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What is ASSP?

Application Specific Standard Product (ASSP) is a semi-
coductor integrated circuit suitable for reducing develop-
ment time and differentiating one’s own office automation
products from other manufacturers.

Fig. 1 shows the classification and design method of ASIC.
Unlike ASCP (Application Specific Custom Product) ASSP
is developed for multiple customers and is called an ap-
plication specific standard product or dedicated standard
product.

Typical examples are LSIs for image processing and for
communication. The standard cell method is used for the
basic design method and a variety of specific ASSP cells
are developed and registered for small-scale systems as
well as large-scale systems. This method reduces develop-
ment time and realizes miniaturization of chips, which in
turn lowers costs and smooths development for a variety of
products.

What kind of effect does ASSP have for customers?

This section describes the positioning of ASSP as a cus-
tomer system. Fig. 2 shows the position of each IC on the
aspect of customer system. The horizontal axis shows the
scale of system in which ICs are accommodated. The point
of origin shows the point where system orientation is high-
est. The vertical axis defines the ratio of design by custom-
ers and by IC manufacturer, and the closer the position is
to the point of origin, the greater the ratio of design by IC
manufacturer. If an IC is to be considered as a customer
system, the best point to be positioned is where the system
orientation is highest and IC design is most dependent on
IC manufacturers. The system orientation of ASSP is higher
than that of gate array of ASCP and the ratio of design by
manufacturers is greater than that of ASCP standard cell.
Fig. 2 does not show the development period, but no de-
velopment period is required if a product is already pre-
pared by manufacturers and a newly-developed product
can be produced in the same period of time as that of the
standard cell of ASCP. Compared to handmade ASCP, it
can be developed in a very short period of time. The dis-
igning of ASCP is appropriate if the technical know-how of
the customer system is involved. By combining the merits
of ASSP and ASCP, a unique system can be developed,
having additional values different from those of other
makers.

Gate array

Fully-customized IC

For a single user

For multiple users

LSl for Image
Processing

Standard cel

LSl for
communication

LSI for copying
machines

LSl for printers

Classification

Design method

Fig. 1 Classification of ASIC and design method

~ = =~ Standard product

\ -
/\Standard” y

ASCP
vJoge o/

(standard

Design by
customer

IC manufacturer

-
Design by

System orientation is high  System onentation 1s low

Fig. 2 Positioning of ASSP
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Development strategies of Mitsubishi
digital ASSP

Mitsubishi digital ASSP has the following three develope-
ment strategies for industrial equipment as well as office
automation equipment.

I. Peripheral LS| series for microcomputer
and memory applicable to system
evolution

High-speed access time and intelligent function

(UART - for communication, programmable 1/O, DRAM

controller)

Peripheral LS| series for microcomputer and memory are

the LSIs used for MPU (Micro Processor Unit) , MCU

(Micro Controller Unit) and for peripheral circuits such as

memory. Compared to conventional LSls, they are the new

generation peripheral LSis applicable to system evolution
with additional values. Typical examples are given in the
later section “System configuration examples by Mitsubishi
digital ASSP". Interrupt controller and DMA controller are

under development and these products can be used for a

variety of systems.

Table 1 Classification of digital ASSP products

I. Data buffer with the most suitable mem-
ory capacity for each function (Scan
memory for LBP or FIFO for image data)

The capacity of optimum built-in memory of data buffer is
becoming increasingly large and it is difficult to configure
all systems only by large-capacity memory which is repre-
sented by recent general-purpose memory and it leads to
waste of memory. The devices are intended to provide data
buffers with optimum built-in memory required for image
data or for communication at a reasonable price.

These data buffers have specific built-in control circuits re-

quired by customer systems. Compared to the system conf-

igured with general-purpose memory and control circuits

(gate array, etc.), this device realizes higher performance,

higher speed, space saving and reduced costs. The built-in

memory mainly consists of SRAM and DRAM, but EPROM
or EEPROM are under development.

I. Microcomputer/memory peripheral LS| series
(1)DRAM controller and peripheral IC

M66200AP/AFP (DRAM controller)
M66210P/FP M66211P/FP  (10-bit data latch)
M66212P/FP M66213P/FP (5 -bit data selector)

(2)MPU, MCU peripheral LSI

M66230P/FP (Asynchronous serial data communication control IC)
M66240P/FP (4-channel PWM generator)

M66500SP/FP
I. Data buffer built-in memory
(1)Data buffer for communication
M66220SP/FP

(High-speed and high-voltage parallel 170 expander)

(Mall Box 256X8-bit)

M66221SP/FP  (Malil Box 256X9-bit)
M66222SP/FP (Mail Box 128X8-bitX2)

(2)Line buffer
M66250P/FP
M66305P/FP

(5KB  FIFO/LIFO)
(5120-bit X2 Toggle line buffer)

M66307SP/FP  (Parallel-input serial output 5120-bit scan line buffer)

. Application specific IC
(1)Dedicated controller

M66300P/FP (Eraser, panel display controller)
M66330SP/FP (Band compression and expansion controller for facsimiles)

(2)Driver
M66310/311/312/313/314P/FP
M66510P/FP
M66700P, M66705P/FP

(8-, 16- or 32-bit full CMOS LED driver)
(Laser diode driver)
(Dual or Quad CCD clock driver)

M751270/71/72/73P/FP (FDD/HDD high-speed and high-drive driver)
M753114P (High-speed photo-coupler driver/receiver)

V. Others
(1)Original logic

M74HC-1 series (High-speed and high-drive CMOS logic)
CIC series (MAST, ALS complex BIPOLAR logic)

(2)Line Interface

RS-232C, 422A, 485 compatible driver/receiver/transceiver

(3)Cross-point switch
M402100BP/BFP
M402101BP/BWP

(4X4 cross-point switch)
(4X8 cross-point switch)

1—4 MITSUBISHI
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II. Application-specific ICs to realize high
performance and miniaturization in each
system field. (Laser power driver, eraser
controller)

Application-specific ICs are key products for configuring

systems. These products have specific functions, such as,

laser power drivers for LBP (laser beam printers) and
eraser controllers. The Mitsubishi digital ASSP support the
customer's hardware as a kit. Production of these applica-
tion specific ICs requires cooperation both from customers
and Mitsubishi Electric. In some cases, Mitsubishi offers

ASCP as an alternative.

Wafer process methods employed for the production are

the fine CMOS process, high-withstanding-voltage CMOS,

BI-CMOS, high-speed bipolar and high-withstanding-

voltage bipolar process. Table 1 shows the typical ASSP

products classified by the above-mentioned criteria.

In section 1V, (1) original logic, (2) line interface and (3)

cross-point switch are described. The M74HC-1 series in

(1) original logic incorporates basic technology of Mitsu-

bishi’'s CMOS digital ASSP, and it guarantees the output

current lo = 24mA as well as realizing the reduction of
switching noise and E.M.l. (Electro-Magnetic Interference)
by the employment of unique circuit technology. Most of the

Mitsubishi's digital ASSP employs this technology and the

output current of Ioc=224mA is guaranteed and is effective

for line or bus drivers, making the device easy to use in
system configuration.

The M74HC-1 series consists of 32 products, including bus

and line drivers.

CIC (Combination Integrated Circuit) in (1) original logic is

a bipolar complex logic to realize high-speed and high-

drive capability, which were not possible with the CMOS

gate array, and is suitable for memory control as a

peripheral circuit of high-speed MPU or bus line control.

Any function can be selectively combined from the stan-

dard logic series of MAST (Mitsubishi Advanced Schottky

TTL) and ALS (Advanced Lower Power Schottky).

Development procedure of Mitsubishi
digital ASSP

Fig. 3 shows the development procedure of ASSP. Mitsu-
bishi Electric is continuously researching the next genera-
tion system in each application field, mainly with the help of
the Application System Development Department which
prepares specifications for key parts in each field. The
marketability of these parts is confirmed by listening to cus-
tomer’s opinions and ideas. This information is used to de-
signate specifications that can become standardized in the
industry. If feasible, the products are then developed at a
risk to Mitsubishi Electric. If a customer’s system need to
be evaluated during development (Fig. 3.), a bread board
can be submitted while the device is under development.

Conduct market research for development in
-+ each application field

¥

Prepare devalopment specifications for key parts

+

Brush up on specifications which can be
standardized in the industry
(Subject to consultation with customers)
Study marketability

L4

Confirm development specifications

Start development and manufacturing of bread board

+

Produce samples for evaluation

T T I T

+

Start mass production

Fig. 3 Development procedure of ASSP

System configuration example by
Mitsubishi digital ASSP

System configuration examples by Mitsubishi digital ASSP
are given below, using office automation equipment.

Fig. 4 shows the basic configuration of office automation
equipments. Office automation equipment always needs to
have an image reading part and record output part for im-
age data 1/0O and, therefore, mechanical control part to
control paper feed, etc. is essential. Communication control
part enables data I/0O with external equipment such as per-
sonal computers. The input data is processed in data pro-
cessing part for reduction, enlargement or trimming. Sys-
tem control part controls the whole process by the input
from display / operation part and the status is displayed by
LEDs. Examples of system configuration is given below us-
ing a page printer (LBP), digital copying machine and fac-
simile as office automation equip'ment.

MITSUBISHI 1—5
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r-e—__————_————————— 1

| |

; |External Interface

| Display/ System Cm‘on |communication line
operation je—> control control

| part part part

| |

I Image Data record |
reading |—{ processing Output —l—)F

| part part part |

Original | % | Record

| I_ L Mechanical _: (

| ~71 controlpat [T TT~ |

| |

| |

e d

Fig. 4 Basic configuration of office automation equipment

® Page printer (LBP)

Page printers represented by a laser beam printer are now
used in many offices due to their speed, print quality and
low noise. Fig. 5 shows a system configuration example us-
ing digital ASSP. DRAM controller, async serial 1/O control-
ler and parallel 1/0 expander are used in the image crea-
tion part in which high-level data processing is executed
with a 16-bit MPU.

Serial-output scan data buffer that stores one line of image
data created in the image creation part simplifies data
transfer to the engine part that requires synchronization.

On the other hand, a laser driver to realize high-speed
switching of laser diode is available for the engine part for
printer output. It can be combined with MCU to execute
APC (auto-power control) of laser output.

® Digital copying machine

Fig. 6 shows a system configuration example of a copying
machine using digital ASSP. CCD clock driver drives CCD
image sensor for reading originals at a high speed in the
image input part and this is one of the main features of a
digital cobying machine.

Mitsubishi Electric is now developing FIFO/LIFO memory
which has a structure of 5120 words X 8-bit for high-speed
line memory data storage after A-D conversion.

4-channel PWM generator and communication data buffer
are suitable for’ realizing highly technological control
mechanism and multi CPU systems. 256 bytes communica-
tion data buffer with dual access ports enables high speed
data transfer of MPUs or MCUs.

Image creation part (data processing part)
o T e e e e = = — T
|
| |
Image processing Al
Personal computer _l_. Ho:‘r:::;ne MPU M37700 ch?w:'m Image Character :
GmicRo memory font ROM
| M66200A DRAM |
| modute
| |
| |
l |
| |
| 1O expander Communication P'“’;g:"b'e image processing| |
| M66500 control M66230 M5M27C512AK gate array |
| \l« |
P U ——1
SCAN data butter
M66305,M66307
r \l Laser diode |
| : ML44a114R |
Mechanical control Laser driver 1 ML440R |
| MCU M37450 MEES10 |
: l Rotation system 9 |
| Heater temperature control driver —> :
Engine part | SSR SF12DA ) i
(mechanical control part,
recordoutputpart) L .
Fig. 5 System configuration example of a page printer (LBP)
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System control part

System
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MPU ROM
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Mechanical umit pwn | [Mechan g | d gromony |
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]
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-L . [
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( P [ T T T | 5B Fi 0 M66250 |
| ! 1 |
| A/D conversion |
| CCD preamplifier |
| P e P e |
CCD drver —  m——— m—— —
M86700 -

Image input part

Fig. 6 System configuration example of a digital copying machine

® Facsimile

A facsimile consists of a system control part, original read-
ing part by an image sensor, thermal printer part, image
data processing part for image data coding/decoding and a
communication control part using a modem. Fig. 7 shows a
system configuration example using digital ASSP. DIP
(Dual Inline Package) and SOP (Small Outline Package)
are available for 4-channel CCD clock driver in the original
reading part.

Mitsubishi is now developing a band compression and ex-
pansion controller which features built-in 1/O line memory
for image processing part which is the central core of facsi-
mile with coding conversion (MH method <+ MR method)
and reduction functions.

System configuration examples using digital ASSP are
given above. Table 2 summarizes the functions and fea-
tures of each product.

Future development

The outline-of digital ASSP and system configuration exam-
ples are described above using office automation equip-
ments. The devices will be widely applied in the field of
home-use equipment such as audio visual equipment or
VCRs in which use of digital data processing is increasing.
Mitsubishi Electric is planning to develop devices used in
the fields other than office automation field.

Thermal printer unit

System control part

-
1 ]
| Head ]

| drver N -

L & l — IJ r i

[ |

: I

J—

Image processing
part

CCD unit

CCD driver
M66700
MB6705

N Mechanical | | | system
control | controt Program
MCu MPU ROM
M37450 || wmarr2o -
| contralier
¢ l Me6z00a | |
I |
| I L
—— _} i |
’Sfﬁ?i",&?é'.‘.’ | Peripheral LSI |
e, ' | M66300 controliet { |
expansion | MB6500 66230
contoler | | | i
 b———FF————F -
|
Image data
processing | | Display - Key nput Modem
controller | r ':

(I | Telephone set
e
LED display Telephone line
dnver

Panelunt ) |

Mb6310

M66311
M66312
ME5313
M66314

Fig. 7 System configuration example of a G-3 facsimile
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Table 2 Functions and features of digital ASSP

Application Function Type name Features
M66200AP/AFP General-purpose MPU applicable 256K/1M DRAM controller
DRAM controller M66210/211P/FP 10-line data latch, high drive capacity +24mA
M66212/213P/FP 2- to 1-ine (X5) data selector, high drive capacity £24mA
Built-in 63-byte FIFO, direct connection to microcomputer
Panel display controller M66300P/FP
System control part bus, senial output
Data processing part M66305P/FP Two built-in circuits of 5120-bit serial buffer, toggle operation,
Scan data buffer .
M66307SP/FP 5120-bit parallel-input serial-output buffer
Parallel 1/0 expander M66500SP/FP 44-bit 1/0 expansion, 35V, 48mA output port (16 bits)
Band compression and MH/MR/MMR support, Built-in 1/0 line memory, codi
P M66330SP/FP PP ! . coding
expansion controlier method conversion and reduction function
High resolution of 16 bits, direct connection to microcompu-
Mechanical control part | 4-channel PWM generator M66240P/FP ter b
el us
. Baud generator, built-in CRC circuit, built-in 4-byte FIFO for
Async serial 1/0 controller M66230P/FP i .
transmlsswn/recelvmg
. M66220SP/FP 256X8-bit, high-speed dual port access (40ns)
Communication L
ontrol part Communication data buffer M66221SP/FP 256X 9-bit, igh-speed dual port access (40ns)
contro
P M66222SP/FP 128X 8-bitX2, high-speed dual port access (40ns)
M75 series

Line interface IC

M5A, M5M series

Supports RS-232C, 422A, 423A, 485

High-speed, high drnive capacity, direct connection to gate

. M66700P
Image reading part CCD clock driver M66705P/FP array 1s possible
High-speed line memory M66250P/FP 5120X8-bit, FIFO/LIFO, start address specification
Applicable to R-type laser diode, high-speed operation
Record output part Laser driver M66510P/FP .
(20Mbps), Built-in laser power monitor circuit
M66310P/FP 16-bit, high drive capacity —24mA (open drain)
M66311P/FP 16-bit, high drive capacity +24mA (open drain)
. M66312P/FP 8-bit, high drive capacity =16mA (3-state)
Display panel part CMOS LED driver M66313FP 32-bit, high drive capacity +24mA (open-drain)
M66314FP 16-bit, high drive capacity —25mA, high withstanding voltage
20V
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INDEX BY FUNCTION

INDEX BY FUNCTION

HEPERIPHRAL LS| SERIES FOR MICROCOMPUTER AND MEMORY

Suppl
Type name Function Process PPl Outline Application/field Page
voltage
5 General digital equipment for in-
M66200AP/AFP |2 | DRAM controller 2-3
° con P . 24P4D dustrial or home use (including all
M66210P/FP cls FP : 24P2 fields of personal computers or
S | £ | 10-line data latch cMOs | 5+10% P P 2-26
M66211P/FP s s word processors)
M66212P/FP < |2 |2-tol-(X5) P 1 20P4 231
M66213P/FP Q| 2 | data selector FP : 20P2N
2 1 24P4 Data transfer_f in offi tomati
M66230P/FP ART oMOs | 51095 | B 2D D e ol PR, brtar, and personar com | 2-35
Async serial data communication control FP : 24P2W | puters
Control of DC motor, stepping motor
4-channel P :24P4D and heater.
M66240P/FP CMOS 5+10% . 2-54
PWM generator FP : 24P2W | Digital servo for office automation
equipment and industrial equip-
ment.
High-drive and high-speed parallel SP: 64p4B | /O, expander for genaral digital equipment
MessoospFp | 9 gnepesp BI-CMOS| 5%10% | -0 e el soeh | 270
170 expander FP 1 64P6W | '\ Bp, PPC and FAX
HEDATA BUFFER BUILT-IN MEMORY
Supp!
Type name Function Process i Outline Application/field Page
voltage
ME6220SP/FP Ak P :42P4B Memory for data transfer between MPU 3-3
FP : 42P2R | and MCU
P : 48P4B
M66221SP/FP *%| MAIL-BOX(Dual Port RAM) CMOS 5+10% . 3-9
FP : 52P2G
M66222SP/FP * k| P - 42P4B 3-16
FP : 42P2R
P 28PaY One-line delay, inverted output (mirror), time axis
M66250P/FP 5KB FIFO/LIFO CMOS | 5*+10% FF;  28P2W conversion for high-speed facsimile and digital [ 3-21
i copying machine
P : 20P4 Data buffer for image processing and peripheral
i MOS | 5+10% 3-34
M66305P/FP Toggle line buffer C %o FP : 24P2W | cirouts of LBP and FAX
i ial- : 32P4 Line buffer between i rocessi d
ME6307SP/FP k| ~orallel-input serial-output cmos | s+109 | 57 B Baohorat oduipmant ucn &a high-space FAX and | 3-44
scan line buffer FP : 32P2W | printers
HAPPLICATION SPECIFIC IC
Suppl
Type name Function Process PPl Outline Application/field Page
voltage
Parrallel-in serial-out data buffer with FIFO P . 20P4 - PPC troll
M66300P/FP cMos | 5+10% > Panel display controlier 4-3
FP : 20P2 « LED module control
MG6310P/FP 16-bit, —24mA, P-ch open-drain output - PPC eraser LED drive 13
(cathode common LED drive) P ! 24P4AD + LED module drive such as LED
16-bit, +24mA, N- . .
M66311P/FP § it, +-24mA, N-ch open drain output CMOS 5410% FP : 24P2 display panel of button telephone 4-18
S | (anode common LED drive) set .
£ | 8-bit, = , 3- B . | el -
M66312P/FP £ it, 16mA, 3-state output P :16P4 data p ial con 4-23
: (LED drnive) FP : 16P2N version
+ | 32-bit, +24mA, N-ch open drain output
M66313FP 2 ’ i —+10% -
2| (anode common LED drive) CMOS | 5:£10% | 42P2R 4-28
4
16-bit, —25mA, 3-state output
M66314FP £ ’ ' M ~ _
ﬁ (cathode common LED dnive, current variable) eMos 12~18 | 24P2 4-34
P :20P4 - Pre-dri f printer head pli
M66320P/FP 12-bit pre-head driver CMOS | 510% { General paraliel-serial data con- | 4-40
FP : 20P2N version
SP @ 40P4B
M66330SP/FP *| Band compression and expansion controller for FAX CMOS | 5+10% Fp:36P2R | Facsimile 4-44
M66510P/FP *#| Laser diode driver ng!'u-speed 545% P : 20P4 « Cathode stem type semiconductor 4-47
Bipolar FP : 20P2N laser driver (20Mbits/sec)
M66700P Dual GCD clock driver Hioh-speed| 1) 11096 | apa * COD image sensor drive for FAX, | , o,
Bipolar PPC or personal computers
M66705P/FP Duad CCD clock dnver than-speed | 1) 4 1ogs | © 1 16P + Capacitative load drive 455
Bipolar FP : 16P2N | - High-speed drive of power MOSFET
Y% : Under Development
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INDEX BY FUNCTION

HLINE INTERFACE IC

! Suppl
Type name Function Process PRl Outline Application/field Page
voltage
M5A26LS29P Quad RS-423A driver Bip 545% | 16P4 Communication 5-3
M5A26LS31P/FP P :16P4 LBP, HDD, PPC, POS 5-8
L LR -422A dri +59 —
M5Maas7p/Fp | CUad RS-422A driver Be 5E5% | ke : 16pan 5-14
M5A26L.S32AP/AFP Quad RS-422A receiver . 54+5% P :16P4 LBP, HDD, PPC, POS 5-18
MSM3486P/FP P =7 | FP:16P2N 5-25
M5M34050P/FP P :16P4 LBP, HDD, PPC
-422A =+59 -2
M5M34051B/EP Dual RS-4 transceiver Bip 5+5% EP : 16P2N 5-29
M751270P/FP 5-34
M751271P/FP High-: d, high-d P :16P4
SORETTE | High-speed, igh-drive Bp | 5+10% . FDD, HDD, LBP
M751272P/FP open-collector driver FP : 16P2N 5-36
M751273P/FP .
M75173P/FP P :16P4 POS, factory automation, personal| 5-38
————————1 Quad RS-485 receiver Bi 5+5% F——
M75175P/FP e P ” | FP:16P2N | computer 543
M75176P *k
M75177P Fok| POS, fact t tion, |
RS-485 transceiver Bip 5+5% | 8P4 actory automation, persona 5-48
M75178P Hk computer
M75179P Jok
M75188P Quad RS-232C driver Bip +9~+13.2 | 14P4 General office automation equipment 5-49
M75189P/FP P :14P4 5-53
—_— -232 +59, i p ==
M75189AP/AFP Quad RS C receiver Bip 5+5% EP : 14P2N General office automation equipment 5-58
M751701P RS-232C transceiver Bip +4.5~%15 | 8P4 General office automation equipment 5-63
M753114P High-speed photo-coupler driver/receiver Bip 5+5% 8P4 PPC, FAX, factory automation 5-67
HICROSSPOINT SWITCH
Si I
Type name Function Process uPPYY Outhne Application/field Page
voltage
P :16P4 .
M402100BP/BFP | 4X4 cross-point switch 5~15 EP : 16P2N Line swiching for telephone set or| 6-3
CMOS P .22P4H communication equipment (PBX,
- 5~15 i button telephone set 6-11
M402101BP/BWP| 4X8 cross-point switch WP : 22P4 pl )
%% : Under Development
1—10 MITSUBISHI
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INDEX BY FUNCTION

HM74HC-1 SERIES

Type name Function Outline Page
M74HC138-1P/FP 1-of-8 Decoder/Demultiplexer 16P4/16P2N | 7-3
M74HCT138-1P/FP 1-of-8 Decoder/Demultiplexer with LSTTL-Compatible Input 16P4/16P2N | 7-7
M74HC139-1P/FP Dual 1-of-4 Decoder/Demultiplexer 16P4/16P2N | 7-11
M74HCT139-1P/FP Dual 1-of-4 Decoder/Demultiplexer with LSTTL-Compatible Input 16P4/16P2N | 7-15
M74HC240-1P/FP Octal 3-State Inverting Buffer/Line Driver 20P4/20P2N | 7-19
M74HCT240-1P/FP Octal 3-State Inverting Buffer/Line Driver with LSTTL-Compatible Input 20P4/20P2N | 7-23
M74HC241-1P/FP Octal 3-State Noninverting Buffer/Line Dnver 20P4/20P2N | 7-26
M74HCT241-1P/FP Octal 3-State Noninverting Buffer/Line Driver with LSTTL-Compatible Input 20P4/20P2N | 7-30
M74HC244-1P/FP Octal 3-State Noninverting Buffer/Line Driver 20P4/20P2N | 7-33
M74HCT244-1P/FP Octal 3-State Noninverting Buffer/Line Driver with LSTTL-Compatible Input 20P4/20P2N | 7-37
M74HC245-1P/FP Octal 3-State Noninverting Bus Transceiver 20P4/20P2N | 7-40
M74HCT245-1P/FP Octal 3-State Noninverting Bus Transceiver with LSTTL-Compatible Input 20P4/20P2N | 7-44
M74HC273-1P/FP Octal D-Type Flip-Flop 20P4/20P2N | 7-47
M74HCT273-1P/FP Octal D-Type Flip-Flop with LSTTL-Compatible Input 20P4/20P2N | 7-51
M74HC373-1P/FP Octal 3-State Noninverting D-Type Transprarent Latch 20P4/20P2N | 7-55
M74HCT373-1P/FP Octal 3-State Noninverting D-Type Transprarent Latch with LSTTL-Compatible Input 20P4/20P2N | 7-59
M74HC374-1P/FP Octal 3-State Noninverting D-Type Flip-Flop 20P4/20P2N | 7-63
M74HCT374-1P/FP Octal 3-State Noninverting D-Type Flip-Flop with LSTTL-Compatible Input 20P4/20P2N | 7-67
M74HC533-1P/FP Octal 3-State Inverting D-Type Transprarent Latch 20P4/20P2N | 7-71
M74HCT533-1P/FP Octal 3-State Inverting D-Type Transprarent Latch with LSTTL-Compatible Input 20P4/20P2N | 7-75
M74HC534-1P/FP Octal 3-State Inverting D-Type Flip-Flop 20P4/20P2N | 7-79
M74HCT534-1P/FP Octal 3-State Inverting D-Type Flip-Flop with LSTTL-Compatible Input 20P4/20P2N | 7-83
M74HC640-1P/FP Octal 3-State Inverting Bus Tranceiver 20P4/20P2N | 7-87
M74HCT640-1P/FP Octal 3-State Inverting Bus Tranceiver with LSTTL-Compatible Input 20P4/20P2N | 7-91
M74HC643-1P/FP Octal 3-State Inverting/Noninverting Bus Tranceiver 20P4/20P2N | 7-94
M74HCT643-1P/FP Octal 3-State Inverting/Noninverting Bus Tranceiver with LSTTL-Compatible Input 20P4/20P2N | 7-98
M74HC645-1P/FP Octal 3-State Noninverting Bus Tranceiver 20P4/20P2N | 7-101
M74HCT645-1P/FP Octal 3-State Noninverting Bus Tranceiver with LSTTL-Compatible input 20P4/20P2N | 7-105
M74HC841-1P/FP 10-Bit Noninverting D-Type Tranport Latch 24P4D/24P2| 7-108
M74HCT841-1P/FP 10-Bit Noninverting D-Type Tranport Latch with LSTTL-Compatible Input 24P4D/24P2 | 7-112
M74HC842-1P/FP 10-Bit Inverting D-Type Tranport Latch 24P4D/24P2 | 7-116
M74HCT842-1P/FP 10-Bit Inverting D-Type Tranport Latch with LSTTL-Compatible Input 24P4D/24P2| 7-121
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ORDERING INFORMATION

The type codes and package outline of the Mitsubishi
semiconductor integrated circuits are outlined below for
your reference.

Example 1) Products

M 66 300 FP
M 5A26LS 31 P
M 74HC 534-1 P

Package type

Specification for each circuit

Application, series, or circuit type

Mitsubishi’s code

Example 2) Package

24 P 4B

LSupplementary code

Package outline

Package structure

Number of pins

—12 MITSUBISHI
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SYMBOLOGY
Symbol Description
C, Input capacitance The output capacitance at input terminals
CL Load capacitance Externally connected output capacitance
Co Output disable capacitance The output capacitance when the output Is in the high-impedance state
Cpp Power dissipation capacitance The internal capacitance of the IC calculated from the power dissipation
f, Input frequency The sine wave frequency applied to the input terminal
fs Clock frequency
fmax Maximum repetition frequency The maximum frequency of repetitive inputs at which the device operates normally
GND Ground
H High level Used as a suffix for current and voltage parameters to indicate the high logic level
| Current or input Currents flowing into the IC are positive, currents flowing out of the IC are negative
lece Supply current The current flowing into the IC at the Ve pin
loo Supply current The current flowing into the IC at Vpp pin
I Input current The current that flows into the IC when an input voltage 1s applied
/M High-level input current The input current for a high-level input
e Low-level input current The input current for a low-level input
lo Output current Currents flowing into the IC are positive, currents flowing out of the IC are negative.
lorr Input off-state leak current The leakage between the input and output terminals of an analog switch in the off state
lon High-level output current Output load current in the high-level output state
loL Low-level output current Output load current in the low-level output state
los Output short circuit current Output current for short circuit to GND In the high-level output state
lozn Off-state high-level output current Output current when logic high I1s applied to an output in the high-impedance state
lozL Off-state low-level output current Output current when logic low 1s applied to an output in the high-impedance state
L Low level Used as a suffix for current and voltage parameters to indicate the low logic level
o Indicates output
Pq Power dissipation The product of the supply voltage and supply current
PRR Repetitive frequency Pulse frequency supplied repetitively
R, Input resistance External resistance connected at input
Ry Load resistance External load resistance
Rorr Analog switch off resistance The resistance of an analog switch in the off state
Ron Analog switch on resistance The resistance of an analog switch in the on state
Ta Ambient temperature The air temperature in the vicinity of the IC
tf Fall time The period for an input pulse to change from logic high to low
th Hold time The period for another input must be held after a specified input 1s changed
Topr Operating (ambient) temperature The ambient temperature range over which the IC will operate correctly
tpd Propagation delay time The period from when the specified input is applied until the specified output changes
terL High-level to low-level output propagation time The period required for the output to change from logic high to low after the specified input 1s applied
terz Output disable time from high-level The pertod required for the output to change from logic high to the high-impedance state after the specified input is applied
teLn Low-level to high-leve! output propagation time The period required for the output to change from logic low to high after the specified input is applied
teLz Output disable time from low level The period required for the output to change from logic low to the high-impedance state after the specified input 1s applied
tezn Output enable time from high-level The period requied for the output to change from the high-impedance state to logic high after the specified nput 1s applied
tezL Output enable time to low-level The pertod requied for the output to change from the high-impedance state to logic low after the specified input 1s applied
tr Rise time The perod for an input pulse to change from logic low to high
trec Recovery time The period required from when the input state 1s released until the next clock pulse can be applied
Tstg Storage temperature The temperature range over which the IC can be safely stored
tsu Setup time The period that other specified inputs must be held before the specified input can be applied
tral High-level to low-level output transition time The time required for the output to fall after the specified input 1s applied
trim Low-level to high-leve! output transition time The time required for the output to nse after the specified input 1s applied
tw Pulse width The period over which a pulse remains within the reference voltage range

MITSUBISHI
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SYMBOLOGY

Symbol Description

Vece Supply voltage The voltage applide to the Vcc pin

Vbb Supply voltage The voltage applied to the Vpp pin

Vee Supply voltage The voltage applied to the Vge pin

Vu Hysteresis voltage The difference between the positive-going and negative-going threshold voltage of a Schmitt tngger circuit

V, Input voltage The voltage applied to an input

Vic Input clamp voltage Forward voltage of input clamp diode

Vin High-level input voltage The logic high voltage applied to an input

Vi Low-level input voltage The logic low voltages applied to an input

Vo Output voltage The voltage applied to or appearing at an output.

Von High-level output voltage The voltage at the output in the high-level state

Voo Low-level output voltage The voltage at the output in the low-level state

Ve Pulse ampliiude Voltage between low-level and high-level of a pulse

Vss Supply voltage The voltage applied at the Vss pin

Vr Threshold voltage The input voltage level where the output state changes.

Vr+ Positive-going threshold voltage The threshold voltage for the low-to-high state change

Vr— Negative-going threshold voltage The threshold voltage for the high-to-low state change

z High-impedance state Indicates an output in the high-impedance state

Zo Output impedance Load impedance to be connected to the output of a pulse generator
1—14 MITSUBISHI
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QUALITY ASSURANCE AND RELIABILITY
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1. INTRODUCTION

IC & LSI have made rapid technical progress in electrical
performances, high integration, high speed, and sophisti-
cated functionality. Now they have almost boundless ap-
phcations in electronic systems and electrical appliances.
To meet the above trend of expanding utilization of IC &
LSI, Mitsubishi finds it extremely important to supply good
quality and highly reliable products to customers “Quality
First” is the basic policy at Mitsubishi Electric and a great
deal of emphasis is placed on it. Mitsubishi has established
a “Quality Assurance System” that is applied to design,
manufacturing, inventory and delivery for ICs & LSls. This
system has helped to supply reliable products to customers
for many years.

The following describes the Quality Assurance System and
how it applies to reliability control for Mitsubishi digital
ASSP:

2. QUALITY ASSURANCE SYSTEM

The Quality Assurance System places emphasis on built-in
reliability in design and built-in quality in manufacturing.
The System from development to delivry is summarized in
Fig.1.

2.1 Quality Assurance in Design

The following steps are applied to design stages for new

products.

(1) Establishing targets for performance, quality and re-
liability.

(2) Discussion of performance and quality for circuit de-
sign, device structure, process, material and pack-
aging.

(3) Verification of design by CAD system to meet standar-
dizations.

(4) Reliability evaluation for TEG (Test Element Group)
chip to detect basic failure mode and investigate fai-
lure mechanism.

(5) Reliability test (in-house qualification) for new product
to confirm quality and reliability target.

(6) Decision of pre-production from the standpoint of per-
formance, reliability, production flow/conditions, pro-
duction capability, delivery, etc..

2.2 Quality Assurance in Manufacturing

The following steps are applied to manufactuing:

(1) Environmental control such as temperature, humidity
and dust as well as de-ionized water and utility gases.

(2) Maintenance and calibration control for automatized
manufacturing equipment, automatic testing equip-
ments, and measuring instruments.

(3) Material control such as silicon wafer, lead frame,
packaging material, masks and chemicals.

)

Electrical characteristics test and visual inspection.

Lot by lot sampling and environmental and periodical
endurance test.

(7) Inventory and shipping control, such as storage en-
vironment, data code identity handling and ESD
(Electro Static Discharge) preventive procedure.

=

2.3 Reliability Test

To verify the rehability of a product, tests are performed at
three different stages, new product development, pre-
production and mass-production.

With the development of new products the reliability tests
are modeled to correspond to quality and reliability targets.
The test plan includes in-house qualification test, and TEG
evaluation. TEG chips are designed and prepared for new
device structures, new processes and new materials. After
the proto-type product has passed the in-house qualifica-
tion test, the product advances to the next stage of pre-
production. It is in this stage, that specific reliability tests
are performed again to verify quality.

During mass production, the reliability tests are performed
periodically to confirm the quality of the product according
to the Quality Assurance System.

Table- 1 shows an example of reliability test program for
plastic encapsulated IC & LSI.

2.4 Returned Product Control

When failure analysis is request by a customer, the failed
devices are returned to Mitsubishi Electric via the sales
office.

Table 1 TYPICAL RELIABILITY TEST PROGRAM FOR
PLASTIC ENCAPSULATED IC & LSI
Group Test Test condition
1 Solderability 230C, 5sec, Rosin flux

Soldering heat 260°C, 10sec

125C, —55C, 5 min each,
15 cycles (hquid phase)

2 | Thermal shock

Temperature —65°C, 150°C, 30 min each,
cycle 100 cycles (air phase)
Lead Bending | 250gr, 90 degrees 2 times
} fatigue Stretch | 500gr, 30 sec
Mechanical shock 1500G, 0. 5msec, three times
4 | Vibration 200G, 100~2000Hz, X, Y, Z directions

4min /cycle, four imes each direction

Constant acceleration 20000G, Y direction, Tmin

5 | Operating life TaZ=Toprmax, Vec=Vccmax

1000hours

6 | High temperature storage life | Ta=Tstgmax, 1000hours

High temperature and | T,=85C, 85%R H 1000hours

(4) In-process inspections for wafer-fabrication, assembly 5 | fugh humicty
and testing. Pressure cooker Ta=121C, 100%R H 96hours
MITSUBISHI
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QUALITY ASSURANCE AND RELIABILITY

Design/production )
Stage Market Sales engineering Manufactruing Quality assurance Production control
Market survey )

(Strategic production plan)

( Design/development/design review

‘ll r matena| qualification )

Trnal production

Qualification (1)

—
( Decision of pre-production )

Preparation of specs/instruction
~

C Pre-production )—l

Qualification (2)
v
( Decision of mass production )

(' Production order )q_____)

( Material purchase )

i Production plan

[

Material incoming tesD-

ntrol
J'

Equipment and calibration control

_/

Mass production—————>t&—— Pre-production—=>f€——Design/development —>

Document control
QC training

Environmental control

Quality §55prance

By

Quarity data/failure analysis/quality improvement

——In-process quality col
>
&
®
3
o
<

Small group activity (QC circle)

fd
[
>
[
a Inventory control
[ Shippin
b4 ipping
5 >0
o
o 3 Returned Product Q\ (g %
if'f ! O Failure analysis/corrective action
‘b Failure analysis report generation I
=2 Flow of product —> Flow of information

Fig. 1 Flow chart of quality assurance system

Mitsubishi provides various failure analysis equipments to Fig. 2 shows the procedure of returned product control from
analyze the returned product. A failure analysis report is customer.
given to the customer upon completion of the analysis. The

analysis report is then used to apply corrective measures 3. RELIABRLITY TEST RESULTS

for design, fabrication, assembly or testing to ultimately im- The reliability test results for Mitsubishi digital ASSP are
prove reliability and realize a lower failure rate. shown in Table 2 to Table 6.
1—16 MITSUBISHI
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Table 2 QUALITY ASSURANCE TEST RESULTS (1)

Test

High temperature Operating Life

High Temperature Storage

Test Condition

Ta=125"C, Vec=Vcomax

Ta=150C, 1000 hours

ELECTRIC

Application Type Number Parameter | Number of Samples Device Hour Number of Failures | Number of Samples | Number of Failures
Original High-speed M74HCXXX-1P 266 266000 0 132 0
CMOS Logic M74HCXXX-1FP 132 132000 0 88 0
M402100BP 40 80000 0 22 0
Cross-point M402100BFP 22 22000 0 22 0
Switch M402101BP 32 32000 0 22 0
M402101BWP 32 32000 0 22 0
M66200AP 38 76000 0 22 0
DRAM Controller M66200AFP 32 32000 0 22 0
and Peripheral IC M66210P 38 38000 0 22 0
M66210FP 22 22000 0 22 0
M66212P 38 38000 0 22 0
High-drive High-speed | M66500SP 32 64000 0 22 0
Parallel /0 Expander M66500FP 22 22000 0 22 0
Toggle Line Buffer M66305P 32 32000 0 22 0
M66305FP 32 32000 0 22 0
Parallel-in serial-out data| M66300P 38 38000 0 32 0
buffer with FIFO M66300FP 22 22000 0 22 0
M75188P 38 38000 0 22 0
M75189P 38 38000 0 22 0
-M75189AP 38 38000 0 — —
M75189AFP 22, 22000 0 22 0
Line Interface M751701P 38 38000 0 22 Q
M5A26L.S29P 38 38000 0 22 0
MS5A26LS31P 38 38000 0 22 0
M5A26LS31FP 22 22000 0 22 0
M5A26LS32AP 38 38000 0 — —
M5M34050P 38 38000 0 — —
M75173P 38 38000 0 22 0
M66310P 32 32000 0 22 0
M66310FP 22 22000 0 22 0
M66311P 32 32000 0 22 0
M66311FP 22 22000 0 22 0
M66312P 32 32000 0 22 0
M66312FP 22 22000 0 22 0
M66700P 55 55000 0 22 0
Application Specific Driver M66705P 22 22000 0 — —
M66705FP 22 22000 0 22 0
M751270P 32 32000 0 22 0
M751270FP 22 22000 0 22 0
M751271P 32 32000 0 — —
M751272P 32 32000 0 22 0
M751272FP 22 22000 0 32 0
M751273P 32 32000 0 — -
M753114P 32 32000 0 32 0
MITSUBISHI
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Table 3 QUALITY ASSURANCE TEST RESULTS (2)

Test Soldering Heat Thermal Shock Temperature Cycle
T~ Test Condition 270°C, 10 seconds —55~125C, 15 Cycle —65~150C, 100 Cycle
Application Type Number Parameter | Number of Samples | Number of Failures | Number of Samples | Number of Failures | Number of Samples | Number of Failures
Original High-speed M74HCXXX-1P 228 0 228 0 228 0
CMOS Logic M74HCXXX-1FP 192 0 192 0 192 [
M402100BP 22 0 22 0 22 0
Cross-point M402100BFP 22 0 22 0 22 0
Switch M402101BP 32 0 32 Q 32 0
M402101BWP 32 0 32 0 32 0
M66200AP 32 0 32 0 32 0
M66200AFP 32 0 32 0 32 0
ZFZA:ES::;::T:; M66210P 32 0 32 0 32 0
M66211FP 32 0 32 0 32 0
M66213P 32 0 32 0 32 0
High-drive High-speed | M66500SP 32 0 32 0 32 0
Parallel 1/0 Expander M66500FP 22 0 22 0 22 0
. M66305P 32 0 32 0 32 0
Toggle Line Bufter M66305FP 32 0 32 0 32 0
Parallel-in serial-out data| M66300P 45 0 45 0 45 0
buffer with FIFO M66300FP 45 0 45 0 45 0
M75188P 38 0 38 0 38 0
M75189P 38 0 38 0 38 0
M75189AP 38 0 38 0 38 0
M75189AFP 38 0 38 0 38 0
. M751701P 38 0 38 0 38 0
Line Interface
M5A26LS29P 38 0 38 0 38 0
. M5A26LS31P 38 0 38 0 38 0
M5A26LS31FP 38 0 38 0 38 0
M5A26LS32AP 38 0 38 0 38 0
M75173P 38 0 38 0 38 0
M66310P 32 0 32 0 32 0
M66310FP 32 0 32 0 32 0
M66311P 32 0 32 0 32 0
M66311FP 32 0 32 0 32 0
M66312P 32 0 32 0 32 0
M66312FP 32 0 32 0 32 0
M66700P 32 0 32 0 32 0
Application Specific Driver M66705P 32 0 32 0 32 0
M66705FP 32 0 B 32 0 32 0
M751270FP B 32 0 32 0 32 0
M751271P 32 0 32 0 32 0
M751272P 32 0 32 0 32 0
M751272FP 32 0 32 0 32 0
M751273P 32 0 32 0 32 0
M753114P 32 0 32 0 32 0
1—18 MITSUBISHI
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Table 4 QUALITY ASSURANCE TEST RESULTS (3)

Test

High Temperature High Humidity Bias

Pressure Cooker

Test Condition

85C, 85%RH, Vcc=Vcemax

121°C, Barometnc height 2, 240 hours

ELECTRIC

Application Type Numbe Parameter | Number of Samplse Device Hour Number of Failures | Number of Samples | Number of Failures
Onginal High-speed CMOS Logic | M74HCXXX-1P 190 1000 0 190 0
Gross-point M402100BP 40 1000 0 40 0
Switch M402101BP 32 1000 0 32 0
M402101BWP 32 1000 0 32 0
M66200AP 38 2000 0 38 0
DRAM Controller M66210P — — — 38 0
and Peripheral IC M66211P 38 1000 0 — —
M66212P 38 1000 0 38 0
P ol v B M66500SP 22 2000 0 32 0
Toggle Line Buffer M66305P 22 2000 0 22 0
Cata buiter wan FIFG MB6300P 32 2000 0 45 0
M75188P 38 1000 0 45 0
M75189P 38 1000 0 45 0
M75189AP 38 1000 0 — —
M751701P 38 1000 0 45 0
Line Interface M5A26LS29P 38 1000 0 45 0
M5A26LS31P 38 1000 0 45 0
M5A26LS32AP 38 1000 0 45 -
M5M34050P 38 1000 0 — —
M75173P — — — 45 0
M66310P 32 2000 0 32 0
M66311P 32 1000 0 32 0
M66312P 32 2000 0 32 0
M66700P 32 2000 0 32 0
Application Specific Driver M66705P 22 1000 0 32 0
M751270P 32 2000 0 — —
M751271P 32 1000 0 32 0
M751272P 32 1000 0 32 0
M751273P — — — 32 0
M753114P 32 1000 0 32 0
MITSUBISHI
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Table 5 QUALITY ASSURANCE TEST RESULTS (4)

Test High Temperature High Humidity Bias Note 1 Pressure Cooker
Test Condition 85°C, 85%RH, Vcc=Vcomax 121°C, Barometric height 2, 240 hours
Application Type Number Parameter | Number of Samples Device Hour Number of Failures | Number of Samples | Number of Failures
Original High-speed CMOS Logic | M74HCXXX-1FP 88 1000 [¢] 66 0
Cross-point Switch M402100BFP 22 1000 0 22 0
M66200AFP 32 1000 0 32 0
DRAM Controller M66210FP 22 1000 0 — —
and Peripheral IC M66211FP 22 1000 0 32 0
M66212FP 22 1000 0 — —
S;?;‘,;‘;{",’,%“.Q_E"E;’,:;ﬁ“ M66500FP 22 1000 0 22 0
Toggle Line Buffer M66305FP 22 1000 0 22 0
ot butter vn HIED M66300FP 22 1000 0 32 0
M75189AFP 22 1000 0 32 0
M5A26LS31FP 22 1000 0 32 0
Line Interface M5A26LS32AFP 22 1000 0 — —
M5M34050FP 22 1000 0 — —
M75173FP 20 1000 0 — —
M66310FP 22 1000 0 32 0
M66311FP 22 1000 0 32 0
M66312FP 22 1000 0 32 0
Application Specific Driver M66705FP 22 1000 0 32 0
M751270FP 22 1000 0 22 0
M751271FP 22 1000 0 — -
M751272FP 22 1000 0 22 0
M751273FP 22 1000 0 — —
Note 1 : Pre-processing is made as follows
OHigh temperature and high humidity storage:++-+--+ 85°C, 85% RH, 48 hours
!
(OSolder bath-«++-++- +++260C, 10 sec three times

High temperature and high humidity storage processing 1s not made for the M66500FP

1—20 MITSUBISHI
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Table 6 QUALITY ASSURANCE TEST RESULTS (5)

ELECTRIC

Test Solderabihty Terminal Strength (Remarks)
Test Condition 230, 5sec, flux Bending, Three Times, 85g/250g Package
Application Type Number Parameter | Number of Samples | Number of Failures | Number of Samples | Number of Failures Number of Pins
Original High-speed M74HCXXX-1P 88 0 60 0 16,20P4, 24P4D
CMOS Logic M74HCXXX-1FP 45 0 45 0 16,20P2N, 24P2
M402100BP 22 0 15 0 16P4
Cross-point M402100BFP 15 0 15 0 16P2N
Switch M402101BP 22 0 15 0 22P4H
M402101BWP 22 0 15 0 22P4
M66200AP 15 0 15 0 24P4D
DRAM Controller M66210P 15 0 15 0 24P2
and Peripheral IC M66210FP — — 15 0 24P2
M66211FP 15 0 — — 24P2
High-drive High-speed | M66500SP 15 0 15 0 64P4B
Parallel 1/0 Expander M66500FP 15 0 15 0 64P6W
Toggle Line Buffer M66305P 15 0 15 0 20P4
M66305FP 15 0 15 0 20P2W
Parallel-in serial-out data| M66300P 15 0 15 0 24P4D
buffer with FIFO M66300FP 15 0 15 0 24P2
M75188P 22 0 22 0 14P4
M75189P 22 0 — — 14P4
M75189AFP 22 0 22 0 14P2N
M751701P 22 0 22 0 8P4
Line Interface M5A26L529P 22 0 — — 16P4
MS5A26L.S31P 22 0 22 0 16P4
M5A26LS31FP 22 0 22 0 16P2N
MS5A26LS32AP — — 22 0 16P4
M66310P 15 0 15 0 24P4D
M66310FP 15 0 15 0 24P2
M66311P 15 0 15 0 24P4D
M66311FP 15 0 15 0 24P2
M66312P 15 0 15 0 16P4
M66312FP 15 0 15 0 16P2N
Application Specific Driver M66700P 15 0 15 0 8P4
M751271P 22 0 15 0 16P4
M751271FP 22 0 15 0 16P2N
M751272P 22 0 15 0 16P4
M751272FP 22 0 15 0 16P2N
M751273P 22 0 — — 16P4
M753114P 15 0 15 0 8P4
MITSUBISHI
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Failure analysis

Returned product

Issue analysis request
for returned product

4,

SUMMARY

The Mitsubishi Quality Assurance System and example of
reliability control have been presented. The customer’s re-
quirements for high reliability ICs & LSlIs are increasing
significantly. To satisfy the customer’'s demands Mitsubishi
would like to make perpetual efforts in the following areas.

| i [ 1
: Visoal mspection | m If_m;.)lfasns on l?uult-un reliability at de:ﬂgn stage. Re-
| | liability evaluations to expose latent failure modes and
] } acceleration factors. ‘
| characteristics test | (2) Periodical endurance, environmental and mechanical
| Classiication of | testing to verify reliability targets and realize higher re-
| failure modes | liability.
| Acceptance Rejection | (3) Focus on development for new failure analysis techni-
{ | ques. Detailed failure analysis, intensive corrective ac-
i ick r 0 ’s analysis re-
II prm— ‘es‘] I |m?£%|e visual 1 | tions and qu esponse to customer’s y
uest.
| | S— | q
| [[Eeetvear charactersts Chip analysis | (4) Utilizing customer’s quality data information Tegarding
es
| —— | | incoming inspection, production and field to improve
|Acceptance  Rejecton | i N PPM, fraction defective and FIT, failure rate.
Contirmation of . e ;
l >\failure cause | Mitsubishi kindly requests customers to provide qual-
Tnvestigation Survey of proc% ity/reliability data upon incoming inspectiop or field fai-
of cause record lure rate. These factors will be essential to help verify
Prepare | and improve the quality reliability of our ICs & LSls.
report
Preliminary
corrective action
onfirmation
of quality
l Report l Fixed corrective
action preventive
measures
Fig. 2 Procedure of returned product control
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MITSUBISHI {DIGITAL ASSP)

Introduction

This section describes precautions for use of Mitsubishi
digital ASSP. Mitsubishi recommends that you take care in
logic design and system design by making use of the fol-
lowing application notes.

1. Unused Input Pins

Unused input pins, if left open, are considered to be high-
level for BIPOLAR circuits and misoperation may occur due
to enviromental noise. ‘

Floating input voltage in CMOS circuit causes unstable op-
eration and fluctuation in the output logical level. In any
case, unused input pins should be connected to GND or
Vee. If unused blocks of circuits exist in a package, Icc may
increase when the input pins of the block are left open. Be
sure to connect these input pins to GND or Vcc.

2. AND Tie of Output Pin

As active pull-up (current source) is used in the output cir-
cuit to enable high speed switching as well as to increase
drive capacity of capacitative load, it is not possible to use
an AND tie to connect each output pin to allow AND func-
tion. This is because the impedance of the active pull-up is
low when the output is high-level. For example, when two
outputs are connected and one output is high-level and the
other output is low-level, excess current flows from high-
level output pin to low-level output pin, increasing the low-
level voltage. Increase of heat and current in the internal
wiring may cause destruction and deterioration of reliability.
This should be avoided by all means.

3. Shorting of Output Pin to GND or
VCC

The P-and N-channel transistors used in CMOS logic are
not equipped with protection circuits to limit the output cur-
rent. If output pins are accidentally shorted to Voc or GND,
excessive current will flow. These currents may cause
overheating, damage to the IC’s internal wiring, and de-
terioration of reliability. Therefore output pins should never
be connected to GND or Vgc or any other fixed voltage
level.

4, Output Load Capacitance

In many high-speed CMOS applications, capacitors are
connected between /0 pins and either V¢ or GND to in-
crease the propagation delay or to remove signal noises.
Capacitors are charged by active pull-up from the power
supply when the output changes from low-level to high-
level and are discharged to GND via output transistors
when the output changes from high-level to low-level. The
larger the capacitors that are connected, the larger the
charging/discharging energy via the IC’s output circuit be-
comes, thus deteriorating the output circuit. A capacitor of
less than 1000pF can be connected directly according to

the output characteristics and charge/discharge cycle._for
an IC. If a larger capacitor is connected, resistors should
be connected in series and the charge and discharge cur-
rent should be limited.

5. Power Supply Lines

Fluctuation and ripples should be kept minimum within the
recommended operating conditions.

To eliminate spikes generated by switching of ICs, the im-
pedance of both the power supply and the supply line must
be low. One method to lower this supply-line impedance is
to connect a 0.01~0.22 ¥ F plastic-film or ceramic capaci-
tor with good high-frequency characteristics between the
Vee and GND lines. 10~ 100 M F electrolytic or tantalum
capacitor should also be connected on each printed circuit
board.

The power dissipation current varies widely with the oper-
ating frequency, supply voltage, capacitive load, supply vol-
tage and input signal rise and fall times. The effect of these
factors should be considered when designing the power
supply. If digital circuits are used with high-current drivers,
separate power supplies should be used for the logic and
driver circuit, and common loads should be avoided.

6. Rise and Fall Time  of the Input
Signal
If a signal with long rise and fall times i1s applied to the in-
put pin of the digital ASSP, the output may have a oscilla-
tion of several tens of MHz, abnormal waveform or misop-
eration. The rise and fall times of the input signal are speci-
fied in the timing requirement for some products. These
products may cause misoperation if the input waveform is
greater than the specified rise or fall time.
These products should be used within the upper or lower
limits. The rise and fall times should be suppressed to the
minimum even if the timing requirements of the products
are not specified. However, products with Schmitt-trigger or
hysteresis characteristics are exceptions.
Misoperation due to signals exceeding the rise or fall times
can be prevented by revising the waveform with Schmitt
trigger circuit.

7. Timing Requirement

The timing requirements specify the timing of input signals
required to operate an IC normally. If the timing require-
ments are specified, these products should be used within
these limits.

MITSUBISHI
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8. Parasitic Elements of Bipolar ICs

In the bipolar IC as shown in Fig. 1, transistors and diodes
are surrounded by the p-channel area. The p-channel area
is normally connected to GND. Between the GND pin and
the n-channel area to form transistor collector, parasitic
diodes are formed which are not described in the circuit di-
agram. Parasitic diodes are also connected between the
GND pin and the supply voltage pin (Vcc) pin. Therefore, if
the output level should be lower than the voltage of the
GND pin, or if the IC is inserted backwards and the power
is supplied, current flows through the parasitic diodes and
the IC may be damaged. Care should be taken not to apply
a voltage of -0.5V lower than to the GND pin. If -0.5V or
less is applied to the input pin as shown in Fig. 1, most of
the current flows from the GND pin to the input pin through
Schottky barrier diode (SBD) , but part of the current flows
from the base of the parasite transistors to the emitter and
the collector current is amplified by the current amplifica-
tion rate. The current flows from the collectors of the adja-
cent transistors to the input pin, and the collector current is
drawn to the input pin, causing misoperation of the device.
Care chould be taken not to apply a voltage lower than -
0.5V to the 170 pins.

9. Latchup of CMOS IC

The CMOS circuit structure has built-in parasitic bipolar
transistors. These transistor's function as thyristors (SCRs) :
when they are triggered by an external surge, they turn on,
causing a current to flow from Vg to GND. Even after the
trigger current ceases, this current continues to flow. The
current is very large, and can easily damage or destroy the
IC. For this reason, the phenomenon is called “latchup” .
This section describes the mechanism and prevention
method of latchup.

Input pin GND o] E B
n ’, I n
TLETPT T B I TEET 5 T T
+ o SBD . L
Pl p n pl
nt nt

Parasttic transistor P (base)
parasmc diode

a)Cross section near the input clamp diode c
Parasmc transistor
7 s
_____ t- R {

Parastitc dIOd

GND(0V)

b) Equivalent circutt to the above

(—0.5 or less)
input pin

Fig. 1 Effect of parasitic transistor by the negative

input voltage.

Fig. 2 shows the structure of a CMOS inverter and its para-
sitic bipolar transistors. Tr; and Ty, have pnpn thyristor
structures. If any one of Trs, Trs, Trs or Tre turn on due to a
current surge, a base current will flow to Tyy or Try,initiating
latchup. The following external factors can initiate latchup.
(1) Input voltage (V,) exceeds supply voltage (V¢c).

Vi>Vee
(2) Input voltage (V,)falls below GND.

V,<GND
(3) Output voltage(Vo)exceeds supply voltage (Vee).

Vo>Vee
(4) Output voltage (Vo) falls below GND.

GND Vour

D

Z.

m Field oxide m

Vee
Vee
Q
(Rs)
Ry
T
n TraorTps
Tr
“ V, or Vo
Ry
GND

Fig. 2 COMS inverter mechanism and parasitic transistor.
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Vo<GND
(5) Supply voltage (Vec) becomes excessive. Voo exces-
sive.
Care should be taken not to allow an excessive surge to
the 1/0 pin and the supply voltage pin.

10. Preventing Damage by Static
Electricity

Static electricity is generated under low-humidity conditions

by the friction of clothing, containers and other objects. Use

of excellent protective circuits to all 1/0 pins, Mitsubishi
digital ASSP devices can tolerate static voltages and this
places them on equal footing with bipolar devices. Howev-
er, the protection diodes that prevent static damage can
tolerate only limited forward and reverse-bias currents.

Large energy inputs should be avoided, as they will destroy

these diodes and thin oxide layers at the transistor input

gates. The following measures are recommended to pre-
vent this type of damage.

(1) To prevent static damage during shipping, all ICs are
shipped in conductive tubes. After receipt, the ICs
should always be stored in conductive tubes or other
conductive containers.

(2) Static charges on the body or clothing should be
drained off by grounding through 100k 2 ~1M Q resis-
tors.

(3) Al assembly tubes, insertion machines, and measuring
instruments, and other objects that will come in contact
with the ICs should be grounded.

(4) Soldering irons and baths must have power-supply in-
sulation resistances of over 10M Q to prevent power-
supply leakage to the ICs. This equipment should also

_ be grounded.

(5) Printed-circuit boards with ICs installed shouid be pro-
tected from shock, vibration, and friction. To keep
potential from building up, the boards should be stored
in conductive envelopes, or the terminals should be
shorted together.

(6) The humidity of the transport, storage and assembly
environment should always be maintained at safe
levels.

Mechanical and Thermal Stress

Cutting or deforming the external leads can result in lead
breakage or humidity-induced corrosion. Mechanical stress
should be avoided when mounting the ICs. The component
materials of [Cs have widely varying thermal-expansion
coefficients, so rapid temperature changes, extended
soldering and other thermal stresses should be avoided as
far as possible because such stress can damage the semi-
conductors or break the internal wiring.

12. Caution for Surface-Mount Package
Surface-Mount packaging is available for most of Mitsubishi
digital ASSP to miniaturize and make equipment light-
weight. The allowable power dissipation of surface-mount
packages is smaller than standard dual-in-line packages
with the same number of pins. Please note some products
have limitations on operating temperature and electrical
characteristics.

Mounting method (soldering conditions) , storage condi-
tions, and cleaning conditions greatly influence the reliabil-
ity of products but vary depending on the number of pins or
the size of the package. Consult a Mitsubishi dealer for
further information about the digital ASSP.

MITSUBISHI
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PACKAGE OUTLINE

TYPE 8P4 8-PIN MOLDED PLASTIC
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PACKAGE OUTLINE

Dimension in mm

TYPE 14P4 14-PIN MOLDED PLASTIC DIP
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M
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o
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0] @
7.62+0.3
i
+0.07
0.27 5 05
2.54+0 25 . 7.6~10

Dimension in mm

TYPE 16P2N 16-PIN MOLDED PLASTIC SOP

“IAAAAAAR

7.8+

5.3+0.1

0.1+0.1

Q

JHHHHEEEHe
1.27#0.15 Y ’o_z’to’osj(.

—0.05

6+0.2

0

1041 =
10.1%0 bl

1.940.2
(0.8)

MITSUBISHI 1—27

ELECTRIC



MITSUBISHI {DIGITAL ASSP)
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TYPE 16P4 16-PIN MOLDED PLASTIC DIP Dimension in mm
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TYPE 20P2N 20-PIN MOLDED PLASTIC SOP Dimension in mm
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PACKAGE OUTLINE

TYPE 22P4 22-PIN MOLDED PLASTIC DIP Dimension in mm
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Dimension in mm
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PACKAGE OUTLINE
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PACKAGE OUTLINE

TYPE 28P4Y 28-PIN MOLDED PLASTIC DIP Dimension in mm
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PACKAGE OUTLINE

TYPE 32P4B 32-PIN MOLDED PLASTIC DIP (LEAD PITCH 1.778mm) Dimension in mm
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PACKAGE OUTLINE

TYPE 40P4B 40-PIN MOLDED. PLASTIC DIP(LEAD PITCH 1.778mm) Dimension in mm
%7753
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% o ofl
15 24+0 3
= —s
5 SMAX \___+ ]
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PACKAGE OUTLINE
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36 7
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TYPE 42P4B 42-PIN MOLDED PLASTIC DIP(SHRINK)
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TYPE 48P4B 48-PIN MOLDED PLASTIC DIP (SHRINK)
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PACKAGE OUTLINE
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TYPE 64P4B 64-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm)
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PACKAGE OUTLINE

TYPE 64P6W 64-PIN MOLDED PLASTIC QFP Dimension in mm
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M66200AP/AFP

DRAM CONTROLLER

DESCRIPTION

The M66200AP/AFP is a semiconductor integrated circuit
for 256K- and 1M-bit CMOS-process DRAM controllers.
The device can control all necessary DRAM signals, includ-
ing MPU, RAS and CAS memory control signals of signals
and the signals to adjust the memory access and refresh.
The M66200AP/AFP can be used in combination with one
of the address selectors of the M66210, M66211, M662112
and M66213.

The device supports almost all the 16-bit MPUs available in
the market and supports 256KX1, 1MX1, 64KX 1, 64KX 4,
256K X 4bit DRAMs.

FEATURES
® No-wait read/write access is possible if DRAM is less
than 120ns when MPU is 8MHz or 10MHz.
® “Early write” feature
© Refresh
+ Automatic refresh: CAS before RAS method
« External refresh: RAS only method
® Usable on either RASO bank or RAST bank
Byte switching capability between CASO and CAST
Memory space:
* When 1M-bit DRAMs are used: 4M bytes maximum
» When 256K-bit DRAMs are used: 1M byte maximum
Drive capability: |o = & 24 mA
TTL input level
5V single power supply
The following types are available as an address selec-
tor IC
+ 10-line data latch (24-pin)
{ M66210P/FP (non-inverted output)
M66211P/FP (inverted output)
+ 2—1 line (X5) data selector (20 pins)
{ M66212P/FP (non-inverted output)
M66213P/FG (inverted output)

APPLICATION

General-purpose 16-bit microprocessor and all systems us-
ing DRAM

FUNCTIONAL DESCRIPTION

The M66200A is an integrated circuit for a CMOS-process
256K- and 1M-bit DRAM controller which suppresses its
noise caused by high output current switching by circuit
configuration. The device supports general-purpose 16-bit
microprocessors available in the market.

The chip select CS, memory read (MR), memory write
(MW), status (SO and SI) as input as the MPU memory
control signal, the system clock is input to CLK, and then
RAS, CAS, memory write (W), ready (RDY), address multi-
plex (MPX, MPX and LATCH) signals are output according
to the memory access operation (memory read, memory
write). Refresh operation is synchronized with the clock.

PIN CONFIGURATION (TOP VIEW)
—
clock  CLK—[1] 21] Voo
MEMORY =
el 7] wex - pRnees,
Wane MW —[3] [22] - WPX MULTIPLEX
RSt RFRQ — [ 4] z [21] — TATCH LaTCH
STATUSO  S0—| 5 2 20] — MODE gﬂx#g’ﬁﬁs
4 G
ST SgrF REFRESH
g T - B sl - M
seLect CS— E 5 18] — RESET Reser
BANK - i
swirciing BANK =[] z [17] - RASO
CAS GAED — it
ENABLE S caeo—[9] T [16]— RAST
enagle 1 CAET —[ig [15] - CASO
READY RDY «[11] [14] - CAST
oo 2 ER
24P4D
Outline
24P2

No-wait memory access is possible when a general-
purpose 16-bit microprocessor is an 8MHz or 10MHz ver-
sion and 256K- or 1M-bit DRAM is a high-speed version of
120ns or less.

The built-in refresh timer controls refresh rate, (which is
14us when the system clock is set to 8MHz).

The management of memory access and refresh requests
are made by the built-in arbiter. The arbiter gives priority to
the request that comes first. If a refresh request comes
during a memory access, the refresh operation is started
after the memory access is completed. On the other hand,
it a memory access comes from the MPU during a refresh
operation, the memory access request is not accepted until
the refresh cycle is completed (RDY output is not made).
And, a wait cycle is entered in the MPU (four-wait
maximum).

Automatic refresh by the built-in refresh timer follows the
“CAS before RAS” method. External refresh using the re-
fresh request input RFRQ is also possible. In this case, the
refresh is made by “RAS only” method.

The M66200A has a pair of RAS and CAS. Bank switching
and byte switching is possible. This control mode uses
bank switching input (BANK), and CAS enable inputs
(CAEQ and CAE1).

MITSUBISHI 2—3
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M66200AP/AFP

DRAM CONTROLLER

BLOCK DIAGRAM

Clock CLK(

) Refresh timer

_ _@Vcc

I
Chip
Select
Status 0 S0
8

’QJ@ W Memory write

Input latch

Status 1
Bank gank
switch

CAS CAE0(QQ
enable 0
CAS  CAE1
enable 1
MPU

mode MODE
switch
Refresh

REF - i

REQ [ |

REF * EN
MPU - EN

MPU « REQ

Arbiter REF - DIS
MPU-DIS | Timing

write

generator

Memory MRQ
read

requestRFRQ(4
Wemory wvG

Reset RESET
Refresh

mode  SELF

LBANK
LCAEO |
LCAE1
1
RAS HASO RASO
HAS1 RAS1
RAS/CAS
control
cAS " ) CASO caso
———=(§) CAST cast
Address
MPX' multiplex
MPX Address
RDY Multiplex
Ready

switch

FUNCTIONAL DESCRIPTION OF INTERNAL BLOCKS

Block name

Function

Refresh timer

When SELF 1s low, the refresh request signal is generated at a fixed ‘interval.

* When MODE 1s low, the refresh request signal is generated at an interval of 116 CLK pulses
* When MODE 1s high, the refresh request signal 1s generated at an interval of 230 CLK pulses.

Input latch CS, S0, S1, BANK, CAEO and CAET signals from MPU are latched
Arbiter Determines and adjusts memory access cycle prionity and refresh cycle priority. The arbiter gives priority to whichever comes first,
memory access request or refresh request
Timing RAS, CAS or W signals are generated according to the cycle that the arbiter determines The write cycle uses “early write method”
gei’lerator and the refresh cycle use “CAS before RAS” (when SELF is low)
RAS, CAS Choice between RAS and CAS Is determined by the combination of three inputs of BANK, CAEO and CAE1.
control
2—4 MITSUBISHI
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M66200AP/AFP

DRAM CONTROLLER

FUNCTIONAL DESCRIPTION OF PINS

170 Symbol Function
RESET Reset input
Reset input 1s set to “high” by built-in fip-flop reset input (Refresh operation is not executed as the refresh counter I1s reset during the
reset period )
CLK Clock input
cs MPU address decoder signal _ _
5_(5, S1 | Status signal from MPU S0 S1 A mode B mode
(Memory access cycle 1s started by the CS, SO and S1 agnals) L L Read No access
CLK falling edge-sampling L H Write Write
H L Read Read
H H No access | No access
MR Read signal from MPU (Detects end of read cycle )
MW Write signal from MPU (Detects end of write cycle )
MPU select input
MODE MPU mode MPU
MODE L A mode 4-bus cycle MPU
H B mode 2-bus cycle MPU
Refresh mode select input
Input SELF Refresh mode
SELF L Automatic refresh (CAS before RAS refresh)
H External refresh (RAS only refresh)
Refresh signal
Used when SELF s high (external refresh),
RFRQ RFRQ becomes RAS Inputting the timing of RAS only refresh to this pin sets refresh to “RAS only refresh”
When SELF 1s low, this Is set low (automatic refresh)
RAS and CAS which become valid by the combunation of three inputs are determined
BANK | CAEO | CAE1 | RASO | RAST | CASO | CAS1
L L L Valid H Valid Valid
L L H Vahd H Vahd H
BANK L H L Valid H H Valid
CAEO L H H Vaiid H H H
CAE1 H L L H | vaid | Vaid | Vaid
H L H H Vald Vahd H
H H L H Valid H Valhd
H H H H Vahd H H
RASO
e Row address strobe signal
RAST 9
CASO
— Column address strobe signal
GASt 9
Output W Write signal to DRAM
MPX
MPX Multiplex signal to external data selector
LATCH | Latch signal to external data selector
RDY Ready signal to MPU

MITSUBISHI s
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M66200AP/AFP

DRAM CONTROLLER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+7.0 \Y
\A Input voltage —0.5~Vce+0.5 \Y
Vo Output voltage —0.5~Vgc+0.5 \Y
hk Input protection diode “current Vi<ov —20 mA

Vi > Vee +20
lok Input parasitic diode current Vo< OV —20 mA
Vo > Vee -+20
lo Output current ﬁ?\%,ﬁ_ﬁ, CASO, CAST, W %50 mA
MPX, MPX, RDY, LATCH +20
lec Supply/GND current Vce, GND +200 mA
Pq Power dissipation 500 mw
Tstg Storage temperature —65~-4-150 Cc
Topr Operating temperature 0~70 C
RECOMMENDED OPERATING CONDITIONS
Limits
Symbol Parameter - Unit
Min Typ Max
Vce Supply voltage 4.5 5.5 v
V, Input voltage 0 Vece \
Vo Qutput voltage 0 Vee \
ELECTRICAL CHARACTERISTICS (Vcc=5V%10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions 25T 0~70C Unit
Min Max Min Max
Vit Positive threshold voltage Vo=0.1, Vec—0. 1V, lc=20uA 2.4 2.4 \Y}
Vr— Negative threshold voltage RESET Vo=0.1, Vec—0. 1V, 1o=20uA 0.6 0.6 v
Vu Hysteresis voltage Vo=0.1, Vgc—0. 1V, lo=20uA 0.2 1.8 0.2 1.8 \%
Vin High-level input voltage (SELF. MODE) Vo=0.1, Vgc—0.1V, lo=20uA 2.4 2.4 \"
Vie Low-level input voltage Vo=0.1, Vgc—0. 1V, 1o=201A 0.6 0.6 \'
Vin High-level input voltage Vo=0.1, Vec—0.1V, I0=20pA 2.0 2.0 \
(Other input)
Vo Low-level input voltage N Vo=0.1, Vgc—0.1V, Io=20uA 0.8 0.8 \%
Vor High-level output voltage FASO, RAST Vi= Vi, ViL :Zr= _223:‘2 Vooma.5V Vcsc. 83‘ L vf;:. 72' ! \%
VoL Low-level output voltage, CASO, CAS1, W Vi = Vi, Vie loy = 20uA 0.1 0.1 2
loL = 24mA, Vgc=4.5V 0. 44 0.53
Vou High-level output voltage MPX, MPX Vi = Vn, ViL :Z: — _821';/?\/(:(::4. 5v V(;c‘ 82. ! V‘i;. 7(())‘ ! v
RDY, LATCH loL = 20uA 0.1 0.1
VoL Low-level output voltage - Vi= Vi, ViL o = BmA, Voo—=a.5V 0. 24 0.53 \"
Iy High-level input current V)= Vce 0.1 1.0 uA
e Low-level input current V= GND —0.1 —1.0 ~A
lcc Static power dissipation current V| = Vg, GND, lo = OuA 10.0 100 ~A
Alce Maximum static power disstpation V= 2.4V, 0.4V (Note) 2.7 2.9 mA
C, Input capacitance 10 10 pF

Note ! This value Is set to one input and all other inputs are fixed to Vcc or GND

MITSUBISHI
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M66200AP/AFP

DRAM CONTROLLER

SWITCHING CHARACTERISTICS (voc=5v+10%, Ta=0~70C)

This standard assumes the use of the address data selectors M66210P/FP~M66213P/FP

MEMORY ACCESS (A MODE)

Limits
Number Symbol Parameter Test conditions Unit
Min Max
- fmax Maximum repetitive frequency 20 MHz
t R J— 15
TLH C,=50pF (RDY, LATCH, MPX, MPX) ns
1 trie 15
t N 10
TLH Output transition time C_=50pF (RAS, CAS, W) ns
2 trie 10
t S 20
TH C.=200pF (RAS, CAS, W) ns
trie 20
t 34
3 tPLH C_=50pF 36 ns
P CLK—RAS propagation time
4 teLn C,=150pF 10 3%
= ns
tow P 13 40
P S — 4
5 MR, MW—CAS C_ =50pF ns
terL 36
. propagation time 2 3
6 L CLK—CAS C.=150pF ns
tor =P 13 40
t — 21 62
7 PLH CLK—MPX, MPX propagation time C,=50pF ns
teHL 21 62
t — 18 74
8 PLH CLK—MPX, MPX propagation time C_=50pF ns
teHL 18 74
t [EN— 48
9 LA MW—W C,=50pF ns
tene ton t 25
— — propagation time
t S0—w 52
10 PLH B CL=200pF ns
teHL (when S0 and S1 are used) 34
t 20
1" tPLH C_=50pF 20 ns
tPHL MW—W propagation time 24
12 PLH (when S0 and ST are not used) C_=200pF ns
teHL 28
13 [ CLK—RDY 36
[ tion time C_ =50pF ns
14 teHL MR, MW—RDY propagation im L 36
15 t MR, MW—LATCH 32
PLH R propagation time C=50pF ns
16 tenL CLK—LATCH 32
MITSUBISHI 97
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M66200AP/AFP

DRAM CONTROLLER

MEMORY ACCESS (B MODE)

Limits
Number Symbol Parameter Test conditions Unit
Min Max
— fmax Maximum repetitive frequency 20 MHz
t _____ — 15
TLH C_=50pF (RDY, LATCH, MPX, MPX) ns
17 tri 15
trim — = 10
Output transition time GC_=50pF (RAS, CAS, W) ns
trac 10
18 t 20
TLH C,=200pF (RAS, CAS, W) ns
trhe 20
t 34
19 tPLH C_=50pF 36 ns
PHL - CLK—RAS propagation time
teLn 10 36
20 C_=150pF ns
tenL 13 40
teLn TRV Y 4
21 MR, MW—CAS C_=50pF ns
teHL 36
3 propagation time 1a 3
22 PLH CLK—CAS C,=150pF ' ns
teHL 13 40
t — 21 62
23 PLH CLK—MPX, MPX propagation time C.=50pF ns
tenL 21 62
t — 18 74
24 P CLK—MPX, MPX propagation time CL=50pF ns
tenL _ 18 74
t [N 48
25 PLA MW—W CL=50pF ns
terL 25
4 propagation time 52
26 PR S0—W CL=200pF ns
teHL 34
27 teLn CLK—RDY ' 36
S tion t C_=50pF
28 tonL MR, MW—RDY propagation fime Sl 36 ns
29 teLn MR, MW—LATCH von & 6 —500F 32
— ropagation time =
30 | tew CLK—LATCH propagatio L 32 ns
INTERNAL REFRESH (CAS BEFORE RAS) (A MODE)
Limits
Number Symbol Parameter Test conditions Unit
Min Max
t 38
31 t"”‘ CL=50pF 38 ns
tPHL CLK—RAS propagation time a1
32 L C.=150pF ns
terL 4
t 31
33 tPLH C_=50pF 41 ns
tPHL CLK—CAS propagation time P
34 pLH CL=150pF ns
towL P 45
INTERNAL REFRESH (CAS BEFORE RAS) (B MODE)
Limits
Number Symbol Parameter Test conditions Unit
Min Max
t 38
35 tPLH C_=50pF 18 ns
tPHL CLK—RAS propagation time n
36 i C.=150pF ns
tow T 4
t 31
37 ‘PL” CL=50pF 33 ns
tPHL CLK—CAS propagation time 3
38 e C =150pF ns
torn P 37
2—8 MITSUBISHI
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M66200AP/AFP

DRAM CONTROLLER

EXTERNAL REFRESH (RAS ONLY)

Number Symbol Parameter Test conditions Limits Unit
Min Max
39 :PLH C=50pF 22 ns
PHL RFRQ—RAS propagation time
teLH 27
40 C_ =150pF ns
teHL 27
TIMING REQUIREMENTS (voc=5v£10%, T,=0~70C)
MEMORY ACCESS (A MODE)
Number Symbol Parameter Test conditions Limits Unit
Min Max
41 twh Clock pulse width (high level) 20 ns
42 twi Clock pulse width (low level) 20 ns
43 tsu CLK—CS setup time 20 ns
44 th CLK—CS hold time 20 ns
45 tsu CLK—S0 setup time 20 ns
46 th CLK—S0 hold time 20 ns
47 tsu CLK—ST setup time 20 ns
48 th CLK—S1 hold time 20 ns
49 tsu CLK—MR setup time 20 ns
50 th CLK—MR hold time 1.5CK+10 | 2.5CK—~20 ns
51. tsu CLK—MW setup time 20 ns
52 th CLK—MW hold time 1.0CK+10|2.0CK=20| ns
53 tsu CLK—BANK setup time 20 ns
54 th CLK—BANK hold time 20 ns
55 tsu CLK—CAEQ, CAET setup time 20 ns
56 th MR, MW—CAEQ, CAE1 hold time 20 ns
57 twh Reset pulse width (high level) 20 ns
58 trec CLK—RESET recovery time 20 ns
VMEMORY ACCESS (B MODE)
Limits
Number Symbol Parameter Test conditions Unit
Min Max
59 twh Clock pulse width (high level) 20 ns.
60 twi Clock pulse width (low level) 20 ns
61 tsu CLK—CS setup time 20 ns
62 th CLK—CS hold time 20 ns
63 tsu CLK—S0 setup time ' 20 ns
64 th CLK—S0 hold time 20 ns
65 tsu CLK—S1 setup time . 20 ns
66 th CLK—ST hold time 20 ns
67 tsu CLK—MR setup time 20 ns
68 th CLK—MR hold time 2.0CK | 2.5CK ns
69 tsu CLK—MW setup time 20 ns
70 th CLK—MW hold time 1.5CK | 2.0CK ns
71 tsu CLK—BANK setup time 20 ns
72 th CLK—BANK hold time 20 ns
73 tsu CLK—CAEQD, CAET setup time 20 ns
74 th CLK—CAEQ, CAE1 hold time 20 ns
75 twh Reset pulse width (high level) 20 ns
76 trec CLK—RESET recovery time 20 ns
Note : The imits of 50, 52, 68 and 70 (max) assume the continuous access from MPU and do not show the limits of operation
MITSUBISHI 2—9
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M66200AP/AFP

DRAM CONTROLLER

SWITCHING WAVEFORM

3.0v
Input 1.3v
ov
tPML
V
90% o
Output N
1.3v
19/
10% Vou
truc
TEST CIRCUIT
Input Vee Output
Device
PG Under
Test J.
500 G

iGND l - R, = 5000

(1) The pulse generator (PG) has the following characteris-
tics (10%~90%) tr=3ns, tr=3ns

(2) The capacitance C. includes stray wiring capacitance
and the probe input capacitance

2—10
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M66200AP/AFP

DRAM CONTROLLER

TIMING DIAGRAM

Memory access A mode

READ WRITE
T T, Ts Ts T T, Ts Ta
owx L@ A LT L[ L L L T
= T} [~
o ® @) (
) \L
@ ® @<——> <—>|®
S /
7 "
@ )
MR 7!
9 e L4
MW \ /A

, ®
Jl A
®

k %k

* Addr ROW COLUMN Mnow X COLUMN W
_ ”\k@ et ® ;VGD—_
CAS
© _q&@ @@"j(‘._—
v
()

w

® —> @ —>t

RDY j ® ;r /
® —>1 B

LATCH ‘_JR ; \

@ —
BANK E j [3) ( )
@®

WEO,TH_—(

* Addr Is the output of M66210P/FP~M66213P/FP
* % . See the standards of M66210P/FP~M66213P/FP
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DRAM CONTROLLER

WRITE

i
|
I
i J
I
| 1
By

1 I
B
=S

COLUMNX«««(
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MITSUBISHI {DIGITAL ASSP>)

Ts

READ
Tc

Ts

CLK

Memory access B mode

1
1
/!_
—
—H—
Row X

COLUMN

IR

__ 7 2
© 2
7] =) - o« 2 _S x 5 17}
_C _S _S _M _M M AW M PAV
*

* Addr is the output of M66210P/FP~M66213P/FP
* % ! See the standards of M66210P/FP~M66213P/FP
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RDY

BANK

LATCH
CAEO, CAE1
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M66200AP/AFP

DRAM CONTROLLER

Memory access

Refresh

Internal refresh A mode
(CAS before RAS)

CLK

REF RQ
REF EN

RAS

CAS

RDY

LATCH

* Indicates the internal signal of the M66200AP/AFP

Memory access

Refresh

Internal refresh B mode
(CAS before RAS)

CLK

3

@l
SN N N AN ¥ §

*REF RQ
* REF EN

A B A

RAS
CAS

RDY

LATCH

* Indicates the internal signal of the M66200AP/AFP

External refresh

o
1

RFRQ

(RAS only)

2—13
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M66200AP/AFP

DRAM CONTROLLER

Reset timing A mode

CLK , ¢
|
|
—>
| |
RESET ﬂ N

Reset timing B mode

CLK F
|
>
1 |
RESET % *
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System timing diagram A mode
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CAS | \j [ \)l - | > | [ |
| | | | | | y |
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System timing diagram A mode

-

Read

e
<

Write

—+

Refresh-+write

I

S2 S3 S4 S5 S6 S7 SO S17 S2° S3 S4 S5 S6 S7° S0” S1” S2” S3” S4” Sw Sw Sw Sw Sw Sw Sw Sw S5 S6” S77

_WWW

CLK
Addr < — | :
T
AS f Il | | ! | | —
MPU _ | i |
RW oo | i | [
. | I
cs | | |
o —tn | ] i
DATA K DATEIN (_GATAOUT ) DATA OUT
! | |
__ [ | I
RAS ] ] ] [ ! M
_ | | T
CAS ! :l[ s ! ] N | | I :
i | |
mes2008|  RDY \i': ! “L_JZII ! | B ¥ T wu [
w T | e I L L
MPX ! | | | | 7
-l — | \—l_--\—I | — =
|
MPX F‘ ! : — _'4—:_:‘—
| | |
AN AN AN
MB6210~" 5 4q \' )h\‘(* t \VL
M66213< v nlow —COLUMN_X ROWX _COLUMN X ROW X COLTNR C
tsu th
- : ¥
s (o I e [ I N
I tCAC I
trac !

Refresh
M66200A| request

Internal

Refresh
signal

enable
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System timing diagram B mode

MPU

M66200A

M66210
~M66213

DRAM

M66200A
Internal
signal

| Read e Write i Refresh+wrnte |
I ! I I
| Ts | Te | Ts | Tc | Ts | To | T" | TS | Te" | Ts |
CLK _I_'I_J_I_FL_J—L_Jq_J—T_I—I_JrL_J_'I_J—LJ_}_Iﬁ _J—L_.I_‘__lﬂ_l—}_me
S0 l J L : ! 1
5 T { j
Addr X X X ' X - : : — l X
Data {QATA IN) — DATA OUT > < DATA OUT )
he ) |
ALE | L o 1 T | | —
MRDG 1 i :
| |
MWTC —1 1 : |
)
— | |
s — | : {
__ | |
RAS — - R s == I T
—_— | |
CAS - J—- |. — s Ry e R | ] — s
| | ! | [ ! [ !
RDY = = lhma ; == i —— ; =
CATCH = | S | | e | | i .
_ | T
w : : 1 : —{1 : | —
| 1 ! [ !
MPX ;I’I_W_C'—_'L__\:L:!—{:;l \—T—’f—‘l__=|—
WP o e Ly ' |
| ! ]
1 vy N { N
Addr >C_ROW X COLUMN X COLUNN ROW XX _COLUMN_X
| R e— i
D/Q ; M—{ DATATN X DATAIN
f=—4 tcac
| |
trac
“Refresh r
request
Refresh | |
enable
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System wiring diagram
System application example 1

Reset circuit

LATCH ADR BUS

e BANKO BANK1 256K/1TM DRAM
RES DRAM controller
ROY Clock generator MB6200A
CLK _RESET]
T ——
i | - -
CAS
TLK RESET oLk Bus controller ¢
El S0 MRDC .
il ST AMWC s
s2 §2 DR
D8~D15
ALE | g 3 ] ]
MPU Address BANKO BANK1
A decoder
Ad(llresﬁ Address 4
ae selector . g%g
e —| o€ M66212 g
" p— OF | ueszto ) M66213 w
00 M66211 A DRAM ADR BUS ot T o
~ao15 K CPU AD BUS
A16~A19 [ N\ y B u u —u u ‘_t u %
L ¢ " r L
< DO~D7
S

A
DRAM DATA BUS

RDY

1

ol

e

Data buffer

D0~D7

D8~D15

circutt

—

RDY signal from other peripheral IC
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System application example 2

256K/1M DRAM
BANKO BANK1
DRAM controller
M66200A
CLK
MODE o —T"
He = s
CLKOUT  RESET e T g%::? — chs
RES DQ_E sﬁ? ! o T TTT T | —
= U URUR U R DR UL
RESET ALe e ™ N ——  —
A0 CAEQ LATCH
circuit /A‘_g’ §E° e BANKQ —SANK1
_ NK
S0
MgU 5
cs M66210 Address J -
M66211 latch Address — &S
V- selector ] s
BHE OE E] M66212 oo
A M66213 oG 1T T T T T T E{
ADO
~an1s K CPU AD BUS J> DRAM ADR BUS u Lt |-I u u u u
A16~A19 | Y 14 < AN \ AN \ AN
A iy OE D0~D7
>r——-ﬁ LATCH AD =
S
RDY
N

Data buffer

=)
ES

D0~D7

DRAM DATA BUS/ """

LGE
D8~D15

RDY

circuit

RDY signal from other peripheral IC
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System application example 3

| RES | RESET cirout BANKI

256K/1TM DRAM

D8~D15

DIR| Data buffer

+—10E
DO~D7
N
DRAM DATA BUS Y,
LS6E
D8~D15

BANKO
DRAM controller
Clock generatol
generator M66200A
CLK
16 MODE  Rag T
| Bus controller ﬁ SELF RSt - ZIS
CLK  RESET CLK RESET % W
850 BS0 _ MRD MR w oa
5] i w o5
BS2 BS2 BUFR/W| =
51 Do
astel— -] RoY — < 1N < C < T
—=CAEQ  LATCH BANK1
Address A9 g_fm( % BANKO
decoder L[]
MPU ; y
c Address Address . mAs
et || L5
— oF S
uBE T M66210 M66213 oo
| — Lenmii T T T T T T *{
Aoo=A015 | CpY AD BUS Nl DRAM ADR BUS OO 090903010
~ 4 < AN < < LN < <
'v__ OE
|- — = = LATCH ADR BUS
—/ S

RDY

circuit

RDY signal from other peripheral IC
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System application example 4

RESET

RESET
circutt

BANK1 256K/1M DRAM
DRAM controller BANKO
M66200A
’?.L':’E AASD m— g
Hee = . s
CLKOUT  RESOU' Reser  GASO CAS
VR CAs1 w
MRD MR W
RESET M_WR W i DaQ
BUFR/W| g D8~D1 .
ASTB - RDY I 1 1 4 L 1 4
Address A @ BANKO BANK1
decoder A19
MPU BANK
BSO
D i SR TN
B_SE v
B Address L s
selector — Cas
e Add OE ME6210 s M66212 — w
ress o
ADO A | 1iatch Me6211 M66213 ol
~AD15 CPU AD BUS DRAM ADR BUS
4 AN < N AN AN
A16~A19 o e
A7 Y
RDY S
N
LATCH ADR BUS
5
DIR| Data buffer
—=OE
D0~D7
N
DRAM DATA BUS 1—-1
LAGE
D8~D15

cl

RDY

rcuit

RDY signal from other peripheral IC
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Application example 5

RESET circuit

|RE$E l

BANK1 256K/1M DRAM
DRAM controller BANKO
cLock M66200A
CLK
MODE  fAs T
e = m
T CASO H [
CLK 23 ] W
RESET oin MR w Da
RESET g/w ? w o
,;,—2*3 D8~D15
o Pv—D T - C AN LN %
Gy Do BANK1 )
CAEO
MPU Address s MPX BANKO
E decoder | [AI9 AN M
|4
Address L AAS
N selector 4 CAs
uDs S M66212 L — W
LDS Me6213 2] "?T? Al Il 11 1l 1] 1] [

Al CPU AD BUS > DRAM ADR BUS SOt gtgagrgtgry
~A23 i < < < < T 1N
S OE DO~D7

BTACK po | |
~D15 S
I\
>
inn i «
DIR] DATA buffer
+—OE
D0~D7
DRAM DATA Bus\——-4
t—OE
D8~D15
_—
|
RDY
cricuit

S

RDY signal from other peripheral IC
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System application example 6

RESET circuit

RESET

BANK1 256K/1M DRAM
——===1 Clock generator DRAM controller BANKO
CLK__RESET| M66200A .
LK .
Bus controller SELF RAST RAS
CLKRESET | RESer A% I ohs
SO| FIMR w Da
s1 v o'w
Mm/io s P D8~D15
T (21 Rov < N < < LN AN T
B
MPU Address -{—2cs BANKO ——ANKI
F decoder | [ A1?
| Address latch s g
BHE ELE M66210 ] w
A0 N M66211 o
~A23] CPU ADR BUS DRAM ADR BUS
4 < < AN < C < LY
325 <‘"‘_— DO~D7
—v
OE LE
\
DIR| Data buffer
1o
D0~D7
DATA BUS -~ 4
t—>10E
D8~D15

RDY

circuit

RDY signal 1rorn_other penpheral IC
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System application example 7 (M37700)

RESET  Oscillator

256K/1M DRAM

circuit  circuit ko BANK
16M) DRAM controller
H.
RESET ‘ M66200A
CLK
I MODE Rasg v
He e s
— RFRQ W | RS
RESET  XiN AL s Q I_,¢ RESET &SI A
T St w D Q
W ol
— = D8~D15
w2 Bk Y g < N Ly < =
" ok oe e BANKo BANKI
E Address e W
M37700 ,_D—— decoder
Address s
e selector L RAS
B s ] M66212 L oS
_Jrov N M66213 ba
—/= y DRAM ADR BUS o5
DO~D7/A16~A23 : ] OF _ 1 { [ [
D8~D15/A8~A15 _V r
1 D0~D7
S
Address N
fatch LATCH ADR BUS
—/
A
ad=
o | Data buffer
OF
DO~D7
LN\
DRAM DATA BUS/r-——
Y% o8
D8~D15 J
L—J

Note 1: Provides an external oscillator circuit (less than 16MHz)and connects it to Xy pin of the M37700 and CLK pin

of the M66200 The Xoyt pin of the M37700 1s open

Operated by ‘setting the processor mode register of wait bit (bit 2 of address 005Ey) of the M37700 to “¢"
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MEE6200AP/AFP

DRAM CONTROLLER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT CURRENT VS
HIGH-LEVEL OUTPUT VOLTAGE (RAS, CAS, W)

2 Ta=25C
E a
I
5
5 —50
w
@
@
2
o —100
g
,@ Vo=tV //
2
3 —
g—wc N o
Y
"_'u_’ Vcc,s.% /
I
9 —200
T -6 -5 —4 -3 -2 —1 0

HIGH-LEVEL OUTPUT VOLTAGE Vou-Vee (V)

HIGH-LEVEL OUTPUT CURRENT VS
HIGH-LEVEL OUTPUT VOLTAGE (MPX, MPX, LATCH, RDY)

0

Ta=25C

—40 N 7
T

—80

HIGH-LEVEL OUTPUT CURRENT Ioy (mA)

—100
-6 -5 —4 —3 —2 —1 0

HIGH-LEVEL OUTPUT VOLTAGE Vou-Vee (V)

OUTPUT LOW-LEVEL TO HIGH-LEVEL
PROPAGATION TIME VS LOAD CAPACITANCE

40

Ta=25C

Vgc=4.5v
Vgc=5.0V {

Vee=2. 5v
[ — T
///

MR—CAS

w
=3

ny
o

o

OUTPUT LOW-LEVEL TO HIGH-LEVEL

PROPAGATION TIME tp.y (ns)

% 100 200 300 400 500
OUTPUT LOAD CAPACITANCE C, (pF)

LOW-LEVEL OUTPUT CURRENT lo (mA)

LOW-LEVEL OUTPUT CURRENT VS
LOW-LEVEL OUTPUT VOLTAGE (RAS, CAS, W)

R I
ar / Voo=5. 5V
™ Veo=5.0V

150 / &

100}

50

0 1 2 3 4 5 6
LOW-LEVEL OUTPUT VOLTAGE Vo, (V)

LOW-LEVEL OQUTPUT CURRENT VS

LOW-LEVEL OUTPUT VOLTAGE (MPX, MPX, LATCH, RDY)

LOW-LEVEL OUTPUT CURRENT Io (mA)

OUTPUT HIGH-LEVEL TO LOW-LEVEL

100 —
Ta=25C

80

60 Voo=5.5V—
/ Vec™= 5.0V

40 /V/é”" Veo=4.5V
2

0 2 3 4 5 6
LOW-LEVEL OUTPUT VOLTAGE Vo (V)

OUTPUT HIGH-LEVEL TO LOW-LEVEL
PROPAGATION TIME VS LOAD CAPACITANCE

40

Ta=25C
Voo=4.5V
20 Vec=5. 0V CLK—CAS
= Voe=5.5V L —
£ =
5-20/
w /
2
=
8
& 10
<
(O]
<<
a.
£ o
) 100 200 300 400 500

OUTPUT LOAD CAPACITANCE C_ (pF)
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M66210P/FP
M66211P/FP

10-LINE DATA LATCH

DESCRIPTION

The M66210P/FP and M66211P/FP are semiconductor in-
tegrated circuits consisting of ten D-type latches with 3-
state outputs, common latch-enable input and output-
enable input.

FEATURES

® TTL level input V, =0.8V max, V\;=2.0V min.

High fan-out 3-state output (Io.=24mA, lop=—24mA)

High-speed 9 ns typ. (C,=50pF, Vcc=5V)

Low power dissipation 50uW/package maximum
(Vee=5V, Ta=25C, quiescent state)

® Suitable for 256K-or 1M-bit DRAM address drivers

APPLICATION

Data latch for microcomputer systems

FUNCTION

Use of the silicon gate process allows for high speed pro-
cessing while maintaining low power dissipation and a high
noise margin on the M66210/M66211. A circuit configura-
tion is designed to suppress the switching noise due to in-
creases in output current.

The M66210 is a data latch for non-inverted output while
the M66211 is used for inverted output.

The M66210/M66211 has ten built-in D-type latches, mak-
ing the device suitable for an address driver for 256K- or
1M-bit dynamic RAMs.

When latch-enable input LE is high, the signals of data in-
put D will go through the latch and be output to Q. When
the state of D changes, the state of Q will also change.

PIN CONFIGURATION (TOP VIEW)

ouTPUT Y
ENABLE INPUT OE — [I 24 Veo
po—[2] 23] — Q0(Qo)
o1 —[3] 2]—q1(@1)
p2—[4 2] @2(Q2)
p3—[5 g2 [20]- 3@
- S E (Q4)
DATA INPUTS D4 E NN Q4 84 OUTPUTS
ps—[7] 22  [18]—as@s)
I3 a
ps—[8] 33  [17]— as(@e)
or—[o] PP  [ie]-ar@n
g - [10] 15]— Qa(Qs)
D9 —[17] 12] —+ Q9(Q9)
GND |12 13|+ LE LATCH ENABLE
E INPUT
. 24P4D
Outline
24P2

When LE changes from high-level to low-level, the data ex-
isting immediately prior to the change at D will be stored in
the latch. Even if other inputs are changed when LE is low,
the contents stored in the latch will not be affected.

When output-enable input OE is high, all outputs Q will be-
come high-impedance state.

LOGIC DIAGRAM

DATA INPUT D ©

TO THE OTHER
NINE CIRCUITS

OUTPUT ENABLE INPUT

TO THE OTHER

NINE GIRCUITS
LE »  ouTPUT
D.‘ C a

L

E

OUTPUT  —— LE _ LE
ENABLE OE
INPUT M66210P/FP M66211P/FP
LE
LATCH _
ENABLE LE LE
INPUT
M66210, M66211P/FP
BISHI
028 MITSUBIS!
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M66210P/FP
M66211P/FP

10-LINE DATA LATCH

FUNCTION TABLE

Inputs Output
OE LE D a(Q)
L H H H(L)
L H L L(H)
L L X Q°
H X X z

Note 1. Q°: The state of Q before LE changes.
Z ! High-impedance
X . Don't care
(): M6B211P/FP

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unmit
Vee Supply voltage —0.5~-+7.0 \Y
vV, Input voltage —0.5~Vge+0.5 \Y
Vo Output voltage —0.5~Vcc+0.5 \Y

, v, <0V —20
Ik Input protection diode current V> Voo 20 mA
Vo < 0V —20
lok Output parastic diode current Vo > Vo F20 mA
lo Output gurrent +50 mA
lec Power supply/GND current Vee, GND =+200 mA

Pd Power dissipation 500 mw

Tstg Storage temperature —65~+150 C

RECOMMENDED OPERATING CONDITIONS

Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.5 5.5 \%
vV Input voltage 0 Vee \
Vo Output voltage 0 Vee \
Topr Storage temperature 0 70 C

ELECTRICAL CHARACTERISTICS (Voc =5v+10%, unless otherwise noted)

Limits
Symbol Parameter Test conditions 25C 0~70C Unit
Min Typ Max Min Max
Vin High-level input voltage Vo=0.1, Vgc—0.1V, 1o=20uA 2.0 2.0 \
Ve Low-level input voltage Vo=0.1, Vgc—0.1V, 1o=20uA 0.8 0.8 \%
Vou High-level output voltage Vi= Vi, ViL lon = —20uA Voo 0.1 Veo0.] \%
lon = —24mA, Vcc=4.5V| 3.83 3.70
VoL Low-level output voltage Vi= Vi, Vi lou = 20uh 0.1 0.1 \
loL = 24mA, Vcc=4.5V 0. 44 0.53
hn High-level input current V) = Ve 0.1 1.0 uA
he Low-level input current V= GND 0.1 1.0 A
loz Off-state high-level output current | V; = Vi, Vi, Vo= Vec 5.0 50.0 uA
loz Off-state low-level output current | V,= V|4, Vi, Vo= GND 5.0 50.0 ©A
lec Quiescent supply current V)= Vge, GND, lp=0uA 10.0 100 A
Alee Zi:;::’m quiescent supply Vi=2.4V, 0.4V (Note2) 2.7 2.9 | mA

Note 2 : Only one input is set to this value and other inputs are tied to Ve or GND

MITSUBISHI s
ELECTRIC 7
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M66210P/FP
M66211P/FP

10-LINE DATA LATCH

SWITCHING CHARACTERISTICS (Vcc =5v£10%, Ta=0~70C)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
0
:““ CL=50pF 2 : 0 ns
tTH" Output time 9 20
TLH CL=200pF ns
true 10 20
9 21
teun CL=50pF ns
teu _ , 2. 2
" D—Q(Q)propagation time T %7
PLH C_=200pF ns
tenL 16 27
1
teLn CL=50pF 1 26 ns
T . o 14 26
" LE—Q(Q)propagation time 2 3
PLH C_=200pF ns
tenL 18 31
9 2
triz C,=50pF 3 ns
tenz . ) 1 23
OE—Q(Q)disable time
teez CL=200pF 7 12 8 ns
tonz e 7 18 28
t 1 2
tPZL CL=50pF 9 22 ns
PzH OE—Q(Q)enable time
tezL CL=2000F 7 15 28 ns
tozn e 7 10 28
C, Input capacitance 10 pF
Co Off state output capacitance OE=V¢c 15 pF
Cpp Power dissipation capacitance (Note 3) 46 pF

Note 3 : Cpp is Internal equivalent capacitance calculated according to the operating dissipation current with no load (per latch). The dynamic dis-

sipation current can be obtained from the following equation under a no load condition.

Ppo=Cep * Vcc? * f1+lce * Vee

TIMING REQUIREMENT (vcc =5V+10%, Ta=0~70C)

| Limits
Symbol Parameter Test conditions i e Mo Unit
tw Latch enable pulse width 15 4 ns
tsu D setup time with respect to LE 13 0 ns
th D hold-time with respect to LE 10 0 ns
9—28 MITSUBISHI
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M66210P/FP
M66211P/FP

10-LINE DATA LATCH

TIMING DIAGRAM
—_—\ 3v
b -3V H.3v
GND
ﬁ 3v
D 1.3V 1.3v
—_ GND
tsu th
3v
GND
3v
GND
VOH
Vou
TEST CIRCUIT
INPUT Voo OUTPUT 2X Vo,
Parameter| SW
= trim, b
T % R, =5000 TLH tTHL Open
swW teLn, teHL
PG DUT teLz Closed
terz Open
500 o tezL Closed
GND l R, = 5000 tezn Open
(1)Characteristics of pulse generator(PG)(10%~90%)
tr=3ns. t{=3ns
(2)C, includes stray probe and wiring capacitance
MITSUBISHI 2—29
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M66210P/FP
M66211P/FP

10-LINE DATA LATCH

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT CURRENT VS LOW-LEVEL OUTPUT CURRENT VS
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Ta=25C W e P Voo=5.5V
Vec=5.0V
5 150 [ —
/‘ Vee=4.5v

o
S

—100
/
iny/4

HIGH-LEVEL OUTPUT CURRENT lo(mA)
LOW-LEVEL OUTPUT CURRENT o, (mA)

—150 Voo™ 50
=g
Nce
—200 0
-6 —5 —4 —3 —2 —1 0 0 1 2 3 4 5 6
HIGH-LEVEL OUTPUT VOLTAGE Vou-Vec (V) LOW-LEVEL OUTPUT VOLTAGE Vo, (V)
LOW-TO HIGH-LEVEL OUTPUT PROPAGATION HIGH-TO LOW-LEVEL OUTPUT PROPAGATION
TIME VS LOAD CAPACITANCE TIME VS LOAD CAPACITANCE
8 . z ,
> Ta=25¢C 2 Ta=25C
& 0 < 30
< (0]
o <
2 g Vee=4.5V.
a o
il a
oD [y
% g 20 ,E’_- =2 Vco=5.5V
o =
o & Vo=t o i / %/
S w <
EERU Vo2V 5 4 0=
5 g F
T 9
2 2
: o g o
= 0 100 200 300 400 500 g 0 700 200 300 400 500
OUTPUT CAPACITANCE G, (pF) OUTPUT CAPACITANCE G, (pF)
MITSUBISHI

2—30 ELECTRIC



MITSUBISHI {DIGITAL ASSP)

M66212P/FP
M66213P/FP

2—-1-LINE(X5)DATA SELECTOR

DESCRIPTION

The M66212P/FP and M66213P/FP are semiconductor in-
tegrated circuits consisting of five 2-line to 1-line data
selectors/multiplexers.

FEATURES

® TTL level input V,(=0.8V max., V;;=2.0V min.

High fan-out output (lo.=24mA, loy=—24mA)

High-speed 9 ns typ. (C_.=50pF, Vcc=5V)

Low power dissipation 50« W/package maximum
(Vee=5V, Ta=25C, quiescent state)

® Suitable for 256K-or 1M-bit DRAM address drivers

APPLICATION

Data selector for microcomputer systems

FUNCTION

Use of the silicon gate process allows for high speed pro-
cessing while maintaining low power dissipation and a high
noise margin on the M66212/M66213. The circuit configura-
tion 1s designed to suppress the switching noise due to in-
creases in output current.

The M66212 is a data selector for non-inverted output while
the M66213 is for inverted output.

The M66212/M66213 has five built-in data selector circuits,
making the device suitable for an address driver for 256K-
or 1M-bit dynamic RAMs.

The 2-line signals are applied to data inputs A and B, and
after one of the data inputs has been selected by select in-
put S, it is output at pin Y.

By applying 2-bit parallel data to A and B, and connecting
the output of a binary counter to S, A and B data will be
output at Y synchronous with the clock pulse in the order A-

PIN CONFIGURATION (TOP VIEW)

S
so~[2] o] oE SupEy” e

80—[3]
A1 —[4]
B1 —[5]
A2—[6]
B2—[7]
A3—[¢]
B3 —[9]
anp  [10]

Outline

[18] — vo(v0)
[17] — v1(¥D)
E—» Y2(Y2) { OUTPUTS
[15] — v3(v3)
[12] — va(¥4)

[13]+ B4

DATA INPUTS
7] ns

[11]« s seLect npuT

DATA INPUTS

dd4/d€1299N
dd4/d21299N

20P4
20P2N

B. Both S and output-enable input OE are common to all
five circuits. When OE is high, all outputs of the M66212
become low and those of the M66213 become high,
irrespective of the data on the inputs.

FUNCTION TABLE

Inputs Output

Y(Y)

L(H)

L(H)

H(L)

L(H)

I|z|r|r|x|o
x|x|T|r|x|>
I |x|x|x|w

H(L)

Note 1 : X: Don't care
(): M66213P/FP

LOGIC DIAGRAM

TO THE OTHER
FOUR CIRCUITS

s
B ——Do—c{>-
s
ﬁw
M66212P/FP
S s
s

M66212, M66213P/FP

TO THE OTHER
FOUR CIRCUITS

M66213P/FP

MITSUBISHI 231
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M66212P/FP
M66213P/FP

2—1-LINE(X5)DATA SELECTOR

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+7.0 \%
V, Input voltage —0.5~Vec+0.5 \
Vo Output voltage —0.5~Vgc+0.5 \Y
Ik Input protection diode current Vi<V -0 mA

V) > Vee —+20
lok Output parastic diode current Vo< OV —20 mA
Vo > Veo 420
lo Output current +50 mA
lcc Power supply/GND current Vee, GND +200 mA
Pd Power dissipation 500 mwW
Tstg Storage temperature —65~-150 C
RECOMENDED OPERATING CONDITIONS
Symbol Parameter Limits Unit
Min Typ Max
Vee Supply voltage 4.5 5.5 v
V) Input voltage 0 Vce \%
Vo Output voltage 0 Vee \
Topr Storage temperature 0 70 ‘C

ELECTRICAL CHARACTERISTICS (vcc=5V£10%, unless otherwise noted)

Limits
Symbol Parameter Test conditions 25C 0~70C Unit
Min Typ Max Min Max
Vin High-level input voltage Vo=0.1, Vcc—0.1V, 1o=20uA 2.0 2.0 \
Vi Low-level put voltage Vo=0.1, Vgc—0.1V, 1o=201A 0.8 0.8 \'
Vou High-level output voltage Vi=Vm, Vi :Z: ; _23:1: Voo=4.5v Vc3c‘82 ] VC;‘;(O)'] \%
loL = 20uA 0.1 0.1
VoL Low-level output voltage Vi= Vi, ViL \%
loL = 24mA, Vcc=4.5V 0. 44 0.53
™ High-level input current V)= Vge 0.1 1.0 HA
IS Low-level input current V)= GND 0.1 1.0 HA
lec Quiescent supply corrent V= Vgc, GND, lo=0uA 10.0 100 MA
floe | Maxmum quiescent supply Vi=2.4V, 0.4V (Note 2) 2.7 29 | mA
current
Note 2 : Only one input Is set to this value and other inputs are tied to Vgc or GND

MITSUBISHI
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Mi66213P/FP

2—+1-LINE(XS5)DATA SELECTOR

SWITCHING CHARACTERISTICS (Voc =5v£10%, Ta=0~70C)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
trin C_=50pF 5 10 ns
trHL 3 10
Output transition time
trn n 20
C_=200pF ns
trhL 8 20
t
PLH GL=50pF 9 21 ns
tenL - 1" 21
A, B—Y, Y propagation time
teLn n 27
C_=200pF ns
teHL 15 27
t 12 23
P C_=50pF ns
teHL < . 14 23
S—Y, Y propagation time
teLn G\ =2000F 7 13 28
= ns
tor e 7 17 28
t 2 21
PLH C. =50pF ! ns
tpuL — — 12 21
OE—Y, Y propagation time
teun CL=200pF 13 2
= ns
tow e 15 26
C Input capacitance 10 pF
Cpp Power dissipation capacitance (Note 3) 40 pF

Note 3 ! Cpp Is an internal equivalent capacitance calculated according to the operating dissipation current with no load (per selector) The dynamic
dissipation current can be calculated from the following equation under a no load condition
Po=Cpp * Vcc® * fitlec * Vee

TIMING DIAGRAM

INPUT o/

toLn terL

0% 0% T~ Von
IN-PHASE
OUTPUT 1.3v 1.3v
10% 10%
Voo
l(—>l tr tru

\— ——————————— 3.0v

ov

LH
Von
OUT-OF-PHASE
OUTPUT
1.3v 1.3v
—————————— Vo
terL trLn
TEST CIRCUIT

INPUT Vee OUTPUT

R =5000
PG DUT
500 GND Co RL (1) Charactenstics of pulse generator (PG) (10% —90%) t, = 3ns, tf = 3ns
l (2) C_ includes stray probe and wiring capacitance
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2—+1-LINE(X 5)DATA SELECTOR

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT CURRENT VS LOW-LEVEL OUTPUT CURRENT VS
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
=z P = 200 T oee
E Ta=25C E Ta=25C vcc=5|». 5V
3 3 Vee=S5. 0V
E g5 E 150 ///—' = |
& z L~ Voc=4.5V]
& g L1
3 3
M

£ —100 TR s/ 5 100
£ e B
8 Voo=2: 8
2 10—y g s
4 4
I z
£ a0 2

-6 -5 —4 -3 —2 —1 o0 0 T2 3 4 5 6

HIGH-LEVEL OUTPUT VOLTAGE Voy-Veo (V) LOW-LEVEL OUTPUT VOLTAGE Vo, (V)
LOW-TO HIGH-LEVEL OUTPUT PROPAGATION HIGH-TO LOW-LEVEL OUTPUT PROPAGATION
TIME VS LOAD CAPACITANCE TIME VS LOAD CAPACITANGCE

& - z .
=4 =25C o Ta=25C
E gl £ 3 2
(0] (0]
< 2
a o
g o]
& g
= =

20 N
E @ E @ 2 \10045,5
5} = Vcc=5'5V 8 ~ / 4A.EN
403 o 2 Nco
E j 10 //JV/(LC E :: 10 //
}l s _— cC = s 7
s F = F
=2 (e}
I —
o e
Z o £ 0
3 0 100 200 300 400 500 o 0 100 200 300 400 500

OUTPUT CAPACITANCE C, (pF) OUTPUT CAPACGITANCE G, (pF)
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MITSUBISHI {DIGITAL ASSP)

M66230P/FP

DESCRIPTION

The M66230P/FP is an integrated circuit for asynchronous
serial data communications.lt is used in combination with an
8-bit micro-processor and is produced using the silicon-
gate CMOS technology.

FEATURES
® Baud rate generator 500kbps (max)
® 4-byte FIFO data buffer for transmission and reception
® Error detection : CRC-CCITT, parity, overrun,
and framing
® Wakeup function
® Transmisson / reception data format (number of bits)
Start bit 1
Data bit 8
Wakeup bit 1 or nil
Parity bit 1 or nil
Stop bit 1 or2
© Access time ta (RD-D)
@ High output current
lon=—24mA, lo,.=24mA TxD, RTS, PO, P1 pins
@ Schmitt triggered input RxD,CTS,RESET pins

: 100ns (max)

APPLICATION

Data communication control

FUNCTION

The M66230P/FP is a UART (Universal Asynchronovs Re-
ceiver/Transmitter) and is used in the peripheral circuit of
a MPU. The M66230 receives parallel data, converts into
serial format, and then transmits the serial data via the TxD
pin. The device also receives data via the RxD pin from ex-

PIN CONFIGURATION (TOP VIEW)

\J
Do« [1] 2] Voo
TRANSMISSION
o1+ [2] 3] 1,0 SREABITRG
RECEPTION
p2++[3] [22] — RaD BRfA T
+— CTS CLEARTOSEND
patasus |23 ~[4] g 21] - c7s NPUT
D4[5] 2 20] — ATS HEOUEST 10
Y SEND OUTPUT
o5~ [6] 8 9] ro PORT OUTPUT
D6+ |7 3 E — P1
m
T+ INTERRUPT
Reap controL D7 L8 R [17] - iNT OUTPUT
INPUT RD — 9] [16] - CS cHip seLeor
WRITE CONTROL g ': j «— RESET RESET INPUT
P BATAC/S ~ 1] [14] —x1
GND E [13] — x2
Outline 525‘2"\?\,

ternal circuits and converts it into parallel format, and sends
the parallel data via the data bus.

BLOCK DIAGRAM ] _ S
g Vee
REEET — ot GND
C/D dp—n READ/ N| TRANSMIT DATA BUFFER TRANSMIT
— —/—:I 4-BYTE FIFO BUFFER TxD
RD é)_) WRITE | | 8 T T T
—_— CONTROL |
TRANSMIT CONTROL. ERR on DETECTION
WR é?'_’ cIRCUIT CODE GENERATION (CRC) CIRCU l ‘_‘? cTs
cs ®— ___
T
: 8 COMMAND —® RTS
D0 (hesl REGISTER
D1 @—’ DATA 8
D2 “:‘STATUS REGISTERI: - '
D3 BUS 8 RECEIVE CONTROL, ‘
D4 é) 1 ERROR DETECTION (CRC) CIRCUIT
BUFFER 8 QL
D5 k——y—‘i RECEIVE DATA BUFFER RECEIVE
" 4-BYTE FIFO —I‘_l BUFFER ,'—
D6 (—)
PO
D7 <>
é% SAMPLING CLOCK ‘i P1
X1 i BAUD RATE —@ INT
é,‘ M TRANSFER |
X2 A R o _ CloCK |
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A’RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

OPERATION
The M66230 is interfaced to a system bus and provides all
functions needed for data communication.

16
" Address bus
EIjDecoder

4

+ Control bus

8 I/OR | 1/0W RESET

+ Data bus

8
) J) C
c/D cs DO~D7 RD WR RESET
M66230P/FP

Fig. 1 Interface between the M66230 and MPU system bus.
When using the M66230, It is necessary to program the ini- (RXEN) by a command instruction.
tial setting, baud rate, character length, CRC, parity, in The MPU is able to read data when the interrupt output,
accordance with the communication system. Once prog- INT, goes low by packet end (PE) or buffer full (BF).
rammed, the communcation system functions are executed While receiving data, the M66230 checks for errors and
continuously. provides status information. It checks for four types of
When initial setting of M66230 is completed, data com- errbrs : CRC, parity, overrun and framing errors. When an
munication becomes possible. When the transmitter is error occurs, M66230 continues operation. The error status
transmit-enabled (TXEN) by a command instruction and is maintained until the error reset, ER, is modified by a
CTS is low-level, data transfer starts up. If these conditions command instruction.
are not satisfied, data transmission is not executed. Recep- The access method of the M66230 is shown Table 1.

tion is possible when the receiver is receive -enabled

TABLE 1 Access method of the M66230.

c/D RD WR cs M66230 operation MPU operation
L L H L Data bus+—Recelving data buffer (FIFO) Read receive data
L H L L Data bus—transmit data buffer (FIFO) | wnite transmit data
H L H L Data bus+Status register Read the status
H H L L Data bus—~Command register Write the command
x H H L Data bus : high impedance X
X X X H Data bus : high impedance X

Note : X=Don't care
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A*RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

PIN DESCRIPTIONS

output

Pin Name 1/0 Function
X1, X2 Clock input/ Input/ A crystal is externally connected to these pins for generating an internal clock An external clock signal can
output output be input to X1 instead of a crystal
RESET Reset input Input This reset Is a master reset, therefore commands should be loaded after the reset
cs Chip select Input A low level signal on the chip select input enables the M66230 The device can not be accessed when the
input signal 1s high-level
c/D Command/ Input This signal distinguishes whether the information on the M66230 data bus I1s data, command or status in-
data control input formation When the signal i1s high-level, the data bus has command or status information When the signal
Is low-level, the data bus has data
RD Read control input Input The receiving data or status information 1s output to the data bus from the M66230 by a low-level signal
WR Write control input Input The data or command output from the MPU 1s written to the M66230 by a low-level signal
D0O~D7 Data bus Input/output| This 1s an 8-bit bi-directional bus buffer Command, status information, and transfer, data are transferred
to/from the MPU via this data bus buffer
INT Interrupt output Output This 1s used as an Interrupt request to MPU The interrupt request 1s generated when the receive FIFO is
full, the transmit FIFO 1s empty, or the block reception is complete D2 bit of command 6 controls the
switching of low-level and high-level interrupt
RxD Senial data input Input The senal data I1s sent to this pin
TxD Senal data output Output The senal data 1s transmitted from this pin
PO Port output Output This 1s an ordinary port pin This pin is controlled by the DO bit of command 6.
P1 Port output Output This pin has the same function as that of PO pin and provides information of packet transmission’s comple-
tion The switching of this function Is controlled by command 6, D1 bit
CTS Clear-to-send Input When the TXEN bit (D0) of command 4 1s set to 1 and the CTS input 1s low-level, serial data Is sent from
input the TxD pin This 1s used as the clear-to-send signal
RTS Request-to-send Output This is used as the request-to-send signal This pin 1s controlled by the D3 bit of command 4

MITSUBISHI
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A2RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

® Baud rate generator

The 8-bit programmable divider (baud rate generator)
generates the baud rate for transmit or receive. The divi-
sion rate is (n+1) with a range of n=0~ 255. The baud
rate is calculated by the following formula :

baud rate= .
1/ (prescaler division rate (2 or 32) + baud rate generator
division rate (n+1) + 16).

The prescaler division rate is set by the DO bit of command
1. The baud rate generator division rate is set by command
2. Example as follows :

9600bps=(9.8304MHz)/(2 + (31+1) - 16)

where prescaler division rate is 2 and baud rate division
rate is 31.

® Block length counter

The M66230 can handle multiple-bytes of data as one
block (packet).

Therefore, CRC of bytes is possible. The block length
counter is a 6-bit programmable counter. The block length
is (m—+1) bytes with the allowed values of m=0~63.

® Transmit data buffer FIFO

The transmit data buffer (FIFO) consists of 4-bytes.

The transmit data buffer (FIFO) functions according to the
block length.

Block length=1~3

When the transmit data buffer (FIFO) becomes empty
(buffer empty) and INT is set to low-active, the interrupt
output INT is set to a low-level. The MPU verifies the buffer
is empty when the D2 bit of the status 1 information is read.
The MPU should write the block length data to the transmit
data buffer (FIFO) at this moment.

When a block of data is written to the transmit data buffer
(FIFO),CTS is high-level and TxEN is high-level, the data
in the transmit data buffer (FIFO) is sent to the transmit
buffer. If CTS is high-level while data is transmitted, all
data is transmitted (including the data in the transmit data
buffer (FIFO). When the buffer becomes empty, the data in
the transmit data buffer (FIFO) is not be sent to the trans-
mit buffer untii MPU writes a new block of data to the
transmit data buffer (FIFO). The MPU can not write new
data to the transmit data buffer (FIFO) until the buffer be-

Example : Block length=2

—= |DATA|DATA|

MPU .
it data buffer (FIFO
transmi (FIFo) Transmit buffer (P—S)

comes empty. When the transmit data buffer (FIFO) be-
comes empty and INT is set low-active, the interrupt output
INT becomes low. The MPU verfies the buffer is empty by
reading the D2 bit of the status information.

Block length=4 or more

When this happens, the MPU should write the 4-bytes of
data to the transmit data buffer (FIFO). The data in the
transmit data buffer (FIFO) is sent to the transmit buffer,
when CTS is low-level and TXEN is high-level. When CTS
is high-level while data is transmitted, all transmitted data
(including the data in the transmit data buffer (FIFO)) is
transmitted. When the number of bytes from the MPU be-
comes less than 4 at the last stage of the block transmis-
sion, the same operation should be made as the block
length=1~3.

When the buffer becomes empty, the data in the transmit
data buffer (FIFO) is not be sent to the transmit buffer until
MPU writes data of the fixed block length to the transmit
data buffer (FIFO). The MPU cannot write data to the
transmit data buffer (FIFO) until the buffer becomes empty.
When the transmit data buffer (FIFO) becomes empty and
INT is set low-active, the interrupt output INT becomes low.
The MPU verifies the buffer is empty by receiving the D2
bit of the status information.

Example : Block length=6

—> |IDATA|DATA|DATAJDATA
[ — T

MP! t t dat: F
u ransmit data buffer (FIFO) Transmit buffer(P—S)

or

DATA|DATA|

Transmit data buffer (FIFO)
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® Receive data buffer FIFO

The receive data buffer (FIFO) consists of 4-bytes. The re-
ceive data buffer (FIFO) functions according to the block
length.

Block length=1~3

When the data of the block length is received and INT is
set to low-level, the interrupt output INT becomes low-
level. The MPU acknowledges the packet end by setting
the DO bit of the status 1 information.

In this case, the MPU should read all data from the receive
data buffer (FIFO).

At the packet end, the data from the receive buffer cannot
be transmitted to the receive data buffer (FIFO) until the
MPU reads all data in the receive data buffer (FIFO). The
MPU cannot read data in the receive data buffer until the
packet end.

Example - Block length=2

<=— |DATA|DATA

Recelve buffer (S—P)

MPU Recelve data buffer (FIFO)
(Interrupt-packet end)

Block length=4 or more

When 4-byte data enters the receive data buffer (FIFO)
(buffer full) and INT is set to low-active, the interrupt out-
put INT becomes low-level. The MPU acknowledges the
buffer full status by setting the D1 bit of the status informa-
tion.

In this case, the MPU should read all data in the receive
data buffer (FIFO).

When the last data enters the receive data buffer (FIFO),
the packet end becomes the same operation as for 1~3
byte block length. If the block length is a multiple of four,
the D1 and D2 bits of the status 1 information are set when
the last data enters the receive data buffer (FIFO). At
packet end or buffer full, the new data cannot be transfer-
red from the receive buffer to the receive data buffer
(FIFO). The MPU cannot read data in the receive data buf-
fer (FIFO) until block end or buffer full occurs.

Example . Block length=6

<— |DATA|DATA|DATAIDATA

<—RxD pin
MPU  Receive data buffer (FIFO) Receve buffer (5—P)
(First interrupt-buffer full)

or

DATA[DATA

Transmit data buffer (FIFO)
(second interrupt-packet end)

SUPPLEMENTARY DESCRIPTION

FIFO

The major purpose is not to interrupt the MPU by each
character. The MPU is interrupted when :

Transmit data buffer (FIFO) empty

Receive data buffer (FIFO) full or packet end

The MPU interruption interval is as follows :

Approximately 90us (min) until the FIFO becomes full at
500kbps.

Approximately 36.7ms (min) until the FIFO becomes full at
1.2kbps.

Read/write operation by the MPU should be made for all
data in FIFO at once.

MITSUBISHI
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® Wakeup
The wakeup_mode of the M66230 can be set by setting the
D2 bit of command 4 to “1”. In wakeup mode, a 9th bit is
automatically added (the wakeup bit).
Only the Sth bit of the first byte is “1”, and the remainer
blocks 9th bits are set to “0".
The wakeup is used when one master MPU and multiple
local MPU are connected by serial 1/0.
Examples of wakeup are shown below.
@ Initial setting
The initial setting should be made by the input of each
command.
@ Wakeup mode
The wakeup mode of the M66230 is activated by set-
ting D2 bit of the command 4 to “1”. Command 5 can

When CRC is enabled

Transfer block

be input as the second byte of command 4 by setting
D2 bit of the command 4 to “1” and each address is in-
put. In the wakeup mode, the 9th bit is automatically
added. Others remain the same.

® Wakeup and data transfer (between master MPU
and local MPU1)
Data is transmitted from the master MPU to each local
MPU.
The first byte should hold the address of the local
MPU. (in this case local MPU1.)
Each local M66230 checks the data (address) against
command 5 (each address) when the first byte
(address) is received. the M66230 which matches the
address starts to accept the following data (wakeup).
the M66230 which does not match the address, only
accepts data, where the 9th bit is “1”.

Block check character

Address of local MCU1
|;> 8-bit  The 9th 8-bit  The 9th

The 9th 8-bit  The Sth 8-bit  The 9th

data bit data bit bit data bit data bit

s wl 2 v v \7 v

LI | | L 14 L 1| Ll 1
A A T AR A T )

Start bit Stop bit Start bit Stop bit Start bit Stop bit Start bit Stop bit Start bit Stop bit
When parity is enabled
Transfer block
8-bit The 9th Stop 8-bit  The 9th Stop 8-bit  The 9th Stop

data bit bit data bit bit data bit bit Note . The wakeup function 1s

automatically canceled when the
transfer block data has been
read by the MPU

i o Y o iy

N

T (The wakeup mode continues.)

Start bit party bit Start bit parity bit Start bit parity bit
' /
/
/ M66230 Local M66230 Local
// MPU1 MPU1
/
/
\
\
Master M66230 \ M66230 Local Master M66230 \\ M66230 Local
\
MPU \ MPU2 MPU \ MPU2
\ \
\ \
M66230 Local M66230 Local
MPU3 MPU3
Hi
910 MITSUBIS
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A2RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

® Error detection

Parity error

When a parity error occurs, D5 bit of status 1 information is
set. The data is send to the receive data buffer (FIFO).

Framing error

When a framing error occurs, D3 bit of the status 1 informa-
tion is set. The data is sent to the receive data buffer
(FIFO).

Overrun error

When data is received befqre all data in the receive data
buffer (FIFO) has been read by MPU, D4 bit of the status 1
information is set as an overrun error.

In this case, the new data in the receive buffer are lost.

CRC error
When an error occurs after receiving block check charac-
ter, D6 bit of the status 1 information is set.

The above error information is maintained until D4 bit of
command 4 is set.

SUPPLEMENTARY DESCRIPTION

Comparison between parity check and CRC

Parity check

Parity check needs only one additional bit and is highly
efficient. The formula is straightforward, and includes even
parity and odd parity checks. In both cases, one bit is
added.

CRC

The CRC polynominal expression is CRC-CCITT X'8+X'2+
X>+1,

CRC deals with data characters in transmitted or received
blocks. (Start, stop and wakeup bits are excluded.)

When the CRC is enabled, the transmit and receive data
consists of block length (1 ~64 bytes) + 2 bytes (block
check characters). The following table shows the compari-
sion between parity check and CRC.

Burst error is not detected.
(50% of which can be de-
tected.)

Parity check

Burst error can be detected
CRC (Burst error detection rate is
more than 99.9%.)

MITSUBISHI -y
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PROGRAMMING

The command must be loaded first to the M66230 by the
MPU before data communication. M66230 has 6 command
registers.

Data transfer is possible when commands have beén
loaded to these command registers after reset.

The flowchart of the initial setting is shown in the following
diagram.

Reset
ICommand 1 Command3 Command 4 Command 6
[Command 2 ‘Command 5
Data transfer
Completion

= Flowchart of the M66230 initial setting.

MITSUBISHI
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COMMAND-INSTRUCTION FORMAT

The commands are decoded by D7 and D6.
Command1

Stop bit

1:2 bits
0:1 bit

Parity check

1 . Even panty
0 : Odd parity

Parity enable

1 :Enable
0 : Disable

CRC enable

1 :Enable
0 : Disable

Baud rate setting

1 I To command 2
(Baud rate setting)

Prescaler

1 :1/32 division
0 :1/2 division

[ o ] o [ st EP PEN CRCEN | BAUD | Ps |
D7 D6 D5 D4 D3 D2 D1 Do
Note 1 : Priority 1s given to panty enable, If parity enable and CRC enable are both “1” (D3, D2=1)

Command 2 (Baud rate setting The second byte when D1 bit of the command 1 1s set to “1”)

olojlolo|lo|o|o|o|o

[ o7 | s D5 | D4 D3 p2 | o1t [ bo | [n ~ | 255
Command 3 (Block length setting)
0 ~ 1
0 ~ 1
0 ~ 1
0 ~ 1
0 ~ 1
| o [~ |
o | 1 D5 D4 D3 b2 | o1t [ oo | [m] o[ ~1]6e3
D7 D6
Command 4
Internal reset |
1 :reset

Error reset

1 : Error flag clear

Transmission carrier control

1 RTS="L"
0 : RTS="H"
Wakeup mode
1 ! Enable
0 : Disable
Recelve enable
1 ! Enable
Transmit 0 : Disable
Enable
1 ! Enable
0 : Disable
( 1 0 L IR ER RTS WUMODE RXEN TXEN
D7 D6 D5 D4 D3 D2 D1 DO
MITSUBISHI
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Command 5 (Address setting The second byte when D2 bit of the commnd 4 bit I1s set to “1”.)

07 |

b6 |

DS

I

pa | o3

D2 DI | Do

Command 6

1 I FIFO disable
0 : FIFO enable

1 1INT
0 :INT

1 P1=Packet transmission
1s complete
0 : P1=P0

11 PO="H"
0 : PO="L"

1

D5

D4 D3

D2 b1 [ Do

[ 1
D7

D6

STATUS INFORMATION

Status 1

1 indicates that a CRC error is found in the received data

1 indicates that a parity error is found in the received data

1 indicates that an overrun error 1s found in the received data

L

1 indicates that a framing error is found in the received data

1 indicates that the transmission
data buffer (FIFO) i1s empty

1 indicates that the received
data butfer (FIFO) 1s full

1 indicates that the received
data buffer (FIFO) 1s block end

0o [ croE | PE OE | FE | TxBEMP | RxFULL | RxBPE |
D7 D6 D5 D4 D3 D2 D1 DO
Status 2
1 indi that the
characters are not found in the
transmit data buffer and transmit buffer
1 indicates that packet transmission 1s
complete from the transmit buffer
1 indicates that wakeup ts maintained ‘
1 ndicates the wakeup mode I
1 [ L L L TxEMP | TxPE_ | WUEN | WUMODE
D7 . D6 D5 D4 D3 D2 D1 DO
MITSUBISHI
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TRANSMISSION FORMAT
Transmit
Parity enabled

MPU~—M66230
Data character (8 bits)
Assembled data format
Start bit Data character Wakeup bit Parity bit Stop bit
(1 bit) (8 bits) (il or 1 bit) (mlor 1 bit) (1~2 bits)
Transmitter output
TxD mark Start bit Data character Wakeup bit Parity bit Stop bit
condition
(1 bit) (8 bits) (nilor 1 bit) (il or 1 bit) (1~2 bits)
CRC enabled
MPU—M66230
Data character (8 bits)
After assembly
Start bit Data character Wakeup bit Stop bit
(1 oit) (8 bits) (il or 1 bit) (1~2 bits)
Transmitter output
TxD mark Start bit Data character Wakeup bit Stop bit
condition
(1 bit) (8 bits) (nilor 1 bit) (1~2 bits)
Block :
length |
m-+1 :
|
=
Start bit Wakeup bit Stop bit
Data character (8 bits
(1 bit) ( ) (nil or 1 bit) (1~2 bits)
+ Start bit Wakeup bit Stop bit
Block check character (8 bits)
(1 bit) (il or 1 bit) (1~2 bits)
+ Start bit Wakeup bit Stop bit
Block check character (8 bits)
(1 bit) (il or 1 bit) (1~2 buts)
MITSUBISHI
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M66230P/FP

A’RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

TRANSMISSION FORMAT

Receive
Parity enabled

Receiver input

ELECTRIC

RxD mark Start bit @ ) Wakeup bit Panty bit Stop bit
i Data character(8 bits
condition (1 i) (ril or 1 bit) (nil or 1 bit) (1-2 bits)
Receive format
Start bit . Wakeup bit Parity bit Stop bit
(1 bit) Data character (8 bits) (nil or 1 bit) (il or 1 bit) (1~2 bits)
M66230—MCU
Data character (8 bits)
CRC enabled
Recelver input
RxD mark Start bit ) Wakeup bit Stop bit
condition (1 o) Data character (8 bits) (il or 1 bit) (1~2 bits)
|
Block 1
length :
m+1 )
1
Start bit Wakeup bit Stop bit
(1 o) Data character (8 bits) (ml or 1 bit) (1~2 bits)
Start bit Wakeup bit Stop bit
+ ( oit) Block check character (8 bits) (nil or 1 bit) (1~2 bits)
Start bit Wakeup bit
+ Block check character (8 bits) P Stop bt
(1 bit) (nil or 1 bit) (1~2 bits)
Receive format
Start bit Wakeup bit Stop bit
(o) Data character (8 bits) (il or 1 bit) (1~2 bits)
M66230—MCU
Data character (8 bits)
a5 MITSUBISHI
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A?RT (ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

ABSOLUTE MAXIMUM RATINGS (Ta=-40~+85C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~-+7.0 \
A Input voltage Value using the GND pin as reference —0.5~Vgc+0.5 \
Vo Output voltage —0.5~Vgct+0.5 \
Pd Power dissipation Actually mounted 500 mw
Tstg Storage temperature —65~-+150 T

RECOMMENDED OPERATING CONDITIONS (Ta=—40~-+85C)
Symbol Parameter Limits Unit
Min Typ Max
Vce Supply voltage 4.5 5.0 5.5 \"
GND Ground 0 \
Topr Operating temperature —40 -85 ‘c
ELECTRICAL CHARACTERISTICS (Ta=—40~+85C, Vcc=5V+10%, GND=0V, unless otherwise noted)
Limuts
Symbol Parameter Test conditions Unit
Min Typ Max

Vin High-level input voltage D, WA, C/D, CS, Do~D7 2.0 \
Vo Low-leve!l input voltage 0.8 \
Vin High-level input voltage X1 Ve X0.8 \
Ve Low-level input voltage Ve X0.2 \2
Vit Positive threshold voltage 2.4 \
Vy— Negative threshold voltage RxD, CTS, RESET 0.6 \
Vi Hysteresis width 0.2 \%

low=—8mA INT,DO~D7

Vou High-level output voltage lon=—24mA_T,D. KTS, PO, P1 Vee—0.8 \

lo,=8mA INT,DO~D7 0.55
VoL Low-level output voltage loi—24mA_T,D. RTS. PO, P1 0.55 \Y

b Low-level input current Vi=Vcc 1.0 ~A
e Low-level input current V;=GND —1.0 A
lozn Off-state high-level output current Vo=GND 5.0 uA
loze Off-state low-level output current Vo=GND —5.0 HA
lec Static supply current V|=V¢c, GND 40 mA
C, Input capacitance 10 pF
Cio 1/0 capacitance 20 pF
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M66230P/FP

A’RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

TIMING REQUIREMENTS (Ta=—40~+85C, Voo=5V+10%, Vss=0V, unless otherwise noted)

Limits

Symbol Parameter Test conditions Y Tvp Man Unit
tex) Clock frequency 62.5 18 ns
twi(x1) Clock high-level pulse width 30 5 ns
twix1) Clock low-level pulse width 30 8 ns
trexn) Clock rise time 20 ns
t(x1) Clock fall time 20 ns
tsu(a—R) Address setup time before read (CS, C/D) 0 —8 ns
th(R—a) Address hold time after read (CS, C/D) 0 —10 ns
tw®) Read pulse width 100 35 ns
tsua—w) Address setup time before write (CS, C/D) 0 —8 ns
thiw—a) Address hold time after write (CS, C/D) 0 —9 ns
tww) Write pulse width 100 23 ns
tsu(pa—w) Data setup time before write 50 9 ns
thiw—ba) Data hold time after write 5 =7 ns
trec(RESED) Recoverry time between write 100 ns
tw(RESED) Reset pulse width 100 10 ns

SWITCHING CHARACTERISTICS (Ta=—40~+85C, Voo=5V*10%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
. Min Typ Max

tpzH(R—DQ) Data output enable time after read 43 100 ns
tezL(R—DQ) Data output enable time after read 52 100 ns
tpHz(R—DQ) Data output disable time after read 33 85 ns
tpLz(R—DQ) Data output disable time after read 32 85 ns
tpLH(R—INT) INT output propagation time after read data 62 170 ns
tpHL(R—TNT) INT output propagation time after read data 63 170 ns
tpLh (W—INT) INT output propagation time after write data 54 150 ns
tpHL(W—TNT) INT output propagation time after write data 54 150 ns
tPLH(W—INT) INT output propagation time after write command (command 4) 33 100 ns
tPHL(W—INT) INT output propagation time after write command (command 4) 35 100 ns
teLH(W—INT) INT output propagation time after write command (command 6) 28 100 ns
teHL(W—INT) INT output propagation time after write command (command 6) 30 100 ns
teLH(W—P0) PO output propagation time after wnite command 25 70 ns
teHL(W—PO) PO output propagation time after write command 28 70 ns
teLH(W—P1) P1 output propagation time after wnte command 26 70 ns
teHL(W—pP1) P1 output propagation time after write command 28 70 ns
teLH(W—RTS) RTS output propagation time after writeycommand 25 70 ns
tPHL(W—RTS) RTS output propagation time after wnte command 27 70 ns
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M66230P/FP

A’RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

TEST CIRCUIT

Input Vee Output Voo
o T o)
Ru =1k Parameter SwWi1 Sw2
teLms e | Open Open
{SW] tpLz Closed Open
Pe ouT teuz Open Closed
é\ Sw2 tozL Closed Open
tezn Open Closed
§ 500 = C, R.= 1k
(1) The pulse generator (PG) has the
GN following characteristics (10%~90%)
D
tr=3ns, tf=3ns )
Vesd r (2) The capacitance C_ = 150pF in-

cludes stray wiring capacitance and
the probe input capacitance.

TIMING DIAGRAM

Input/output waveform at read data and read status

3V

RD 1.3V A
oV
tezL(R—DQ) teLz(rR—DQ)
\ /'___—_ Vow
DO0~D7 \ 10%
_/ Vo
tezn(R—pa) tpHz(R—DO)
Von

f No0%
D0~D7 1.3V
J VOL

Clock Timing

teo

tw—(xn) ) tw+(x)

X1

MITSUBISHI ot
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M66230P/FP

A’RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

Write control cycle (MPU—M66230)

_tsua-w thiw—a)

| 3v

ov
3v
/D 1.3v 1.3v
tsua—w) thiw—a)
f | ov

tww)

3V
WR 1.3v\~; ;/1.3v

. tsuta-w th(w—pa)

3v
DO~D7 1.3v Valhd data 1.3v
ov

trLH(W—INT)

Von
Voo

teLH(W—RTS,POPY)

Vou
RTS, PO, P1 >Q/

Read control cycle (M66230—MPU)

ov

tsu(a—m) th(rR-a)

—_—\ t% { 3v

cs 1.3V )/I.QW
ov
3v

c/D 1.3v 1.3v
tsua—r) th(R—a) ov

twm

RD 1.3v\< ;/1.3v
ov

tezu, tezn(R—pa) teLz, terz(R—Da)

3v

D0~D7 Valid data

250 MITSUBISHI
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M66230P/FP

A’RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

Write data cycle (MPU—~M66230)

tsua—w) thw—a)
} ] 3v
— \
'+ Cs 1.3v\1\ /l/l 3v
ov
tsua—w) thow—a)
| | 3v
c/D 1. 3v\l\ /J/1 3v
oV
-
w(w) 3v
WR 1.3v \F ,ﬂ
ov
__ suca-w thw-oa)
3v
DO~D7 1.3v valid data 1.3v
ov
teLH(W—INT) |
. VOH
INT 1.3v
VOL
Read data cycle (M66230—MPU)
tsuta—m) th(R—a) |
3v
cs 1.3v /1/1 v
ov
| tsuta—r) th(r—a)
= 3v
c/D 1.3v )/1 3v
ov
tw(R)
\ / 3v
RD 1.3v 1.3v
N\ / ov
tezL, thzH(R—0q) teLz, tenz(R—pa)
VOH
DO~D7 Valid data
teLH(R—INT) Vor
Von
INT 1.3v
Voo
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M66230P/FP

A*RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

Transmitter control and flag timing (block length=1)

o | [ | | |

VA TXEN 6‘/li;lA\1 /LDJATAZ
i \A LT

W Y | L

(o \\1 /]

7

DATA1 DATA2

Transmitter control and flag timing (block length=3)

WR | I | | I l
o Tthﬁ DATA 1DATA 2 DATA 3 DATA4DATA 5 DATAG
TXEN / / l :;] // |
(Status) * ]/l I

T 1] T LTV

DATA 1 DATA 2 DATA3 DATA 4

c/D

]

(9]
a
]

Jj%

DATAS DATAG6
Transmitter control and flag timing (block length =5)

o5 | [ B [ [ 1] | | |
WR ;U
TXEN |/ DATA1 DATA3 DATAG DATAS DATAI0
o T DATA 2 DATA 4 DATA7DATA9 | \
L / ~ i I
TXEN / )
( Status ) 7

T 1TV T -

DATA1 DATA 4 DATAS DATA6 DATA9

ipall

DATA10
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M66230P/FP

A’RT(ADVANCED ASYNCHRONOUS RECEIVER & TRANSMITTER)

Receiver control and flag timing (block length=1)

o5 ] | 1 | .

RD

DATA p DATA 2

WR | [rxen ER
INT 1

RxBPF { ﬁ \

( Status )
OE DATA3LOST \ |
( Status ) L
e hnnnnghmmnmnginnnnginnm
DATA1 DATA2 DATA3 DATA4

Receiver control and flag timing (block length=3)
oo | | l | |
RD

DATA 1DATA 2‘% DATA 3 DATA4DATAS[ DATA6

WA ] RXEN ER
INT
RxBPF
( )

|

w—

Status

OE DATA 7 LOST
( Status )

RD T T U IR

DATA1 DATA2 DATA3 DATA 4 DATAS DATA 6 DATA7

Receiver control and flag timing (block length=>5)

on | | | [1 | ]

RD
DATA TDATA3 DATAS DATA6 DATAS8
DATA 2 DATA 4 DATA7 DATA9

WR I RXEN Y
INT \\
RXBFULL //(1 |/ \ )

( Status ) 7’ T 1 =7
RxBPF f

( Status )

7

OE DATA 10 LOSTW SI
=7
RxD - ~
. LT~ 11 T W] ~ T T
DATA1 DATA 4 DATAS DATA6 DATA9  DATAI0
MITSUBISHI
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M66240P/FP

4-CHANNEL PWM GENERATOR

DESCRIPTION

The M66240P/FP is an integrated circuit for a 4-channel
PWM generator made using the CMOS process.

The M66240P/FP can connect directly to the MPU data bus
and consists of a 16-bit prescaler and a PWM counter. The
pulse output includes PWM mode, one-shot mode and
high-level and low-level independent setting mode, and in-
dependent channel control is possible. A software servo
system is implemented by combining A-D function and tim-
er function of on a MCU (Micro controller unit).

FEATURES

® 4-channel independent control possible

® 3 operation modes : PWM mode (Mode 0), one-shot
mode (Mode 1), high-level and low-level independent
setting mode (Mode 2)

® PWM repetitive frequency : 50kHz (max)
(Mode 0, 8-bit resolution, prescaler setting=0
: f(Xn)/255)

® Output polarity selection possible

® External triggering possible

® Output after reset and disable is placed in the high-
impedance state.

® Change of mode setting becomes effective after the
current cycle.

® Output buffer drive capability : lo==224mA

APPLICATION

Control of DC motors and stepping motors, heater phase
controllers, software servos for office automation equip-
ment, and industrial equipment.

FUNCTION

Input to DO~ D7 is loaded as command when C/D=1, and
as data when C/D=0. There are three kinds of commands.
(See Fig. 2.)

Command 1 sets each channel's mode.

Command 2 specifies to which register data is written,
either the prescaler of each channel, or the 16-bit data reg-
ister for PWM counter. The data after the second byte spe-
cified by command 2 is written in the order shown by Fig.
3.

The PWM values are written to the H register in Mode 0
and Mode 1. (In mode 0 at 8-bit resolution, only the lower
byte of the H register is used.) In Mode 2, the‘PWM values
are written to both H and L registers. ‘

Command 3 is used to start or stop the prescaler and PWM
counter operation. The output enters the high-impedance
state if a disable is specified during PWM output.

PIN CONFIGURATION (TOP VIEW)

S
po-[] v
D1 *E 23| — PWM1 PWM output 1
D2 —'E 22| < TRG1 Trngger input 1
03 —[4] [21] —+ PWM2 PWM output 2
Data bus inputs
D4—|5 g E +— TRG2 Tngger input 2
p5—[6 3 [15] — PWM3 PWM output 3
D6 —PE % E «— TRG3 Tngger input 3
~
Wite control D7 "E % E — PWM4 PWM output 4
mput WR — ES: E <+ TRG4 Trngger input 4
Command data JE—
control mput C/D — [10 [15] +— RESET Reset mput
Crip s?r:;e)g: CS—|11 E +— X, Clock input
GND E E — X, Clock output
Outline 24P4D
24P2W

To change the values of all 16 bits in the prescaler or the
PWM counter during operation, values should be written to
the upper byte first and then to the lower byte. To change
the values of the lower byte only, the values of only the
lower byte should be written.

To change the values of the upper byte, the values of all 16
bits should be written. To change the values of H register
in Mode 2, the H register value should be written followed
by the L register value.

When values are written to the lower byte (lower byte of L
register in Mode 2), the write cycle of data register is com-
pleted.

If data register value is changed during PWM output (cycie
A), (i. e. when write to the lower byte of the prescaler reg-
ister or the PWM register is completed), PWM output is
changed from the next cycle (B) to the output PWM cycle
(A). (See Fig. 1)

To change the mode (i.e., to execute command 1), disable
the output first (i.e., execute command 3).

Fig. 4 shows the flow chart of the basic operation. (The
order of the prescaler’'s and PWM counter’'s data setting is
not fixed.)
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M66240P/FP

4-CHANNEL PWM GENERATOR

BLOCK

DIAGRAM

O TRG1

3
o
=
3]

-
L
=
‘S
7}
o]

16-bit
prescaler

Selector

16- and 8-bit
PWM counter

FIE | Butter |0 pPwm1

Register

|

Inverting
circuit

H register

Selector

L register

adf

Host micro computer
Control circuit

O TRG2

16-bit
prescaler

Selector

16- and 8-bit
PWM counter

F/F l——)l Buffer I—)o PWM2

Register

i

Inverting
circutt

H register

Selector

L register

ol

-0 TRG3

16-bit
Prescaler

Selector

16- and 8-bit
PWM counter

FIF |—>| Buffer l——)() PWM3

Register

]

Inverting
circuit

H register

Selector

L register

o

O TRG4

16-bit
Prescaler

Selector

16- and 8-bit
PWM counter

F/F l——)l Buffer I——o PWM4

Register

i

Inverting
circuit

H register

Selector

L register

o
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M66240P/FP

4-CHANNEL PWM GENERATOR

T
>

L_‘_JL

—

-

Fig. 1 Change of PWM output
Command 1
o7 | D6 ps | b4 | b3 [ b2 D1 oo | .
“" PWM External “H”
Mode selection resolution trigger  width polarity
Channel selection Mode 0: 8 bits 0:OFF 0:L
Q0 : PWM1 00 : Mode 0 1:16 bits 1:0N 1:H
01 : PWM2 (PWM mode) (Effective
10 : PWM3 01 : Mode 1 only in
11 : PWM4 (One-shot mode) Mode 0)
10 ! Mode 2
(H, L specific mode)
11 I Prohibition
Command 2
o | pe | bs | b4 D3 p2 | b1 [ Dpo
“0" 0: For X 0 : For lower X
Numeric value prescaler byte
control Channel . 1! For upper
selection 0 - Numeric byte
00 : PWM1 value control
01 : PWM2 1:ForPWM O: F9r L 1 For upper X
10 : PWM3 counter width byte Prescaler value and
11 PWM4 1:ForH 0: Forlower PWM counter value
width byte are set by the unit
of byte after the
second byte
“1" 1s specified (See Fig 3)
for Mode 0 and
1
Command 3
D7 D6 D5 D4 D3 D2 D1 DO
g X X 1: Enable PWM4 PWM3 PWM2 PWM1
Enable/dls'a\ble control 0: Disable
contro 1! Enable
X : Dont care
Fig. 2 Commands
MITSUBISHI
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M&6240P/FP

4-CHANNEL PWM GENERATOR

First byte (command 2) )
Second byte Third byte Fourth byte Fifth byte Remark
D3 D2 D1
1 1 1 Upper byte for Lower byte for
PWM H register PWM H register
When Mode0 or 1
1 1 0 Lower byte for _
PWM H register
] 1 1 Upper byte for Lower byte for Upper byte for Lower byte for
PWM H register PWM H register PWM L register PWM L register
1 1 0 Lower byte for Upper byte for Lower byte for
PWM H register PWM L register PWM L register
When Mode 2
1 0 1 Upper byte for Lower byte for _
PWM L register PWM L register
Lower byte for
1 0 0 - - -
PWM L register
0 % 1 Upper byte for Lower byte for _
prescaler register prescaler register
Lower byte for
0 X 0 - - -
prescaler register
X : Don't care
Fig. 3 Data-setting sequence for registers
MITSUBISHI 2—57
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M66240P/FP

4-CHANNEL PWM GENERATOR

L Reset 1 Change values?
e
_ Yes
C/D=1 I Mode setting (command 1)—| D7=1 D7=0
D4=0
| = Prescaler or PWM counter
C/D=1 D3=0or 1
3 1 D7=0 change (Command 2) D2=1
C/D=1 Prescaler setting D4=0 D1=0or1
(Command 2) D3=0 [
D1=1 —
C/D=0 Upper byte for prescaler
_ or PWM counter
C/D=0 Prescaler value
upper byte T
C/D=0 Lower byte for prescaler
_ or PWM counter
C/D=0 Prescaler valure
lower byte
|
_ | D7=0 Yes
C/D=1 PWM counter setting D4=0 Change values?
(Command 2) D3=1 No
D2=1
l D1=1
c/D=0 PWM counter _ D7=0
upper byte C/D=1 [Output disable (Command EFI Da=1
C/D=0 PWM counter Yes
lower byte Change mode?
No

Setting completed?

Yes

C/D=1 I Output enable (Command 3)—|

I Output l

5

Fig. 4 Flow chart in Mode 0 or 1 (for one channel)

D7=0
D4=1

r—58 MITSUBISHI
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M66240P/FP

4-CHANNEL PWM GENERATOR

PIN DESCRIPTION

Pin name Description 170 Function
RESET Reset input Input | Clears command register at low level
DO0~D7 | Data bus input Input | 8-bit data bus to input data or commands from MCU
WR Write control input Input Write data on the data bus to command register or data register at the leading edge from low-to high-level
C/D Command/data Input Data at the data bus s regarded as a command at high level and as data at low level.
control input
cs Chip select Input Communication with MPU s enabled at low-level Any contro! from MCU 1s ignored at high level.
input
X4 Clock input Input 1/0 to the built-in clock generator circuit A crystal oscillator i1s connected between X; and X, To use the external
clock, connect the clock oscillator source to the pin X; and leave pin X, open
Xz Clock output Qutput
TRG1~ | Tnigger input Input This 1s used when external trigger 1s selected in mode setting Set to low level whennot in use
TRG4
PWM1~ | PWM output Output | PWM output pins Outputs become the high-impedance state after reset or after disable 1s specified by command 3
PWM4

MITSUBISHI
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M66240P/FP

4-CHANNEL PWM GENERATOR

MODE DESCRIPTION

The M66240P/FP has a built-in 16-bit prescaler and a
PWM counter. The duty cycle of output pulse can be freely
specified by changing the values of the prescaler and the
PWM counter. The output modes include PWM mode
(Mode 0), one-shot mode (Mode 1) and high-level and
low-level independent setting mode (Mode 2). The de-
scription of these modes is given below.

(1) PWM mode (Mode 0)

This mode is selected by writing “0” to D4 and D3 in com-
mand 1.

Fig. 10-A shows the block diagram of this mode (for one
channel).

The 16-bit PWM counter can be used as an 8-bit PWM
counter only in this mode (command 1 : D2=0). Write the
PWM value to the lower byte of H register when PWM re-
solution is set at 8-bit. In this mode, the H output pulse
width is determined by the prescaler register value L and
PWM register valure M. The PWM output cycle time is de-
termined by the prescaler register valure L, irrespective of
the PWM register value. (See Fig. 5)

1
f(Xin)
Oscillator
source llllHllllllllllllllllll|||||l||||||!|||l|Illlllll
Prescaler ‘ }
output
Internal signal _I—I n rl ﬂ n I—L‘,J_I n I_I n n ﬂ rl_
PWM clock L+1
when L=1) l(——)l
L( f(Xin) ‘
N )
| " |
M=1 I l '“ I
| |
M=2 I I . |
| ” |
M=3 l I
L+1
PWM output | ,(; Y ff
| IN \}
|
|
|
' fs
M=65534 _| L
(254) | . |
| 128
M=65535 le “H”
(255) _ L1 o
L =0y (2D
() :When PWM resolution is 8 bits T(us) : Cycle time f(Xin)(MHz) © Osciliator frequency
L ! Prescaler set value : H width set value
A . PWM resolution (8 or 16)
Fig. 5 PWM mode (Mode 0)
MITSUBISHI

ELECTRIC



MITSUBISHI <DIGITAL ASSP)

M66240P/FP

4-CHANNEL PWM GENERATOR

If the external trigger ON is selected by D1 in command 1, trigger input TRG to high level.

no pulse is output to the PWM output even if enable in If TRG is set to low level during PWM output, the PWM out-
command 3 is specified put maintains the state at that time. It is started from that
In this case, pulse is output to PWM output by setting the point if the TRG is set to high level. (See Fig. 6)

Command

DO~D7 :X Enable X
cs |
oo |
i
s MU UL UL,

Prescaler

In;lernal ;):tpm ﬂ H ﬂ ﬂ n |_| I_I n I—I I_I ﬂ
gnal C|E\)/(\Il'tl;

External

trigger off
PWM azn
output == —=——= 4 ]

External
trigger on

TRG | J

PWM o 2 e e e e e e e e e N ~|

output
(L=1, M=3)

Fig. 6 PMW mode (Mode 0) with external trigger
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M66240P/FP

4-CHANNEL PWM GENERATOR

(2) One-shot mode (Mode 1)

This mode is selected by setting D4=0 and D3=1 in com-
mand 1.

Fig. 11-B shows the block diagram in this mode (for one
channel).

In this mode, one-shot output, determined by the PWM reg-
ister value M, is output by the trigger signal. Operation
varies according to the choice of external and internal trig-

ger signals.

@ External trigger selected (D1=1 in command 1): In
this mode, one-shot output is output on the input of trigger
pulse to the trigger input TRG. Therefore, the cycle of the
output pulse is the same as the cycle of the trigger input
TRG pulse fy.

The output pulse duty cycle is determined by the prescaler
register value L and PWM register valure M. (See Fig. 7)

F
f(Xin)
source
| e |
TRG — -
trigger I I —————— I . | | ______ I
input 17
Prescaler
Internal output I I I—I rl I_I ﬂ l I ” I I n I I I I I l l I
signal|  (at PWM L+1
clock L=1) H(Xin)
_ “
" | ' |
PWM M=1 l I ‘0 |
output \ 3]
S — I 4
M=3 i |
- |
| L1 7
| f(Xin)
|
1
'IN
T(us) - Cycle f(X;n) (MHz) : Oscillator frequency

. Prescaler set value
. H amphitude set value

fin(MHz) . Trigger input frequency

Fig. 7 One-shot mode (Mode 1) with external trigger
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@ When the internal trigger is selected (D1=0 in com-
mand 1)

In this mode, the trigger signal is generated by the prescal-
er. Therefore, the cycle time T of output pulse is deter-

mined by the prescaler register value L. In this case, the
oscillator source becomes the PWM counter clock and the
output pulse duty cycle is determined by the PWM register
value M. (See Fig. 8)

1
H f(Xin)

L+1
_ l< f(Xin)

Oscillator Illllllllll‘lll]l‘lﬂﬂl—ln—lnl—ll—ll—-ll—ll—ll—-ll—-ll—-lrll—l
source

I
Prescaler
output

Internal|  (internal

signal trigger)
(when
L=11)

PWM

output M=2 —-l

_ L+
T= %)
T(us) : Frequency f(Xin) (MHz) : Oscillator frequency
L ! Prescaler set value M : H amplitude set value

Fig. 8 One-shot mode (Mode 1) with internal trigger

In the one-shot mode, if the cycle of the trigger pulse be-
comes smaller than the PWM register value, the trigger
state is started.
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(3) H, L independent setting mode (Mode 2)

This mode is selected by writing D4=1 and D3=0 in com-
mand 1. Fig. 10-C shows the block diagram of this mode
(for one channel).

The high-level pulse value M is set to the H register of
PWM in Modes 0 and 1, but, in this mode, the high-level
pulse value M is set to the H register of PWM and the low-

level pulse value N is set to the L register of PWM. There-
fore, the duty cycle of PWM output and the cycle time T
are determined by the prescaler register value L and H
and L register values M and N. (See Fig. 9)

If external trigger ON is set by D1 in this mode, pulse is
output by setting the trigger input TRG at high level in the
same manner as in Mode 0.

- o

Oscilllator
source.JULILIUULlULIUULIULILILILIULIULILII—IULIL

(when L=1)

_ (M=O
N=3

L

[~ Prescaler
e oy S MM M e rmnnrnmnim I

L+1
f(Xin)

e

(M=2
N=3

(s T

(M=3
N=3

i

oW M=65535
output (
( =3
N=0 e
(M=3
Ne1 J ]_l |__| L_|—
M=3
(" ] 1] I
M=3
[ L1 |
(N=3 J ) ™ ||l_f(xm) N l N
i
(N S SR,

T(us) : Cycle
L I Prescaler set value
N I Low level pulse value

f(Xin) (MHz)

. Oscillator frequency
M . High-level pulse value

Fig. 9 H, L independent setting mode (Mode 2)
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A I Mode 0 : PWM mode

Oscillator
circuit

16-bit
Prescaler

o TRG

Register

16- and 8-bit
PWM counter

i

Inverting circuit

H register

FIF |—>| Buffer |—>o PWM

.

Control circuit
(o)

r B : Mode 1 : One-shot mode

E
E
o

-
o
L
L
o
@
o

o TRG

16-bit 16-bit F/F HBuffer |—>o PWM
Prescaler PWM counter
Register H register
3
L
g g4 8 7
S 8
£ /
c
5 7
3 l [
C : Mode 2 : H- and L- amplitude separate setting mode
O TRG
S,
23 V H
2% 16-bit - 16-bit F/F |—>| Buffer leo PWM
le) Prescaler PWM counter
i
L
Register H regnstér
L register
5 V
= 8 8
[ 7
€
o
(@)
ig. 10 Block diagram (each mode)
MITSUBISHI

ELECTRIC



MITSUBISHI <DIGITAL ASSP)

M66240P/FP

4-CHANNEL PWM GENERATOR

TIMING DIAGRAM

(1) MCU Interface

X1
twick)
cs f
tsuca—w) thw-a)

§

> thiw—n)
/

tsu(a-w) thw—na) tsua—w)

treciw) twiw)

|
Command 3
DO~D7 Data X enable ><
tsu(o-w) thaw-o)

(When external trigger is OFF)

Internal signal
(Prescaler

output) Toan

PWM1~4 J(

tezL

PWM1~4 J&

(When the external trigger is ON)

[_—_
TRG1~4 j
tezn
PWM1~4 }
tezL
PWM1~4
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(2) Operation

S ANV NV SNV S
I VA / \ /N /[

output)

teLn

'PHL
(When the exiernal tngger i1s OFF
n Mode 1 when Mode 0 and 2)
PWM1~4

(Mode 1 when the external trigger 1s ON)

twim

TRG1~4 }[ 3‘\

tPLM

tene

PWM1~4 /

touL teLn
PWM1~4 3\ 1‘
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(3) When reset

RESET \

twm) trecri-w)
I
WR
terz
PWM1~4 /
7
tenz
\
PWM1~4

-

(4) When disabled

- \ 7[
c/D / \
DO~D7 X Command 3 (disable) X

PWM1~4

tPMZ

PWM1~4 \
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APPLICATION EXAMPLE

Motor for running system f—

MCU
Pulse cycle
measurement
FG pulse
M37450
Analog input
r——————- ! Erase —
| | |
| | Voltage
| ROM := —1 M66240 Driver
: | circuit
| L
I, —_—d Lamp
Light
e |
] |
| | |
! | | 1 Temperature
| RAM = |
] | | Peripheral |
| | | I Fixing heated
[}
e —d I
Note : M37450 : ROM  4KB~16KB
RAM  128B~384B
Timer  Multi-function 16-bit type with pulse cycle measurement mode 3 pieces
A-D 8 bits 8 channels
PWM  20kHz cycle 1 channel
UART Clock sync and async one channel
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DESCRIPTION

The M66500SP/FP is a large-scale integrated circuit chip
for programmable high-speed I/0 interface, manufactured
using a Bi-CMOS process and is suitable for 8-and 16-bit
high-speed CPU I/0 ports The device is operated by a
single 5V power supply and consists of three sets of 8-bit I/
O ports, two sets of 8-bit high-withstand voltage output-only
ports, and one 4-bit input-only port.

FEATURES

® |/0 expandable up to 44 bits

No-wait direct connection with 12MHz CPU

Output pattern write in the input mode

Output pin state read from CPU

Transistor array drive

16-bit high-withstand voltage output-only port, 35V and
48mA*

® TTL input level at CPU-side pin

® CMOS-level Schmitt trigger input for 1/0 pin

APPLICATION
1/0 port expander for microprocessors M37450, M37700
and M5L8085.

FUNCTIONAL DESCRIPTION
The M66500P/FP is a high-speed general-purpose prog-
rammable 1/O expander that can be directly connected to
high-speed CPUs with 0 wait states. The device consists of
three sets of 8-bit I/0 ports (ports A, B and C), two sets of
8-bit high-withstand voltage output-only ports (ports E and
F), and a 4 bit input-only port G. These 1/0 ports can be
programmed as input or output ports.
Ports A, B and C consist of CMOS circuits and are capable
of driving transistor arrays with loy = — 2.5mA and lg. =
2.5mA.
Ports E and F are high-withstand voltage, high-current-
drive, bipolar open collector outputs. Ports G is an input-
only port with hysteresis input.
Port C can be divided into a pair of 4-bit I/O ports. Any bit
can be set or reset if the port is originally set for output.
If the reset input (RESET) becomes high-level, output-only
ports E and F enters a high-level output disable status, 1/0
ports are set to input mode, and all other ports enter the
high-impedance state.

* [ lo. of the MB6500FP is 24mA.

PIN CONFIGURATION (TOP VIEW)

PA2 +» 6] ~ PA3
170 port A { PA1 + > PA4
PAQ « +* PA5 | 1/0 port A
(V) Ve +— PAB
Read control input RD — <+ PA7
Write control input WR — « PB7
Chip select input CsS— ++ PB6
Reset input RESET — <+ PBS
(ov) GND1 + PB4
A2 — [ «pp3 [ 7OPE
Port address { A1 — [11] + PB2
input
AO— + PB1
DO+ + PBO
D1+ GND3 (0v)
D2+ g — PE7
D3« [ig] 2 — PE6
Data bus D4« 8 — PE5
D5+ % PR | eonE
D6« — pE3 | PP
D7« — PE2
PC7 +> — PE1
PC6 ~ — PEO
PC5 > Ve (5V)
PC4 « — PF7
170 port C PCO + — PF6
PC1+ — PF5
PC2 — PF4
Output port F
PC3 — PF3
PGO — — PF2
PG1— — PF1
nput port G ) pa s [ — PFO
PG3 — GND2(0v)
Outline 64P4B
s
o
g
PIPYrRz30800839
aococaanCoaacaaa
trrrrr bbbl
[64] [e3] [+2] [e1] [&o] [59] [5¢] f57] [56] [55] [54] [53] 2]
PF6 1] 1]+~ PC1
PF7 «— 2] ~ PCO
(8V)Vee  [E] O O [43] > PC4
PEO « 4] [%8] ++ PC5
PE1 «[5] ~ PC6
PE2 « [3] [i§] « PC7
PE3 «—[7] 5] <> D7
PE4 « [&] z [&4] «~ D6
PES «[5] e +~ D5
PE6 +— [17] 13 <+ D4
PE7 «[1] S +~ D3
(OV)GND3 [ ] ~ D2
PBO « 3] T D1
PB1 1] 8]+ DO
PE2 « — A0
PE3 + [i§] — A1
PE4 « [T] O — A2
PE5 + [T GND1(0V)
PE6 + E +— RESET
B | EJEa | eS| | eS| £ e ) | el O] | A
IR IR R A I R A S T B |
NN OWUYTON-Q O n|x|0
SEsfsfdziSREL
>
S
Outline 64P6W
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BLOCK DIAGRAM
R )
! 8 :8 PA6
PA5
[<—>0 PA4 } 1/O Port A
t
Port A (8 bits) [ >0 paA3
l«——>0 pa2 lor=2.5mA )
\ <—>() PA1 lon="—2.5mA
[< ’? PAO Schmitt input
Read control input RD X
— 4
Write control input WR <__>a) PC7
Port C (High- <—>Q PCé
Az Read/Write order 4 bits) g pC5
control circuit ls—>0 PC4
Port address input< A1 | 1/0 Port C
1
A0 4 loo=2.5mA
< >O| PC3 lon=—2. 5mA)
Reset input RESET Port C (Low- PC2 Schmitt input
order 4 bits) PC1
| . PCO
I
Chip select input cs e—)d) PB7
| 8 :8 PB6
PBS
Port B (8 bits) <———>O: ::gg 1/0 Port B
l<—>0) lo.=2.5mA
. Fe2 |OH=——2.5mA)
:8 PBO Schmutt Input
I
D7
D6 PE7
D5 8 —>(Q PE6
Data bus{ D4 Data bus —>O) PE5
D3 O<—>]  buffer Port E (8 bits) ——=>0) PE4 p Output port E
D2 8:j 8 ort ts) b > pEs
D1 >0 pE2 (vo=35v *)
Do PE1 loL=48mA
PEQ’ SP 1o, =48mA
FP :lo.=24mA
!
| m— S
8 PF6
—=Q PFs .
—>() PF4 »Output port
Port F (8 bits) >0) PF3 (Vo — v
' —=0 PF2 | \ o, =48mA*
=0 g; SP : o, =48mA
Voo ? FP : lo,=24mA
Vee 1
4
GND1 PG3
GND2
GND3 Port G (4 bits) [ Q PG2 input port G
PG1 | Schmutt input
X PGO
L - - - - - -
* I The lp_ of the M66500FP 1s 24mA

GND1 (SP 9-pin, FP 34-pin) : For data bus, port C, port G and internal logic unit
GND2 (SP 33-pin, FP SB-pm).i For output unit of port F
GND3 (SP 51-pin, FP 12-pin) : For /0 buffer of port A and port B, and port E output
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FUNCTION (Reference Bloon Diagram)
RD (read) Input

If the input is low-level, the port input data or port latch
contents appear at the data bus.

WR (write) Input

The data on the data bus is written to the control register or
to the port latch on the leading edge transition from low-
level to high-level.

AO, A1, A2 (Port Selection) Input

The low-order three bits of the address bus are used for
selection of each port and control register. See Table 1 for
the basic functions.

RESET Input
Clears the control register with high level input. In this
case, 1/0 ports A, B and C enter the input mode (high-
impedance state) and output-only ports E and F enter the
disable state (high-level output status). The data in the port
latch is maintained.

CS (Chip Select) Input

Communication with CPU becomes possible with low-level
input. If the input is high-level, the data bus maintains the
high-impedance state and control from MPU is ignored.
The status of each port and the content of the port latch are
not affected.

Read/Write Control Circuit
Control signals from the MPU sets the status of each port
. and enables data transfer between the data bus and ports.

Data bus buffer

8-bit bi-directional bus buffer to transfer data of a data bus.

Port A and Port B

Ports A and B are 8-bit 1/0 ports with an input buffer and
an output latch buffer and are set to input or output ports by
the control command from the MPU. The output circuit con-
sists of a CMOS 3-state totem pole circuit. The output sink
current lo. is 2.5mA, the output source current loy is —
2.5mA and transistor array drive is possible. The device has
CMOS-level Schmitt trigger inputs.

If the port is set for output, the data on the data bus is writ-
ten to the port latch on WR rise and the data is output to
the port. If the port is set for output and RD is low-level, the
port output data appears on the data bus.

If the port is set for input and ﬁﬁ is low-level, the data in-
put to the port appears on the data bus. If the port is set for
input and WR is low-level, the data in the data bus is writ-
ten to the port latch on WR rise. Therefore port output data
is available after the port is set for output.

The content of port latch is not fixed at power on.

Port C

Port C can be divided into a pair of 4-bit 170 ports in addi-
tion to the functions provided by ports A and B. If the port is
set for output, each bit can be set/reset individually.

Port E and Port F
Port E and F are 8-bit output-only ports with output with-
stand voltage Vo, =35V, output sink current Ig_ is 48mA * .
The output circuit is an open-collector using bipolar transis-
tors.
If the port is selected, the data in the data bus is written to
the port latch at WR rise and if the port is set to enable sta-
tus, the latch data is output at the port. If the port is set to
disable status, the port output is high-level, irrespective of
latch data.
It RD=low-level, the content of port latch appears at the
data bus. .

%  The lg_ of the M66500FP is 24mA.

Port G

Port G is a 4-bit input-only port with a Schmitt triger circuit.
If RD is low-level, the data of the port appears in the low-
order 4 bits of the data bus.

NOTE Data from the data bus is available only to the
selected port including the control register, or
both the port output data and port status will not
change unless the port is selected and WR rises.

Table 1 Basic functions.

A2 | A1 | AO | CS|RD |WR Function

0| 0|0| 0| 0] 1 | Databus +<— Port A

0[O0 |1 0] 0] 1 |Databus +~—— Port B

01 0| 0| 0| 1 | Databus +~— Port C
O|1|1]0] 0|1 Databus +~— Port G
110[0|0| 0] 1 |Databus <— Port E latch data
11011 0| O | 1 | Databus <+ Port F latch data
0]0 0|01 ]|f |PotA <+— Data bus

O[O0 |1]0]| 1| f|PortB <+~— Data bus
0|10 |0| 1 |K]|PortC <+— Data bus
110[0(0 | 1] F|Portg <— Data bus
110|101 ]| &]|PortF <— Data bus
111110/ 1| &/ Control register  +—— Data bus

X| X[ X1 X | X | Data bus i1s in the high-impedance state.

0 indicates low-level and 1 indicates high-level

MITSUBISHI
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Control Word

When (A0, A1, A2, WR, D7) = (1,1, 1, 5, 1), the data in
the data bus is regarded as the control word and the port
status is set, or when (1, 1, 1, £, 0), a Port C bit is set/re-
set. See Figure 1 and 2.

1
Don'’t care
Port E enable/disable
Port F enable/disable
Enable 0
Disable 1
Port A 1/0 set
Port B I/0 set
Port C (high-order 4 bits) 1/0 set
,7 Port C (low-order 4 bits) 1/0 set
Output 0
D2 D
[ bz | bs [ b5 D4 D3 [ o1 | bo ] input .
Fig. 1 Port status set control word
0
Don't care
Bit selection
Port C
D3 D2 D1
selection bit
PC7 1 1 1
PC6 1 1 0
PC5 1 0 1
PC4 1 0 0
PC3 0 1 1
PC2 0 1 0
PC1 0 0 1
PCO 0 0 0
Set/reset
Set 1
Reset 0
[ o7 | be | s D4 [ b3 | b2 D1 [ Do |
Fig. 2 Port C bit set/reset control word
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ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C, unless otherwise noted) -

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.3~-+7 \
\A Input voltage —0.3~Vgc+0.3 v
Vo Output voltage —0.3~Vgc+0.3 \
M66500SP Ta=25C when a single IC is used (Note 1) 1.9

Pd Power dissipation - w
M66500FP Ta=25C when a single IC 1s used (Note 2) 1.4

Tstg Storage temperature —65~+150 ‘C

Note 1: Ta=25T is derated at 15. AmW/C
2! Ta=25T Is derated at 11mW/C.

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)

Limits
Symbol Parameter Conditions Unit
Min Typ Max
Vce Supply voltage 4.5 5 5.5 \
Vo High-level output voltage lon= 250uA 0 35 \
Ports E, F VoL =0. 6V (M66500SP) 0 48
loL Low-level output current mA
VoL =<0.5V (M66500FP) 0 24
Topr Operating temperature —20 -+75 C
ELECTRICAL CHARACTERISTICS (vcc=5v+10%, Ta=—20~-+75T, unless otherwise noted)
Limits
Symbol Parameter Test conditions ¥ Unit
Min Typ Max
Vin High-level input voltage Control pin 2 \
Vie Low-level input voltage Data bus (Note 3) 0.8 \%
Upper Ports A, B, C 2.0 2.8
V4 \
. threshold voltage Port G 2.7 3.5
Lower Ports A, B ,C 0.8 1.3
Vr— Vv
threshold voltage Port G 1.1 1.9
Von High-level output voltage Data bus lon=—2.5mA 3.0 \%
VoL Low-level output voltage Ports A, B, C lo.=2.5mA 0.45 \
v Low-level outout volt PortE. F lo,=48mA  (M66500SP) 0.6 v
ow-level output voltage ort E,
o i 9 lo,=24mA (MB6500FP) 0.5
lon High-level output current Port E, F Vo=35V 250 uA
I, Input leakage current Vi=0~V¢e +10 LA
loz Off-state output current Vo= 0~Vcc *10 LA
All ports high-level output 5
lcc Supply current M66500SP 80 110 mA
All ports low-level output
M66500FP 40 60
C Input pin capacitance t=1MHz 10 pF
Cio 1/0 pin capacitance 0V except measuring pins 20 pF
Note 3: The control pins are RD, WR, RESET, CS, A2, A1 and AO pins
*  Typical values are at T3=25C, Vec=5V
TIMING REQUIREMENTS (Ta=—20~+75C, Vcc=5V+10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Max
tsu(a—r)= 0 ns 160
t, Read pulse width ns
W(R) P tsu(a—r)=40ns 120
tsu(pe—R) Peripheral setup time before read 0 ns
th(r—pPE) Peripheral hold time after read 0 ns
tsua—R) Address setup time before read 0 ns
th(r—a) Address hold time after read 0 ns
twiw) Write pulse width 120 ns
tsu(pa—w) Data setup time before write 40 ns
th(w—pa) Data hold time after write 0 ns
tsuca—w) Address setup time before write 0 ns
thiw—a) Address hold time after write 0 ns
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SWITCHING CHARACTERISTICS (Ta=—20~+75C, Voc=5V=10%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Max
tezH(R—DQ) Propagation time from tsu(a-r)=0ns C_=150pF 120 ns
tpzL(R—DQ) read to data output tsuta—r)=40ns (Note 4) 85
t, —
PHZ(R—DQ) Propagation time from read to data floating C.=150pF(Note 4) 10 85 ns
teLz(r—Da)
Ports A, B, C C_=150pF(Note 4) 200
teHL(w—rpE) Propagation time from
1 te to output Ports E, F Cu150pF, 250 ne
— write to outpu orts E,
PLH(W—PE) P R=1100(Note 4)
Note 4 . Test Circuit
Input measuring point Vce  Output measuring point
Q Q Cr
(1) The pulse generator (PG) has the fol-
lowing characteristics tr=6ns, tf=
6ns, Zo=500
(2) The capacitance C_ includes stray
wiring capacitance and the probe input
capacitance
RL=2kQ (data bus)
1100 (ports E, F)
S1
n Input Output
DuT
PG (L Symbol Outputpn | S1 | 82
T J_ tprL(w—pe) | Ports AB,C | Open|Open
500 - (2) S2 teLn(w—pe) | Ports E,F Closed Open
C t —
- PZH(R—DQ) Data bus Open |Closed
2kQ teHz(r—DAQ)
tezL(R—DQ)
Data bus |Closed| Open
Yeza 777 teLz(R—Da)
2.4v Vee
2v 2V 2v 2v
0.8v 0.8v 0.8v 0.8v
0.45v ov
Control pin input Port input
Data bus input
Vin=2V, V, =08V
Input pulse levels and input reference levels
2V 2V
0.8v 0.8v 10%
Von=2V, Vo =08V (Data bus, ports A, B, C) teLz(r—pa)
Vou=Vo,=1.5V (Ports E, F)
90%
tenL(w—re) tezH(rR—Da)
teLn(w—rpe) tezi(rR—pa)
teHz(r—Da)
Output reference levels
MITSUBISHI 275
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TIMING DIAGRAM

Read operation timing

twir)
\ s
RD N /
N /
tsuta—r) th(r—a)
CS, A0~A2
tsu(pe—n) th(r—pe)

PORT
INPUT

tezu(r—0a) N tenz(R—pa)

tezL(R—DQ) teLz(r—DQ)

X4 B

Write operation timing (includes control register write)

twow)
1 /
_ 4
WR
tsuta—w) thiw—a)
CS, AO~A2
tsuipa—w) thw-oa)
DO~D7
teHL(w—PE)
teLH(w—PE)
PORT
OUTPUT
MITSUBISHI
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TYPICAL CHARACTERISTICS

High-level output voltage vs high-level
output current (data bus)

High-level output voltage vs high-level
output current (ports A, B, C)

Ta= ~2§§C°C Ta= ‘iS'C
2 I~~~y cc =5. 5V/ 80°C s / 23 é:"c
I T V
o
z 5 Vee=5y —] N %
g [ — Veo=4 5v -§> % §§\
° — \\ 3
S \\ >
o S z N
3 \§ g \\\
T ® \ \
2
;l.) 3 ;; 3 \\ \
5 g NN\
I £ \
¥
0 N
0 -2 -4 -6 -8 -0 0 -2 -4 -6 -8 -0
High-level output current loy (mA) High-level output current loy (mMA)
Low-Level output voltage vs low-level Low-level output voltage vs low-leve!
output current (data bus) output current (ports A, B, C)
0.5 0.5 B T / /
_ Veo=4. 23\ / /
2 0.4 5.5V A /
- 0.4 -~ 7/ v
= z
=S Vec=4. 5V\ 2 . —ave / //
S 5Vv. > o.3-'a
5 2 5.5 s U 25¢C 474
> Ta=80TC | ; =4 —25C /
g 02 2T = 2 02 s
s v == g
[} -
3 = 3
z 0. 0.1
o
-
0
0 2 4 6 g 10 % 2 4 5 8 10
Low-level output current Ig, (mA) Low-level output current lo. (MA)
Low-level output voltage vs low-level 1/0 transfer characteristics (port—data bus)
output current (ports E, F)
1.0 T
Vec=4.5V
= ~ 5
=, 0.8 >
o
i / > 4
2 o6 o Voo=5V
§ X % Ta=25C
5 Ta=—25C / Z Ports
3 04—BTC s ABC|Y Port G
.; 80°C ° 2 -
3
$ LA : NS
3 0.2 g
74 g
0 0
0 20 40 60 80 100 0 1 2 3 4 5
Low-level output current lo. (mA) Port Input voltage V; (V)
MITSUBISHI
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M66500SP/FP

PROGRAMMABLE BUFFERED 1I/0 EXPANDER

Propagation time from write to output
vs ambient temperature (ports A, B, C)

Propagation time from write to output
vs ambient temperature (ports E, F)

ELECTRIC

140 _ 140
2 g
£ =
5 120 3 120
2 Rl g
g \\004 : g
2 100 Bz o 10 V=45V
£ / N2 8 s s v,;°=5v\
EH 80 Ncg E 80 | Veo=5.5V
€ - S
o =
:1—) ‘/ o -
g 60 E 60 -
bt =3
5 s
B 40 S 40
g 5
) = =
& = ['% 0 B
—25 25 80 —25 25 80
Ambient temperature Ta (C) Ambient temperature Ty (C)
Read access time vs address setup time
(peripheral setup time tgy(pe-r)=0ns)
Vee=5Vv
80 =
2
2 AN Ta=80C
E 60 N
2 \ Ta=25C
9 T
& 40 R—Ta=—25C
hel
«
Q
4
20
0
0 20 40 60
Address setup time tgy(a-r) (ns)
MITSUBISHI



MITSUBISHI <DIGITAL ASSP)

M66500SP/FP

PROGRAMMABLE BUFFERED 1/0 EXPANDER

PORT BLOCK DIAGRAM

(Ports A, B, C*)

Data Bus
AO~A2
WR

(Ports E, F)

Data bus
A0~A2
WR

(Port G)

A0~A2
WR

Data bus

Port
selection

circuit

* | The bit set/reset circuit 1s added to port C

Enable/disable
register

Port selection
circuit

Port selection
circuit

MITSUBISHI
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M66500SP/FP

PROGRAMMABLE BUFFERED 1/0 EXPANDER

APPLICATION EXAMPLE

M66500SP/FP

1.

LED, relay drive

71

5ﬁ

M66500SP/FP

%+24v
PE ‘ Qourt

out

A

b
W

wW

( }[/1/1

PF

2.

Level shift, photo-coupler drive

MITSUBISHI
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M6E6220SP/FP

256 X 8-BIT MAILBOX

The specifications are subject to change without notice

DESCRIPTION
The M66220SP/FP is an integrated circuit for a mailbox PIN CONFIGURATION (TOP VIEW)
with a built-in 256 X 8-bit, complete CMOS-type, common ~
. . CHIP SELECT INPUT  CSA — E 42 Vec(5V)
memory cell, with two access ports A and B, made with the iy =
high-performance silicon-gate CMOS process technol \WRITE ENABLE WEA — [2] F_TI«—E% CHIP SELECT INPUT
igh-pe gate P gy. . hoTRERDY ot Ready A +— 3] ;‘—2',_ WEB yme evaete
To be able to read from and write in a common memory in- outeuTenpee OEA — [4] %] — Not Ready BLOIAEAY
dependently and asynchronously from both access ports, M p A= T - OEB ourrur e
the M66220SP/FP has independent address, CS, WE and A A—[E] 3]+~ A, B
OE control pins, and 1/0 pins . The device also has a built- A AT B~ A B
in arbitration function to decide a port in case that address Az A—[E] z %]~ A, B
PORT A ADDRESS
collisions from both ports occur. wrors | As A= [E] 2 51— A B PORT 6 ADDRESS
A5A—>[E N @’—ﬁu B INPUTS
N
Ag A— |11 o 32|+— A B
FEATURES B8 Bix
oM figuration 256X 8-bit Ao A 2 °B
emory config : . 170 0A +[13] T 3] — A, B
© High-speed access : address access time 40ns(typ) 1/0 1A + 1] o %)+~ 1/0 78
O Complete asynchronous access from both ports of A and 170 2A «[15] [28] ++ 1/0 6B
B is posible. 170 3A «[1g] [27] +~ 1/0 5B
" n PORT A DATA /0
O Completely static operation ? 170 4A +[17] 26] -~ 1/0 4B PORT B DATA /0
O Built-in port arbitration function 170 5A = [ig] 2]+~ 1/0 38
O Low power dissipation for CMOS design 170 6A i3 2i] 10 28
-~ 73]~
O Single 5V power supply (0\'//)2;’; % % :;8 (1)2
O Not Ready output pin is provided(open drain output)
O Direct connetion of [/0 to TTL is possible Outline 42P4B
O 3-state output for I/O pins 42P2R
APPLICATION
Data transfer memory between MPUs, buffer memory for
image processing system.
BLOCK DIAGRAM Vcéc
[_ - - - - - - - - \5__)’*’ T "
NOT READY OUTPUT| NOT READY OUTPUT
Not Ready A (3 (39) Not Ready B
WRITE ENABLE WRITE ENABLE
INPUT WEA (2 WEB INPUT
ECT NTROL CHIP SELECT
ouiP SeLECT__ CONTROL ARBITRATION co 4D oss Leet
OUTPUT ENABLE CIRCUIT CIRCUIT CIRCUIT T oureur ennee
INPUT oA (4 ' 8 Oes INPUT
o 17
ATA A7B
2 o8
OEA k ‘ WEA WEBJ ‘EEB 1018
::2 i: PORT B
PORT A DATA 110
DATA 1/0 1/0 BUFFER 170 BUFFER B) 10 48
110 5B
170 68
\[ 7o 78
j ) AOB
) A1B
D) A2B
FomTa ROWCOLUMN e uRATIO . |rowccoLumy %o | e
INPUTS DECODER Q N DECODER o | T
7 A6B
A7B
- . - . - T— -
GND
MITSUBISHI 3—3
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M66220SP/FP

256 X 8-BIT MAILBOX

FUNCTION

The M66220 is a mailbox suitable for data transfer between
MPUs using a multi-port method. The 256 X 8-bit common
memory cell with two sets of address lines and data lines
enables to read/write independently and asynchronously
from both access ports A and B. Therefore the common
memory can be accessed as simple RAM from one side of
MPU. Because access to common memory is possible
irrespective of access by other MPUs, the performance of
multi-port processor systems is considerably improved.

If collision on the same memory address occurs from both
ports A and B, the built-in arbitration function determines
the first-come port and gives priority of access.

The M66220 outputs the low-level Not Ready signal for the
late-come port and makes access from the MPU invalid.

FUNCTION TABLE 1 (A0A~A7A+ AOB~AT7B)

If the address Ay~ A; is specified and the [ signal is set
to low-level, the 1/0 pins are in the input mode, and if the
WE signal is set to low-level, the data of the 1/0 pins is
written. If the WE signal is set to high-level and the CS and
the OE signals are set to low-level, the 1/0 pins are in out-
put mode, and if the address A;~ A; is specified, data of
spcified address are output to the 1/0 pins. If CS is set to
high-level, the M66220 is in no-selection state, being un-
able to write or read. and The output is in floating state
(high-impedance state), enabling OR ties with other chips.
If the OE signal is set to high-level, the output is set to the
floating state. If the I/0 bus method is used, collision of in-
put data and output data on the bus is avoided by setting
OE to high-level during write operation. If the CS is set to
high-level, the device is set to the standby state and the
supply current is lowered. (See Tables 1 and 2.)

_ Port _Awﬂputs _ _ Poﬂﬂputs _ Flag Function
CSA WEA OEA csB WEB OEB Not Ready A | NotReady B
H X X X X X H H Port A is set to no-selection mode
X X X H X X H H Port B 1s set to no-selection mode.
L L X X X X H H Port A is set to write mode for memory
L H L X X X H H Port A 1s set to read mode for memory
X X X L L X H H Port B is set to write mode for memory.
X X X L H L H H Port B s set to read mode for memory

X=lrrelevant “H" = High level “L"= Low level

FUNCTION TABLE 2 BASIC FUNCTION OF EACH PORT

FUNCTIONAL DESCRIPTION
Arbitration Function
The M66220 allows asynchronous access to the common
memory from two independent ports, improving the total
efficiency of the processor system by using the multi-port
method. However, independent and asynchronous access
from the two ports may cause collision on the same
address of the common memory, selected by both ports. If
the same address is selected from both ports, four basic
operations may take place according to the access mode
setting.

(1) Port A—Read Port B—Read

(2) Port A—Read Port B—Write

(3) Port A—Write Port B—Read

(4) Port A—Write Port B—Write
In case (1) in which both ports are in the read mode, data is
read correctly for both ports and the memory content would
not be destroyed. But, in case (2) or (3), in which one port is
in write mode and the other in the read mode, the write
would be performed correctly, but the data of the opposite
port read operation may change in the same cycle. In case
(4), in which both ports write, both ports write opposing
data, making the memory content unstable, and therefore,

cs WE OE Mode 1/0 pin lee
H X X No-selection High-impedance Standby
L L X Write Diy Operation
L H L Read Dout Operation
L H H High-impedance Operation

the operation cannot be secured.

To solve these problems, the M66220 has a built-in arbitra-
tion function to arbitrate the address collision from both
ports. The arbitration function determines which port was
confirmed first and gives priority to the first-come port with-
out condition. (The Not Ready signal is kept high-level.)
While the same address are selected by both ports, the
Not Ready output pin of late-come port is set to low-level
irrespetive of read/write operation, and the write operation
to late-come port from MPU is prohibited. If the first-come
port changes address and the addresses of both ports do
not match, the Not Ready output is canceled to high-level
and the late-come ports is allowed to access again. If the
same address is selected at a time by both ports, the
arbitration function allows access of only one port, and set
the Not Ready output of another port to low-level and make
the access from the MPU invalid. Table 3 shows the port
arbitration function and port access.

® Collision No. 1 (address control)

Table 3 shows the port access status and the Not Ready
output condition when the same address In the common
memory is selected by both port A and B.

3—4 MITSUBISHI
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M66220SP/FP

256 X 8-BIT MAILBOX

TABLE 3 —
Address setting when the same address Port A Port B
1s selected Mode setting Access Not Ready A Mode setting Access Not Ready B
Port A comes first Read O H Read O L
Port B comes first Read O L Read O H
Port A comes first Read O H Write e L
Port B comes first Read O L Wnite O H
Port A comes first Write O H Read O L
Port B comes first Write X L Read O H
Port A comes first Write O H Write X L
Port B comes first Write X L Wnite @] H
Port A and B at the same time Arbitration Resolved Arbitration Resolved
“H"=High-level, “L"=Low-level
® Collision No. 2 (CS control)
If the CS input settings of both ports results in a situation
where AOA~ A7A=A0B~ A7B, the port access status and
the Not Readv output status are the same as the address
input setting in collision No. 1.
ABSOLUTE MAXIMUM RATINGS (Ta=0~70°C, unless otherwise noted)
Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~-+7.0 \
\ Input voltage —0.3~Vgc+0.3 \Y
Vo Output voltage 0~Vee v
Pd Power dissipation Ta=25C T.B D W
Tstg Storage temperature range —65~-+4150 C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max

Vee Supply voltage 4.5 5.0 5.5 \'%

GND Ground 0 \

Vi Input voltage 0 Vce \%

Topr Operating temperature range 0 70 C
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=5V+£10%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

Vin High-level input voltage 2.2 Veet0.3 v
VL Low-level input voltage —0.3 0.8 v
Vou High-level output voltage(1/0) loy=—2mA 2.4 \"
VoL Low-level output voltage(1/Q) lo,=4mA 0.5 Vv
VoL Open drain low-level output voitage(Not Ready) lo,=8mA 0.5 \
I Input leakage current Vi=0~Vce +10 KA
lo Output leakage current CS=Vyy or OE=Vjy Vy,0=0~Vec +10 uA

Average operating supply current CS=V
oo ge op g supply - TB D A
(Both ports active) Output pin open
Isg1 Both ports standby CSa, CSe=Viy T.B.D mA
2 CSa or CSg=Vyy lour=0mA
lse2 & | One port standby " e fout T.B.D mA
= (Active port output pin open)
° CSa, CSp= Vee—0.2V
! Z | Both ports fuil standb T.B.D mA
sB3 fé oth ports Tull stancby Other Input Vin= Voo—0. 2V or Vin=0.2V
P CSh or CSp= Ve —0. 2V
lspa One port full standby Other nput Vin2 Vo —=0.2V or VNS0,V Ioyr=0mA T.B D mA
(Active port output pin open)
Note 1 The current flowing into the IC s positive.
2 Typical values are at Voc=5V, Ta=25C.
MITSUBISHI 35
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M66220SP/FP

256 X 8-BIT MAILBOX

TIMING DIAGRAM
Read Cycle (WE=V,,)

® Read Cycle No. 1 (Address Control) (CS=O0E=V,,)

tCR
o= X X
ta) | .
v(A)
tv(a)
I/OOEBI‘/JSS Previous cycle data Data output I1s established
® Read Cycle No. 2 (CS Control)
tcr
AO~A7 ><
taca)
s ANANNK /S
taccs) tdis(cs)
ten(cs)
A
AN ANANNAK /) /
tacoe) tdis(oe)
ten(or)
/00~1/07 ><><><>< Data output estabhished >————
(Dout) High-impedance

3—6 MITSUBISHI
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M66220SP/FP

256 X 8-BIT MAILBOX

Write Cycle
® Write Cycle No.1 (WE Control) See Note 1, 2 and 3

tew
Ap~A; >< ><
tsu(a—wen)
[ tsuccs)
s TLUNYLY 1/ / /
tsuA) 1 twiwe) treciwe)
WE 4
e N /|
tsu(p) tho)
1/0o~1/0
° ! Data input 1s established >-—————
(D)
o [/ F AN
tdis(oe)
1/0¢~1/0;
(Dout)
® Write Cycle No. 2 (WE Control) See Note 1, 2, 3 and 4
tCW
X X
tsuta—wen)
tsu(cs)
RN 7
tsua) twiwe) trec(we)
WE \ \ \ /
NIV /
tsu(o) theo)
1/0~1/07 Data input 1s
(D) established
tdistwe) ten(we)
1/0g~1/07
(Dout)
Note 1 : When address input changes, the WE from that port should be set to high-level

2 . Write operation I1s performed while both CS and WE are low-level

3 © Do not apply reverse-phase signal when 1/0 pin Is in the output state

4 ! Output is kept In the high-impedance state If the traling edge of WE happens before or at the same time of the
trailing edge of CS, or if the leading edge of WE happens at the same time or after the leading edge of cs

5 : Shaded area=don't care

MITSUBISHI
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M66220SP/FP

256 X 8-BIT MAILBOX

Collision Cycle
® Collision Cycle No. 1 (Address Control) Note 6,7

(233::: g) * Addresses matching >< Addresses not matching
tars
I
Address B >< N
(Address A)
tnaa tnoa

Not Ready B
(Not Ready A)

* Address A=Address B

® Collision Cycle No. 2 (CS Control) Note 6, 8

Address )
* h
ASB >< Addresses matching ><

93
Ny
K

tars

CsB

©sA) N

|
/

tnac tnoc

Not Ready B
(Not Ready A)

* Address A=Address B

Note 6 : The Not Ready output of the first-come port i1s kept at high-level
7 . The CS s set low-level before the address input is established o
8 ! The address input is established before the low-level transition of CS

3-8 MITSUBISHI
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M6622iSP/FP

256 X9-BIT MAILBOX

DESCRIPTION

The M66221SP/FP is an integrated circuit for a mailbox
with a built-in 256 X 9-bit, complete CMOS-type common
memory cell with two access ports A and B, made with a
high-performance silicon-gate CMOS process technology.
To be able to read from and write in a common memory in-
dependently and asynchronously from both access ports,
the M66221SP/FP has independent address, CS, WE and
OE control pins, and 1/0 pins. The device also has a built-
in arbitration function to decide a port in case that address
collisions from both ports occur.

FEATURES

® Memory configuration 256X9-bit

o High-speed access : address access time 40ns(typ)
@ Complete asynchronous access from both port A and B
is posible.

Complete static operation

Built-in port arbitration function

Low power dissipation for CMOS design

Single 5V power supply

Not Ready output pin provided(open drain output)
Direct connection of 1/0 to TTL is possible

3-state output for 1/0 pins

6 © e ¢ 00¢@Q

APPLICATION

Data transfer memory between MPUs, buffer memory for
image processing system.

FUNCTION

The M66221 is a mailbox suitable for data transfer between
MPUs, using a multi-port method. The 256 X 9-bit common
memory cell with two sets of address lines and data lines
enables to read/write independently and asynchronously
from both access ports A and B. Thérefore the common
memory can be accessed as simple RAM from one side of
MPU. Because access to common memory is possible
irrespective of access by other MPUs, the performance of
multi-port processor systems is considerably improved.

If the same address in memory is selected from both ports
A and B(collision), the built-in arbitration function decides
the first-come port and gives priority of access.

The device outputs the low-level Not Ready signal for the
late-come port and makes access from the MPU invalid.

If the address Ag~ A7 is specified and the CS signal is set
to low-level, the 1/0 pins are in the input mode, and if the
WE signal is set to low-level, the data of the 1/O pins is
written. If the WE signal is set to high-level and the CS and
the OE signals are set to low-level, the 1/0 pins are in out-
put mode, and if the address Ag~ A7 is specified, datas of
specified address are output to the I/0 pins. If CS is set to
high-level, the M66221 is in no-selection states, being un-
able to write or read. The output is in a floating state (high-
impedance state), enabling OR ties with other chips.

The specifications are subject to change without notice.

PIN CONFIGURATION (TOP VIEW)

WRITE ENABLE
—
nor  INPUT WEA

READY Not Ready A
opseoy Not Ready A +—

OUTPUT ENABLE OEA —
NC
NC

Ao A—
Ay A—
A A—
Ay A—
Ay A—
As A —
As A—
A; A—
-NC

NC

1/0 OA +

1/0 1A+

1/0 2A

1/0 3A +

PORT A DATA /O] /O 4A >

1/0 5A ++

1/0 6A +>

1/O 7A «

1/0 8A +»

(0V)GND

IPORT A ADDRESS]
INPUTS

CHIP SELECT INPUT CSA — [1 ~ 8] Veo(5V)
WRITE ENABLE W - E E - @ CHIP SELECT INPUT
READV m — E j +~— WEB WAITE ENABLE
ouqu ENABLE OEA — |: E - m HEADV
NC E E — OEB OUTPUT EF?ABLE
Ao A—[3] [  NC
A A— E .-‘.@ —AB
A, A—[3] 7] — A, B
porr A aooress] Az A= [3] [50] — A, B
s Ad A= E E e A3 B PORT B ADDRESS
As A— E g E —AsB INPUTS
A A—[12] 2 [37] — As B
A; A—[13] N 3] — As B
NC [ e %] A, B
1/0 0A = [15] 3] NC
170 1A+ 1§ 33+~ 1/0 8B
170 2A ++[17] 3]+~ 1/0 7B
1/0 3A +[1g] 31« 1/0 68
PORT ADATA1/01 1/O 4A |19 E*" 1/0 5B
1/0 5A + (23] ++ 1/0 4B }PorT & DATA 110
170 6A = [21] [28] +» 1/0 3B
170 7A = [22] [27] +~ 170 2B
1/0 8A [26] +~ 1/0 1B
(OV)GND 25] ++ 1/0 0B

dd412299N

Outline 52P2G

Vee(5V)
<+ CSB CHIP SELECT INPUT
«— WEB YaE enveeLe

— — — _ NOT
— Not Ready B READV
« OEB ourput ENABLE il

NC
— A, B
~—AB
—A;B
+= A3 B [porT B ADDRESS|
— A B |meuts
+—As B
+—As B
+—A;B

NC

NC
++1/0 8B
/0 7B
<+ 1/0 6B
++1/0 5B
+> /O 4B {PORT B DATA /O
«1/0 3B
/0 2B
«1/01B
+ /0 0B

NC : No connection

MITSUBISHI
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M66221SP/FP

256 X 9-BIT MAILBOX

BLOCK DIAGRAM Voo
- - - - - - - - —O
NOT READY OUTPUT INOT READY OUTPUT
Not Ready A Not Ready B
WRITE ; ___WRITE
eleit s e
uT
one sstgor GONTROL ARBITRATION CONTROL e
E CIRCUIT
outPuT ClRoUIT CIRCUIT ___ourtkur
ENABLE Gga OFB ENABLE
‘ " s
Voo ATA ATB Vo8
o 1A vo 18
Voo OEA ‘ ' WEA WEB ] ! OEB o
pORT A | VO34 — 9 [ Vo3
g 110 48 \PORT B
DATA /O 'I:; :: »~~->1 1/0 BUFFER 1/0 BUFFER e voss |PATAVO)
/0 6A 110 68
170 7A o 78
1/0 8A G @ 170 88
ADA AoB
AA AlB
MEMORY ARRAY A28
Jpomma | | Row ROW . = s
NPUTS AdA COLUMN <:> 256X 9BIT CONFIGURATION COLUMN A48 Fv?:urs
ASA ) : ECOD 5B
o DECODER DECODER L o
A7A 78
OGhb

If the OE signal is set to high-level, the output is set to the OE to high-level during the write operation. If the CS is set
floating state. If the 1/0 bus method is used, collision of in- to high-level, the device is set to the standby state and the
put data and output data on the bus is avoided by setting ~ supply current is lowered. (See Tables 1 and 2)

FUNCTION TABLE 1 (A0A~A7A+ AOB~A7B)

Port A inputs Port B inputs Flag

CSA WEA OEA CcsB WEB OEB | NotReadyA | NotReadyB Function
H X X X X X H H Port A is set to no-selection mode
X X X H X X H H Port B 1s set to no-selection mode
L L X X X X H H Port A Is set to write mode for memory
L H L X X X H H Port A 1s set to read mode for mgmory
X X X L L X H H Port B 1s set to write mode for memory.
X X X L H L H H Port B 1s set to read mode for memory

X =lrrelevant, “H" =High-level, “L" =Low-level

FUNCTION TABLE 2 BASIC FUNCTION OF EACH PORT

cs WE OE Mode 1/0 pin lec
H X X No-selection High-impedance Standby
L L X Write Din Operation
L H L Read Dout Operation
L H H High-impedance Operation
3—10 MITSUBISHI
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M66221SP/FP

256 X 9-BIT MAILBOX

FUNCTIONAL DESCRIPTION
Arbitration Function
The M66221 allows asynchronous access to the common
memory from two independent ports, improving the total
efficiency of the processor system by using the multi-port
method. However, independent and asynchronous access
from the two ports may cause collision on the same
address in the common memory selected by both ports. If
the same address is selected from both ports, four basic
operations may take place according to the access mode
setting.

(1) Port A—Read Port B—Read

(2) Port A—Read Port B—Write

(3) Port A—Write Port B—Read

(4) Port A—Write Port B—Write
In case (1) in which both ports are in the read mode, data is
read correctly for both ports and the memory content would
not be destroyed. But, in case (2) or (3), in which one port is
in write mode and the other in read mode, the write would
be performed correctly. But the data of the opposite port in
read operation may change in the same cycle.in case (4) in
which both ports in write opration, both ports write opposing
data, making the memory content unstable, and, therefore,
the operation cannot be secured.
To solve these problems, the M66221 has a built-in arbitra-
tion function to arbitrate the address collisions of both ports.

The arbitration function determines which port was con-
firmed first and gives priority to the first-come port without
condition. (The Not Ready signal is kept high-level.) While
the same address are selected by both ports, the Not
Ready output pin of late-come port is in set to low-level

irrespective of read/write operation, and the write operation
to late-come port from MPU is prohibitited.If the first-come
port address changes and the addressese of both ports do
not match, the Not Ready output is canceled to high-level,
and the late-come port is allowed to access again. If the
same address is selected at a time by both ports, the
arbitration function allows access of only one port, and sets
the Not Ready output of another port to low-level and
makes the access from the MPU invalid. Table 3 shows the
port arbitration function and port access.

o Collision No. 1 (address control)

Table 3 shows the port access status and the Not Ready
output conditions when the same address in the common
memory is selected by the address input setting from both
ports A and B.

® Collision No. 2 (CS control)

If the CS input setting of both ports results in a situation
where AOA~A7A=A0B~A7B, the port access status and
the Not Ready output status are the same as the address
input setting collision No. 1.

TABLE 3 CSA=CsB="L"
Address setting when the same address Port A Port B
1s selected Mode setting Access Not Ready A Mode setting Access Not Ready B
Port A comes first Read O H Read O L
Port B comes first Read O L Read O H
Port A comes first Read O H Wnte X L
Port B comes first Read O L Write O H
Port A comes first Write O H Read O L
Port B comes first Write X L Read O H
Port A comes first Write O H Write X L
Port B comes first Write X L Write O H
Port A and B at the same time Arbitration Resolved Arbitration Resolved
“H"=High-level “L"=Low-level
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M66221SP/FP

256 X 9-BIT MAILBOX

ABSOLUTE MAXIMUM RATINGS (Ta=0~707C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~+47.0 \
A Input voltage —0.3~Vcct0.3 \%
Vo Output voltage 0~Vee \%
Pd Power dissipation Ta=25C T.B.D w
Tstg Storage temperature range —65~-+150 C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)

Limits
Symbol Parameter i Tve Max Unit
Vece Supply voltage 4.5 5.0 5.5 \
GND Ground 0 \"
Vi Input voltage 0 Vece \"
Topr Operating temperature range 0 70 ‘C

ELECTRICAL CHARACTERISTICS (Ta=0~70C, Voc=5V£10%, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vin High-level input voltage 2.2 Vcet0.3 \
Vi Low-level input voltage —0.3 0.8 v
Vou High-level output voltage(1/0) lon=—2mA 2.4 \
Voo Low-level output voltage(1/0) lo,=4mA 0.5 \'
VoL Open drain low-level output voltage(Not Ready) lo=8mA 0.5 \
1y Input leakage current Vi=0~Vcc +10 uA
lo Output leakage current CS=Vjy or OE=V}y Vy0=0~Vcc +10 u#A
loo Average operating supply current 6§=V|L T B.D mA
(Both ports active) Output pin open
lse1 Both ports standby CSa, CSg=Vi T.B D mA
Ise2 § One port standby CS or CS5=Vin lour=0mA T.B.D mA
3 (Active port output pin open)
lssa 8 | Both ports fulf standby C8s, CSe Voo=0.2v : T.B D mA
5 Other input Viy= Vee—0. 2V or Viy=0.2V
2] TSy or CSp= Vec—0.2V
Isga One port full standby Other input Vin2 Voc—0.2V or ViNS0. 2V Ioyr=0mA T.B D mA
(Active port output pin open)

Note 1 The current flowing into the IC is positive
2 Typical values are at Vec=5V, Ta=25TC.

) MITSUBISHI
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M66221SP/FP

256 X 9-BIT MAILBOX

TIMING

DIAGRAM

Read Cycle (WE=V,,,)
® Read Cycle No. 1 (Address Control) (CS=0E=V,,)

A0~A7

1/00~1/08
(Dout)

AO~A7

(9]
w

ql
m

1/00~1/08

ten
X X
taw |
tv(a)
tvea)
Previous cycle data Data output 1s established ><><
® Read Cycle No. 2 (CS Control)
ten |
X
taca)
AANNK £/
taccs) dis(cs)
tenccs)
AN VNN K 1L/ /[
tacoe) dis(oE)
ten(oe)
< Data output is established >

(Dout)

High-impedance

MITSUBISHI
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M66221SP/FP

256 X9-BIT MAILBOX

Write Cycle

® Write cycle No.1 (WE Control) See Note 1, 2 and 3

Aog~A;

cs

1/00~1/0g
(Din)

1/04~1/04
(Dout)

tow
X t X
tsuccs)
NANANANANE 7
tsucA) twiwe) trecwe)
AN /
tsu(o) tho)
Data input Is established >-——
[/ F  ANANANAN

tdiscoe)

XXHXXXXX

® Write Cycle No. 2 (WE Control) See Note 1,2, 3 and 4

tew
o X X
tsuta—wen)
tsu(cs)
s NN i
\ N /
1
tsua) wwe) trec(we)
We SK \ 3\ /(
tsuco) thio)
1/0g~1704 Data input 1s established
(D)
tdiscwe) ten(we)
1/00~1/0g
(Dout)
Note 1 : When address input changes, the WE from that port should be set to high-level
2 . Wrnite operation 1s performed while both CS and WE are low-level
3 ! Do not apply reverse-phase signal when 170 pin is in the output state
4 . The output 1s kept in the high-impedance state If the trailing edge of WE happens before or at the same time of
the trailing edge of CS, or If the leading edge of WE happens at the same time or after the leading edge of CS
5 : Shaded area=don't care
I
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M66221SP/FP

256 X 9-BIT MAILBOX

Collision Cycle

® Collision Cycle No. 1 (Address Control) Note 6, 7

Address A
(Address B) *Addresses matching >< Addresses not matching
tars
Address B
(Address A) *
tnaa | tnoa |

(Not Ready B)
(Not Ready A)

* Address A=Address B

® Collision Cycle No. 2 (CS Control) Note 6, 8

Address Y * Addresses matching ><
A&B

5{8

@l >

N\
I\

taps

|

2
v

)
2!

tnac tnoc

Not Ready B
(Not Ready A)

* Address A=Address B

Note 6 : The Not Ready output of the first-come port is maintained at high-level
7 1 The CSs set low-level before the address input 1s established
8 : The address input 1s established before the low-level transition of CS

MITSUBISHI 315
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M66222SP/FP

128X 8-BITX2 MAIL BOX

DESCRIPTION

The M66222SP/FP is an integrated circuit for a mailbox
with a pair of built-in 128 X 8-bit, complete CMOS-type,
common memory cells with two access ports, A and B,
made with high-performance silicon-gate CMOS process
technology.

To be able to read from and write in a common memory in-
dependently and asynchronously by both access ports, the
M66222SP/FP has independent addressing control pins,
CS, WE and OE, and I/0 pins One memory area is read
from port A and written from port B, while another memory
area is written from port A and is read from port B.

FEATURES

® Memory configuration 128 X8bitsX2 memory areas

® High-speed access : address access time 40ns(typ)

® Complete asynchronous access from both ports of A and
B is possible.

@ Access port for read/write is fixed for each memory area

® Completely static operation

@ Low power dissipation for CMOS design

@ Single 5V power supply

@ Direct connection of 1/0 to TTL is possible

® 3-state output for I/0

APPLICATION

Buffer memory for communication, data transfer memory
between MCUs (Micro Controller Unit)

The specifications are subject to change without notice

PIN CONFIGURATION (TOP VIEW)

CHIP SELECT -—
INPUT CSA— 2 Voc(5v)
WRITE ENABLE ~QoR CHIP SELECT
e WEA — [©]-CsB  QibuT
QUTPUT NC [40] — WEB Yl.?'J? ENABLE
ENABLE INPUT OEA — Y
OUTPUT
Ag A—> 3] +— OEB ENABLE INPUT
A A— [37] < A, B
Ay A— %A B
PORT A Az A— [35] < A, B
ADDRESS AL A— < 31— A, B | PORTB
INPUTS 3 ° ADDRESS
As A— N 3] - AB | \puts
N
As A—[T] N 52— As B
As A— @ 51 « A B
1/0 0A 3 5] — A, B
1/0 1A + T 7 + 1/0 7B
1/0 2A + 28] ++ 1/0 6B
PORT A 1/0 3A «[i§] [27] + 170 5B
DATANO | /0 4p « %]+ 1/0 4B | port B
1/0 5A + [25] <+ 1/0 3B | DATA1/O
1/0 6A + 23] « 170 2B
1/0 7A «+[20) 23] 170 1B
(0V)GND 2]+ 1/0 0B
. 42p
Outline 4B )
42P2R NC : No connection

BLOCK DIAGRAM

AOA~ABA

———— —— @,
. = E
£ g e
CHIP SELECT &aj g & w o &ap CHIP SELECT
INPUT CsA =] S i & g dCSB \pyr
WRITE g3 ° MEMORY AREA (1) = w £9 RITE
2 T > 20
enasle  WEA s E = 128X8BIT CONFIGURATION : a SE “Owes ENDLE
INPUT gz 3 2 5 PR NPUT
OuTPUT OEA U4 s} 2 0~127 ADDRESS & [ 3 (39 OEB OuTPUT
ENABLE g z 3 ENABLE INPUT
INPUTS A7A (2) 3 & ——8) A7B
=
AOA (5) ) 3) AOB
A1A z 39 A1B
PORT A A2A (39 A2B | PORTB
ADDRESS |  A3A (39 A3B [ ADDRESS
INPUTS ROW/COLUMN DECODER 5 A4B | INPUTS
32 A5B
A6B

AOB~A6B

—@ 170 0B

PORT A
DATA 1/0

ROW/COLUMN DECODER

r—~23' 110 1B
> 4 1/0 2B
@5 1/0 3B | PORT B

DATA 1/0

6 1/0 4B
L 3 27 1/0 5B
=
3 8 1/0 6B
© g 5 @ 1/0 78
it o MEMORY AREA (2) S
5 g 2
o = 128X8BIT CONFIGURATION E
5 = 5
W
& 53 128~255 ADDRESS 3
5 z = !
3 u :
g '
i
— R R . , R R _ R _5Y)

GND

3—16 ‘
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M66222SP/FP

128X 8-BITX 2 MAIL BOX

FUNCTION

The M66222 is a mailbox suitable for data transfer between
MCUs. Each 128X 8-bit common memory cell with two sets
of address lines and data line enables independent and
asynchronous read and write operation from port A and B.
The M66222 has a pair of 128 X 8-bit memory area : the
memory area 1 is written from port A and read from port B
while memory area 2 is read from port A and is written from
port B.

If the address Ag~ A7 is specified and CS is set to low-
level, I/0 pins are in input mode, and then WE is set to
low-level, data at the I/O pins are written. If WE is set to
high-level and CS and OE are set to low-level, I/0 pins are
in output mode, and then address Ag~ A; are specified,
data of specified address are output to I/O pins. If CS is
set to high-level, the M66222 is in no-selection state, being
unable to read or write. The outputs are in a floating state
(high-impedance state), enabling OR ties with other out-
puts. When I/0 bus method is used, collisions of input and
output data can be avoided by setting OE to high-level dur-
ing write operations. When CS is set to high-level, the
M66222 is in the standby state where the supply current is
lowered.

FUNCTIONAL DESCRIPTION
As independent and asynchronous access to the M66222
from two ports is possible, fouribasic operations may take
place according to mode setting of both ports.

(1) Port A—Write Port B—Write

(2) Port A—Write Port B—Read

(3) Port A—Read Port B—Write

(4) Port A—Read Port B—Read
When both ports are in the same mode, read or write, as In
the case (1) or (4), the same address of memory will not be
selected. Then there is no problem about data unstable. If,
however, one port is in read mode and the other is in write
mode, the same address may be selected in the case (2) or
3
In this case, the data at the port in read mode may be
changed from the already written data to the newly written
data during the same cycle by writing the data in the same
address from other port. See Fig. 1.

EXAMPLE . PORT A——ADDRESS SETTING FIRST-COME READ OPERATION

PORT B——ADDRESS SETTING LAST-COME WRITE OPERATION

ZzzzThe shaded area shows the time when the same
address 1s set

Port A address

Port B address

X

WEB
Port B I70

AN

Data B

(Write data from port B)

(Din)
Port A 170
(Dour)

Data A

Data B

Fig. 1

(Read data to port A)

Example of read data transition when the same address is selected.

MITSUBISHI

3—17

ELECTRIC



MITSUBISHI{DIGITAL ASSP)

M66222SP/FP

128X 8-BITX2 MAIL BOX

ABSOLUTE MAXIMUM RATINGS (T2=0~70C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Ve Supply voltage —0.3~+47.0 \
V, Input voltage —0.3~Vce+0.3 \'
Vo Output voltage 0~Vce \"
Pd Power dissipation Ta=25C T.B.D w
Tstg Storage temperature range —65~-+150 ‘C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)

Limits
Symbol Parameter in Tve Max Unit
Vce Supply voltage 4.5 5.0 5.5 v
GND Ground 0 \
Vi Input voltage 0 Vece \"
Topr Operating temperature range 0 70 C

ELECTRICAL CHARACTERISTICS (1a=0~70C, Vcc=5V+10%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2.2 Veet0.3 \%
Vio Low-level input voltage —0.3 0.8 \"
Vou High-level output voltage(1/0) lony=—2mA ' 2.4 \
VoL Low-level output voltage(1/0) lo,=4mA 0.5 \"
B Input leakage current Vi=0~Vce +10 LA
lo Output leakage current CS=V,y or OE=V|y Vyj0=0~Vcc +10 uA
Average operating supply current Ccs=V,
leo ge op g supply L T B.D mA
(Both ports active) Output pin open
Ise1 Both ports standby CSa, CSe=Vi T B.D mA
€ CSp or CSg=Viu lour=0mA
Ise2 9_':: One port standby " e Tm fout T.B.D mA
£ (Active port output pin open)
3 —
CSp, CSg= Vge—0. 2V
lssa 2 | Both ports full standby o= Yoo T.B.D mA
° Other input Viy= Vec—0. 2V or Viy=0. 2V
P TSy or CSp= Voe—0.2V
Isga One port full standby Other nput Vin2 Ve —0.2V or Vin0. 2V Igyr=0mA T.B.D mA
(Active port output pin open)

Note 1. The current flowing into the IC Is positive
2 Typical values are at Vgc=5V, Ta=25C

3—18 MITSUBISHI
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M66222SP/FP

128X 8-BITX2 MAIL BOX

TIMING DIAGRAM
Read Cycle (WE=V,,)
® Read Cycle No. 1 (Address Control) (CS=0E=V,,)

tCF\
AQ~AT7 >< ><
taca)
tvia)
tvia)
'/OO(B'(/)SS Previous cycle data Data output Is established
@ Read Cycle No. 2 (CS Control)
ter |
AO~AT ><
taca)
cs \ X )¥ / f / /
taccs) tdis(cs)
tenccs)
s TUTULLOY (77777777
ta(oe) taiscor)
ten(or)
1/00~1/07 < Data output Is established >
(Dout) High-impedance
MITSUBISHI 3—19
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M66222SP/FP

128X 8-BITX2 MAIL BOX

Write Cycle
® Write Cycle No. 1 (WE Control) Note 1,2 and 3

tew
X X
tsucs)
s AN [V /)
tsu(a—wen)
OE 7[ xi
tsu(an twiwe) trec(we)

N

tsu(o) thio)

1/00~1/0; Data input is established

(D)

tdis(we) ten(or)
tdis(or) ten(we)

1/0o~1/07 \

(Dout)
® Write Cycle No. 2 (CS Control) Note 1, 2

tew
i X X
tsutarz tsu(cs) trec(we)

s \ /

AN N £/ /)]

tsu(o) tho)

1/0g~1/07
(DIN)

Data input is established

Note 1 : Write operation is performed while both CS and WE are low-level
2 : Do not apply the reverse-phase signal when I/0 pin is in the output state
3 ! The output is maintained in the high-impedance state If the trailing edge of WE s performed before or at the
same time of the trailing edge of CS, or if the nsing edge of WE is performed at the same time or after the
leading edge of CS.
4 . Shaded area=don'’t care
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M66250P/FP

5120 X8-BIT LINE MEMORY(FIFO/LIFO)

DESCRIPTION

The M66250P/FP is an integrated circuit consisting of a
high-speed line memory with a FIFO (First In First Out)
structure in a 5120X8-bit configuration, using high-perform-
ance silicon-gate CMOS technology.

The M66250 can also be used for LIFO (Last In First Out).
The start address of reading can be specified. As writes
and reads can be done independently and asynchronously
during each cycle, the device is suitable for buffer memory
between equipment with different data processing speeds.

FEATURES

5120X8 bit organization

High-speed access: access time 40ns

FIFO/LIFO switching function

Start address specification function (at reading)

LIFO operation on a single chip

Built-in pullup/pulldown resistor for the mode control
pin.

Completely independent and asynchronous read and
write operation

Variable-length delay bit

170 can be directly connected to TTL

3-state output

PIN CONFIGURATION (TOP VIEW)

Qo + 1] 28] +— Do
Q, +— 27]+—D
DATA OUTPUTS ! | ! DATA INPUTS
Q,+— 2] +— D,
- 5] «—
READ ENABLE & 4} 2] - D, WRITE ENABLE
INPUT RE — Zl +~— WE INPUT
READ RESET == WRITE RESET
INPUT RRES — [ 6] g 73] — WRES o
(0V)GND 2 [22]  Veo(5V)
READ CLOCK WRITE CLOCK
INPUT RCK — g E +— WCK INPUT
Q. —[g] 3 2] - D,
il
DATA OUTPUTS Qs+ [19 o [19] + Ds
DATA INPUTS
Qs + [11] R
ADDRESS Q= 7] o COMMAND
CLOCK INPUT ACK — E < CE_ ewEeUT
SERIAL =SB —» El — MODE/
ADDRESS INPUT NOte 1(SRES) (8 Note 2 ADDRESS
SELECTION
INPUT
Outline 28P2W

Note 1: SRES sets the system reset mode
Note 2 : LAE can switch to a validness or invalidness of start
address except during instruction cycles.
APPLICATION

High-speed facsimiles, digital copying machines,

beam printers.

laser

DATA INPUTS
BLOCK DIAGRAM DATA OUTPUTS
Do D, Dz D3 D4 Ds Dg D7 Qo Q1Q2 Q3 Q,Q5 Qs Q7
B-20-19-18-17-- —D-@-F-@-0-0)02 B
!
r INPUT BUFFER OUTPUT BUFFER —’(_—— ‘
'
; {L ] - l
v [+
WRITE ENABLE —— w w = READ ENABLE
INPUT WEQF > 'g E g z /% E  neut
o 3 s}
o oF MEMORY ARRAY éﬁ / o .
— oa |—— u
WRITE RESET ——— 2 Qg Q 2 READ RESET
WRES u 20 23 & RRES inpuT
euT T) & —‘/ 24— 5120X8 BITS 2a &
! 2 = 2 z .
= c wi
WRITE CLOCK £ € z 2 READ CLOCK
NPT WCK @—” g = a RCK  READCLOC
I
!
! '
' ] CONTROL CIRCUIT ‘
Ve é— |
GND @-—> J
L. _ - a3 - -
ACK M/A
ADDRESS (SRES) (LAE) COMMAND
CLOCK INPUT  SERIAL MODE/ ENABLE INPUT
ADDRESS _ ADDRESS
INPUT  SELECTION INPUT
MITSUBISHI 3—21
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M66250P/FP

5120<X8-BIT LINE MEMORY(FIFO/LIFO)

FUNCTION. h

Write is performed by taking in the content of data inputs
Do~Dy>, in synchronous with the rise of the write clock input
WCK, when write enable input WE is low-level, the write
address counter incrementing or decrementing simul-
taneously. When WE is high-level, write is prohibited and
the write address counter stops. When the write reset input
WRES is set to low-level, the write address counter is in-
itialized. When the read enable input RE is low-level, read
is performed by outputting the memory content to data out-
put Qo~ Q7 in synchronous with the rise of the read clock
input RCK, and the read address counter is incremented or
decremented at same time.

FUNCTIONAL DESCRIPTION
1. Function Setting
(1) Function setting table

@ System reset setting

When RE is high-level, read is prohibited, and the read
address counter stops. The output enters the floating state
(high-impedance state).

When the read reset input RRES is set to low-level, the
read address counter is initialized.

When command enable input CE is low-level, the instruc-
tion cycle is enabled. The FIFO/LIFO mode is set by the
serial address input SA in synchronous with the rise of the
address clock input ACK during the instruction cycle when
the mode/address selection input M/A is high-level. The
start address is set by the serial address input SA in syn-
chronous with the rise of the address clock input ACK dur-
ing the instruction cycle when M/A is low-level.

— | (sA) | ———
'CE ——— | RRES i
SRES RCK Function
H L L 1 FIFO mode, no start address éettmg, read counter reset
J— (SA) | —
CE ——— | WRES | W i
SRES CK Fuction
H L L t FIFO mode, no start address setting, write counter reset

@ Mode setting

CE _M/Z ACK _SA_ Function
(LAE) (SRES)
L H t H FIFO mode setting
L H t L LIFO mode setting
L L t X Start address setting (13 bits)
XiLorH
Note : The above mode becomes effective after the first reset.
® Effect of start address setting
— SA | (M/A) |
CE ———.| ——= | RRES | RCK Function
(SRES)| LAE un
H H L L t Start address setting I1s effective
H H H L t Start address setting 1s not effective
/
3—22 MITSUBISHI
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M66250P/FP

5120<8-BIT LINE MEMORY(FIFO/LIFO)

(2) FIFO/LIFO mode setting

When the mode/address selection input M/A is high-level
and the command enable input CE is low-level, the FIFO/-
LIFO mode is selected by the serial address input SA, in
synchronous with the address clock input ACK. When the
command enable input CE is high-level and the write reset

input WRES is low-level, mode setting is completed in syn-
chronous with the rise of the write clock input WCK, also
provided that the write reset input WRES is low-level, in
synchronous with the rise of the read clock input RCK and
the read reset input RRES is low-level. The address coun-
ter is initialized at the same time.

M/A tmas tman

tLaes

(LAE)

CE trecce tcest teens

tasa tsan

sA \\_ /

tsans

tsann

ACK tacke tackn

tNress

tress tResH

RRES

WRES

-

trecr %

RCK
WCK

In the FIFO mode, the write address counter moves to
address 0 in synchronous with the rise of the write clock in-
put WCK when the write reset input WRES is set to low-
level. The address of the write address counter increases
in synchronous with the rise of the write clock input WCK.
When the read reset input RRES is low-level, the read
address counter moves to address 0 if the start address is
not specified, and moves to the start address if the start
address is specified, in synchronous with the rise of the
read clock input RCK. The cycles of the read address
counter increases in synchronous with the read clock input
RCK.

In LIFO mode the write address counter moves to address
0 or 5119 in synchronous with the rise of write clock input
WCK, when the write reset input WRES is low-level, and,
the read address counter moves to address 0 or 5119 if the
start address is not specified or to the start address m or
5119-m if the start address is specified, in synchronous with
the rise of the read clock input RCK. When the read reset
input RRES is low-level. The cycle of the write address
counter goes up or down in synchronous with the rise of the
write clock input WCK.

t Mode setting 1s completed

(3) Start address setting

When the mode/address selection input M/A is low-level
and the command enable input CE is low-level, the
address that reading starts from is set by serial address in-
put SA in synchronous with the rise of the address clock in-
put ACK. When the command enable input CE is high-level
and the read reset input RRES is low-level, the read
address counter moves to the specified address in syn-
chronous with the rise of the read clock invut RCK.

MITSUBISHI
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M66250P/FP

5120X8-BIT LINE MEMORY(FIFO/LIFO)

——— tLaes r—
M/R tias taan taen
(LAE) _— . wn
CE trecce tcest feer
s
tsas | tsan ) tsas | tsan I)SAS tsan | | tsas| tsam
SA \ / tsans
\ {f- / tsamn
vees f SAH
12 1 10 1 0
tnress } tress trecr
” tHECH
RRES =
e —_r—l_l_—l_ _Ll—l_ Lm‘—ﬂﬂ_ r_I—

t Start address setting is completed

(4) System reset setting

(FIFO and address counter reset setting)

When the command enable input CE is high-level and
SRES is.low-level, and if the write reset input WRES and
read reset input RRES are set to low-level, then the FIFO
mode setting and the address counter are reset in synchro-
nous with the rise of WCK and RCK.

tces2 teenz

-
Ay

tsress tsresH

SA

SRES

tress
e—>1 thResH

WCK

RCK

WRES

RRES
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M66250P/FP

5120:<X8-BIT LINE MEMORY(FIFO/LIFO)

2. Write address and read address operation in FIFO and LIFO mode

FIFO and LIFO Write address/read address in read
Start address setting Wnite address and read address operation
mode setting reset/write reset operation
FIFO No
Write address 0 w A 5119
F i — =
A )
- ——— = = — — Write address : Move to address 0
0 R A 5119 | Read address : Move to address 0
A B
Read address "~ — — @ — — — — —
LIFO No
@ Wnte address 9 w 5118
@ Read address | R Write address : Move to address 0 or 5119
Write address w
@ Read address — R -
Read address : Move to address 0 or 5119
Wnite address } W >
FIFO Yes
Write address ? w ’:‘ . _5”\9
A 1
- =
Write address : Move to address 0
0 m R A 5119 Read address : Move to address m
— > —— — —~ specified by the start address
Read address | )
~—_— — —_——— —
LIFO Yes -
@ Wite address O w m 5118—m 5119
Wnite address : Move to address 0 or 5119
@ Read address p<—H———|
Wnite address y<——w—————¢ Read address : Move to the address that
specified as the start address
@ Read address )———R———H
Write address y—w—>l

MITSUBISHI
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M66250P/FP

5120 <X8-BIT LINE MEMORY(FIFO/LIFO)

OPERATION FLOW CHART

START

CE="H", WRES="L", RRES="L"
WCKt  RCK t

System reset

¥
I &= an ,SR—ES= uLn
LIFO mode L

SA (address)
t

'C_E= uHu
SRES= “H”

Start address
is not effective

Start address

Start address
is not effective

SA (Address)

1

Y
CE= “H"
SRES= “H"

Start address

is effective is effective
1 v
WRES="“L"| |RRES=“L"| |WRES="L"| |RRES="L" RRES= “L”| |WRES="“L"| |RRES="“L"| |WRES="L"]
WCK t RCK t WCK 1 RCK 1 RCK t WCK t RCK t WCK t
Write from Read from Write Read from Read from Write from Read from Write from
start address address start address
address 0 address address 0 address 0 0or5119 0or5119 2adress 0 or5119
Start -
address
v
FIFO mode LIFO mode
Note : Perform write reset and read reset before setting function after power-on.
3—26 MITSUBISHI
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5120 X 8-BIT LINE MEMORY(FIFO/LIFO)

ABSOLUTE MAXIMUM RATINGS (T3=—20470C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unmit
Vee Supply voltage —0.5~+7.0 \'
v, Input voltage —0.5~Vce+0.5 \"
Vo Output voltage —0.5~Vce+0.5 \
Pd Maximum power dissipation Ta=25T 500 mw
Tstg Storage temperature range —65 ~-+150 C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+70C)
Limits

Symbol Parameter Py Ty Max Unit
Vee Supply voltage , 4.5 5 5.5 \

GND Ground 0 \%

Topr Operating ambient temperature range —20 70 ‘C

ELECTRICAL CHARACTERISTICS (Ta=—20~+70C, Vcc=5V+10%, unless otherwise noted)
Symbol Parameter Test conditions Limits Unmit
Min Typ Max.

Viu High-level input voltage 2.0 \Y

Vie Low-level input voitage 0.8 \%

Vou High-level output voltage lon=—"4mA Vee—0. 8] Vv

VoL Low-level output voitage lo,=4mA 0.55 Vv

Vi=Vcc | WE, WRES, WCK, RE, RRES,
i High-level input current RCK, CE, DO~D7 1.0 A
Vi=Vcc | ACK, SA(SRES), M/A(LAE) 0.27 mA
Vi=GND | WE, WRES, WCK, RE, RRES,
[ Low-level input current RCf’EK’ SA(SRES), —1.0 uA
M/A(LAE), DO~D7
Vi=GND | CE —0.27| mA
lozn Off state high-level output current Vo=Vcc 50 uA

lozu Off state low-level output current Vo=GND —5.0 A

lcc Average operating supply current Vi=Vi, Vi Output open 100 mA

twek, trek=100ns

Cl Input capacitance f=1MHz 10 pF

CO0 Output capacitance when off f=1MHz 15 pF

SWITCHING CHARACTERISTICS (Ta=—20~4707C, Vcc=5V=£10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max.

tac Access time 40 ns

ton Output hold time 5 ns

toL Output “L” period when reset 5 40 ns

toen Output enable time 5 40 ns

toois Output disable time 5 40 ns
MITSUBISHI 3—27
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5120 X 8-BIT LINE MEMORY(FIFO/LIFO)

TIMING REQUIREMENTS (Ta=—20~+70C, Voc=5 V+10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

twek Write clock (WCK) cycle 50 ns
twekn Wnite clock (WCK) “H” pulse width 25 ns
twekL Write clock (WCK) “L” pulse width 25 ns
trck Read clock (RCK) cycle 50 ns
trekH Read clock (RCK) “H” pulse width 25 ns
trekL Read clock (RCK) “L” pulse width 25 ns
tos Data set up time before WCK 15 ns
ton Data hold time after WCK 5 ns
tress Reset set up time before WCK, RCK 15 ns
tresH Reset hold time after WCK, RCK 5 ns
tnRESS Non-reset set up time before WCK, RCK 25 ns
tnRESH Non-reset hold time after WCK, RCK 5 ns
twes WE set up time before WCK 15 ns
twen WE hold time after WCK 5 ns
tnwes WE non-select set up time before WCK 15 ns
taweH WE non-select hold time after WCK 5 ns
tRes RE set up time before RCK 15 ns
treH RE hold time after RCK 5 ns
tnRES RE non-select set up time before RCK 15 ns
[, RE non-select hold time after RCK 5 ns
ty Data hold time 20 ms
tmas M/A set up time before ACK 25 ns
tman M/A hold time after ACK 5 ns
toest CE set up time before ACK 25 ns
- toent CE hold time after ACK 5 ns
tsas SA set up time before ACK 25 ns
tsan SA hold time after ACK 5 ns
tLaes LAE set up time before WCK, RCK 25 ns
[ LAE hold time after WCK, RCK 5 ns
tsans SA “H” set up time before WCK, RCK when reset 25 ns
tsann SA “H" hold time after WCK, RCK when reset 5 ns
tces2 CE set up time before WCK, RCK when system reset 25 ns
tcenz CE hold time after WCK, RCK when system reset 5 ns
tsress SRES set up time before WCK, RCK when system reset 25 ns
tsresH SRES hold time after WCK, RCK when system reset 5 ns
tackH “H" pulse width for ACK 50 ns
tackL “L” pulse width for ACK 50 ns
tRecr WCK, RCK recovery time after mode set 100 ns
h@cs CE recovery time after reset 100 ns
tr, tf Input pulse rise and fall time 20 ns

Switching characteristics measurement circuit

Vee

R ,=1KQ
Qn
=30pF : tac, ton — .
CL=30pF : tac, tow, tor R=1KQ CL=5pF : toen, toois

Input pulse amplitude 1 0~3v
Input pulse rise ar)d fall time . 3ns
Reference voltage Input 1.3V

Output 1.3v
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M66250P/FP

5120X8-BIT LINE MEMORY(FIFO/LIFO)

OPERATION TIMING
1. FIFO mode
® Write cycle (Irrelevant to start address setting)

n cycle n+1 cycle n+2 cycle Disable cycle n+3 cycle m n+4 cycle \

-\ U\

twek twern | tweke | twen | thwes tawen_ | twes

-

ton tos | tow

A0, . 0 ¢ D DI D L D |

WRES= “H" , LAE= “L" or “H"

o
H

SRES= “H"

® Write reset cycle (Irrelevant to start address setting)

(The reset cycle requires a mimmum of two cycles Before the first reset cycle and after the power Is turned on WRES should be set to high-level for 1

cycle or more )

n+1 cycle n cycle Reset cycle 0 cycle 1 cycle ) 2 cycles |
WCK
— _\_A / / \
twok tnresh, tress tresn_ | Inmess

WRES

tos | ton tos

A0 G 0 B (RIRAIAE) R 1 &3 ) R (6

WE= “L” , TAE= “L” or “H"
SRES “H”

D

=

MITSUBISHI 3—2g
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M66250P/FP

5120X8-BIT LINE MEMORY(FIFO/LIFO)

® Read cycle

n cycle n+1 cycle n+2 cycle Disable cycle n+3 cycle n+4 cycle
o\ DY AWEAW W
tack trokn | treke | tRen _ Nmes tnren | tres
!
— e tac
RE
tac tac | toois | toen tac

T

tac ,
7 HIGH-Z
Qn j//// (n) (n+1) (n+2) (n+3) (n+4)

ton ton l__ H

RRES= “H” , TAE= “L” or “H"
SRES= “H"

® Read reset cycle

(The reset cycle requires two cycles at minimum During the first two cycles Qn is low-level For one cycle or more, RRES should be set to high-level

befor the first reset cycle, and after power 1s turned on )

n—1 cycle n cycle Reset cycle 0 cycle 1 cycle ) 2 cycle ,
" __/r_\__//—\_/ / f f \ h ]/_L
trex tnrest | tress tresn_, tNress
RRES
tac thc oo tac | tac |
o ///////9( o KA © o O 0C
ton ton ton
RE= “L” ,[AE= “H”
SRES= “H"
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5120X8-BIT LINE MEMORY(FIFO/LIFO)

® Read reset cycle (start address is set)
(The reset cycle requires two cycles at mmmum During the first two cycles, Qn is low-level For at least one cycle RRES should be set to high-level

before the first reset cycle, and after power is turned on.)

n—3 n—2 n—1 m-+1 m+-2 m+3
cycle _,_cycle  cycle _ncycle | Reset cycle ___Mmcycle | cycle _ cycle _ cycle

RCK

trecn

Wﬁ_/ L /
S0 D) D €D Y A0
M/A —\

(LAE) 14

trecce

7

(%) X (12) X
ACK ’_/——\

RE= “v”

MITSUBISHI 331
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5120X8-BIT LINE MEMORY(FIFO/LIFO)

2. LIFO MODE
® Start address is not set
(The reset cycle requires two cycles at minimum. During the first two cycles, Qn is low-level For at least one cycle, RRES should be set to high-level *

and WRES should be set to high-level before the first reset cycle and after power is turned on.)

5118 5119 5119 5118
cycle  cycle Reset cycle cycle , cycle  _Ocycle Reset cycle Ocycle | 1cycle |

AVAVAVAWAYAWAWAVAWA

N cycle N cycle
WRES \

" T /

{
T el

100 0.0 o A 0 G 0 0 L D

1

N=2 RE,WE = “L"
LAE = “H”
CE = “y”
SRES = “y”

3—32 MITSUBISHI
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M66250P/FP

5120 < 8-BIT LINE MEMORY (FIFO/LIFO)

® Start address is set

(The reset cycle requires two cycles at minimum, and the first two cycles Qn is low-level More than one cycle should be set when RRES is high-level

before the first reset cycle after power on )

5119—m+3 5119—m+2 5119—m-+1 5118—m
cycle cycle cycle __cycle Reset cycle 0 cycle __ mcycle Reset cycle 5119 cycle ,
weK \.4;_/—\_//_\_4}_\_/ \.”_/__\_/ \ -
5119—m 5119
__3cycle | 2 cycle _ 1cycle 0 cycle Reset cycle cycle . cycle Reset cycle m cycle |
oK f\_f’\_‘)’_\_/ \./ 1/ \ /.’
trecr N cycle N cycle
WRES [/ ,
— i / \ 5 /
trecr
RRES /

/TN

;
123—m 5122—'-m05]21 —m% 5120—m M
)( /

D000
N\

LXK S XX Y T X e

AX =X

e

{5

35

trecce

I

rga

X (2) X--)((o)y

ACK / \J_\

Ied

Al
H
m
i
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TOGGLE LINE BUFFER

DESCRIPTION

The M66305P/FP is an integrated circuit consisting of a
pair of 5,120-bit line memories. The clocked serial input
data is output as a serial data synchronized with external
clock at a speed up to 10Mbit/sec.

The device employs a double buffer configuration in which
while data is being written to one memory, data can be
read out of another one, realizing completely simultaneou
operation of reading and writing.

FEATURES

® 5,120X1-bit serial input and serial output line buffer
memory.

® Transfer speed up to 10M bit/sec.

® Two line buffer can be selected by the external toggle
signal.

® Cascade connection enables doubled memory capacity.

® The output level after output is completed can be set
either high or low by the cascade input terminal
(cAs1).

® Low-noise and high-output current output.

lo==%24mA

® Schmitt triger circuit for all input terminals.

® Negative noise reduction circuit for RESET, T,
CNTRST1, and CNTRST2.

APPLICATION

Data buffer between
peripheral equipments.

image processing systems and

PIN CONFIGURATION (TOP VIEW)

(ov)  GND Vee (5v)
INPUT CLOCK  SICLK — 19] = SODATA  QUTRUT
INPUT DATA SIDATA — 18] — socLK  QUTRNT
gt e~ g [@-oo G
CASCARE  CASH 8 = OAS2(Vec) 510
w oo [ G —onTastz G,
oSt T 1] oNTRSTY {ien,
CHIP sslhf;g cs—| 8] Vee (5v)
RESET INPUT RESET — [ 9] —BF PULL BuTPUT
) GND 1] —INT iy
Outline 20P4
ano 0O 2]
sicLk —[2] 23] - sopaTA
SIDATA — [3] 22] «— SOCLK
iGE 4] 71] - o6E
cas1—[5] z  [2]-cas2
ne B & [F ne
ne 7] &[] we
eno [8]  ° [i7]—CnTReT2
7—[3] [16] — GNTRSTI

cs-[0

RESET —[11]

aNo  [i2]

E Vee
-

-

Outline 24P2W

NC ! No connection

ELECTRIC

BLOCK DIAGRAM ) i —
| w  WRITE REQUEST
oce OUTPUT CLOCK
1 SOCLK E
i OUTPUT CLOCK
§ o <5 SODATA OUTPUT DATA
! Q SRAM 5,120 bits ‘g‘g )
CHIP SELECT &5 21 o 0o b
INPUT 8 o L owR S o
RESET INPUT  RESET 2 b
WRITE COUNTER w = !
RESET INPUT CNTASTT & . b
D COUNTERG; Q < _
REQESS-L:NPE ToNTRST2 < SRAM 5, 120 bits 'g- B BUFFER FULL OUTPUT
INPUT DATA SIDATA =10 WR Do
CASCADE  cast
INPUT 1 L T !
! 1
INPUT CLOCK  sicLk —
WITCH TOGGLE
INPUT CLOCK ﬁg: S& PG F/F
ENABLE - |"—' ‘
TOGGLE SIGNAL T |
INPUT i ) - ] ) i . 1
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M6630SP/FP

TOGGLE LINE BUFFER

FUNCTION

Input data (SIDATA) is written to the internal line memory
synchronized with the rising edge of the input clock
(SICLK) with input clock enable (ICE) being low-level.
Output data (SODATA) is output synchronized with the fall-
ing edge of output clock (SOCLK) with output clock en-
able (OCE) being low-level. Double buffer configuration
makes independent read and write operation possible.

FUNCTION TABLE

Toggle signal (T) is to be turned to low-level after comple-
tion of both read and write operation, and changes opera-
tion mode of each line memory where line memory being
used in write mode turns to read mode and vice versa.
Write counter reset input (CNTRST1) enables re-writing
and read counter reset input (CNTRST2) enables repeated
output.

Inputs Outputs
— — — — = — — — Remark
RES CS ICE SIC OCE | SOC T CR1 CR2 | soD INT BF
L x X X X X X X X L H H Initialization
H H X X X X X X X Q° Q° Q° | The internal and output conditions are not changed.
H L H X H X H H H Q° Q° Q° | The internal and output conditions and not changed
H L L fl H X H H H Q° Q° %1 | Wntes the data to the line buffer memory at the rise of SICLK
H L H X L ’n H H H *2 *3 Q° | Output the data at the fall of SOCLK
H L L {1 L n H H H *2 *3 *1 | Wnite and read operation
H L L L L L I H H *4 | H H | Atthe nise of T,
H L H X L L i H H 1) Sets the line buffer memory in read mode to write mode
and in wrnite mode to read mode
H L L L H | X | U | H H 2) Disables BF and INT.
H L H X H X u H H
H | L L L X X H u H *5 *5 H The internal write counter is reset by CNTRST1 and re-writing
H L H X x X H u H operation 1s enabled
H L X X L L H H u *6 H %6 | The internal read counter is reset by CNTRST2 and repetition
H L x x H X H H i) of output is possible
Q° : No change
X Don't Care
* 1 ! BF changes from high-to low-level on the rise of SICLK to write the 5, 120th bit.
% 2 [ Written data is output in sequence synchronized with the falling edge of SOCLK.
* 3 ! INT changes from high-to low-level on the rise of SOCLK reading the last data written.
* 4 Output the first data written (D).
* 5 . Output operation can be made, irrespective of CNTRST1.
% 6 . SODATA changes to the data written first (D). Write operation is not affected by CNTRST2.

MITSUBISHI
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M6630SP/FP

TOGGLE LINE BUFFER

PIN DESCRIPTION

Pin name Description Function

RESET Reset input Initialize M66305 (SODATA="L", BF=INT="H")

cs Chip select input At low-level, M66305 is enabled while at high-level, any input data except for RESET are ignored

ICE Input clock enable At low-level, input clock (SICLK) is enabled, and disabled at high-level.

SICLK Input clock Input data (SIDATA) is written to the line buffer memory at the rising edge of input clock (SICLK).

SIDATA Input data

OCE Output clock enable At low-level, the output clock (SOCLK) is enabled, and disabled at high-level.

SOCLK Output clock Output date (SODATA) Is read out on the falling edge of output clock (SOCLK).

SODATA | Output data

T Toggle signal input Sets a line buffer memory in write mode to read mode, and vice versa

BF Buffer full output BF is output on the nise of the 5,120th bit and shows that no more writing is possible, and write operation is disabled.
The nsing edge of the toggle signal (T) disables BF

INT Write request output INT is output on the nsing edge of SOCLK after the last written data is output, and output operation is disabled The ris-
ing edge of the toggle signal (T) disables INT

CNTRST1| Write counter Enable this input when re-write operation 1s required during writing

reset input
CNTRST2| Read counter Enable this input to repeat the same output data
reset input

CAS1 Cascade inputt CAS1 input data 1s output on the fall of SOCLK after the last written data 1s output Make sure to connect to Vec or GND
when cascade connection 1s not used

CAS2 Cascade input2 Up to two cascade can be available Connect the CAS2 terminal of the master to Vcc and the CAS2 terminal of the
slave to GND See APPLICATIION EXAMPLE for details

NC No Connection Applicable only to the M66305FP and this 1s no-connection terminal .

3—36 MITSUBISHI
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TOGGLE LINE BUFFER

TIMING DIAGRAM

e\ . / U
fL

{C \
SIDATA Do(8) X 01(8) X D2(B) X: Ds118(B)X /

bl

SOCLK / \ / \ /
= ( 0
{
SODATA DO(A) ‘X D1(A)\x . D5118(AN D§I119(A)\X CAS1 \\X po(B) \X:
) \ \
iNT " \L /

*  This timing s for one line length of 5,120 bits If the length 1s shorter than this, BF stays high-level

OPERATION FLOW CHART

The first operation after reset is write operation only. Input
the toggle signal (T) after one line is written.

After the above operation, the previously written data can
be output or new data can be written in parallel. After one
line is completed, and after the output is completed (INT
output), input the toggle signal (T).

Write operation

Complete
NO
YES

[

Write operation Read operation

Write complete’

__ &

INT detectio
YES

NO

MITSUBISHI 3—37
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M66305P/FP

TOGGLE LINE BUFFER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+7.0 v
vV, Input voltage —0.5~Vcc+0.5 \
Vo Output voltage —0.5~Vce+0.5 \Y
Pd Power dissipation Mounted 700 mwW
Tstg Storage temperature —65~-+150 c

RECOMMENDED OPERATING CONDITIONS (Ta=—10~+70T, unless otherwise noted)
Symbol Parameter Conditions Limits Unit
Min Typ Max
Vee Supply voltage 4.5 5.0 5.5 \
GND Supply voltage 0.0 \Y
Vi Input voltage 0.0 Vee \
Vo Output voltage 0.0 Vee \")
Topr Storage temperature —10 -+70 C

ELECTRICAL CHARACTERISTICS (Ta=—10~+70C, Vcc=5V+10%, GND=0V, unless otherwise noted)

Limits
Symbol Parameter Test Conditions Unit
Min Typ Max
Vit Positive threshold voltage 2.4 \%
V- Nagative threshold voltage All input 0.6 \
Vr4+—Vr— | Hysteresis width 0.4 \'
Vec—0.35™
Von High-level output voltage lon=—24mA Vee—0.8 LT \%
0.25*
Voo Low-level output voltage lo,=-+24mA 0.30% * 0.53 \%
! _ 55*
lec Static power dissipation V,=V¢gc or GND B 110 mA
™ High-level input current V,=5.5V +1.0 A
he Low-level input current V,=0V —1.0 7.y
Gy Input capacitance 10 pF
Note 1: The current flowing into the IC is positive current *Ta=25C * ¥ Ta=70C
MITSUBISHI
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TOGGLE LINE BUFFER

TIMING REQUIREMENTS(Ta=—10~470C, Vcc=5V£10%, GND=0V unless otherwise noted)

Limits
Symbol Parameter Test condition Unit
Min Typ Max
tw=(sic) Input clock pulse width (Note 2) 30 ns
tw-(soc) Output clock pulse width (Note 2) Ta=25¢C 43 ns
- Ta=—10~-+70"C 50
tw(T) Toggle signal input pulse width 150 ns
tw(RES) Reset input pulse width 100 ns,
tw(SRT) Write counter reset input pulse width 100 ns
tw(cRr2) Read counter reset input pulse width 100 ns
tsu(sio—sic) Input data setup time before input clock 25 ns
th(sic—sip) Input data hold time after input clock 0 ns
tsu(ice—sic) Input clock enable setup time before input clock 25 ns
th(sic—ice) Input clock enable hold time after input clock 0 ns
| tsu@cs—sic) Chip select setup time before input clock 150 ns
th(sic—cs) Chip select hold time after input clock 100 ns
tsu(ocE—soc) | Output clock enable setup time before output clock 25 ns
th(soc—OcE) Output clock enable hold time after output clock 0 ns
tsu(Ss—soc) Chip select setup time before output clock 150 ns
th(soc—cs) Chip select hold time after output clock 100 ns
tsu(Ss—7) Chip select setup time before toggle signal 100 ns
th(¥—cs) Chip select hold time aiter toggle signal 100 ns
th(sic—7) Toggle signal hold ime after input clock 100 ns
trec(T—sic) Input clock recovery time after toggle signal 150 ns
th(soc—T) Toggle signal hold time after output ciock 100 ns
trec(T—soc) Output clock recovery time after toggle signal 150 ns
tsu(cs—can) Chip select setup time before write counter reset 100 ns
th(CRi—cs) Chip select hold time after wnite counter reset 100 ns
tsu(Ss—cra) Chip select setup time before read counter reset 100 ns
th(SRz—cs) Chip select hold time after read counter reset 100 ns
trec(R—sic/soc) | Input and output clock recovery time after reset 100 ns
trec(Cri—sic) | Input clock recovery time after write counter reset 150 ns
trec(SRz—soc) | Output clock recovery time after read counter reset 150 ns
Note 2 ! Conditions to satisfy the switching characteristics fmax=10MHz (cycle 100ns) :
100ns = (tyw+ )+ (tw—)
SWITCHING CHARACTERISTICS (Ta=—10~+70T, Voc=5V£10%, GND=0V)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
fmax(sicLk) Input clock maximum repetitive frequency 10 MHz
fmax(socLk) Output clock maximum repetitive frequency 10 MHz
C_=50pF 36
teLH(sOC—s0D) CL=150pF 20 ns
Propagation time between input clock and output data
C,=50pF 36
tPHL(soc—soD) C.—=150pF 20 ns
. — C_=50pF 75
teHL(SIC—BF) Propagation time between input clock and BF C=150pF 85 ns
— C_=50pF 75
tpHL(soc—inT) | Propagation time between output clock and INT C.—150pF 5 ns
teLH(T—BF) Propagation time between toggle signal and BF 100 ns
teLH(T—INT) Propagation time between toggle signal and INT 100 ns
teLH(R—BF) Propagation time between reset input and E—F_ CL=150pF 100 ns
tpLH(R—INT) Propagation ime between reset input and INT 100 ns
teLH(GRI—BE) | Propagation time between write counter reset and BF 100 ns
teLn(CRE—inT) | Propagation time between read counter reset and INT 100 ns
Note 3! AC test waveform Compare voltage Input voltage 1.3V
Input pulse level 0~3V Output voltage 1.3V
Input pulse rise time 6ns
Input pulse fall time 6ns
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TIMING DIAGRAM

s

Ccs

71—

{C
7
ICE
(¢
77
tsu(ice-sic) tw+(sic) th(sic-ice)
tsu(cs-sic) th(sic-cs)
SICLK .
7
Isutsio-sic) tu-tsic)
(
7
SIDATA
{
7
thisic-sio)
ICE
(Note 4)
tsu(ice-sic) thesic—ice)
SICLK T
I Timing that invalidates this clock
S b /
77
OCE
{(
77 —
tsu(oce-soc) tw-+(soc) thisoc-oe)
tsu(Ts-soc) th(soc-Gs)
SOCLK 7
; / ¢
-
tw-(soc)
SODATA X

[
: : r
f
J
teLn(soc-soo)

teuL(soc-soo)
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—= tsu(Goe~ __
OCE sy so0) th(soc—0ocE)

- "\ a
SoDATA # _X

cs
\ /
\ /
?
tsu@s- D x/ tw(®) th(T-cs)
\_ /
cs
\ f
CNTRSTI tsu(cs-crn l tw(GRT) \[ th(cri-cs)
\ /

th(crz-c®)

CNTRST2
, tsu(cs-cR2) &/ tw(cRz)

iy N
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SICLK
/SOCLK

RESET
/CNTRST1
/CNTRST2

SICLK
/SOCLK

thisic-m

th(soc-T

[

trec(T-sic)

Yrec(T-soc)

~~

‘GAKIPHL(QC-EF)

<—¥ teLn(T-BF)

teri(soc-iNT)

@% teLH(TIND)

tw(res)

trec(REs-sic)/(RES-soc)

trec(cri-sic)

trec(crz-soc) ! \ ’ \

<——7l tpLH(RES-BF)/(CR1-8F)

&# tpLH(RES-INT)/ (CR2-INT)
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APPLICATION EXAMPLE

2-stage Cascade connection (memory capacity (5, 120X2) X1 bit)

1 anD Vee b
SICLK > "] sick sopaTa b o~
%M74HC32 YAM74HC32
SIDATA = []sioata socLKk [T] —_
== ED e R e e
—] cast cas2 M -
[CJeno  CNTRSTZ [} -
T o= 7 oNTRSTT [ -
CS { cs Vee j
RESET [ meser BF [}
GND INT :L
M66305
[ ano Voo
—{]sicLk  sopaTa j__'
—] sipaTA  SOCLK [}
Oree o [
CAST . 14M74HC32 _[east cas2 [ J4M74HC32 -
(Vee OR GND) E GND CNTRST2 j
Or oNTRsT [ }——
: cs Vee 3
RESET BF [ ] —
GND iNT [ ~
M66305

SODATA
SOCLK
OCE

Vee

CNTRST2

CNTRST1

GND

Note 5 : Output clock recovery time trgc (T-SOC) after toggle signal is required to have the following characteristics, if cascade connection is used

and if one line length is 5, 125 bits (5, 120+-5) or less : trgc (T—SOC)>500ns

if cascade connection is used and if one line length is 5, 126 bits (5, 120+46) or more :

trec (T—SOC)=150ns

MITSUBISHI
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SERIAL-OUTPUT LINE SCAN BUFFER WITH 16-BIT MPU BUS

MITSUBISHI {DIGITAL ASSP)>

M66307SP/FP

DESCRIPTION
The M66307SP is an integrated circuit consisting of a line
buffer with built-in static memory capable of storing an A3-

The specifications are subject to change without notice.

PIN CONFIGURATION (TOP VIEW)

size page at 400DPI, produced using a silicon gate CMOS ps —[1] I 3] Veo(5V)
process. The device performs serial conversion of data Dy —[2] 31 «~ D,
stored from 16-bit MPU bus, and outputs data at a transfer Dqo— [30] — Dg
speed of 10Mbps maximum, or according to an external re- oataporTs{ D11 : %*— Ds
: . " 12— 28] « D.
quest clock, or in sync with any serial clock. b [ z 7] D: DATA PORTS
Dis— 8 2]+ D,
FEATURES ' po—~E 8 « o,
® 16-bit MPU bus compatible WAITE CONTROL o, 5] a 7] — Do
® Data writing by MPU or DMAC. cHIP SELECT INPUT CS — [ID] RY 73] — DACK Dia ACKNOWLEDGE
® 320-word (5,120 bit) static RAM %%'ﬂ:,::f’,z::: c/D—[] % 22 — DREQ bma RequEsT ouTePUT
® Maximum data output speed 10Mbps RESET INPUT RESET — 21] «— EXD  exeansion b inpuT
‘® A fixed data of specified length can be added at the M ueor INTR «— [13} 20] +— TOG  WvERTED MODE PuT
head of output data. (A fixed data, “H” or “L” level Chadt CLK/ IN — 18] —~ GLK/¢ OUTGCT
data) CLOCK ENABLE CLKE — E—’w (zEl_T_DATA ouTPuT
® Selection of output types, FIFO or LIFO (Gv)enD - BUSY/ORD!«:::::S::::
® Choice of two output methods . 32P4B
(1) In sync with an any continuous clock on the system Outline 32P2W
side (¢IN). In this case, the clock output (CLK
OUT) can be selected in 5 divisions (1, 2, 4, 8, 16).
(2) In sync with a data request clock on the peripheral
equipment side
® Cascade connections
(1) Toggle configuration
(2) Applicable to 32-bit bus
® Low-noise and high-output circuit
(CLK/¢ IN OUT, DATA OUT) lo==%24mA
® Schmitt trigger for clock input (CLK/ ¢ IN)
® Negative noise reduction circuit for (RESET), (WR) and
(TOG).
APPLICATION
General office automation equipments dealing with image
processing
FUNCTION
The M66307 outputs serial data from a system bus to
peripheral equipment. The M66307 has an internal buffer of
320 words (5,120 bits); any number of words stored from
the data bus can be sent out as serial data. The data is
sent out in sync with any continuous clock (¢ IN) on the
system side or in sync with the data request clock (CLK
IN).
The sending method can be programmed to output the
MSB, LSB, FIFO (First-in First-out) or LIFO (Last-in First-
out). The default settings are CLK IN, MSB and FIFO.
In addition to the basic function, M66307 can output the fix-
ed data of a specified length before data output, store one-
line “blank” data on a single command, and repeat the out-
put of data stored in the line buffer.
MITSUBISHI
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M66307SP/FP

SERIAL-OUTPUT LINE SCAN BUFFER WITH 16-BIT MPU BUS

16 1 .
Seren® X —ParaLLEL- ouT! ) DATA OUT
BUFFER 320 WORD CMOS-SRAM| S%RL_;AL comﬁalgL
VERTER F CIRCUIT
I
COMMAND REGISTER 9 4
{
16 MARGIN BIT ouTPUT 3 iNTR
LENGTH REGISTER CONTROL ——
DREQ WORD WRITE/OUTPUT ADDRESS CIRCUIT SHY
REGISTER(9) CONTROL CIRCUIT
MODE REGISTER |
= o —)QL) DREQ
e CONTROL
B Sy
c/d @-) CIRCUIT
! -
ke CLOCK 1
HEO LNM DIVIDER cLock
CLK/gIN [@] CONTROL SIGNAL |
CIRCUIT SELECTION oUTPUT @ cue out
CIRCUIT CONTROL
RESET CIRCUIT
RESET (2->] conTROL
CIRCUIT |
706 EXPANSION
760G
ExD G-o] CONTROL
CIRCUIT

Interface of the M66307
The M66307 has two interfaces, one on the system bus
side and one on the peripheral equipment side. It outputs

data up to 320 words long, read from the system bus side,
to peripheral equipment in serial format.

Address bus

ll

-—T

! System bus
Control bus interface part
I SI
5 T T 7.} 1
| | |
| | | Data bus
| 1 1 /

~n

il

U

|
—

C/D CS Doe~Dys WR RESET ¢ IN DACK DREQ INTR BUSY
ToG

M66307
EXD

N CLK/
CLKE CLKIN DATAOUT ¢ OUT ORDY
A A

Peripheral equipment
interface part

<———-Q

|
| |

}
| [ |
| : I
| i v

Note : ® Make sure to pull-up low-level active input not used to Vcc.

Fig.1 M66307 interface to MPU system bus
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

DESCRIPTION

The M66300P/FP is a CMOS-type large-scale integrated
circuit with 63-byte FIFO (First-In First-Out Memory). Com-
mands or data up to 63 bytes can be stored in directly from
the 8-bit bus. The data stored in the FIFO can be output as
serial data on command and, when output ends, an inter-
rupt request signal is output. Having 2-bit output (OE,
LATCH) which can be set/reset by the command, M66300
can be connected to peripheral circuits that have a serial
latch structure.

FEATURES
® General-purpose 8-bit CPU bus compatible
® Built-in 63-byte FIFO
® High-speed output (10Mbps)
® Direct connection to LED array driver such as M66310
or M66311
Low-noise, high-output circuit
IOL=24mA, |0H=—24mA
(loL=4mA, loy=—4mA for INT)
® TTL compatible inputs
V,.=0.8V max, V;y=2.0V min
@ Schmitt input (RESET)
Hysteresis 0.8V typ

o

PIN CONFIGURATION (TOP VIEW)
WRITE 5= J
inpur WR—L1 E Vee
Dy —» E 5] /b GQUMAND/DATA
0. ~[3] o5 g
D, —~ E g E <+ RESET RESET INPUT
I s INTERRUPT
D;— E 8 E — INT REQUEST OUTPUT
DATA BUS S OE  OUTPUT ENABLE
0.~ 6] ﬁ 5]~ 0E  QUTRUT
Ds—[7] U  [14]— LATCH LaTcH outPuT
Dg— E E — SDATA SHIFT DATA OUTPUT
e E - SHIFT CLO
o, —[9] [12]— scik  guiFr cLock
GND E I_1—|<— [ CLOCK INPUT
. 20P4
Outline
oP2

APPLICATION
General digital equipment for industrial and home use,
panel display controllers, and eraser unit controller for
copying machine.

BLOCK DIAGRAM
e8I '_J-?SDATA
SELECTOR 63X8-BIT gﬁ'.:.:guq.ATA
DATA BUS SRAM Loap] SHIFT
BY
CK REGISTER
cK|
DECODER
WR T
JI SELECTOR
s MATCHING .
COMMAND/ = o DETECTION |—
DATA INPUT weur | é CIRCUIT
CHIP SELECT C§ (3 CONTROL WRITE \J READ ||
INPUT C aRouIt - COUNTER COUNTER  [oH
WRITE INPUT W O — !
Rp RDL
CK
L GOMMAND REGISTERJ
| si/BYTE |
v - CONVERTER o
. g SHIFT
CLOCK INPUT ¢ () DIVIDER F/F GATE 12) SCLK CLOCK
T OUTPUT
INTERRUPT - L, T ‘
REQUEST 'NT LATCH
OUTPUT ! LATCH
OUTPUT
CIRCUIT L BOE  QUTRUT
i NABLE
RESET INPUT RESET - _ _ I T J OUTPUT
MITSUBISHI 4—3
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

FUNCTION

The information on data bus Dy~ D; is considered as com-
mands when C/D=1, and as data when C/D=0. There are
four kinds of commands.

Command 1 sets division ratio for clock input ¢ and outputs
as shift clock"SCLK.

Command 2 sets the M66300 to write mode. The CPU is
capable of writing 8-bit parallel data (C/D=0) of up to 63
bytes into the internal memory (FIFO) of the M66300.
Command 3 sets the M66300 to serial output mode. All

Table 1 Function table

data written in the internal memory (FIFO) is output as se-
rial data starting with the LSB, in sync with the clock, which
is set by command 1.

When output ends, the interrupt request INT is output to the
CPU.

Command 4 cancels the INT and sets/resets the two con-
trol ports (LATCH, OE).

If command 3 is executed immediately after command 4,
the same data is output again.

g Inputs Outputs
€ Control inputs Data nputs N Remark
§ R |[CS|c/D|WR|D7 (D6 |D5|D4|D3|D2|D1|DO SCLK | SDATA - INT E | LATCH
—| 0 X | X | X | X | X | X|X|X|X|X]|X 0 0 1 1 0 | Initialize
-1 1 X X X x X X X X X X %1% 1]|%1]|% 2% 2| Memory contents not changed
1 0 1 £ 1 0 0 0 X [ X | X | X 0 0 1 1 0 |¢
1 0 0 1 0 0 1 1 0 | 1/2 dwision of ¢ Valid when Dy is
1 1 0 1 0 4] 4] 1 1 0 | 1/4 dwision of ¢ high-level
1 0 1 1 0 0 1 1 0 | 1/8 duwision of ¢
| 1T]1]0o]o 0] o | 1] 1] 0 |1/16dwsionofs
2 1 | F]o0 | X | X|X|]o|X|X]|]o]|]o]o]|1 1 0 | WRITE MODE setting WRITE
0 F I X | X | X | X | X|X|X]|X 0 0 1 1 0 | WRITE operation MODE
] 1 EY 0 X | X | X 0 X | X 1 |*%3|x4| 1 1 0 | SERIAL OUT MODE setting
3 #5| X | X | X | X | X | X | X | X | X|X|[*3[*4] 1 | 1| 0 |seraLour SERL OUT
| *5| X | X | X | X | X | X | X | X | X | X 0 0 0 1 0 | SERIAL OUT end MODE
4 0 1 EY 0 X | X | X 1 |[D2|D1 | X 0 0 1 |D2 | D1 | set/reset the OE and LATCH, cancel INT
Note 1. % 1 : The same operation as %3 and * 4 in the SERIAL OUT mode. The output I1s not changed in other modes
* 2 : The output is not chaged .
* 3 I The ¢ division pulse, which 1s set by command 1 is output on WR rise
* 4 . SDATA (n) 1s output on SCLK fall (n—1).
* 5 IIndicates 1 when WR 1s 0 Don’t care when WR 1s 1.
X ! Don't care
4—4 MITSUBISHI
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

BASIC OPERATION

Fig. 1 shows the basic operation flowchart. On the C/D sig-
nal, data inputs Do~D; are switched among four commands
and 8-bit parallel data. When C/D is 1, the command is
stored on the rise of WR.

First, command 1 is stored. Command 1 sets the division
ratio for clock input ¢ as 5 divisions of 1, 1/2, 1/4, 1/8 and
1/16. (The default division is 1.)

Then command 2 is stored. When command 2 is stored, 8-
bit parallel data is written into the internal memory (FIFO),
up to 63 bytes on the write cycle of the CPU.

When the write operation ends, command 3 is stored, and
all data written in the internal memory is output as serial
data (SDATA), starting with the LSB, in sync with the shift
clock (SCLK output), which is set by command 1.

The SDATA changes on the fall of SCLK. If data output
ends, an interrupt request is output to the CPU.

INT is canceled by command 4 or by command 2 and 3.
The command 4 sets/resets two control ports (LATCH, OE)
as well as canceling INT.

If command 3 is executed without executing command 2 af-
ter Command 4, the same data is output again. If the repeat
output is not required, return to command 2.

=]

l

c/D=1 U

Command 1 store | I

l

L Division ratio setting I

Y

c/o=1 U

Command 2 store I I

[
¥

C/D=0

Write operation
1 write cycle/byte

Repeat output

(MAX : 63 Byte)

YES
v

Cc/D=1 U

Command 3 store T]

|-
v

SERIAL OUTPUT

YES

Interrupt request out ]

L

(Cancel interrupt request)
latch output

— |
c/D=1 LI Command 4 store I |
Interrupt I OE output |
from
others l
c/D=1 I I Command 4 store ] I

Cancel latch, OE ]

______ i
Repeat data
"YES output?
NO
Fig. 1 Flowchart (Basic operation)
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

PIN DESCRIPTION

® RESET (Reset input)

When this is low-level, it clears the command and shift reg-
ister and initializes the address of the internal memory
(FIFO).

® ¢ (Clock input)

When the frequency of clock input ¢ is fo, the frequency f
of shift clock output SCLK is given by the following equa-
tion.

f=(1/n) - fo (n=1,2, 4,8, 16)
® CS (chip select input)
When this is low-level, communication between the

M66300 and the CPU becomes possible. When this is high-
level, data from the CPU is ignored. However, data in the
internal memory is maintained. In the serial output mode,
data output operation continues and, as soon as it ends, an
interrupt request instruction INT is output. (INT can be can-
celed only when CS is low-level.) In other modes, output is
maintained as it is.

® C/D (Command/data input)

The information on Dy~ D, is regarded as commands when
this is high-level and is regarded as data when this is low-
level.

® WR (Write input)

On WR rise, a command from the GPU is written into the
command register and data is written into the internal
memory. This input generates the serial data start signal,
cancels INT, and sets the 2-bit control ports (LATCH, OE).

3) Command 3 0146 (Note 3)
Data output mode from the internal memory (FIFO) is
set.

4) Command 4 08,6~0F45 (Note 3)
Cancels the INT and sets the two control ports
(LATCH, OE). (Note 4)

Note 2! Lower byte can be 0~F.
3 Upper byte can be 1~7.
4 : INT can also be canceled by command 2 or
3.
Fig. 2 shows the method for determining the command
word for the instruction set. When D; is 1, D3~ Dg are
masked and when Dj is 1, Dy is masked.

Table 2 Division ratio setting

D;~Dy Division
816 ¢
916 1/2 of ¢
Ae 1/4 of ¢
Bie 1/8 of ¢
Cie 1/16 of ¢

Table 3 OE, LATCH setting

® SCLK (Shift clock output) - Ds~Dy OF LATCH  |INT cancellation
. . R 160 916 0 0 canceled
The clock frequency is determined by Dg~D,4 when D; IS_1, Arer B 0 1
as shown in Table 2 and Fig. 2. Clock output starts on WR Cie, Dis 1 0
rise of command 3. Eve, Fis 1 ]
® SDATA (Shift data output)
All data written in the internal memory are output as serial
data in sync with the SCLK.
® INT (Interrupt request output)
When output of all data in the internal memory ends, a low-
level signal is output.
® LATCH (Latch output)
® OE (Output enable output)
These two outputs are set/reset by command 4 on WR rise.
The signal was named after the IC (ex. M66310 or
M66311) connected in the next stage, but it can be used
freely for other applications.
INSTRUCTION SET
Four commands can be set by the 8-bit command words
from the CPU.
1) Command 1 80,6~C015 (Note 2)
Division ratio setting
2) Command 2 0045 (Note 3)
Write mode from the CPU to the internal memory is
set.
1— MITSUBISHI
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

E Duvision ratio setting

Dg Ds D4 Division ratio

When D,=[1] 0o | ofo]¢
0 | 0] 1 [1/208
0 [ 1 ] o [1/40s
o | 1 [ 1 [1/8ag
1 [ ol o Jiisors

Set/Reset LATCH and OE
m and cancel INT

D, | Dy | OE LATCH
0olo]o 0
- ol 1o 1
When Dz=
[ 101 0
11 | 1
When D;=Dy=[0]
Do Mode setting
[ 0 WRITE
[Pz De[Ds[Ds]Ds[ D] Dy ] D] 1 | SERIAL OUT
Fig. 2 Instruction set
EXAMPLE OF TIME CHART
Divisi m“; Serial output INT cancellation, LATCH
Imtialize slzltiilr?n settin. Write operation  mode setting Senal output (Note 5) and OE setting
. 9, 9. | e o
T T T 7 T

oo, — (D S S

(8X)1s (00016 (A9)1s (XX)1s  (85)15 (01)ie  1b 2b 3b 4b s (Note &) - - x8b (0F)is  (08)is (0D)yg

SCLK —{f—
SOATA " M rer---_—- -

LATCH i i

INT D W I [

Note 5: Always maintain WR at high-level when CS I1s low-level
. B.=Byte, b =bit
# need not be the GPU signal (¢ and WR need not be synchronous.)
¢ indicates the value when division ratio is set 1 If the division ratio is other than 1, a similar time chart 1s obtained If ¢ is
regarded as the waveform divided

@ N o

MITSUBISHI 4—7
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+47 \
v, Input voltage —0.5~4Vcc+0.5 \
Vo Output voltage —0.5~4Vcc+0.5 \
Pd Power dissipation 500 mwW
Tstg Storage temperature —65 ~-+150 C

RECOMMENDED OPERATING CONDITIONS (Ta=—10~+75C)

Limits
Symbol Parameter Conditions Unit
Min Typ Max
Vce Supply voltage 4.5 5 5.5 \%
GND Supply voltage 0 \%
A Input voltage 0 Vce \
Vo Output voltage 0 Vee \
Topr Operating temperature range —10 75 Cc
ELECTRICAL CHARACTERISTICS (Ta=—10~+75T, Voc=5 V*10%, GND=0V)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
Vin High-level input voltage R 2 1.4 v
Inputs other than RESET
Vio Low-level input voltage 1.4 0.8 \
Vy4 Positive input threshold voltage 1.8 2.4 \%
Vy— Negative input threshold voltage RESET 0.6 1.0 \%
Vr4—Vqy— | Hysteresis width 0.2 0.8 \%
INT low=—4mA Ve 0.3
Vou High-level output voltage — o Vec—0.80 £ \
Output pin other than INT loy=—24mA Veo—0.40
INT lo.= 4 mA 0.10
Y Low-level output voltage — 0.53 \
o o output voltag Output pin other than INT lo,=24mA 0.25
lcc Supply current Vi=V¢c or GND 20 50 mA
hn High-level input current Vi=Vce 0.0 -+1 A
hie Low-level input current V=0V 0.0 —1 LA
C, Input capacitance 5 10 pF

Note 9. The current flowing into the IC is positive (no sign)

1—g MITSUBISHI
ELECTRIC
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

TIMING REQUIREMENTS (Ta=—10~+75C, Voc="5V+10%, GND=0V)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw(e) Clock pulse width 50 20 ns
tww) Write pulse width 100 30 ns
tw(R) Reset pulse width 100 5 ns
tsu(o—w) Data setup time before write 50 15 ns
thiw—o) Data hold time after write 0 —15 ns
tsuta—w) Address setup time before write 0 [30—ty(W) ns
thiw—a) Address hold time after write 0 —25 ns
trecm) Write recovery time 100 [35—ty(W) ns
trec(wi—w) | Write recovery time after INT 100 | Oorless ns
trec(R—w) | Write recovery time after reset 100 — ns
Note 10 . Increase of the input nse time (t;) and fall time (t;) of clock input ¢ may cause misoperation
tr, tf - These are recommended to be 20ns or less
SWITCHING CHARACTERISTICS (Ta=—10~+75%, Voc=5V£10%)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
fmax(#) | Maximum repetitive frequency 10 30 MHz
teLn(W—mT) | Propagation ime between write and INT G = 500F 30 100 ns
teuL(R—inT) | Propagation ime between RESET and INT - P 20 100 ns
tpLH(W—0F —

PLH(W—0E) Propagation time between write and OE 20 100 ns
tPHL(W—0E) 25 100 ns
toLn(W—

PLA(W=LA) Propagation time between wrnte and LATCH 20 100 ns
tPHL(W—LA) 25 100 ns
teLu(w—sc) | Propagation time between wnte and SCLK 1 XT — 2XT+100 ns
teL(g—sc) | Propagation time between ¢ and SCLK C_=150pF 35 100 ns
t; - 30 100 ns

PLA(¢ —S0) Propagation time between ¢ and SDATA
teHL(s—sD) 30 100 ns
tenL(s—inT) | Propagation time between ¢ and INT 30 100 ns
teLn(A—oE) | Propagation time between RESET and OE 20 100 ns
teHL(R-1a) | Propagation time between RESET and LATCH 25 100 ns
trin Low-to high-level output transition time (INT) Ci= 500F 10 25 ns
trhL High-to low-level output transition time (INT) - P 6 25 ns
t Low-to high-level output transition time 10 25

— ns

T (SCLK, SDATA, OE, LATCH)

C_ =150pF
¢ High-to low-level output transition ime 7 25
— ns
T (SCLK, SDATA, OE, LATCH)
Note 11 : T=(1/¢(fo)) X (1/dvision ratio)ns
12 AC test waveform
Input pulse level 0~3v
Input pulse rise tme  6ns
Input pulse fall ime  6ns
Reference voltage
Input voltage 1.3v
Output voltage 1.3v
MITSUBISHI 4—9
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

TIMING DIAGRAM

Note 14 . Output when command 3 is set

Note 15 Output when command 4 I1s set

twig)
Instruction set 1~4 v
4 (Note 13) ’-}‘ ;[—\_Ji \.
(C
)
C/D,CS % I
A
INPUTS
j ‘\ tww ’///
L : _ 5 W(w) thiw—a)
WR Su(A—w)
DD [ tsuo—w \ thiv-o) {(
o~ D7 \ﬁ_ji 7
teLn(4 —sC)
oLk teLH(W—sc)
(Note 14) / 5~
. First byte Last
SDATA Xl et o xgg_‘qbyte MSB\
OUTPUTS < (Note 14) v teLh(s —s0)
- PHL(¢ —SD)
_ tpLH(W—0E), (W—LA) x
OE, LATCH tPHL(W—0E), (W—LA)
(Note 15) '
s/
INT (Note 157—m—' PLH(W—INT) tPHL(¢ —INT)
\

Timing diagram when RESET

Note 13 : The timing diagram when division ratio I1s set (1/2, 1/4, 1/8,
1/16) is regarded as the waveform as divided by ¢ There
are specific ¢ inputs for switching from each ¢ state.

~
RESET 1 W@ /
INPUTS <
_ trecr-w )
(_ WR
-
OE teLu(R—0E) y
~
OUTPUTS < ‘
(R
LATCH PHL(R—LA) ]
A
L iNT teLH(R—INT) N
WR recovery time other then data reading _
treciw)
INPUT WR
4—10 MITSUBISHI
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Control unit

GControl unit

M74HC373 : Octal D type latch circuit AvsmA
M74HC138 : 3 to 8 decoder 2 s Arp~Ass
M66310 : LED driver (—24mA, cathode common)
Ao Ay A, A AL A
0 1 2
HC138 HC138
< % _ _
| %~ v Yo ¥ o vy Yy v
_:‘:3 Ao~Ais T = Ah
Xour  As~Ais 7 T Xour  Ag~Ais — l
_ CE cs == ==
ALE|—]TE A Ah O CE cs
HC 373 o Ao~ e oA ) A~ A Ao~Asz
ROM RAM C373
Z  ADo~AD7~—D o ADg~AD D a1 RoM RAM
e [ Do~Dr Do~D; z T — Do~D; Do~D;
[} A, _— —_— 2
E ° OE WR g Ao oF WA
° Z | Q A T
s D) ] 3
g RD e RD |
—_ a o
R _ L — ) WA 1
’ P OBt WR 68 ’ % o o0, WA o]
— RESE M66300 o — RESET M66300
- T [— J—
Power-on|___| meseT INT _SDATA SCLK OE LATCH I INT  SDATA SCLK OE LATCH
=T Power-on RESET
reset __ t 1
cireuit INT Interrupt reset — Interrupt
control circuit INT control
circuit circuit
o T
LED illuminating unit 7-segment dislplay unit
’7 J_ l == CKs OE CK OE
A CKs OE OK, CKs OE CK. et P o
saH |— —Ja M66310 M66310
M66310 M66310 T
| g
i Y i
[ 1
i

Fig. 3 Application example 1 (PPC copying machine eraser circuit)

Fig. 4 Application example 2 (Panel display circuit)
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M66300P/FP

PARALLEL-IN SERIAL-OUT DATA BUFFER WITH FIFO

TYPICAL CHARACTERISTICS (24mA OUTPUT PIN)

lon VS Vou losn VS Vo
2 Voo=5V ~ Voo=5V
E s ! < —200 <
z Ta=—10C =
3 \\,</_ a 5 - Ta=—10C
e _ \ \ 25C 8 _
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5 e
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TIME VS LOAD CAPACITANGE (OE, LATCH, SCLK, SDATA) VS LOAD CAPACITANCE (OE, LATCH, SCLK, SDATA)
40 40
R Ta=25C
~ r Voc=4.5V 2 b Vee=4.5V
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g2 /,j Veo=5.0V X % /L vee=s.ov
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4—12 MITSUBISHI

ELECTRIC



MITSUBISHI {DIGITAL ASSP)

M66310P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

DESCRIPTION

M66310P/FP is a LED array driver having a 16bit serial-
input and parallel output shiftregister function with direct
coupled reset input and output latch function.

This product guarantees the output electric current of 24mA
which is sufficient for cathode common LED drive, capable
of flowing 16bits continuously at the same time.

Parallel output is open drain output.

In addition, as this product has been designed in complete

PIN CONFIGURATION (TOP VIEW)

a,—[1]
as—[2]
vee [3]
]

ENABLE INPUT OF — [5 |

PARALLEL DATA
QUTPUTS

SERIAL DATA
INPUT

PARALLEL DATA

CMOS, power consumption can be greatly reduced when ror CHocK CKL—’E OuTPUTS
compared with conventional BIPOLAR or Bi-CMOS pro- ?’Li%%T RESET R —’E
ducts. SHIFT GLOCK CKs — [8]
Furthermore, pin lay-out ensures the realization of an easy INPUT oo [3]
printed circuit.
Ei e
FEATURES PARALLEL DATA | Q0 ™~ E
® Cathode common LED drive ouTpuTS . —[1Z]
® High output current
all parallel output lon=—24mA Outline
simultaneous lighting available
® Low power dissipation : 100#W/package (max)
(Vec=5V, Ta=25C, quiescent state)
® High noise margin APPLICATION
schmitt input circuit provides responsiveness to a LED array drive of BUTTON TELEPHONE
long line length. LED array drive of ERASER of a PPC copier
® Equipped with direct-coupled reset Other various LED madules
® Open drain output
(except serial data output)
® Wide operating temperature range
: Ta=—40~+85C
® Pin lay-out facilitates printed circuit wiring. (This lay-out
facilitates cascade connection and LED connection.)
LOGIC DI AGR AM PARALLEL DATA OUTPUTS SER(I')AU:IfG-I’I:AV
P cc

10> -43)—

5 DCKH nc"n DCKR DCK nCKn nCKn

Dc*nnnnn

i 1 1 R by 1
1 1 } 1 !
o Gl [ el | [0 (loGkn pCka
N NS S SRS W S | SR G

O

ENABLE SERIAL DATA
INPUT  INPUT

PARALLEL
DATA OUTPUT

CKs R  CK_ GND
SHIFT DIRECTLATCH
CLOCK RESET CLOCK
INPUT INPUT INPUT
SERIAL DATA
OUTPUT

OUTPUT FORMAT
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M66310P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

FUNCTIONAL DESCRIPTION

As M66310P/FP uses silicon gate CMOS process, it real-
izes high-speed and high-output currents sufficient for LED
drive while maintaining low power consumption and allo-
wance for high noises.

Each bit of a shiftregister consists of two flip-flops_having
independent clocks for shifting and latching.

As for clock input, shift clock input CKs and latch clock in-
put CK_ are independent from each other, shift and latch
operations being made when “L” changes to “H”.

Serial data input A is the data input of the first-step shiftre-
gister and the signal of A shifts shifting registers one by
one when a pulse is impressed to CKs. When A is “L”, the
signal of “L” shifts.

When the pulse is impressed to CK, the contents of the

FUNCTION TABLE (Note: 1)

shifting register at that time are stored in a latching regis-
ter, and they appear in the outputs from Qa~Qp.

Outputs from Qa~Qp are open drain outputs.

To extend the number of bits, use the serial data output
SQe which shows the output of the shifting register of the
16th bit.

If CKs and CK_ are connected, the state of the shifting reg-
ister with one clock delay is outputted to Qa~Qp.

When reset input R is changed to “L”, Qa~Qp and SQp are
reset. In this case, shifting and latching registers are reset.
If “H” is impressed to output enable input OE, Qs ~ Qp
reaches the high impedance state, but SQp does not reach
the high impedance state. Furthermore, change in OE does
not affect shift operation.

; Input PARALLEL DATA Output Senal
Operation mode = — output| Remarks
R |CKs|CKL| A |OE|Qa|Qe|Qc|Qp | Qe |Qr |Qc Qx| Qi | Q, [Qk | QL |Qm | Qn | Qo | Qp | SeP
Reset Li{X|X | X|X|z\z2|z|z2z|z|z|z|z|z|z|z|z|z|zZ|zZz|zZ|L| —
) Shift t1 | H | 1 | X | H| L [Qa%]Qe°|Qc®[Qr°| Q| Q° Qe Qn°| Q° | Q,°| Qk°| QL% QM| Qn®|Q6°| Qr%| qo°| Output
Shift ] 0] 0.0 00| a0 a0 0] 40| o0 ) 0] 40 0,0 o, o] "dhting
latch Latcht2 | H | X | t X | L H|ga {9 |G |9 |9 |9 |G | Qx4 | 9 |9y |9k |9 |9v |9y | 9o | Go “H”
R Shift t1 | H | 1 X | L | L [Qs?Qg?lac?|Qc’|Qe®| Qe |Qcl|Qn’| Q° | Q,°|Qx’| Qll|am®| Qnl|Qo®| Qr°| o’ | Output
op 0] q.0]q0]a0g0la0 0] g 0] 40 0] 0| O o[ 0. o] o]"dhts;out
Latcht2 | H | X | t | X | L | Z |ga?|qgs’[ac’|an’|qe’ | ae®|ac®|an’| a® | as° | ak’ ! a’ |am’] an’ | a0’ | o L
Output disable X| X | X|{X|H|Z2|2Z2|2z2|2|Z2|Z|Z |2 |Z|Z|Z |2 |Z|Z|Z|Z]|aqge —
Note1 : t : Change from low-level to high-level
Q° : Output state Q before CK, changed
X llrrelevant
q° : Contents of shift register before CKg changed
q : Contents of shift register
ti, t2 I tpis set after t; is set
Z . High impedance
4—14 MITSUBISHI
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M66310P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

ABSOLUTE MAXIMUM RATINGS (Ta=—40~+85C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+7.0 \4
\ Input voltage —0.5~Vgc10.5 \
Vo Output voltage —0.5~Vcc+0.5 \
V<oV —20 A
lik Input protection diode current V> Voo 20 m
iod Vo <0V —20 mA
lok Output parasitic diode current Vo> Voo 20
Qa~Qp —50
mA
lo Output current per output pin s +25
lec Supply/GND current Ve, GND —410, +20 mA
Pd Power dissipation (Note 2) 500 mw
Tstg Storage temperature range —65~+150 c
Note 2 . M66310FP , Tq=—40~+70"C, Ta=70~85C are derated at —6mW/C
RECOMMENDED OPERATING CONDITIONS (Ta=—40~+85¢C)
P ! Limits Unit
Symbol arameter M Typ - Max
Vece Supply voltage 4.5 5 5.5 \Y
vV Input voltage 0 Vee \
Vo Output voltage 0 Vece \%
Topr Operating temperature range —40 +-85 ‘C
ELECTRICAL CHARACTERISTICS (Voc=4.5~5.5V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C | Unit
Min Typ Max Min Max
Vo=0.1V, Vcc—0.1V
V1t Positive-going threshold voltage lol = 20uA 0.35XVee 0.7XVce |0.35X Vg [ 0. 7X Ve Vv
ol = clu
Vo=0.1V, Vcc—0.1V
Vi— Negative-going threshold voltage lo| = 20uA 0.2X Ve 0.55X Ve | 0.2XVee |0.55X Ve \
ol = 20u
lon=—20uA | Vgc—0.1 Vee—0.1
Vi=Vrg, Vr—
Vou High-level output voltage Qa~Qp Voem4, 5V lon=—24mA 3.83 3.66 \
e Note3 | lou=—40mA | 3.50 3.25
Vi=Vr4, Vi low=—20uA | Veo—0.1 Voe—0.1
V, High-level output voltage SQ \
oH 9 put vollage 5w Voo=4.5v lon=—4mA | 3.83 3.66
Vi=Vr+, Vi lor=20uA 0.1 0.1
V, Low-level output voltage SQ v
oL pul voltage Ste Voo=14.5v lo=4mA 0.44 0.53
I High-level input current Vi=Vcc, Vcc=5.5V 0.5 5.0 rA
e Low-level input current Vi=GND, V¢c=5.5V —0.5 —5.0 HA
Vi=Vr4, Vr— Vo=Vcc 1.0 10.0
| Maximum output leakage current Qa~Q, A
° putleakag AT Vge=5.5v Vo=GND —1.0 —10.0] “
lcc Quiescent supply current Vi=Vcc, GND, Vce=5.5V 20.0 200. 0 #A
Note 3 : M66310 1s used under the condition of an oﬁtput current loy=—40mA, the number of simultaneous drive outputs Is restricted as shown In the Duty Cycle—

—lon of Standard characteristics

MITSUBISHI
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M66310P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

SWITCHING CHARACTERISTICS (vee=5V)

Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C Unit
Min Typ Max Min Max

fmax Maxi clock frequency 5 4 MHz
teLh Low-level to high-level and high-level to low-level 100 130 ns
teHL output propagation time  (CKs-SQp) 100 130 ns
teHL High-level to low-level output propagation time  (R-SQp) C_=50pF 100 130 ns
tpHz High-level to low-level output propagation time  (R-Qa~Qp) R.=1kQ 150 200 ns
tpzH Low-level to high-level and high-level to low-level (Note5) 100 130 ns
trHz output propagation time (CK—Qa~Qp) 150 200 ns
tezn Output enable time to low-level and high-level 100 130 ns
tonz (OE—Qa~Qp) 150 200 ns
C, Input Capacitance 10 10 pF
Co Output Capacttance ) OE=V¢c 15 15 pF
Cpp Power dissipation Capacitance  (Note4) 1 pF

Note 4 : Cpp is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per latch)
The power dissipated during operation under no-load conditions i1s calculated using the following formula*
P5=Cpp * Voc® * fitlee * Veo .

TIMING REQUIREMENTS (Veo=5V)

Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C | Unit
Min Typ Max Min Max
tw CKs, CK,, R pulse width 100 130 ns
tsu A setup time with respect to CKg 100 130 ns
tsu CKs setup time with respect to CK, (Note 5) 100 130 ns
th A hold time with respect to CKg 10 15 ns
trec R, recovery time with respect to CKg, CK_ 50 70 ns

Note 5 : Test Circuit

Note 5 : Test Circuit

. Qa~Qp
O

s |
Co Re
500 I
j)’ GND ; Co

(1) The pulse generator (PG) has the following charactenistics (10%~90%) : tr =6ns, tf=6ns

(2) The capacitance Cy includes stray wiring capacitance and the probe input capacitance.

MITSUBISHI
4—16 ELECTRIC
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M66310P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

STANDARD CHARACTERISTICS

DUTY CYCLE—Iloy CHARACTERISTICS
(Voe=4.5V Ta=25C)

DUTY CYCLE—Ioy CHARACTERISTICS
(Vog=4.5V. Ta=85C)

—50 —50
—40 O~® -0 S ~®
< ~3
) S
< -0 < 3 N \x\%
1S \ \\01)
E « Repetition f >10H = " =
T petition frequency z 5 * Repetition frequency>10Hz \“
L2 _xn __'_';f"g:]tl’:;f é?rglltr;dtlhcaatti;gfa?:mber = _0/— * Numbers in O indicate the number__\ o
f of output circuits that operate
simultaneously | o simultaneously I |
* Current values are per circuit. .c
—10 —10}— * Current values are Ter circuit |
0 0 |
0 20 40 60 80 100 0 20 40 60 80 100
DUTY CYCLE (%) DUTY CYCLE (%)
TIMING DIAGRAM
tw
/ Vee
50%
CKs / CKL / GND
- tezu
/_——— Vou
SQp 0,
aan 7 50%
tenz
tw
VCC
= \ ~Q
R \ 50% ;/ 50% Q=@
trec GND
VCC A
CKe , 50%
GND
tone
Vor
SQe 50% CKs
VDL

Qa~Qp

CKs

CK,

Qa~Qp
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M66311P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

DESCRIPTION
M66311P/FP is a LED array driver having a 16bit serial- PIN CONFIGURATION (TOP VIEW)
input and parallel output shiftregister function with direct v,
coEjpled reset input and output latch funct.lon. PARALLEL DATA { Q—A‘-Ll—_—COA achb—{72]— &z
This product guarantees the output electric current of 24mA OUTPUTS Q-B<—[Z—coa btz T
which is sufficient for anode common LED drive, capable of °
flowing 16bits continuously at the same time. veo  [3] aep—22|— Qe
Parallel output is open drain output. U DATA A—»]Z—A QF D—E—»Q_F
In éddition, as this product has been designed in complefe ENABLE INPUT oTs—.E_{ o agp—]20]— Qe
CMOS, power consumption can be greatly reduced when LATGH GLOGK _
compared with conventional BIPOLAR or Bi-CMOS pro- ::::CTT RESET CK_"_’E_ oo D—E_’S” 'Bﬂ’}\LLEL
ducts. INPUT R—[7]—dr apiE]-aq |ouTPuts
Furthermore, pin lay-out ensures the realization of an easy TWUFTOLOCK ok —[B1-—foxs  asp17] -,
printed circuit. GND E ax 3‘4_6-"’6_“
FEATURES SEHAsP "™ sar - [of—jeer - eup—fB] - a0
® Anode common LED drive EARALLEL DATA Qo —[ill<  avp1a]-~qy
® High output current Q. +[iz}qo ap{iz]-ay

all parallel output lor=24mA

simultaneous lighting available . 24P4D
® Low power dissipation : 1002W/package (max; Outline 54ps

(Vee=5V, Ta=25T, quiescent state)
® High noise margin

schmitt input circuit provides responsiveness to a APPLICATION

long line length. LED array drive of BUTTON TELEPHONE
® Equipped with direct-coupled reset LED array drive of ERASER of a PPC copier
® Open drain output Other various LED modules

(except serial data output)
® Wide operating temperature range

: Ta=—40~+85C
® Pin lay-out facilitates printed circuit wiring. (This lay-out

facilitates cascade connection and LED connection.)
LOGIC DIAGRAM
PARALLEL DATA OUTPUTS SERIAL DATA
TS Voo

DO

8

OE
ENABLE SERIAL DATA
INPUT  INPUT

PARALLEL

DATA OUTPUT

CKs GND

5
SHIFT DIRECT LATCH
CLOCK RESET CLOCK
INPUT INPUT INPUT

CK,

SERIAL DATA
OUTPUT

{?@

OUTPUT FORMAT

MITSUBISHI
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M66311P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

FUNCTIONAL DESCRIPTION

As M66311P/FP uses silicon gate CMOS process, it real-
izes high-speed and high-output currents sufficient for LED
drive while maintaining low power consumption and allo-
wance for high noises.

Each bit of a shiftregister consists of two flip-flops having
independent clocks for shifting and latching.

As for clock input, shift clock input CKs and latch clock in-
put CK, are independent from each other, shift and latch
operations being made when “L” changes to “H”.

Serial data input A is the data input of the first-step shiftre-
gister and the signal of A shifts shifting registers one by
one when a pulse is impressed to CKs. When A is “H”, the
signal of “L” shifts.

When the pulse is impressed to CK, the contents of the

FUNCTION TABLE (Note: 1)

shifting register at that time are stored in a latching regis-
ter, and they appear in the outputs from Qa~Qp.

Outputs from Qa~Qp are open drain outputs.

To extend the number of bits, use the serial data output
SQp which shows the output of the shifting register of the
16th bit.

If CKs and CK are connected, the state of the shifting reg-
ister with one clock delay is outputted to Qa~Qp.

When reset input R is changed to “L”, Qa~Qp and SQp are
reset. In this case, shifting and latching registers are set.

If “H” is impressed to output enable input OE, Qx~ Qp
reaches the high impedance state, but SQp does not reach
the high impedance state. Furthermore, change in OE does
not affect shift operation.

Input PARALLEL DATA Output Serat
Operation mode = = T T T T T = T = T — [ —=— T —=— T ——=T—==T—=T——"output| Remarks
R [CKs|CKL| A |OE| QA | Q| Qc|Qp | Qe | Qr |Qc Qx| @ | Qs |Qk| QL | Qm|Qn| Qo | Qp | Sar
Reset L X X X X z V4 Z Y4 p4 z z z z z z V4 y4 y4 V4 y4 L —
Shit st 1| H | t | X | H| L |Qx Qs Q| Qe Q| Qc?|Qr| Q° | Q%] Q%] QL0 [Qm®| Qr®| Qo°| Qr°| q0° Output
Latcht2 | H | X t X | L|Lia|a’lac’ a0’ a’|a | ac’|an’| a’ | a’|a’ ] a’|au’] an’] ac’ | ao “H”
latch PR N e I e X e A e e e e e W N e e A e XA e W Fa XA ra W Clra e
Shit 11| H | t | X | L|L Q@ QcQ’ Qe’|Q|Qs’ Q| Q| al|a’|al’|av®|Qn’|Qc°| Qr°| ac’ | Output
operation ) o) ) o o o 5 5 ° 5 ) 5 o o lights-out
Latcht2 | H | X | t | X | L | Z |aga’]|as’|ac’|ap’|ae’| g’ [gc’|an’ | a® | as® |ax® | a® [am®[an’[ac?|ae’| “L”
Output disable X X X X H V4 z y4 V4 y4 4 4 4 Y4 Z V4 V4 V4 V4 Y4 Z | qp —
Note 1 Z_T * Change from low-level to high-level
Q° : Output state Q before CK, changed
X Ilrrelevant
q° . Contents of shift register before CKs changed
q : Contents of shift register
ty, ta  tp1s set after t; I1s set
Z . High impedance
MITSUBISHI 4—19
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M66311P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

ABSOLUTE MAXIMUM RATINGS (Ta=—40~485C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+47.0 \Y
\ Input voltage —0.5~Vgc+0.5 \Y;
Vo Output voltage —0.5~Vgc+0.5 \
| Input protection diod t Vi<ov —20 mA
K nput protection diode curren Vi > Ves 20
I Output parasitic diod t Vo<WV —20 mA
i
oK utput parasitic diode curren Vo> Voo 20
Qa~Qp 50
i mA
lo Output current per output pin sa. ¥
lcc Supply/GND current Vee, GND —20, +410 mA
P4 Power dissipation (Note 2) 500 mw
Tstg Storage temperature range —65~+150 C
Note 2 : M66311FP ; Ta=—40~+470C, Ta=70~857C are derated at —6mW/C.
RECOMMENDED OPERATING CONDITIONS (Ta=—40~+85C)
Limits
Symbol Parameter Unit
i Min Typ Max
Vce Supply voltage 4.5 5 5.5 v
V, Input voltage 0 Vee \%
Vo Output voltage o} Vece \%
Topr Operating temperature range —40 -+85 c
ELECTRICAL CHARACTERISTICS (Vcc=4.5~5.5V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Ta=25T Ta=—40~+85C | Unit
Min Typ Max Min Max
] Vo =0.1V, Vec—0.1V
Vr+ Positive-going threshold voltage lo| = 204 0.35XVee 0.7XVgc {0.35X Ve 0. 7XVee \
ol = clu
Vo =0.1V, Vcc—0.1V
Vr—- Negative-going threshold voltage o] = 204A 0.2XVec 0.55X Vg | 0.2X Ve |0.55X Ve v
ol = cUu
loL=201A 0.1 0.1
— Vi=Vr4, Vo=
Voo Low-level output voltage Qa~Qp Veomd. 5V lo.=24mA 0. 44 0.53 v
e Note3 [ lo,=40mA 0.73 0.94
Vi=Vr4, Vi— low=—20uA | Vgc—0.1 Voe—0.1
V High-level output voltage SQ \
oH 9 put voltage Ste Voo=4.5V low=—4mA__| 3.83 3.66
Vi=Vr4, Vr— lo,=20uA 0.1 0.1
V, Low-level output voltage SQ v
ov put vollage Ste Voo=4.5V lou=4mA 0.44 0.53
[’ High-level input current Vi=Vg¢e, Vec=5. 5V 0.5 5.0 #A
e Low-level input current Vi=GND, V¢c=5.5V —0.5 —5.0 #A
— — | V=V, Vo Vo=Vcc 1.0 10.0
1 Maximum output leakage current Qa~Q A
o putleakage cteml Sn™ | yoe=5.5v Vo=GND —1.0 —0.0| “
lcc Quiescent supply current Vi=V¢e, GND, Vec=5.5V 20.0 200.0 zA
Note 3

loL of Standard characteristics.

: M66311 is used under the condition of an output current Io,=40mA, the number of simultaneous drive outputs is restricted as shown in the Duty Cycle—

MITSUBISHI
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M66311P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

SWITCHING CHARACTERISTICS (vec=5V)

Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C Unit
Min Typ Max Min Max

fmax Maximum clock frequency 5 4 MHz
toLn Low-level to high-level and high-level to low-level 100 130 ns
tene output propagation time  (CKs-SQp) 100 130 ns
tenL High-level to low-level output propagation ime ~ (R-SQp) C,=50pF 100 130 ns
[ Low-level to high-level output propagation time  (R-Qa~Qp) R=1kQ 150 200 ns
tpzL Low-level to high-level and high-lev_el toi:w-level (Note 5 ) 100 130 ns
tpLz output propagation time  (CK,—Qa~Qp) 150 200 ns
tezL Output enable time to low-level and high-level 100 130 ns
terz (OE—Qa~Qp) 150 200 ns
C, Input Capacitance 10 10 pF
Co Output Capacitance OE=V¢c 15 15 pF
Cpp Power dissipation Capacitance (Note 4 ) 5 pF

Note 4 : Cpp is the internal capacitance of the IC calculated from operation supply current under no-load conditions (per latch)
The power dissipated during operation under no-load conditions is calculated using the following formula:
Po=Cep * Vcc? * fitlee * Vec

TIMING REQUIREMENTS (Vee=5V)

Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C | Unit
Min Typ Max Min Max
tw CKs, CKL, R pulse width 100 ' 130 ns
tsu A setup time with respect to CKs 100 130 ns
tsu CKs setup time with respect to CK_ (Note 5) 100 130 ns
th A hold time with respect to CKs 10 15 ns
trec R, recovery time with respect to CKs, CK. 50 70 ns

Note 5: Test Circuit

VCC
INPUT Veo
O RL
—0 Qa~Qp

s 1
C.

" T I I

(1) The pulse generator (PG) has the following characteristics (10%~90%) : tr =6ns, ti=6ns

(2) The capacitance C, includes stray wiring capacitance and the probe input capacitance.
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M66311P/FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

STANDARD CHARACTERISTICS

DUTY CYCLE—Io. CHARACTERISTICS

(Vee=4.5V. Ta=25C)

50
40 O~®
~ 30 —
< <
£ €
vaa « Repetition frequency>10Hz ‘8
-2 * Numbers in O indicate the number- -
of output circuits that operate
simultaneously.
10 |— ¢ Current values are per circuit. ——
0 |
0 20 40 60 80 100

TIMING DIAGRAM

SQp

DUTY CYCLE (%)

tw

50%

R 50%
\_/ trec GND
VCC
50%
CKs GND
V.
SQp OH
——~=VoL
Q,~Qp

VoL

50

|

30

CKs

CKL

All values shown in this catalogue are subject to change for product improvement.
The information, diagrams and all other data included herein are believed to be correct and reliable. However, no responsibility
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M66312P/FP

8-BIT LED DRIVER WITH SHIFTREGISTER AND LATCHED 3-STATE OUTPUTS

DESCRIPTION o PIN CONFIGURATION (TOP VIEW)
M66312 is a LED array driver having a 8-bit serial input and
parallel output shiftregister function with 3-state output U]
latch. Qe —[1] 6] Ve
Q

This product guarantees the output electric current of 16mA Qc ‘-E—Qc E°A‘1E = Qa Sﬁ?ﬁ%&'fpm
which is sufficient for LED drive, capable of flowing 8 bits QD<—E—OD ﬂE«A SERIAL DATA INPUT
continuously at the same time, and use either of cathode A e Qe —[4}-oc oep{i3] ~- OE outpur ENsBLE
common LED and anode common LED. INPUT

" . . . QF<—|:5:—Or CK—12] +— CK_ LATCH CLOCK INPUT
In addition, as this product has been designed in complete
CMOS, power consumption can be greatly reduced when Qe+ [6]as CKS_E"CKS SHIFT CLOCK INPUT
compared with conventional BIPOLAR or Bi-CMOS pro- Qu+[7Hanso AP{10] R DIRECT RESET INPUT
ducts. ano  [8] [9]— SQu seriaL DaTA OUTPUT
FEATURES 16P4
® High output current lo,=16mA, loy=—16mA Outline {gp2N
® High speed (clock freguency) : 30MH; (typ)

(CL=50,F, Vcc=5V)
® Low power dissipation : 20x#W/package (max)

(Vee=5V, Ta=257C, quiescent state) APPLICATION
® 3-state output (except serial data output) LED array drive of PRINTER
® Wide operating temperature range : Ta=—40~-+85C LED array drive of BUTTON TELEPHONE

LOGIC DIAGRAM
PARALLEL DATA OUTPUTS SERIAL
A
Qa Qs Qc Qp Qe Qe Qg Qy
——— - — - 2 - — — 5 P— - -
R
o o o o o o o o

b
—
— 2
+—
+—g
+—g
+—d]
d

cK cK
R o A RjIlo_p D

D 4R D_AR D AR

OE CK. A

OUTPUT LATCH SERIAL SHIFT DIRECT
ENABLE CLOCK DATA CLOCK RESET
INPUT  INPUT INPUT INPUT INPUT
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M66312P/FP

8-BIT LED DRIVER WITH SHIFTREGISTER AND LATCHED 3-STATE OUTPUTS

FUNCTIONAL DESCRIPTION

As M66312 uses silicon gate CMOS process, it realizes
high-speed and high-output currents sufficient for LED
drive while maintaining low power consumption and allo-
wance for high noises.

Each bit of a shiftregister consists of two flip-flops having
independent clocks for shifting and latching.

As for clock input, shift clock input CKs and latch clock in-
put CK_ are independerit from each other, shift and latch
operations being made when “L” changes to “H".

Serial data input A is the data input of the first-step shiftre-
gister and the signal of A shifts shiting registers one by one
when a pulse is impressed to CKgs. When A is “H”, the sig-
nal of “H” shifts. When A is “L”, the signal of “L” shifts.
When the pulse is impressed to CK_, the contents of the

FUNCTION TABLE (Note: 1)

shifting register at that time are stored in a latching regis-
ter, and they appear in the output from Q, through Qy are
3-state outputs.

To extend the number of bits, serial data output SQy is
used to output the 8-bit of the shift register.

By connecting CKs and CK_, the shift register state de-
layed by 1 clock cycle is output at Q4 through Q.

When reset input R is low, shift register and SQy will be re-
set. To reset Qu through Qu to low-level, CK_ must be
changed from low-level to high-level after the shift register
is reset by R. '

When output-enable input OE is high, Qa through Qy will
become high impedance state, but SQy is not changed.
Even if OE is changed, shift operation is not affected.

Operation mode Input Parallel data output Seélﬂ' g?ta
P R [OKs [OK. | A | OFE | Q@ [ Qo | Qo | Qo | @ | Q | Qo | Qa S
Reset Shift t, L X X X L Q| @® | @’ | @’ | Qf | Qf | @ | Qs L
Latch t, X X t X L L L L L L L L L L
Shitt Shift t; H t X H L QO | Q® | Q| @ | @ | Q° | Q° | Q° qe°
latch Latch t H X to] X L H | g | a8 | ac® | a0® | a® | a® | ag° ac’
operation Shift t, H t X L L QL | Qg | Q| @ | @ | @f | Qe | Qf qc°
P Latch t, H X t X L Lo e | g | ac® | ao® | a® | o | a¢° ag’
3 state X X X X H z z z Y4 z Y4 z z qu
Note1 : 1 : Change from low-level to high-level
Q° : Output state Q before CK, changed
X Ilrrelevant
q° : Contents of shift register before CKg changed
q : Contents of shift register
i, o Dty is set after ty 1s set
Z : High impedance
MITSUBISHI
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M66312P/FP

8-BIT LED DRIVER WITH SHIFTREGISTER AND LATCHED 3-STATE OUTPUTS

ABSOLUTE MAXIMUM RATINGS (Ta=—40~+85C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~++7.0 \
vV, Input voltage —0.5~Vec+0.5 \%
Vo Output voltage —0.5~Vcc10.5 \Y;
Vv, <oV —20
I Input protection diode current Vi > Vo 20 mA
; Vo < 0V —20
lok Output parasitic diode current Vo> Voo 20 mA
lo Output current per output pin Qx~Qy £35 mA
SQy +25
lcc Supply/GND current Ve, GND +132 mA
Pd Power dissipation (Note 2) 500 mw
Tstg Storage temperature range —65~-+150 C
Note 2 : MB6312FP , Ta=-—40~-+70C, T3=70~85C are derated at —6mW/C
RECOMMENDED OPERATING CONDITIONS (T,=—40~+85C)
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
\"A Input voltage 0 Vee \% b
Vo Output voltage 0 Vee \
Topr Operating temperature range —40 +85 Cc
tr, tf Input nising and falling time Veo=4. 5V 0 500 ns
' Vee=5.5V 0 400
ELECTRICAL CHARACTERISTICS (vcc=4.5~5.5V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~-+85C Unit
Min Typ Max Min Max
Vo=0.1V, Vgc—0.1V
Vin High-level input voltage 0.70XV¢e 0.70X Ve v
[lo| = 20uA
Vo=0.1V, Vgc—0.1V
ViL Low-level input voltage 0.30XVee 0.30XVee \
llo] = 20uA
v High-leve! output voltage Vi=Vm, Vi loy==—20uA Vee—0.1 Vee—0.1 v
on Qa~Qu Vee=4.5V lon=—16mA |,3.70% 3.55%
Vou High-level output voltage Vi=Vj, Vi lon=—20uA Vee—0.1 Vec—0.1 v
SQy Vee=4.5V lon=—4mA 4.0 3.9
Low-level output voltage Vi=Vj, Vi lo,=20pA 0.1 0.1
Vou Qx~Q Vee=4.5V lo,=16mA 0.7% 0.85%
VoL Low-level output voltage Vi= Vi, ViL lo,=20uA 0.1 0.1 v
SQu Vce=4.5V lo.=4mA 0.4 0.5
ha High-level input current V|=Vc¢e, Vec=5. 5V 0.1 1.0 #A
he Low-level input current Vi=GND, V¢c=5.5V —0.1 —1.0 sA
lozn Off state high-level output current Qa~Qp V=V, Vi Vo=Vcc 1.0 10.0 HA
lozL Off state low-level output current Qa~Qy Vee=5.5V Vo=GND —1.0 -10.0 LA
lcc Quiescent supply current Vi=V¢¢, GND, Vcc=5.5V 4.0 40.0 H~A
% © Limits of single PIN operating state
MITSUBISHI
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M66312P/FP

8-BIT LED DRIVER WITH SHIFTREGISTER AND LATCHED 3-STATE OUTPUTS

SWITCHING CHARACTERISTICS (Voc=5V)

Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C Unit
Min Typ Max Min Max
fmax Maximum clock frequency C =50pF 15 12 MHz
teLh Low-level to high-level and high-level to low-level 70 88 ns
teHL output propagation time CKs-SQy CL=15pF 70 88 ns
High-level to low-level output propagation time (Note 3) ,
tenL — 60 76 ns
R-SQu
teLn Low-level to high-level and high-level to low-level C_=50pF 60 76 ns
toHL output propagation time CK-Qa~Qu (Note 3) 60 76 ns
teLz Output disable time from low-level and high-level C_=5pF 50 64 ns
tenz OE-Qa~Qy (Note 3) 50 64 ns
tezL Output enable time to low-level and high-level C_=50pF 56 70 ns
tpzn OE-Qa~Qy (Note 3) 56 70 ns
TIMING REQUIREMENTS (Vec=5V)
Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C | Unit
Min Typ Max Min Max
tw CKs, CKy, R pulse width 32 40 ns
tsu A setup time with respect to CKg 40 50 ns
tsu CKg setup time with respect to CK,. 40 50 ns
th A hold time with respect to CKs 10 10 ns
trec R recovery time with respect to CKs 20 26 ns
Note 3 : Test Circuit
INPUT Vee OUTPUT Vee
% Ro=1kQ Item SWi1 SW2
teLn, teu | OPEN OPEN
d swi to.z | CLOSE | OPEN
PG put Q topz OPEN | CLOSE
_[ swz tezu | CLOSE | OPEN
500 Cu Tk tozn | OPEN | CLOSE

(1) The pulse generator (PG) has the following characteristics (10%~90%) : tr =6ns, ti=6ns

(2) The capacitance C_ includes stray wiring capacitance and the probe input capacitance.

MITSUBISHI
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M66312P/FP

8-BIT LED DRIVER WITH SHIFTREGISTER AND LATCHED 3-STATE OUTPUTS

TIMING DIAGRAM

tw

VCC
CKs CKL / 50%
—— —_— GND
teLn
sSQu Vou
QA~Qy 50%
Voo
tenL
Vou
QA~Qy 50%
tw Vou
= \ Vee
R 50% / oo
\__/ GND
trec
Vee
CKs 50% A
GND
terL
Vou
SQu 50% CKs
Vo
-\ /—'— Vee
O X50% 7 5% CKe
GND
tezL teLz
Qa~Qn -‘\50% / Vou
10% CK.
tezu tenz
: [ X Vo
Qa~Quy 7 50% \
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DESCRIPTION

The MG66313FP is a semiconductor integrated circuit for
LED array driver with 32-bit serial-input, parallel-output
shift register, equipped with direct set input and output
latches.

The M66313FP guarantees sufficient 24mA output current
to drive anode common LED, allowing 32-bit simultaneous
and continuous current output.

The parallel outputs are open-drain outputs.

The M66313FP employs CMOS technology, allowing con-
siderable reduction of power dissibation, compared to pre-
vious BIPOLAR or Bi-CMOS products.

In addition, the pin configuration is suitable for easy wiring
on the printed circuit board.

FEATURES
® High output current
All parallel output I, =-+24mA, LEDs can be turned on
simultaneously.
® Low power dissipation : 200 W/package (max)
(Vee=5V, Ta=25TC, quiescent state)
® High noise margin
Employment of Schmitt-trigger circuit on all inputs
allows application with long wiring.
Direct set input (Sp)
Open-drain output (Q;~ Q)
Serial data output for cascading (SQa,)
Wide operating temperature range (Ta=—40~-4857C)
Pin configuration for easy layout on PCB.
(Pin configuration allows easy cascade connection or
LED connection)

APPLICATION

LED array drive for eraser unit of a copying machine
LED array drive of a button telephone set

Various LED modules

FUNCTION

The employment of silicon gate CMOS process of the
M66313FP guarantees low power dissipation and maintains
high noise margin as well as high output current and high
speed required to drive LEDs.

Each shift register bit consists of a flip-flop for shifting and
an output latch.

The shift operation takes place when the clock input CK
changes from [ow-level to high-level.

The serial data input A corresponds to the data input of the
first-stage shift register, and the shift register is shifted in
sequence when a pulse is applied to CK.

The parallel outputs Q;~Qg, are open-drain outputs.

If the latch-enable input LE is turned high-level, the content
of the shift register at that instant is latched.

To expand the number of bits, use the serial data output
SQ3; which shows the output of the shift register of the

MITSUBISHI {DIGITAL ASSP)>
32-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH
PIN CONFIGURATION (TOP VIEW)
GND, 2] - Q;
Q,+— 4] -~ Q,
Q, +[3] 0] — Q,
PG | Qo[ P~ Qw0
OUTPUTS Q. ~[5] b—{38] — Q;, SIA?II\\LLEL
Qs+ L8] b—P—=Q;; | outputs
Qg+ :)——E — Q—m
seriaL VoC P~ Qua
DATAINPUT A —[9] b—pBd— Qs
EnABLEINPUT OE — b—133] — Que
enaBLE NPT  LE— 32] GND,
DIRECT SET INPUT S — b—31— Q7
SHIFT CLOCK INPUT CK — b—30 — Qis
A Sa- D P80
Q7+ [19] P—128l — Q0
Qqs + 1] b—271] — Q,; Sﬁ?ﬁLLEL
PARRLLEL Qzo P—2&] —~Qz [ ouTputs
OUTRUTS Qqo + g} P—Z — Qzs
Qg [ b—121 — Qg
Q,, [ b—23] — Qz
GNDs 22 — Qg6
Outline 42P2R
32nd bit.

If the direct set input Sp is turned low-level, shift register
and latches are set.

If the high-level-input is applied to the output enable input
OE, Q;~Qj, are set to the high-impedance state, but SQg;
is not set to the high-impedance state. The shift opration is
not affected when OE is changed.

4—28 MITSUBISHI
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M66313FP

32-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH
LOGIC SCHEMATIC
i PARALLEL DATA OUTPUTS SERIC;;\‘IITI'))G‘!I'_A
ar SQgz Veo
-—@—-—@®
A

=

- —()—(2)—( —

|
cK So LE GNDy GND2GND3
QUTPUT SHIFT DIRECT LATCH
ENABLE CLOCK SET ENABLE
INPUT INPUT INPUT INPUT
Vee

SQa,

_' Q,~Qs

SERIAL OUTPUT

PARALLEL OUTPUT
OUTPUT TYPE
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M66313FP

32-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

FUNCTIONAL TABLE (Note 1)

INPUT PARALLEL OUTPUTS

indino
VIH3s

OPERATION

MODE  [Sp|CK|LE| A |OE| & Qrt | Qiz| Q3| Qra| s | Qrs| Q17 | Qrs | Qus | Q20| O | Q22| Oz | 0z | Qan | 0 | Qs | Q7 | Qs | Qoo | Qoo | O | Q2

21
&
2l
&1
£
2P
4
&
08

SET L|X|X{X|LjLjLjLjLjrjojrjLjLjrjojojLfjojrjojLfLjrjrjofefrjefr|LjrjLfLfLjL|L|H

Ht L H| L[ L|0%]0%|0%|%| 0% 0% | Q% |% | Q% [OPr|0Pic] 0% re|0%re|QPre| 0% |0e|QPr0|CP20] 0% | 0% Q2| Q0r3( Q20| G| e 077020 0] @01 |
SHIFT

H{tiL|LrL |z |ah]c%|a%| || o) a% | % | Qs [QPr|00r2] 0% el 0%rs(QPre] 07| 0%re|QPre|0C20] 0% | 072|072 Q0| Q02| 25| 06 0727{QPoe| O] Q% @71 %1

LATCH |H|X|[H|X|L{0%|a%|a%|0%|a%)|a% 0% ||l 00|00 el e(QPrs|QCre] 0| Q%re[QPro| 00| 0% @%22(0%72| Pra| %] 06| 0% | 0% Q28| 6] 0| @71 0P| a2

Dis- X|X|X|X|\H|Z|Z|2Z2|Z|Z|2|Z2(2|2|Z2|2|\Z2|Z|2|2|2|Z|Z2(Z2|(2|2|Z|Z|Z2|Z|Z2|2|2|Z|2|2|Z|qx

Note 1 1 ! Transition from low-to-high-level.
Q° : Shows the status of output Q before CK input changes.
. Irrelevant
g°  The content of shift register before CK changes
q . The content of the shift register.
Z ! High-impedance state

ABSOLUTE MAXIMUM RATINGS (Ta=—40~+485C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.5~+7.0 \"
V, Input voltage —0.5~Vcc+0.5 \%
Vo Output voltage —0.5~Vgc+0.5 \Y

v, <0V —20
Ik Input protection diode current VoS Voo 20 mA
: Vo < 0V —20

lok Output parasitic diode current Vo > Voo 20 mA
lo Output current Q;;zaz igg mA
lec Supply/GND current Ve, GND —920, 20 mA
Pd Power dissipation 650 mwW
Tstg Storage temperature range —65~-+150 C

RECOMMENDED OPERATING CONDITIONS

Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.5 5 5.5 \'
V, Input voltage 0 Vce \
Vo Output voltage 0 Vce \
Topr Operating free-air ambient temperature range —40 -+85 C
4—30 MITSUBISHI
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M66313FP

32-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

ELECTRICAL CHARACTERISTICS (Voc=4.5~5.5V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C Unit
Min Typ* Max Min Max
Vo =10.1V, Vec—0. 1V
Vry Positive-going threshold voltage lo| = 20A 0.35XVee| 2.8 0.7XVee | 0.35XVee | 0. 7XVee A\
] Vo=0.1V, Vec—0.1V
Vi— Negative-going threshold voltage lo] = 20xA 0.2XV¢e 2 0.55XV¢e | 0.2X Ve | 0.55X Ve \%
V| = V4, Vr— lon=—20uA Vee—0.1 Vee—0.1
Vou High-level output voltage | SQa2 Vee=4.5V o= —4mA 3.83 3.66 \%
loL=201A 0.1 0.1
Q;~Qax lou=24mA 0. 20 0.41 0. 50
Vi=Vr4, Vr—
VouL Low-level output voltage Voumt. 5V loL=28mA 0.25 0. 48 0.5(Note2)] V
-~ lo,.=20uA 0.1 0.1
lo,=4mA 0. 44 0.53
hn High-level input current Vi=Vc¢g, Vec=5.5V 0.5 5.0 MA
e Low-level input current V|=GND, V¢c=5.5V —0.5 —5.0 uA
lo Maximum output leak current Q1~Qa X;:?Sy_ zz;\;\ch _: 8 _: g g #A
lce Quiescent state dissipation current V)=Vcc, GND  Vgc=5.5V 40.0 400.0 HA
* [ All typical values are at V=5V, Ta=25C
Note 2 : Ta=—40~+70C
SWITCHING CHARACTERISTICS (vce=5V)
Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C Unit
Min Typ Max Min Max
fmax Maximum clock frequency 5 30 4 MHz
tpzL Output enable time to low-level | CK-Q;~Qag(Turned on) 35 150 200 ns
tpLz Output disable time from low-level | CK-Qy~Qaz(Turned off) 35 200 250 ns
teLn Low-to-high, high-to-low output 35 100 130 ns
CK-SQa2
teHL propagation time C_=50pF 40 100 130 ns
tezL Output enable time to low-level | Sp-Qy~Qg, (Turned on) RL=1k0 35 150 200 ns
teLn Low-to-high output propagation time | Sp-SQaa (Note 3) 40 100 130 ns
tpzL Output enable time to low-level | LE-Q;~Qg, (Turned on) 30 100 130 ns
teLz Output disable time from low-level E-E~6{2 (Turned off) 35 150 200 ns
ez Output enable time to low-level | OE-Qy~Qa (Turned on) 30 100 130 ns
toLz Output disable tme from low-level | OE-Q;~Qg, (Turned off) 35 150 200 ns
C, Input capacitance 3 10 10 pF
Co Output capacitance OE=V¢e 6 15 15 pF
Cep Power dissipation capacitance(Note 4) 160 pF

Note 4 : Cpp is the equivalent capacitance of IC calculated by the operating power dissipation without load The operating power dissipation without
load is given as follows*
Po=Crp * Voo * fitlcc * Voo

MITSUBISHI
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M66313FP

32-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

TIMING REQUIREMENT (vce=5V)
Limits
Symbol Parameter Test conditions Ta=25C Ta=—40~+85C Unit
Min Typ Max Min Max
tw CK, LE, Sp pulse width 100 16 130 ns
tsu Setup time A to CK 100 27 130 ns
t Hold time A_to CK (Note 3) 10 5 15 ns
Hold time LE to CK 50 15 70
trec Recovery time CK to Sp 50 20 70 ns

Note 3 : Test circuit

INPUT Ve Vee
O

—O Q~Qa

m DUT SQs2

—l—o L c
8 QGND ch I

(1) Characteristics of pulse generator(PG): ty=6ns, t{=6ns
(2) C. includes probe and jig capacitance.

MITSUBISHI
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M66313FP

32-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

TIMING DIAGRAM

tw .

tw

/— Vee
CK A550% 50% 50%
GND

teLn

50%

/_—— VCC
50%

GND
trec

tw
s Yo
>
CK

50%

Q1~Qs

tw
_x Vee
50%  50%
GND

tPZ L

>
ae—] =Vcc
_ — 0/
Q~Qm 50% v
oL
torz
_ =Vce
Qi~Qa2
————— Voo

CK

. th Vee
LE 50%
—_— GND
fm N
GND

=Vcc

CK

Q~Qa,
VoL
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M66314FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

DESCRIPTION
The M66314FP is an integrated circuit consisting of an LED PIN CONFIGURATION (TOP VIEW)
array driver with 16-bit serial-in parallei-out shift register
and output latch. Use of the CMOS process allows the PARALLEL DATS 8::% - gs;z: :g§
M66314FP to integrate a bipolar output driver and a CMOS Voo [ Q{7 - Q¢
logic circuit on a signgle chip. Serial data is output by con- SERIAL DATA INPUT A— [[}—{ 4 a:l—2]— Q
verting it into parallel data using a shift register. The pre- OUTPUT ENABLE OF —[E]—q0E  asl—{Z] — Qg
vious data can be output during shift register data transfer LATCH ENABLE LE—[6]—qLe  ou—{B— Qu | paraLLEL DATA
using the latch. Output current of — 25mA is sufficient to Voo [ Q EE-'Q- OUTPUTS
drive an LED. The pin configuration is designed for easy SHIFT CII':‘OPS!FGCNKDS_'E_CKS ZJ %“'84
. i . K| — Qg

layout on a printed-circuit board. SER'Q{J?&}? sQp—[B s QL—'-@—' a
FEATURES Y B I N I - By
® High output current. All parallel output loy = — 25mA

(Vpp=18V). Simultaneous drive possible Outline 24P2
® NPN bipolar transistor output (except serial data

output)
® Built-in level shifter, allowing control with 5V system
® High noise margin, Schmitt input circuit
® Low power dissipation. 720uW/package max (Vpp =

12V, Ta=25T, no load)
® Pin configuration disigned for easy layout on a printed

circuit board
APPLICATION
LED array drive for printers, LED array drive for push-
button telephones, or LED array drive for PPC copying
machine eraser units.

LOGIC DIAGRAM
PARALLEL DATA OUTPUTS SERIAL DATA QUTPUT

Voo

4w
OUTPUT EQUIVALENT CIRCUIT FOR Qa~Qe

5)-—(4) - - - - - - - - -

OE A CKs LE GND
OUTPUT SERIAL SHIFT LATCH
ENABLE DATA CLOCK ENABLE
INPUT  INPUT INPUT INPUT *PARASITIC DIODE
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M66314FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

FUNCTION

Use cf 2 high voltage CMOS process allows the M66314FP
to maintain low power dissipation and high noise margin
characteristics.

Each bit of the shift register consists of a shift flip-flop and
a latch connected to the output. Shift operation takes place
when the clock input changes from low-to high-level.

The serial data input A is input to the first-stage shift regis-
ter, and the data A shifts the shift register when pulses are
applied to CKs. When A is high-level, the high-level data

FUNCTION TABLE (Note 1)

shifts and when A is low-level, the low-level data shifts. If
the latch enable input LE is set low-level, the content of the
shift register is latched. To expand the number of bits, se-
rial data output SQp is available, to which 16th-bit shift reg-
ister is output.

If the output enable input OE is set to high-level, Qa~ Qp
become high-impedance states. In this case, the content of
16th-bit shift register is output to SQp. The shift operation is
not affected even if the OE changes.

_Inputs _ Parallel outputs Serial
OKe | LE | A |OE [ Qx| Qo[ Qc[ Qo Qe [Qr[Qe[Qu] Q [Q [Qc]Q [Qu]Qu][ Qo] Qn| 580
1 H H L H ol las|ac’[an’ | a® [ o’ [ Qs | an® | @ Q0 [ Q] @l | an® | an’ | Qs® ao°
tpHJL Ll jal]aflal’la’|a®a’|a’al]| e lal|adl]al|aw] o] as®| aol
X L X Ljallas®|ac’|a’ | e el las’al|allal]ad]alla| ol |l | Qe ae
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Note 1: 1 :Change from low-to high-level
Q° : Output state Q before clock input changed
X lrrevant
q° : The content of shift register before CKg changed
q . The content of shift register
ABSOLUTE MAXIMUM RATINGS(Ta=0~+40C, unless otherwise noted)
Symbol Parameter Conditions Ratings Unit
Voo Supply voltage (1) —0.5~-+20 \
Vee Supply voltage (2) —0.5~+20 Vv
Vop—Vec | Supply voltage (1)—supply voltage (2) —0.5~+20 \
vV, Input voltage —0.5~Vpp+0.5 \
Vo Output voltage L —0.5~Vpp+0.5 \%
lo Output current ga:Qp _5_’_'_0’1 ;_5 mA
lec Supply/GND current Vee, GND +420, —10 mA
Pd Power dissipation (Note 2) 570[750] mw
Tstg Storage temperature range —65~-+150 C
Note 2: [ ] shows the value when mounted on the printed circuit board
RECOMMENDED OPERATING CONDITIONS (To=0~-+40T, unless othervise noted)
Limits
Symbol Parameter Umit
Min Typ Max
Voo Supply voltage (1) (Note 3) 12 18 v
Vece Supply voltage (2) 4.75 5 5.25 v
vV, Input voltage 0 Vce \
Topr Operating temperature range 0 -+40 C
Note 3 : As the parasitic diode 1s formed as shown In the logic diagram, turn on the Vpp first at power-on
and turn off the V¢ first at power-off
MITSUBISHI 4—35

ELECTRIC



MITSUBISHI {DIGITAL ASSP)

M66314FP

16-BIT LED DRIVER WITH SHIFT REGISTER AND LATCH

ELECTRICAL CHARACTERISTICS (Vec=5V£5%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Ta=25C Ta=0~+40C Unit
Voo(V) Min Typ Max Min Max
Vou High-level output voltage Qa~Qp 12 1.0 1.0 Vv
llol < 1uA 18 17.0 17.0
Von High-level output voltage SQp Vi=GND. Veo li ‘\;:Z:g gz zzz:ggz \"
VoL Low-level output voltage Qa~Qp 12 0.0 0.05 v
lo] < 1uA 18 0.05 0.05
VoL Low-level output voltage SQp Vi=GND, Veo 12 0.05 0.05 \
18 0. 05 0. 05
Von=10.5V 12 —15 —15
lon High-leve!l output current Qa~Qp | Vou=16.5V 18 —25 —25 mA
Vi=GND, Vcc
Von=Vcc—1.0V 12 —0.16 —0.12
lon High-level output current SQp Von=Vgc—1.0V 18 —0.16 —0.12 mA
Vi=GND, V¢
Vo =0.4V 12 0.22 0.18
loL Low-level output current Qa~Qp | Vo <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>