[A) + [(R1))

Exclusive Orimmediate to A XRL A, #data D3 2 2 — — = = (A} —(A) + data

+Mnemonic copyright Intel Corporation 1983. (except HALT and STOP)
Operation Code X: See Tables T and 2.
%: See Table 3.
Flags*: This flag is set or reset in the state after executed instruction.
Z: This flag is reset.
CP: This flag is complemented.
Note: {1) The accumulator value is adjusted to form BCD digits following the binary addition of BCD number.

FUJITSU
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Instruction Set Summary

(Continued) Input/Output Instructions
op Pleg
Operation Mnemonic Code Byle Cycle CY HC F;, F; Note
And immediate to BUS ANL BUS, #datadB 2 2 — — — — (BuB)—(BUS)MNdata
And immediate to P1 ANL P1, #data 99 2 2 — — — — ({P1)y—(P1)Ndata
And immediate to P2 ANL P2, #data 9A 2 2 — — — — (P2)~ (P2)Ndata
And A to Expander Port ANLD Pp, A 9Xx 1 2 — — — — ({(Pp)— (Pp) N (A3~0}
Input BUS to A INS A, BUS 08 1 2 - — — — (A)y—(BUS)
Input P1to A IN A, P1 Q9 1 2 - - = = (A)—(P1)
Input P2 to A IN A, P2 0A 1 2 — — — = (A)-— (P2}
Input Expander Port to A MOVD A, P, 0X 1 2 — — = — (A3~D)—(Pp). (A7T~4)—0
Or immediate to BUS J?dF;It_aBUS' 88 2 2 — — — — {BUS)-—(BUS)U data
Or immediate to P1 ORL Pt, #data 88 2 2 — — = — (P} —=({Pt)Udata
Or immediate to P2 ORL P2, #data 8A 2 2 — — — — (P2)-—(P2)yUdata
Or A to Expander Port QRLD Pp, A 8Xx 1 2 — — — — {Pp)~(Pp) U(AID)
Output A 10 BUS QUTLBUS A 02 1 2 — — — — (BUS)—(A)
Cutput A ta P1 OUTL P1, A 39 1 2 - — — — (P)=(A)
Qutput A to P2 OUTL P2, A 3A 1 2 - - = — (P2) - (A}
Qutput A ta Expander Port MOVDPFp, A 3X 1 2 — = = — (Pp) —(A3~0)
Data Move Instructions
opP Flag
Operation Mnemonic Code Byte Cycle CY HC F, F, Note
Move register to A MOQV A, Rr FX 1 1 — = — — (A)—{(RD
Move data memory ta A MOV A, @R0 FQ 1 1 - — = — [A)—({RO))
MOV A, @Rt F1 1 1 - — — = (A-((RY)
Move immediate to A MOV A, #data 23 2 2 — — — — [(A)—data
Move A to register MOV Rr, A AX 1 1 — — — — (Rn—{A)
Move A to data memory MOV @RO, A | AD 1 1 — — — = ({RO)) —(A)
MOV @Rt A Al 1 1 - — = — (R -{A
Move immediate to register MOV Rr, #data BX 2 2 — — — — (Rr)-—data
Move immediate MOV @RO,
to data memory #data B0 2 2 = — — — (RO)-—data m
MOV @R1,
#data B1 2 2 — = — = ((R1))—data
Move PSW to A MOV A, PSW (7 1 1 — = — — {(A)—(PSW)
Move A to PSW MOV PSW, A D7 1 1 * * - —  (PSW) — (A)
:\go:e external data memary MOVX A, @RO 80 1 2 - — — (A —{RO)
MOVX A, @R1 81 1 2 - = = — (AR
Move A to external
data memory MOVX @R0, A 90 1 2 — — — — ((RO)) — (A}
MOVX @R1, A 91 1 2 — — — — {{Ri))—(A)
(PCT~0) — (A),
Move to A from current page  MOVP A @A A3 1 2 - - - -
y current pag @ (A} ~ (PCY
(PC7~0) — (A), (PC11~8)
Move to A fr k] MOVP3 A, @A E3 1 2 —_ — - =
ove to om page @ -3, (A) — (PC))
Exchange A and register XCH A, Rr 2K 1 1 — — — — (A}Z{Rn
Exchange A and data memory XCH A, @R0 20 1 1 — — = — {AYZ({RO)
XCHA @R1 21 1 - — — — (AYZ(RIY
Exchange nibble of A -
and data memory XCHD A, @R0 30 1 1 — — — — {(A3~D) = {{R0O)3~0)
XCHD A, @R1 3 1 1 — — — = (A3~D)Z ((R1)3~D)
FUJITSU
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{Continued) Branch and Jump Instructions

oP Flag
Operation Mnemonic Code Byte Cycle CY HC F; F; Note
Decrement register and test  DJNZ Rr, addr EX 2 2 — — — — {Rr}#0Note (1}
Jump unconditicnal JMP addr %4 2 2 — — =— - Unconditional Branch
Jump indirect JMPP@A B3 1 2  — — — — ﬁgf::’:;"“"' Branch
Jump on carry = 1 JC addr F6 2 2 - — - — (C)=1
Jump on carry = 0 JNC addr E6 2 2 - - = — (&y=0
Jump on A zero JZ addr C6 2 2 - - — — M=0
Jump on A na zero JNZ addr 96 2 2 - — — — (M#0
Jumpon TO =1 JTO addr 36 2 2 — - = — (TO)=1
JumponT0=0 JNTO addr 26 2 2 - — — = (T;)=0
JumponTi=1 JT1 addr 56 2 2 - - — — (TH=1
JumponTi=0 JNT1 addr 46 2 2 - — — — (TH=0
Jumpon FO =1 JFQ addr B6 2 2 - — — — (FO)y=1
JumponF1=1 JF1 addr 76 2 2 - - — — (F1)=1
Jump on timer flag, Clear flag JTF addr 18 2 2 - = — — (TH=1
Jump on INT =0 JNI addr 86 2 2 — — — — (INT}=0
Jump on accumulator bit JB8b addr %2 2 2 — — — — (Ab}=t1
Subroutine Instructions

oP Flag
Operation Mnemonic Code Byte Cycls CY HC F, F; Note
Jump to subroutine CALL addr %4 2 2 — — — — Note (3)
Return RET 83 1 Z — — — — Note(4)
Return and restore status RETR 83 1 2 * * ' — Note(5)
Flags Instructions

OoP Flag
Operation Mnemonic Code Byte Cycle CY HC F, F; Note
Clear carry CLRC 97 1 1 zZ — — — (C)-0
Complement carry CPLC A7 1 1 P — — — (O (O)
Clear flag 0 CLR FO 85 1 1 — — 2 — (Fo)-o0
Complement flag 0 CPL FO 95 1 1 - — CP — {FO)-—{F0)
Ciear flag ! CLRF1 A5 1 1 - — — Z (F1) -—0_
Complement flag 1 CPLF1 B5 1 1 — — — CP (F)—(F1)
(1) DUNZ Rr, Addr: (Rr) - 1 — (Rr)

if (Ar) # 0, addr — (PCy to PCy).
if (Ry) = 0, execute next instruction.

{2) JMPP @ A: ((A)) — (PCy to PC;)
Register Instructions

oP Flag
Operation Mnemonic Code Byte Cycle CY HC F, F, Note
Decrement register DEC Rr CX 1 1 — — — — {Rn)—(Rn-1
Increment register INC Rr 1X 1 1 — — — — {RnN—{Rn+1
Increment data memory INC @RO 10 1 1 — — — — ({RO))—(iIROY) +1

INC @R1 1 1 1 - — — — [((RIp—({RIH+1

FUJITSU
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{Continued) Timer/Counter Instructions

op Flag
Operation Mnemonic Code Byte Cycle CY HC F, F, Note
Disable Timer/ DIS TCNTI as 4 1 o
Counter Interrupt
Enable Timer/ EN TCNTI 25 9 1 o
Counter Interrupt
Read Times/Counter MOVA T 42 1 1 — - — — [A=(T)
Load Timer/Counter MOV T A 62 1 1 _ - — = (Mm~-{A)
Start Timer STRTT 55 1 1 - = - =
Start Counter STRT CNT a5 1 1 —_ - - =
Stop Timer/Counter STOP TCNT 85 1 1 — — = =
Control instructions

oP Flag
Operation Mnemonic Code Byte Cycle CY HC F, F, Note
Disable external Interrupt DIS | 15 1 1 —_ - = -
Enable external Interrupt ENI 05 1 1 - - = -
Enable Clock output on 70 ENTQ CLK 75 1 1 - = - =
No Operation NOP 00 1 1 _ —- - =
Select register bank ¢ SEL RBO C5 1 1 — — — — {BS)-0
Select register bank 1 SEL RB1 D5 1 1 - — — — {BS)-—1
Select memory bank D SEL MBO ES 1 1 — — — - ([(MBF)-0
Select memory bank 1 SEL MB1 F5 1 1 - — — — (MBF)-1
Standby Instructions

opP Flag
Operation Mnemonic Code Byte Cycle CY HC F, F; Note
Hait HALT o 1 1 - - - —
Stop STOP C1 1 1 - = - —

FUJITSU
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(Continued) Table 1. O.P. Code of Register Access Instruction
Mnemonic Rr RO R1 R2 R3 R4 R3S RS R7
INC Rr 18 19 1A 1B 1C 1D 1E 1F
XCH A, Rr 28 29 2A 2B 2C 2D 2t 2F
ORL A, Rr 48 49 4A 4B 4AC 4D 4€ 4F
ANL A, Rr 58 59 5A 5B 5C 5D S5E S5F
ADD A, Rr 68 69 BA 6B 6C 6D 6E 6F 7 6 4 0
ADDC A, Rr 78 79 7A 7B 7C 7D 7E 7F I 5 3 [rz I: |r I
MOV Rr, A A8 A9 AA AB AC AD AE AF 21110
MQV Rr, #data B8 B9 BA BB BC BD BE BF
DEC Rr Cc8 C9 GA CB CC CD CE CF
XRL A, Rr D8 D9 DA DB DC DD DE DF
DJNZ R, M E8 ES EA EB EC ED EE EF
MOV A, Rr F8 F9 FA FB FC FD FE FF
Table 2. OP Code Of Expander Port Instruction
Mnemonic Pp P4 PS P& P7
MOVD A.Pp oC (1] 0] OE oF 7 65 43 2 10
MOVD Pp, A ac 3D 3E 3F
I [P1]Pq]
ORLD Pp, A 8C 8D 8E 8F
ANLD Pp, A 9C ab SE 9F
OP Code of JMP/CALL/JB,
7 6 5 4 3 210 7 6 5 4 3 2 10
wmp [ Ay JoJo[1]oJo] | A l
First Byte Second Byte AL Address A; to A
CALL [ Ay [1Jo]1JoTo] | Al Ay Address Aqp, Ag, Ag
First Byte Second Byte Byp: b-th Bit on Accumulator
JB, | By [1ToJolr]0] | A 1
First Byte Second Byte
Notes: {5) RETR:
(3) CALL addr: (SP)y -1 —~ (SP)
(PCy to PC,) — ((SP)} {{SP))o to (SP); — {PCq to PCy;)
(PCg to PC,), (MBF), (PSW; to PSW,) — ((SP)} ({SP)), to (SP); ~ {PSW, to PSW,)
(SP) + 1~ (SP) {(SP})'— (PC, 0 PCy), (PCq to PC1)

A~ (PCy 1o PCy)

((SP)) — (PSW; to PSW;), (MBF)

4

A, —~ (PC;y t0 PCyg)

MBF — (%'c,,) o

RET:

(SP) - 1 - (SP)

((SP)) — (PCq to PC;), (PCq to PCyy)
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MBLSBOC4A9H/N
MBLSOCISH/N
instruction Codes
P I 1 2 3 5 6 7 8 ) A B c D E F
HALT ’ out ADD EN DEC INS IN r IN 7MO‘VD 7mow:a MOVD [ MOVD
0 NOP LT ligsu, a) | (Am | (A} [(A.BUS) | (AP1} | (AP2) (AP | (APS) | (APB) | (APT)
’ INC INC JB DIS JTF ! INC INC INC INC INC ING INC INC INC
@Ro @Rl 0 E (A] (RO) (R1) (R2) {R3) (R4) [RS) {RE) (A7)
2 XCH XCH INTO CLR XCH XCH XCH ACH XCH XCH XCH XCH
{A.@R0) | (A,@R1} (A) (AR0l | AR | (AR2) | (AR3) | (ARY) | (ARS) | (ARB) | (ART)
3 XCHD | XCHD 10 CPL ouUTL Iou1'|_ movo Faovo [ movo
{A,@RD) | (A, @ A1} {A) {P1,A) (P2,A} (P4.A) (P5.A) {PB,A) (PT.A)
. ORL ORL JNT1 | SwaP | oRL OAL ORL ORL ORL ORL ORL ORL
(Ac@RO) | (A, @RA1} (A} (ARD) | {AR1) | (AR2) | (AR3) | (AR4) | (ARS) | (ARE) | (ART7}
s ANL ANL T DA ANL ANL ANL ANL ANL ANL ANL ANL
(A.@R0) | (A.@R1) (A) (ARO) | (AR | (AR2) | (AR3) | (AR4) | {ARS) | (AR6) | (AR7)
s ADD ADD RAC ADD ADD ADD ADD ADD ADD ADD ADD
(A @R0) | {(A.@R1) (A) AR0) | (AR1) | (AR2) | (AR3) | (AR4} | (ARS} | (AR6} | (ART)
; ADDC | ADDC JF1 RR ADDC | ADDC | ADDC | ADDC | ADDG | ADDC | ADDC 3 ADDC
(A.@R0) | (A.@R1) (A) {ARD) | (ARY) | (AR2) | (AR3) | (AR4) | (ARS) | {ARB) | (ART)
MOVX
& | A@ROl JNE
MOVX CLR
? |w@ro.a) | (@R1A) e c
A MaV MOV CPL
(@RO,A) | (@R1,A) c
B MOV MOV SFD MOV
(@Ro.M) | (@R14) (RO#) | (Rt#) | (R2#) | (Ram | (R4M) | (R5#) | (RE#) | (R7.M)
c sTOP Jz MOV DEC DEC DEC DEC DEC DEC DEC DEC
(APSW) | (RO (R1) (R2) (R3) (R4) (RS) (R6) (R7)
o AL XRL MoV XRAL XRL XAL XRL XAL XRL XAL XRL 2
(A@R0) | (A,@R1} Psw.ar | (ARG | (ARD | (AR2) | (AR3) | (AR | (ARS) | (ARE) | (ART)
€ ING AL DINZ ‘ DINZ | DINZ | DINZ | OJNZ | DJINZ | DINZ | DJNZ
(A) (ROM) | (R1M) | (R2.M) | (R3M) | (R4M) | (RSM) | [REM) | (RZM)
E MOV MOV 5 RLC MOV MOV MOV MOV Mav MOV MOV MOV
(A@R0] | (A@R1) (A) (AR} | (ARN | {AR2 | (AR3) | (AR4) | (ARS) | {ARE) | {AR7)
#: 'mmediate data
H; Higher 4 Bits 1 Byte, 1 Cycle Instruction
L., Lower Bits
1 Byte, 2 Cycles Instruction
2 Byte, 2 Cycles Instruction
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MBLBOCA9H/N
MBLBOC39H/N
Typical Figure 15. Stand Alone Sysiem
Application
+5V
3 1
— ———JxTaus Vee
= DB
— | |——>xtaL2 , 8BIT PORTO
Gz DBy
+—— RESET Pl
Ca ! 8BIT PORT1
[ EA Py
n; P2y|
] 8BIT PORT2
P27
S
—eed Ty
—— e Ty
——]iNT
EXAMPLE:
v XTAL:1 to BMHz
ss __ ALE STAL to oo
Cay = 1pF
Figure 16. Expanded System
' +5Y
C Yec PSENt:: EXPANSION ROM
— —p—={xTar WR
= R
= o ] EXPANSION RAM
b —3—»fxtarz ALE[———
Cz
S T
—“——P RESET sTa ::> &DDRE:)S
vl
G b EXPANSION
! EA \ ADDRESS LATCH RAM
e
]
77 o8,
EXPANSION
P2 ADDRESS | ROM
P2, (A1 ~ Ag)
—_ I ‘
- > PORT
—_—eee i Ty
— ]
n } DECODER EXPANSION VO
————=iNT PROG OR EXPANDER EXPANSION MEMORY
" ke woro
P2; P1y
Vss5
FUWJITSU
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WMBLBOC4OH/N
MBLB8OCISH/N

Absolute Maximum

Ratings Value
Parameter Symbol Min. Max. Unit
Supply Voltage Vo Vgg - 0.3 Vgg + 7.0
Input Voltage Vin Vss - 0.3 Vg + 0.3 v
Output Voltage Vout Vgg — 0.3 Ve +0.3
Power Dissipation Pn — 600 mw
Operating Temperature Ta" -40 +85 oG
Storage Temperature Ts1g -55 +150
Note:

*Ta = 0°C to 70°C for H version.
**Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional
operation should be restricted to the conditions as detailed in the operational sections of this data sheet.
Exposure to ABSOLUTE MAXIMUM RATINGS for extended period may affect device reliability.

Recommended Operating

Conditions Value
Parameter Symbol Min. Typ. Max. Unit Note
4.5 50 55 Active Mode (Normal QOperation)
All internal
35 6.0 states are
Supply Voltage Voo V' Standby Mode S2Ned____
PPl 9 Y Only internal
2.0 6.0 RAM data are
retained
Voo 0
Operating T -40 85 g MBL80C49N/C39N
Temperature 0 +70 MBLBOCA9H/C39H
FUJITSU
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MBLBOCAOH/N
MBL8OCION/N

DC Characteristics
Recommended operating conditions, unless otherwise noted.

{Ta = -40°C to +85°C, Vg = 5V £10%, Vgg = OV for MBLBOC49N/MBLS0OC38N)
(Ta =0°C to +70°C, Ve = 5V 110%, Vgg = OV for MBLBOC49H/MBLB0OC39H)

Applicable Value
Parameter Pin/Device Symbol Min. Max. Unit Test Conditions
All except
XTAL1, XTALZ, VL -03 08 V
Input Low RESET
volt
ollage XTALL XTALZ, 05 06 v
RESET L : .
All except
) XTAL1, XTAL2, Viy 22 Vee V
Input High RESET
Volt
cltage XTALL XTAL2, s v v
RESET 1H1 - cC
BUS Voo 0.45 v loy = 2.0mA
Output Low RD, WR, PSEN, ALE Vg 1 045 V o = 2.0mA
Voltage PROG Vo2 045 V loL = 1.0mA
All Other Outputs  Vgra 045 V loL = 1.6mA
BUS VOH 2.4 \Y IOH = —400uA
Output High RD, WR, PSEN, .
Voltage ALE, PROG, TO Vou1 24 v Ion = -100uA
P10-P17, P20-P27 Vo0 2.4 v loy = -40uA
RESET, SS, SR by 100 wA  Vgg + 0455V SVee
iput Leakage T1,INT, EA b 10 uA  VesSVin=Vee
P10-P17.P20-P27, . I 5 -200 wA  Vgg + 045V SVeg
VSS + 0‘45§VIN§VCC
QutputLeakage gy, T fo +10 pA  High-Impedance
Made
Vcc = 35V, BMHz,
MBLBOC49N/C38N loch 2 mA S8 T Mode
Standby VCC = 3~5V, 11MHz,
Supply Current MBLBOCA9H/C48H ooy 4 mA S8 T Mede
MBLBOC49N/H, Veg = 2.0V,
MBL8OC3ON/H  fecs 50 4A STOP Mode
Active MBLBOC49N/C39N  tac 10 mA  All Outputs Open
Supply Current MBLS0C49H/C39H tog 18 mA Al Outputs Open
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MBLBOC4OH/N
MBLBOC3IDH/N

AC Characteristics

Recommended operating conditions, unless otherwise noted.

(Ta = -40°C to +85°C, Vo = +5V £10%, Vgg = OV for MBLBOC49N/MBLB0C39N)
(Ta = 0°C to +70°C, Vg = +5V £10%, Vgg = OV for MBL80C49H/MBL8B0C39H)

MBLBOCA9SH/C30H MBLSOC4ON/CION Test

Parameter Symbol Min. Max. Min. Max. Unit Conditions
ALE Pulse Width to 150 410 ns

Address Setup Time (to ALE!) taL 70 230 ns
ﬂdreiHold Time (from ALEI) tLa 50 120 ns Note 1
RD & WR Pulse Width tcer 480 1050 ns

PSEN Pulse Width tce2 350 800 ns

Data Setup Time (to WR!) tow 390 880 ns

Data Hold Time (from WR1) two 40 120 ns Note?2
Data Hold Time (from RD!, PSEN1) tor 0 10 0 290 ns

Data Delay Time (from RD!) . 350 800 ns

Data Delay Time (from PSENI) thpz 210 550 ns

Address Setup Time (to WRI) taw 310 680 ns

Data Delay Time {RD) taD1 760 1590 ns

Data Delay Time {(PSEN) tapz 480 1090 ns

Address Floating Time (to RDI, WR) tarct 140 290 ns

Address Fioating Time (to PSEN ) tarca 10 40 ns

RD, WR Output Delay Time (from ALE!) t arct 200 420 ns

PSEN Output Delay Time {from ALE!) tLaFc2 60 170 ns

ALE Delay Time (from RD1, WRt, PROG!  tcas 50 120 ns

ALE Delay Time {from PSEN1) teaz 320 620 NS Note 1
Port Control Setup Time (to PROGI) tep 100 250 ns

Port Control Hold Time (from PROG!) tec 160" 460 ns

Port 2 input Data Delay Time (from PROGI) ter 700 1380 ns

Port 2 Input Data Hold Time (from PROG!) tpr 0 140 0 250 ns

Output Data Setup Time (to PROG!) tor 400 850 ns

Output Data Hold Time (from PROGT) tep 90 200 ns

PROG Pulse Width tpp 700 1500 ns

Port 2 I/O Data Setup Time (to ALE!) teL 160 460 ns

Port 2 I/0O Data Hold Time {from ALE!) tp 40 80 ns

Port Data Output Time (from ALE}) tey 510 850 ns

Cycle Time tcy 1.36 25 753

TO Output Frequency torrR 270 500 ns

Noles:

1. Load Conditions: BUS: C_ = 150pF, Other Outputs: C, = 80pF, 1TTL
2. Load Conditions: BUS: G, = 20pF, High impedance

i: Falling edge
1. Rising edge
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MBLBOC49H/N
MBLBOC3IOH/N

Timing Diagram

Figure 11. Timing Diagram:(1)

Instruction Fetch From External Program Memory

ley
L T8 oft—— 1LAFC2
ALE
tarce —m 1cce - tcaz
PSEN —pe] fia [
ton |
taL —] f—— trp2 —— 0] g
BUS FLOATING ADDRESS }( FLOATING )6NS1"RUCTION FLOATING X
I tapz

Read From External Data Memory

ALE
S
f— YLAFC1— tcct = tem
RD
¢ tarcy or
- tAD1 e |
BUS FLOATING * ADDRESS * FLOATING ,( DATA FLOATING
L fapt
Write To External Data Memory
ALE
— e
e lLAFCY —> tcet fear
WR

| taw

tow ——

BUS FLOATING ADDRESS *

FLOATING

DATA

FLOATING

FUJITSU
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MBLSOC49H/N
MBLBOC3IO9H/N

Timing Diagram

{Continued) Figure 12. Timing Diagram (2)
P20-P23 Input/Qutput for Use of External Program Memory and Expander I/O Port
ALE _J
r__—‘”—_.l lq——-lcu
PROG —] W I I
faL TpL—id tcp |-—bc —m{ iPD
oy g / ( PCH PORT DATA P L l' QUTPUT DATA &
I-————tpn ——l tpF |—
P20-23 X PCH x PORT DATA X T x INPUT
Port 1/Port 2 Outputs
ALE l l I l I
PSEN I I
tpL [ —1pv
P20-23 x PCH PORT DATA NEW PORT DATA PCH
:ﬁ;’_:;’ PORT DATA NEW PORT DATA
Clock Outputs
$1 52 $3 s4 S5 1 s2 53 sS4 S5
e I | O 1 e N U 1y Uy
ALE ] I 1
PSEN
fD
e |
PROG |
FUJITSU
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MBLBOC4DH/N
MBLBOC3OM/N
AC Characteristics
for Standby Operation Value
Parameter Symbol Min. Typ. Max.
Standby Release 5R tRw1 21y — —
Pulse Width RESET trwe 12 -ty — —_
tar 4-toy Sty 6ty
ﬁ;"e"b" Release  paLT Mode tat2 4oy 5-toy 6oy
STOP Mode thTa — 8197 ‘toy 8200 tcy
Ve Hold Time tpp 5-toy ot -
Ve Setup Time tps 5ty - -
Timing Diagram
g e Figure 13. Standby Operation Timing (1)
INTERNAL PROGRAM MEMORY OPERATION
r-l >a | I—I I—I
ALE 1
PROGRAM E—Y
COUNTER m—gL acad Y PCe2 x
BUS DATA >——..._t,f DATA
P20-27 DATA ’_._.5 = DATA
P10-17 DATA >___t,', DATA
tawi o
R 4G
let—— AT
iNT 4G
tawz |« ] tarz
RESET y Gy
o | tps
Vcc Yo
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WMBLBOCABH/N
MBLBOC39H/N

Timing Diagram
(Continued) Figure 14. Standby Operation Timing (2}

EXTERNAL PROGRAM MEMORY OPERATION

[d
ALE —M’ ! l J I r
PROGRAM dy §
COUNTER 3 { x . ’l Fo J ik —)C

INSTRUCTION INSTRUCTION INSTRUCTION

s =
PC+2
s YOEED——s+ =

DATA DATA

DATA iy G —“ DATA

Z
ol
o

= £, G | r
l
| —

Veo 2 ¢ E SJi
Oscillation Circuits
Crystal Oscillator External Glock Drive
MBLHOC49 WBL80C4S
1TOGMHz o[ MBLEOCI | ol 5| weLsocss
XTALY CLagKs >—-Do—-— XTALY
20pF* T
T
Lz Lz

-

*including stray capacitances *Both high and iow times should be more
than 35% of the cycle time, and the rise
and fall times should be less than 20ns.

FUJITSU
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MBLBOC49H/N
MBLBOC3I9H/N

Package Dimensions
Dimensions in inches

40-Lead Ceramic

(millimeters}) (Metal Seal)
Dual In-Line Package
(Case No.: DIP-40C-A01) o e
R.050(1.27) _585(14.86)
REF 9 608(15.381
.590(14.99)
INDEX C———— 610115.49)
AREA
1.980(50.29} ':g:g':g:
2.020(51 31] : -
‘—I I’V.%OH.SZ)MAX
i i ATHA.50MAX
F.12012.08
) 150(3.81)
.090(2.29) .015(0.38) .040(1.02)
TTA02.79 _‘I 02310581 ) .060(1.53)
1.900(48.26)REF '
© 1986 FUJITSU LIMITED D40006S-1C
40-Lead Plastic
Duat In-Line Package
(Case No.: DIP-40P-MO1)
15° MAX.
OO0 000NN ONN MO0 00@arrn
(EJECTOR MARK)
.533(13.55)
.553[14.05)
.590{14.99}
INDEX .610(15.49)
| Dy Ny G AND O 6 D [ 0 A O N 6 S N A 6 A L
2.645(51.95) .008(0.20)
2.0M1(52.60) .01210.30)
—w [ﬁ.ﬂQﬂ(?.?QIMAX
I \ 195(4 96IMAX
118(3.00IMIN
.060(1,27} .016(0.38) 020{0.51IMIN
L—-l—.mmzsmvn. 0To0 77) J S8
© 1985 FUJITSU LIMITED D400058-1C
FUJITSU
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MBLBOC49H/N
MBLBOCION/N
48-Lead Piastic
Fiat Package
(CASE NO-FPT-48P-M02)
L]
434(12.3) 039 1.0} TYP
468(11.9)
094(2.4} .002(0.05)MIN
MAX ISTAND OFF}
IR (L
el 13° ( s
[— e 1 —
— b— = Denails of A" part
—y =
‘ = 102010.50)
468111.9) = . £93(17.8} 3 s20(13.21 MAX
P = MAX MIN
—x] |
‘ P
] Y
—x — { H Ej t
= 3~ 00610.15)
A + L MAX
€.03811.0) nn I .__J 0244081
INDEX :
03150081 | L___] 016(0.28) 0059(0.14) 083(2.1)
TVF ~ 0141(0.36) 08(6.20) 05801 51
603117 BIMAX

Dimensions in
inches (millimaters}

© 1985 FUJITSU LIMITED F480025-6C
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