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e DRIVER

F -3
NUMBER OF OuTPUT QUTPUT CURRENT . SHIFT LATCH REMARKS
DEVICE NAME |- TYPE OUTPUT VOLTAGE p— Sounce QUTPUT CIRCUIT RESISTER

MSL912RS - 8 +30V - " -40mA EMITTER FOLLOWER + PULL DOWN - - |BDrivers
MSLI15RS - 8 -60vV - -40mA EMITTER FOLLOWER + PULL DOWN - - | 8Drivers
MSL917RS - 8 -8ov - -90mA EMITTER FOLLOWER - - | 8Drivers
MSLI18RS - 8 +30V - -40mA EMITTER FOLLOWER - - | 8Drivers

targe 8 Large 0.5mA Large -2mA S
MSC1149-XX RS/GS - small 25 +18V smafl 05mA | small .0.8ma | PUSH PULL 34 33 | AutoLoad Circuit
MSC1150RS DATA/SCAN 10 +60V 2mA -25mA PUSH PULL 10 10
MSC1162GS DATA/SCAN 0 +65V 2mA -40mA PUSH PULL a0 40 | Bi-directional S/R
MSC1163GS - DATA . 40 +65V 2mA 2mA PUSH PULL a0 40 | Bi-directional SR

’ .

MSC1164GS DATA/SCAN 20 +65V 2mA - 40ma PUSH PULL _ 20 20
MSC1165RS DATA/SCAN 20 +65V 2mA ~40mA PUSH PULL 20 20
MSC1171RS DATASCAN [~ ‘20 +60V 2mA -25mA PUSH PULL 20 20 -
MSC1172GS DATA/SCAN 0 +70V 2mA "-a0mA PUSH PULL 40 40 | Bi-directional SR
MSC1173RS DATA/SCAN 32 +60V 2mA -25mA PUSH PULL 32 32

VF 13+7x3 VF  0.1mA VF -1mA PUSH PULL (VF) = 7 Segment Decoder
MSC1178/79GS - LED 9 +18V b 20mA OPEN COLLECTOR (LED) 35 35 | Dimming Circuits

Large 8 Large 0.5mA Large -2mA MSC1149 +
MSC1187-XX GS - small 25 #18V fSmall 0.5mA  [Small 0.8ma | PUSH PULLIVA) 3 33 | pimming

VF 13+7x3 : VF  0.1mA VF -1mA PUSH PULL (VF) 7 Segment Decoder
MSC1190 - LED 9 +18Y  liep 25mA , OPEN COLLECTOR (LED) 35 35 | Dimming Circuits
MSC7701GS SCAN a0 - +130V 2mA -40mA PUSH PULL ~ 40 40 | Bi-directional SR
MSC7751GS - DATA 40 +200V 2mA 2mA PUSH PULL ’ a0 40 | Bi-directional SR
MSM5267B- Large 8 Large 0.5mA Large -6mA
15RS/GS - Small 25 +18Y fomall 0.5SmA | Small -1.5ma | PUSH PULL 34 33

Ltarge 8 Large 0.5mA Large -3.5mA .
MSM5328RS - Small 25 *18V  Ismall 05mA | Small 08ma | PUSH PULL 3 33




@ CONTROLLER

NUMBER OF outeuT OUTPUT CURRENT REMARKS
DEVICE NAME . TYPE OUTPUT VOLTAGE SINK SOURCE OUTPUT CIRCUIT
. 16 Segment + Decima! point & Comma Tail
- 1D 1 - s
MSC1937-01 RS/GS | CONTROLLER GR 6 -58v - GRID -10mA EMITER FOLLOWER 16 Digits
SEG 18 SEG  -10mA L
: Character Generator, Dimming Circuits
- 16 Segment + Decimal point & Comma Tail
GRID 16 ID  -10mA et
MSC1951-01 RS/GS | CONTROLLER -58v - GR om EMITER FOLLOWER 16 Digits
SEG 18 SEG  -10mA NP
, . Character Generator, Dimming Circuits
GRID 16 . GRID 0.2mA GRID  -40mA 16 Segment
MSC7110-01 RS/GS | CONTROLLER SEG 12 -4sv | SEG 0.2mA SEG -6mA | PUSH PULL 16 Digits
LED 5 LED 0.1mA LED  -10mA Character Generator, Dimming Circuits
GRID 12 GRID 0.2mA GRID  -40mA 16 Segment
MSC7112-01 RS/GS | CONTROLLER SEG 16 -a5v SEG 0.2mA SEG -6mA | PUSH PULL 16 Digits
LED 5 LED 0.1mA LED  -10mA Character Generator, Dimming Circuits
5x 7 Dot + S Annunciators
1D i - -
MSC7125-XX GS CONTROLLER gERG 20 +52V SI?GD :gw: S:éo _03;::: PUSH PULL 8 Digits
s ’ Character Generator, Dimming Circuits
GRID 16 GRID 0.1mA GRID  -30mA 5x 7 Dot + Cursor
MSC7128-XX SS CONTROLLER SEG 35 -60V SEG 0.1mA SEG -2mA PUSH PULL 16 Digits
CURSOR 1 CURSOR 0.1mA | CURSOR -10mA Character Generator, Dimming Circuits
© LEVEL METER
NUMBER OF ouTPUT OUTPUT CURRENT REMARKS
DEVICE NAME TYPE OUTPUT VOLTAGE SINK SOURCE OUTPUT CIRCUIT
for Static VFD
MSC1124 RS/GS 2-CH, 12-DOT SEG 12x2 +37V SEG 0.1mA SEG  -0.2mA | PUSH PULL -20dB~8d8
Peak Hold
for Dynamic VFD
GRID 2 GRID -20mA EMITER FOLLOWER + PULL
MSC‘IMSB RS/GS 2-CH, 15-DOT SEG 15 -37v - SEG -02mA | DOWN -40 d8~10d8
Peak Hold
© ONE CHIP MICROCONTROLLER
' NUMBER OF ouTPUT OUTPUT CURRENT s
REMARK!
DEVICE NAME TYPE OUTPUT VOLTAGE SINK . OUTPUT CIRCUIT
4BiT Large 1mA large -20mA
MSCEASBSS/GS | MICROCOMPUTER 12x12 +40V fmall 1tmA  |Small -6ma | PUSH PULL 4.3 MHz
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor devices play a leading role in the
explosive progress of semiconductor technology.
They use some of the most advanced design and
manufacturing technology developed to date.
With greater integration, diversity and reliability,
their applications have expanded enormously.
Their use in large scale computers, control
equipment, calculators, electronic games and in
many other fields has increased at a fast rate.

A failure in electronic banking or telephone
switching equipment, for example, could have far
reaching effects and can cause incalculable
losses. So, the demand, for stable high quality
memory devices is strong.

We, at Oki are fully aware of this demand. So we
have adopted a comprehensive quality assur-
. ance system based on the concept of consisten-
cy in development, manufacturing and sales.
With the increasing demand for improvement in
function, capability and reliability, we will expand
our efforts in the future. Our quality assurance
system and the underlying concepts are outlined
briefy below.

2. QUALITY ASSURANCE SYSTEM
AND UNDERLYING CONCEPTS

The quality assurance system employed by Oki can
be divided into four major stages: device planning,
developmental prototype, production prototype, and
mass production. This system is outlined in the fol-
lowing block diagram (Fig. 1).

1) Device planning stage

To manufacture devices that meet market demands
and satisfy customer needs, we carefully consider
functional and failure rate requirements, utilization
form, environment and other conditions. Once we
determine the proper type, material and structure,
we check the design and manufacturing techniques,
and the line processing capacity. Then we prepare
the development planning and time schedule.

2) Developmental prototype stage

We determine circuits, pattern design, process

settings, assembly techniques and structural re-

quirements during this stage. At the same time,
we carry out actual prototype reliability testing.

Since device quality is largely determined during

the designing stage, Oki pays careful attention

to quality confirmation during this stage.

This is how we do it:

(1) - After completion of circuit design (or pattern
design), personnel from the design, process
technology, production technology, installa-
tion technology and reliability departments
get together for a thorough review to ensure

design quality and to anticipate problems
that may occur during mass production.
Past experience and know-how guide these
discussions.
Since many semiconductor memories in-
volve new concepts and employ high level
manufacturing technology, the TEG evalua-
tion test is often used during this stage.
Note: TEG (Test Element Group) refers to
the device group designed for stabili-
ty evaluation of MOS transistors,

@

diodes, resistors, capacitors and,

other circuit component element
used in LS| memories.
Prototypes are subjected to repeated relia-
bility and other special evaluation tests. In
addition, the stability and capacity of the
manufacturing process are checked.

3) Production prototype stage

During this stage, various tests check the relia-
bility and other special features of the production
prototype at the mass production factory level.
After confirming the quality of a device, we pre-
pare the various standards required for mass
production, and then start production. Although
reliability and other special tests performed on
the production prototype are much the same as
those performed on the developmental prototype,
the personnel, facilities and production site
differ for the two prototypes, necessitating
repeated confirmation tests.

4) Mass production

During the mass production stage, careful
management of purchased materials, parts and
facilities used during the manufacturing process,
measuring equipment, manufacturing conditions
and environment is necessary to ensure device
quality first stipulated during the designing
stages. The manufacturing process (including in-
spection of the completed device) is followed by
a lot guarantee inspection to check that the
specified quality is maintained under conditions
identical to those under which a customer would
actually use the device. This lot guarantee in-
spection is performed in three different forms as
shown below.

(1)

(1) Group A tests: appearance, labels, dimen-
sions and electrical charac-
teristics,inspection

(2) Group Btests:check of durability under
thermal and mechanical envi-
ronmental stresses, and
operating life characteristics

(38) Group C tests: performed periodically to
check operational life, etc.,
on along term basis.

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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m * Acceptance Inspection

e Production Process Quality Control
@ Lot Control

@ Equipment Conditions

3 !n-Process Inspection

(@ Thermal Screening

® Seal Test

Production
Process
Wafer Process

Assembly

Burn-in
Screening

e Early Removal of Defective Devices

Electrical Test
Regular Check of Measuring

Py
E.

2nd Sorting

Qutgaing
Inspection
Shipping

Group A Test
® Group B Test
Group C Test

Figure 2 Manufacturing Process

Devices which pass these lot guarantee inspec-
tions are stored in a warehouse awaiting ship-
ment to customers. Standards are also set up for
handling, storage and transportation during this
period, thereby ensuring quality prior to delivery.
Figure 2 shows the manufacturing flow of the
completed device.

5) At Oki, all devices are subjected to thorough
quality checks. If, by chance, a failure does
occur after delivery to the customer, defective
devices are processed and the problem rectified
immediately to minimize the inconvenience to
the customer in accordance with the following
flowchart.

Failure
report

Sales
Department

report

Report of
investigation

Request for

technical
improvement / ) )
Engineering
—s=-——--— Department
Report on
! results of

investigation
& improvement

el |-
5 o] |se
ZwsEl |28
Assurance ac2| |ES
Department 3£Qt |o
o (=N L 3
O 8 3 [ =
Report on @ ==

results of
investigation
L & improvement

Manutfacturing

@nment

Request for
manufacturing
improvement

Figure 3 Failure report process

29




30

® Service

Use Quality
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e Stock Control
® Packaging

Reliability Test

Acceptance Inspection

® Failure Analysis
@ Customer Information Analysis

Quality Assurance
&
Quality Control

Quality and Reliability Information

'

Quality Management and Education

L]
.
: Produgt Test —— ® Quality Evaluation
gcreenmg ® Defective Analysis
® Process Control X — e Reliability Engineering
® In-Process Inspection °
. .

Production Quality

3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the quality assurance
system and the underlying concepts employed
by Oki. Now, we will give a few examples of the
reliability tests performed during the develop-
mental and production prototype stages. All relia-
bility tests performed by Oki conform to the fol-
lowing standards.

MIL-STD-883B, JIS C 7022, EIAJ-IC-121
Since these reliability tests must determine per-

formance under actual working conditions in a
short period of time, they are performed under

H

Operation Standard
Technical Standard
Quality Standard
Design Review

Prototype Review

severe test conditions. For example, the 125°C |

high temperature continuous operation test per-
formed for 1000 hours is equivalent to testing
device life from 2 to 300 years of use at Ta =
40°C.

By repeating these accelerated reliability tests,
device quality Is checked and defects analyzed.
The resulting information is extremely useful in
“improving the manufacturing processes. Some
of the more common defects in LSI elements and
their analysis are described on next page.

Target Quality

G ®  Marketing
® Product Planning
e @ Quality Objectives

Design Quality




LIFE TEST RESULTS ‘

1€

Part Name MSLI15RS MSM5267B-XXGS-VK MSC711055 MSC1162GS-V1IK
8-BIT 40-BIT
Function PARALLEL-IN DOT DRIVER 12-SEGMENT, ANODE/GRID
PARALLEL-OQUT 16-DIGIT DRIVER
HH Sample Test Hours . Sample Test Hours . Sample Test Hours ’ Sample Test Hours 1 uedS.anda'd
Test item Test Condltlon Size (pes) or Cycles Failures Size (pes) of Cycles Failures Size (pcs) or Cycles Failures Size (pcs) or Cycles Failures rete '
Ta=125°C
High Bias Condition
MSLI1SRS .............. Note 1 2000 2000 2000 2000 MIL-STD-883C
Temperature 88 0 88 0 88 0 88 0
Bias gest MSM5267B-XXGS-XX .... Note2 (H) (H) (H) ‘ (H) Method 1005
MSC7110SS ............. Note 3
MSC1162GS-VIK ........ Note 4
Ta=85C PH=85% h
Temperature Bias Condition ’
L MSLIISRS ... ........... Note 1 2000 2000 2000 2000
;‘;’:}2'5? MSMS2678XXGSXK ... Note2 | 100 | 0 00 LI L 0 100y 0 -
MSC7110SS ... ......... Note 3
MSC1162GS-VIK ........ Note 4
High 1000 . 1000 1000 1000 MIL-STD-883C
Temperature Ta=150°C 22 0 22 0 22 0 22 0
Storage (H) (H) (H) (H) Method 1008
Temperature - 65°C == RT<= 150°C 500 500 500 500 MIL-STD-883C
X . X . 1 1 1
Cycling Test | (30 min) (5 min) (30 min) O e T2 ep | 1™ en | ° ™) @ | © | Method oo
Pressure Ta=121°C RH=100% 200 200 200 200
Cooker Test 2 atm 50 (H) 0 50 (H) 0 50 (H) 0 50 (H) 0 -
® Note 1 (MSL915RS)  Note 2 (MSM52678-XXGS-VK) © Note 3 (MSC7110S5) ® Note 4 (MSC1162GS-V1K)
VI-GND =7V, V-GND = 60V VDD-GND = 18V VDD-VSS = 5.5V, VDD-VEE = 45V VCC-GND = 5.5V, VHV-GND = 65V
¥ THE PRE DISPOSITION OF EACH SAMPLE :
85°C 85% 72H STORAGE 250°C REFLOW TEMP PROFILE 240°C
125°C 16H BAKE 200°C.
REFLOW SOLDERING PACKAGE 150°C
SURFACE TEMP
100°C 1 1 1 1 L 1 1 1 1 1 1 1

LIFE TEST 30 60 90 (sec)
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ENVIRONMENTAL TEST RESULTS

Part Name MSL915RS MSM52678- MSC7110SS | MSC1162G5-V1K
XXGS-VK
8-BIT ~ 40BIT
Function PARALLEL-IN DOT DRIVER | 12-SEGMENT, | ANODE/GRID
PARALLEL-OUT 16-DIGIT DRIVER
Test item Test Condition S!m(:z; € 1 aitures sm(:::m Failures sm&:‘“" Failures sam(:’:; fee Failures Referred Standard
.| Soldering Heat Test 260°C 10 sec MIL-57D-883C
' : Method 2003
Thermal
Environ- : - 65°C<= RTZ=Z 150°C
mental Ze""."e'x”;e (30 min) (5 min) (30 min) 2 0 22 0 22 0 2 o | MILSTD-883C
Test yC mgI s (20 cycles) Method 1010
100°C == 0°C ‘
Thermal Shock Test (5min) (5min) MIL-5TD-883C
10 cycles Method 1011
. 18P/42P Dip 500g 10 sec
Lead | Temsile 44P/60P Flat 100g 10 sec
. MIL-STD-883C
Intgrity - - 11 0 T 0 1 0 1" 0
Other Bending | 18P/42P Dip 250g 90° 3 times Method 2004
T 9 | 44p/60P Flat 509 90° 2 times
est
Solderability 230°C Ssec 2 | o | 2| o | 2| o | 2 | o [WsDS
Method 2003




4. SEMICONDUCTOR MEMORY
FAILURES

The life-span characteristics of semiconductor
elements in general (not only semiconductor IC
devices) is described by the curve shown in the
diagram below. Although semiconductor
memory failures are similar to those of ordinary
integrated circuits, the degree of integration
(miniaturization), manufacturing complexity and
other circuit element factors influence their inci-
dence.
I

Semiconductor Element Failure Rate Curve

; | Initial SHIPPING Wear-out
» | failure Random | failure
E failure
ol
o \ m>1
2
2 \ /
& \ General /
X electronic 4
N devices ,”
m<1.
e
Debugging by burn-in  Semiconductor
screening elements

1) Surge Destruction

This is destruction of the input/output stage cir-
cuits by external surge currents or static elec-
tricity. The accompanying photograph shows a
point of contact between aluminum and poly-
silicon that has been dissolved by a surge cur-
rent. A hole has formed in the substrate silicon,
leading to a short circuit. This kind of failure is
traceable in about 30% of defective devices re-
turned to the manufacturer. Despite miniaturiza-
tion of semiconductor memory component ele-
ments (which means the elements themselves
are less resistant), these failures usually occur
during assembly and other handling operations.
At Oki, all devices are subjected to static elec-
tricity intensity tests (under simulated operation-

al conditions) in the development stage to
reduce this type of failure. In addition to checking
endurance against surge currents, special pro-
tective circuits are incorporated in the input and
output sections.

Al
¥ [N Inputsection
Aluminum X //ZZ’./?Wf/Z

wire t Poly Si
Destruction
position

2) Oxide Film Insulation Destruction (Pin Holes)

Unlike surge destruction, this kind of failure
is caused by manufacturing defects. Local wea-
kened sections are ruptured when subjected to
external electrical stress. Although this problem
is accentuated by the miniaturization of circuit
elements, it can be resolved by maintaining an
ultra-clean manufacturing environment and
through 100% burn-in screening.

3) Surface Deterioration due to lonic impurities
Under some temperature and electric field condi-
tions, charged ionic impurities moving within the
oxide film previously resulted in occasional dete-
rioration of silicon surfaces. This problem has
been eliminated by new surface stabilization
techniques.

4) Photolithographic Defects

Integrated circuits are formed by repeated pho-
tographic etching processes. Dust and
scratches on the mask (which corresponds to a
photographic negative) can cause catastrophic
defects. At present, component elements have
been reduced in size to the order of 10 ¢cm
through miniaturization. However, the size of
dust and scratches stays the same. At Oki, a
high degree of automation, minimizing human in-
tervention in the process, and unparalleled
cleanliness, solves this problem.

% )

> e Sl )

Photolithographic Defect
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5) Aluminum Corrosion

Aluminum corrosion is due to electrolytic reac-
tions caused by the presence of water and
minute impurities. When aluminum dissolves,
lines break. This problem is unique to the plastic
capsules now used widely to reduce costs. Oki
has carefully studied the possible cause and
effect relationship between structure and manu-
facturing conditions on the one hand, and the
generation of aluminum corrosion on the other.
Refinements incorporated in Oki LS!s permit su-
perior endurance to even the most severe high

. humidity conditions.
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6) Alpha-Particle Soft Failure

This pgroblem occurs when devices are highly
miniaturized, such as in 1 megabit RAMs. The in-
version of memory cell data by alpha-particle
generated by radio-active elements like uranium
and thorium (present in minute quantities, mea-
sured in ppb) in the ceramic package material
causes defects. Since failure is only temporary
and normal operation restored quickly, this is
referred to as a “soft” failure. At Oki we have
eliminated the problem by coating the chip sur-
face of 1 megabit RAMs with a resin which effec-
tively screens out these alpha-particles.

Package ceramic

S,y cover

Silicon oxide
. film

Substrate silicon

|lonization along
the a-particle path

7) Degradation in Performance Characteristics
Due to Hot Electrons

With increased miniaturization of circuit ele-
ments, internal electric field strength in the chan-
nels increases since the applied voltage remains
the same at 5V. As a result, electrons flowing in
the channels, as shown in the accompanying dia-
gram, tend to enter into the oxide film near the
drain, leading to degradation of performance. Al-
though previous low-temperature operation tests
have indicated an increase of this failure, we
have confirmed by our low-temperature acceler-
ation tests, including checks on test element
groups, that no such problem exists in Oki LSIs.

Drain
+Vp
Vg )
——{ |
Gate '
¢ Source Hot electrons

+Vg

Substrate silicon

Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subject all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability.
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OKI semiconductor
MSL912

8-BIT PARALLEL-IN PARALLEL-OUT

GENERAL DESCRIPTION

The MSL912 is a high voltage vacuum fluorescent dispiay tube driver, which uses positive voltage
and contains eight circuits. Each output contains a pull-down resistor, which allows the driver to
directly drive the vacuum fluorescent display tube.

Input may be driven directly by the TTL or CMOS.

PIN CONFIGURATION

(Top View) 18 Lead Plastic DIP

‘ ./

N, D‘l 8] our,
N, [2] 7] our,
Ny 3] [16] OUT;
INg La: zs] ouT,
ny [5] [12] ouTy

\ N (5] 13] ouTe
IN, E 12] our,
g [3] 111] ouTs
onofg rTg] ve

CIRCUIT CONFIGURATION

{1 of 8 units) oo moeee- . . oV +

H 37KQ !

! 1

i |

i ! ZIS

; S 70KQ

3 :

! !

1

bo3ke 14KQ E

IN I ‘ 1.4KQ $—4—OO0UT

? 3 18KS; %hsom

GND
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit
Supply voltage V+ Ta=25°C -0.3~35 \
Input voltage Vi Ta=25°C -0.5~10 v
.Output voltage Vo Ta=25°C -0.3~35 \
Output current lo Ta= %i:ﬁlfglﬁ’ one +0.6~ - 45 mA
Storage temperature Tstg - -55~+150 °C
® Recommended Operating Conditions
Parameter Symbol Condition Limits Unit
Supply voltage y + —_ 15~30 v
Input voltage V) —_ 0~7 v
831}(/ one circuit +0.5~ - 40 mA
Output current lo sﬁ,":::;::i:e“éhﬁf all +0.5~-5 mA -
Total autput +0.5x8~-40 | mA
Operating temperature Top - -30~+75 °C
* Duty: 50% max.
® DC Characteristics
(Ta= - 30~ +75°C, TYP: Ta=25°C)
Condition Specification
Parameter Symbol Unit
V+(V) Vi(V) | I0(mA) MIN TYP MAX
High input Voltage Viy 30 - - 2.5 - -
Low input voltage Vi, 30 - - — —_ 1.0
Low input current i 30 1.0 —_ —_— 20 80
I 30 2.5 — —_ 0.09 0.22 mA
High input current
lin2 30 7 — - 0.29 0.7 mA
High output voltage Vou 30 - 25 -40 27 28.5 - v
Low output voltage Vor 30 1.0 0 - 1.0 3.0 A%
lccorr 30 ALL INPUTS 0 — 0.04. 0.4 mA
Supply current ALL1,;‘2 —
lccon 30 0 —_ 12 17 mA
Pull-down resistor Rep 30 |Aepes| Vos 60 150 | 270 | K@
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APPLICATION NOTE

OTY + 25V
Ve (Vpp) v+ Vacuum
TTL or CMOS IN MSL912RS OUT O fluorescent
GND (Vss) GND display tube
l ]
L ‘ i OUT = -5~ +25V
-5V
+5V +30V
Vce (Voo) v+ Vacuum
TTL or CMOS IN MSL912RS OUT © fluorescent -
GND (Vss) GND display tube
L |
é : OUT=0~ +30V
oV
(Note) When noise level oninput or output signal is high, use a clamping diode.

information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or ather rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKL.
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OKI semiconductor
MSL915

8-BIT PARALLEL-IN PARALLEL-OUT

GENERAL DESCRIPTION

The MSL915 is a high voltage vacuum fluorescent display tube driver, which uses negative voltage
and contains eight circuits. Each output contains a pull-down resistor, which allows the driver to
directly drive the vacuum fluorescent display tube. )

Input may be driven directly by the TTL or CMOS.

PIN CONFIGURATION

(Top View) 18 Lead Plastic DIP
o
IN, E ' [18] ou, o
N, [2] [17] ouT,
N; 3] [16) ouTy
N, [a] 15} our,
INS E E OUTs
N[5 13] ouTs
N, E E ouT,
g[8 Tr_Tl OUTg
v- [5] [10] GND
ClR_CUlT CONFIGURATION
{1 of 8 units) OGND

AAA

> 7KQ

IN
17KQ

14KQ ’

ANA

1.4KQ

oOouT

3 150KQ

Dbt === Db ===~

ov-
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ELECTRICAL CHARACTERISTICS

o Absolute Maximum Ratings

Parameter Symbol - Condition Limits Unit
Supply voltage V- Ta=25°C GND +0.3~GND - 65 \
Input voltage \ Ta=25°C GND +0.5~GND-10 \
Output voltage Vo Ta=25°C GND +0.3~V~- ~0.5 \
Output current lo Ta= %lsl,:ﬁ;tcglr}l’ one +0.9~-45 mA
Storage temperature Tstg - - 55~ +150 °C
o Recommended Operating Conditions
‘ Parameter Symbol Condition Limits Unit
Supply voltage V- — GND - 20~GND -60 \Y
Input voltage Vi — GND~GND -7 \
grl\\lly one circuit +0.8~ - 40 mA
Output current lo Eierrcaii;:gi:ewohﬁf all +0.8~-5 mA
Total output +0.8x8~ - 40 mA
Operating temperature Top — -30~+75 °C
*  Duty: 50% max.
® DC Characteristics
(Ta= - 30~ +75°C, TYP: Ta=25°C)
Condition Specification
Parameter Symbol Unit
v-(v) | vwv) | 1oma) | mIn TYP | MAX
High input voltage Viu -60 - _ —_ —_ -15
Low input voltage Vi - 60 - - -4 - —_ \Y
Highinput current iy -60 -1.5 —_ — -70 -280 | pA
' hea -60 -4 — — -023 | -1.2 | mA
Low input current
Iz -60 -7 - - -058 | -26 | mA
High output voltage VoH -60 -4 -40 —_ -1.5 -3
Low output voltage VoL -60 -15 0 -55 -59 -
lccorr | —-60 | au meurs 0 — 0.7 1.3 mA
Supply current - AL:mPS’TS -
lccon | -60 -4 0 — 6 12 mA
Pull-down resistor Rep -60 |t \_/_033 60 150 270 | KQ
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APPLICATION NOTE

+ 5V
?
{ |
Vee (Vop) GND Vacuum
TTL or CMOS —IN MSLS15RS OUT © fluorescent
GND (Vss) V- ’ display tube
$ L OUT= + 5~ - 55V
ov - 55v
ov
2
1 l
Vee (Vo) ‘ GND ' Vacuum
TTL or CMOS IN MSL915RS OUT < fluorescent
GND (Vss) V- display tube
l . l OUT =0~ - 60V
-5V - 60V
(Note) When noise level on input or output signal is high, use a clamping diode.

Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OK{ for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.



OKI semiconductor

MSL917

8-BIT PARALLEL-IN PARALLEL-OUT

GENERAL DESCRIPTION

The MSL917 is a high voltage vacuum fluorescent display tube driver, which uses negative voltage
and contains eight circuits. Each output does not contain a puli-down resistor, hence it should be

connected to an external resistor (about 150KQ).

Input may be driven directly by the TTL or CMOS. The vacuum fluorescent display tube driver may

also be used as a high voltage-and current driver.

PIN CONFIGURATION

N,
IN,
IN;
IN,
INS
INg
IN,

INg

(Top View) 18 Lead Plastic DIP

-

Fl Bl B L FLFLELELE

7

18] ouT,
7] out,
16] ouT;
[15] ouT,
4] ouTs
13 oute
12] ou,
1] out,
1] G

CIRCUIT CONFIGURATION

(1 of 8 units)

OGND

H
p: ]
- 1
IN O——t—K—w— E
1 12KQ
! A
1 I
1 1
1 ]
1 1
A ‘
T i
: 1KQ :
| L——oourt
1
L s o o ot - = = - - uv_
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit
Supply voltage V- Ta=25°C GND +0.3~GND - 85 \
Input voltage Vi Ta=25°C GND + 0.5~GND - 10 \
Output voltage Vo Ta=25°C GND +0.3~GND -85 \
. Ta=25°C, only one —_
Output current lo circuit ON 0 100 mA
Storage temperature Tstg —_ =55~ +150 °C
© Recommended Operating Conditions
Parameter Symbol Condition Limits Unit
Supply voltage V- - GND - 20~GND - 80 \
Input voltage " - GND~GND -7 \
Only one circuit -
ON 0~-90 mA
Per circuit when all
Output current lo circuits are ON* 0~-11 mA
Total output -
current 0~-90 mA
Operating temperature Top —_ -30~+75 °C
* Duty: 50% max.
© DC Characteristics
(Ta= =30~ +75°C, TYP: Ta=25°C)
Condition Specification
Parameter Symbol - Unit
v-(v) | vitv) |lo(mA) | RL(Q) | MIN | TYP | mAX
High input voltage Vi -80 —_ —_ —_ —_ — -1.5 Vv
Low input voltage Vi -80 —_ —_ — -4 —_ — Vv
High input current Iin -80 | -15 — - — | -70 | -280 | pa
Low input current et -80 -4 — — — |-023}-12 | mA
Iz -80 -7 _— —_ — -0.58{ -2.6 { mMA
Highoutputvoltage | vq, | -80 -4 -90 — — | =20 -30]| v
Lowoutputvoltage | Vo, | -80 | =15 | 0 | 4sdc | =75 | =79 — | v
*
lcc oFF - 80 AL:_WPUTS —_ 1510 —_ 0.7 1.3 mA
Supply current ; .
lccon —80 ALL-INPUTS _ 15&}( _ 8 14 mA

*1 R connection method
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R CONNECTION METHOD

GND
O—] -
I4 0,
o—j | |
o— | )
o—— | |
o— | |
o—i ! '
o 1Ig Og
$3333%33R
111 1]
o ~
V-
APPLICATION NOTE
+5V
9
! [
Ve (Voo) GND Vacuum
TTL or CMOS IN MSL917RS OUT © fluorescent
GND (VSS) . V- R display tube
o g OUT = +5~-75V
0V -75v RLZ 150KQ
ov
Q
{ |
Vee (Vop) GND , Vacuum
TTL or CMOS IN MSL917RS OUT = T— fluorescent
GND (Vss) V- TRL display tube

-5V - 80V

l I OUT =0~ - 80V

RLZ

150KQ

(Note) When noise level on input or output signal is high, use a clamping diode.

Information furnished by OKI is believed to be accurate and

reliable. However, no responsibility is assumed by OKI for its use;

nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.
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OKI semiconductor

MSL918

8-BIT PARALLEL-IN PARALLEL-OUT

GENERAL DESCRIPTION

The MSL918 is a high voltage vacuum fluorescent display tube driver, which uses positive voltage
and contains eight circuits. Each output does not contain a pull-down resistor, hence it shouid be
connected to an external resistor (about 150 KQ).

Input may be driven directly by the TTL or CMOS. The vacuum fluorescent display tube driver may
also be used as a high voltage and current driver.

PIN CONFIGURATION

(:rop View) 18 Lead Plastic DIP

N
Ny [0 18] ouT,
IN, [Z T_7| ouT,
Ny [3] 16] ouT,
N, [4] "~ [15] out,

s 5] 13] ou,
CINg E . [13] ouTs

N, [7] 12] our,
Ny [5] 11] ouT,

GNDE 10] v+

CIRCUIT CONFIGURATION

-1 (1 of 8 units) pmmmmmmmoe- ' —oV+
b ‘ 27K l H
] ) 1
' i
1 g -
2 270KQ : iy
? | :
i o
)
I 31Ke 14K m i
IN E Sraka |
18KQZ —-—o00UT
o}
GND
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ELECTRICAL CHARACTERISTICS

© Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit
Supply voltage V4 Ta=25°C -03~+35 Vv
Input voltage v Ta=25°C -0.5~+10 \
Output voltage Vo Ta=25°C -0.3~V+ \Y
Output current - lo Ta= iﬁ,;ﬁ;:glﬁ' one -45 mA
Storage temperature Tstg — -55~+150 °C

° Recommended Operating Conditions

Parameter Symbol Condition Limits Unit
Supply voltage Va4 —_— +15~+30 \
Input voltage v —_ 0~+7 \
8;\\&' one circuit 0~ — 40 mA
Output currenf lo Eﬁ:;;g";’:e‘%hﬁf all 0~-11 mA
Total output ~
current* 0~-120 mA
Operating temperature Top - -30~+75 °c
*  Duty: 50% max.
® DC Characteristics
(Ta= - 30~ +75°C, TYP: Ta=25°C)
Condition ’ Specification
Parameter Symbol Unit
' V+(V) | Vi(V) |lo(mA)| RL(Q) | MIN TYP | MAX
High inpﬁt voltage Vin +30 — —_ — 25 — — v
Low input voltage Vi, +30 —_ — — — —_ 1.0 v
Low input current I +30 1.0 — — —_ -20 { -80 { pA
High input current 1 +30 25 — —_ — — 015 | mA
liH2 +30 7 —_ —_ -— —_— 0.5 mA
Highoutputvoltage | vo, | +30 | 25 -40 | — 27 — — v
Low output voltage Vou +30 1.0 0 1;3K — —_ 3.0 \
lCC OFF +30 ALL{?ISUTS — 1*510 -_ -— . 0.4 mA
Supply current . 1 B
ALL INPY y
lccon | 430 [M28™ | — [sok | — |95 | 14 | ma

*1 Rt connection method



R, CONNECTION METHOD

V4
Iq 0O ] '
o—— i i
o— |
o—— | )
o— | ‘
o— | i
o—1s Os
$3:332: 3R
o
GND
APPLICATION NOTE
o%/ - +25V
Vee (Vop) v+ Vacuum
TTL or CMOS IN M5L918RS OUT 1 fiuorescent
GND (Vss) GND 3R display tube
j
OUT= -5~ 425V
-5V RL= 150KQ
+5v +30V
Vee (Vop) v+ Vacuum
TTL or CMOS IN MSL918RS OUT =T~ ° fluorescent
GND (Vss) GND 2 display tube
‘ L
Ji |
L i OUT =0~ + 30V
RLZ 150KQ
ov
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(Note) When noise level on input or output signal is high, use a clamping diode.

Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKi.




OKI semiconductor

MSC1163

40-BIT ANODE DRIVER

GENERAL DESCRIPTION

The MSC1163 is a monolithic IC using the Bi-CMOS process for hybridizing CMOS and bipolar transistors
on the same chip. The logic portion such as the input stage, shift register and latch is formed by CMOS
and the output driver requiring a high withstand voltage is formed by bipoalr transistors.

Since the pin asignment allows single side pattern formation on the printed circuit board, the display
unit size can be reduced.

The bidirectional shift register facilitates the pattern design when the deivces are arranged
symmetrically with the display as the center axis.

FEATURES

Designed as a VFD anode driver for emitter-follower force output with 40-bit active pull down by built-
in 40-bit bidirectional shift register and latch.

® logicSupply Voltage : Vcc :  +5V o Built-in 40-Bit latch
© DriverSupply Voltage: Vhv :  +65V o Built-in 40-Bit bidirectional shift register
e Driver Output Current: lohvh : -2mA o Clock frequency : 4MHz

lohvl @ 2mA © 60 pin FLAT Package
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BLOCK DIAGRAM

Vhv  Vhv

Vee

Vee

RIC Ls CHG

DIN

" CLK

o
o~ . <
(@] o
> >
A )
. =
S1
Vs
.................... oS
=)
(TR
~NT
04
uuuuuuuuuuuuuuuuuuuuuuuu =1
D D Lo
~
H w \NOR
* o
wZ

o~ o
<
HOLV 218-0%

o

~N <
T
2 § ||* > vw
Y3LSIDIY L4IHS TYNOLLOINIQIS HE-0F e
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PIN CONFIGURATION (TOP VIEW)

HVO 1 60 HVO 40
v 2 @ 59 s 39
v 3 . 58 + 38
' 4 57 ¢ 37
‘5 .
v 6 55 +» 35
+ g + 4 gg
+ 9 s R
+ 10 s 31
¢ 1 y 0
+ 12 2 s 29
+ 13 s 28
v 14 s 27
+ 15 4 s 26
+ 16 s 25
o 17 v 24
s 18 s B
s 19 v 22
» 20 20 s 2
Vhy 21 Vhv

GND 122 33 _JGND1

GNDp2[ 23 3B __|GND2

CL 24 37 NC

NC 25 36 CHG

LS % 35 NC

NC 27 A CLK
R O 33 __|NC
DIN 29 32 DOUT

Vee 30 31 Vee

PIN DESCRIPTION

Pin No. | Symbol Terminal Name Description

1~20 HVO1~ | Driver Output Driver output terminal, applicable to each bit of shift

41~60 [ HVO40 resistor.

21 Vhv Driver Power Supply | Power supply terminal for driver circuit.

40

22 GND 1 | Driver GND GND pin for driver circuit.

39

23 GND2 | Logic GND GND pin for the logic circuit. As GND1 and GND2 are not

38 connected inside of the LSI, they need to be connected
outside by same wiring.

24 CL Clear input Clear input pin with pull-up resister. Normally "H” level,
in this condition driver output change “H" or “L”
according to latch output level. when “L” driver output
pins are fixed to “L” and have no relation with latch
outputs.

26 LS Latch Strobe input Latch strobe input pin. When LS is “H”, information
present at the data input is transferred to output. The
information is kept latched and the output remains the
same, even then LS changesto “L".

28 RIL Shift Direction Shift direction control pin with pull-up resistetr.

Control Normally “H”, and in this condition, information of Bi-

directional SR is shifted to the direction of R-1 from R-40.
When this pinis “L", Bi-directional SR shifts information
to the direction of R-40 from R-1.
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Pin No. | Symbol Terminal Name Description

29 DIN Data Input Data input pin for bidirectional SR

30 Vee Logic Power Supply Power supply pin for logic (except driver).

31 Vc should be 4.5V~5.5V.

32 DOUT | Data Output Serial output pin of bidirectional SR. When RILis “H”, D
OUT outputs R-40. When R/Lis “L", D OUT outputs R-1.

34 CLK Clock Input Clock input pin. Data of bidirectional SR is shifted from
one stage to the next during the positive going clock
transition.

36 CHG Testinput Test input pin with puli-down resister. Normally “L"

when CHG is “H” and CL is “H" driver outputs are fixed to
“H" for test.

SCHEMATIC DIAGRAMS OF LOGIC PORTION INPUT AND OUTPUT
TERMIANL CIRCUIT
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[NPUT

INPUT TERMINAL

GND1 = GND2

OUTPUT TERMINAL




SCHEMATIC DIAGRAM OF DRIVER OUTPUT TERMINAL CIRCUIT

Vhv Vhv
HVO
GND1 GND1
FUNCTION TABLE
ck | RL | Din | R1 R2 R3 R4 ....... R-40 | Dout
A H H H Rl, R2y R3n R39, | R39,
A | w L | L Rl R2, R3, R39, | R39,
A L H R2, R3, R4, RS, H R2,
A L L | R2, R3, R4, RS, L R2,
<L CHG LS RX | HVO.X
L X X X L
H H X X H
H L H H H
H L H L L
H L L X NC

L: Low Level, H: High Level, X: Don’t Care, NC: No Change




ELECTRICAL CHARACTERISTICS

e Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit Note
Logic Supply v Applicable to logic supply —03~+65 v 1
Voltage ¢« Ivoltage terminal : )

Driver Supply v Applicable to driver Veem +70 v 1
Voltage hv | supply voltage terminal
Input Voltage Applicable to all input
Vin . -0.3~Vcc+0.3 \ 1
terminal

Data Output Applicable to all output 03
Voltage Vout | terminal 0.3~Vee+0.3 v !
Driver Driving f Duty cycle 50% max 0~+15 KHz -
Frequency drv yoy °
Power o 860 [Derate6.9
Dissipation Pg Ta=25°C mW/C above 25°C) mw
Attenuation o o
Rate Rj-a Ta>25°C 145 ow 2
Operating Top Thvs 50V -40~+85 ° -
Temperature
Storage ’ o

" Temperature Tstg - =55~ +150 C

NOTES: 1) Maximum Supply Voltage for GND

2)
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Derate 6.9 mW/Ck above 25°C
Refer to the following formula.
Tj=PxR;- 5+ Ta (P: Max current consumption)



® Recommended Operating Conditions

Condition

Parameter Symbol Min. Max. Unit
Logic Supply Vee Applfcable to logic supply voltage 45 55 v
Voltage terminal
Driver Supply Vi Appl!cable to driver supply voltage 10 65 v
Voltage terminal
High Level Input Vi Applicable to all input Vec=4.5V 3.6 - \Y
Voltage ih | terminals Ve = 5.5V 4.4 - v
Low Level Input Vi Applicable to ali output Vee=4.5V - 0.9 v

i -
Voltage terminals Ve=5.5V - 1.1 Vv
Driver High Leve! | Applicable to all driver output terminal _ _> mA
Output Current ohvh v
Driver Low Level | Applicable to all driver output terminal _ 2 mA
Output Current ohvi
CLK Frequency f¢ See timing chart - 4 MHz
CLK Pulse width t welk See timing chart 75 - ns
Datain Setup -
Time tgs See timing chart 50 - ns
Data in Hold -
Time idh See timing chart 50 - ns
LS Pulse Width twis See timing chart 80 - ns
CLK - LS Delay o
Time tdcl See timing chart 50 - ns
_ll.‘iS"-‘:LK Delay tdlc See timing chart 0 - ns
.';?I;EHG Delay tdicg See timing chart 0 - ps
B Delay tad See timing chart 0 - s
CHG Pulse Width [ twechg See timing chart 2 - us
CL PUlse width twel See timing chart 2 - us
Operating o
Temperature Top - -40 +85 c
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® DC Characteristics

Vce=5V +10%, Vhv= 10V~65V, Ta= - 40°Cto +85°C

Parameter Symbol Condition Min. | Typ. | Max. Unit
Logic Standby leet No Load All Input:  Low - 4.3 | 6.65
Current Vee=5.5V All Input:  High, All mA
lec2 Driver Output: High, - 0.5 1.0
Ta=25°C
Driyer Standby Ihvi | Noload All Driver Output: Low - - 1 BA
Current Vee=5.5V | All Driver Output:

Thv2 High, Ta = 25°C - |245] 38 mA
High Level Input Vi Ve =4.5V 3.15 - - \Y
Voltage h V=55V 3.85 - - N
Low Level input vy Ve =4.5V - - 1.35 Vv
Voltage ! V=55V - - 1.65 \Y

Input Leakage ) oo _ _ +
Current lin Ta=25°C e BA
Input G Ta=25°C - s | - pF
Capacitance n
High Level Data _ Ve =4.5V 4.2 - - \
Output Voltage Vodn1 lo= -20p4 Vee=5.5V 5.2 - - Vv
Low Leve! Data _ Vee=4.5V - - 0.2 A"
Output Voltage Vodi1 | lo=20pA Vee=5.5V - - 0.2 v
High Level Data _ Vee=4.5V 3.5 - - Y
‘Output Voltage Vodhz |lo=-0.1mA Veo= 5.5V 45 _ _ v
Low Level Data _ Vee=4.5V - - 1.1 \%
Output Voltage Vodiz |lo=0.1mA Vee=5.5V _ _ 11 v
Driver High Level _ '

Output Voltage Vohvh. lohv= = 2mMA Vhv-31 - - v
Driver Low Level Vohu lohy = 2MA _ _ 3.0 v

Output Voltage
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® AC Characteristics

Vee=5V, Vhv=65V, Ta=25°C

Item Symbol Remarks Min. | Typ. | Max. | Unit
CLK - Dout Delay Time tpd  [See timing chart and test circuit - 100 150 ns
Delay Time Low - High tgih  |See timing chart and test circuit - 0.3 1 RS
Transit Time Low — High tun  [See timing chart and test circuit - 2 5 pS
Delay Time High - Low tgn  |[Seetiming chart and test circuit - 0.3 1 ps
Transit Time High - Low tth1  |See timing chart and test circuit - 2 5 BS

o Timing Chart

tds | 1dh Tuds | tdh | twelk | twelk
e N S — B
DIN \;
R/ n S
d tpd bot pd =
——————————————— B P
pour
it |\ PP S,
o tdcly twls ;|wdic
Ls
} /
tdicg
1"
" twehg /
CHG \K ')l \\
G twehg twe | twel [
<L E
i \__/_—\L__
tdih tdlh tdhi tdhl tdlh

<

) =+ 508
HVO . 2.9, & - ] \ar____ \_,.m - K__.______L
Jr——-- 3 “‘"—reu%
\

HVO(OTHERS) 7 \

o

ttih ttlh tth] tthl ttlh




TEST CIRCUIT

- (?SV _T's.ov

DIN

20pF

;

30Kn

LR

DOUT

Vee Vhv HVOl
HVO2

HV040

N

. 28 g
o ] o Q [T}

30PF_[_

S
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Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.




OKI semiconductor
M SC77 51 (Underdevelopment)

40-Bit ANODE DRIVER

GENERAL DESCRIPTION

The MSC7751 is a monalithic IC using the high withstand voltage driver process for hybridizing
CMOS and DMOS transistors on one chip.

The logic portion such as the input stage, shift register and latch is formed by CMOS, and the
output driver requiring a high withstand voltage is formed by DMOS transistors. '

Since the pin assigment allows single side pattern formation on the printed circuit board, the
display unit can be reduced.

The bidirectional shift register facilitates the pattern design when the devices are arranged
symmetrically with the display at the center axis.

FEATURES

o Logicsupply voltage (Vo) @ +5V

e VFdriversupply voltage (Vhy) : -200V

o Driver output current
(lohvh) ' —2mA(All driver output high)
(oh)  : +2mA

o Clock frequency 1 5.5MHz

© Built-in 40-bitlatch
o Built-in 40-bit bidirectional shift register

o 60 Pin FLAT Package
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BLOCK DIAGRAM

VHV  VHV

Dy Y

cLoCK C) —°I>°—_°P
o D

o
=
/
x
<
@)

I
/
I
<
o
N

0
N
[

40-Bit Bidirectional Shift Register
40-Bit Latch

Qao lag  Lao

D e
L
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PIN CONFDIGURATION

(Top View) 60 Lead Plastic Flat Package

HvO 36 [ |
35 [
34 [
33 [
32 [
31 [
30 ]

2% [

3 [ ]
2 [

2 [ ]
8 [
27 [

i
2 ]

21 [ |

37 [
38 [
39 [
a0 [
ne [
vav [ |
Ne [
GND [ |

Vee [
ne [ ]

ne [
s [
ne [ ]

sosst | |

O

N

T
<
o

X N O wnm

n
12
13
14
15
16
17
18
19
20

NC
VHV
F/B
NC
cL
NC
cLocK
NC
“RESET

SISO
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PIN DESCRIPTION

64

PinNo.

Symbol

Name

Description

1
20
a1

60

HVO 1

Driver output

. Each terminal is a high withstand voltage driver

output terminal to drive the anode of the VF
display tube, which corresponds to easch bit of
theshift register.

. Each terminal can be directly connected to the

anode terminal of the VF display tube.

22
39

Driver supply
voltage

. This is a power terminal of the high withstand

voltage driver to drive the VF display tube.

28

Logic supply
voltage

. Thisis a power terminal of the logic portion.

36

Clearinput

. This is an input terminal containing a pull-down

resistor.

. The terminal is generally kept High. The driver

output, High of Low, is driven by the output of
the corresponding latch circuit.

. When the terminal is Low, the driver outputs '

are fixed to “Low” regardless of the output of
the latch circuit.

26

LS

Latch strobe input

. When the terminal is High, the latch circuit is

slewed, and the output of the shift register is
read into the latch circuit.

. When the terminal is Low, the latch circuit holds

the output of the shift register immediately
before the terminal is turned Low.

34

CLOCK

Clock input

. This is a clock terminal of the shift register. The

data of the shift register is shifted at the falling
edge of a clock pulse. :

32

RESET

Reset input

. When the terminal is Low, all the data of the

shift register is Low. Generally and when notin

use; connect the terminal to the V¢c terminal.

38

I8

Shift direction
control input

. When the terminal is Low, data is shifted from 1

to 40, and Pin 31 is a serial in terminal and Pin 30
is a serial out terminal.

. When the terminal is High, data is shifted from

40 to 1, and Pin 30 is a serial in terminal and Pin
31isaserial out terminal.

31

SI/sO

Serial input/serial
output

. When the F/B terminal is Low, this terminal is a

serial data input terminal.

. When the F/B terminal is High, this terminal is a

serial data output terminal.

30

SO/sl

Serial input/serial
output

. When the F/B terminal is Low, this terminal is a

serial data output terminal.

. When the F/B terminal is High, this terminal is a

serial data input terminal.

24

GND

GND

—_

. This is a grounding (GND) terminal.




SCHEMATIC DIAGRAMS OF LOGIC PORTION INPUT AND OUTPUT

TERMINAL CIRCUITS

Input terminal

Vee Vee
A AN~ ——
INPUT

~ -:/;FB
GND

77777" GND

Input-outupt terminal Vee
A
__ _|E
77777 GND

SISO
SO/s!
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SCHEMATIC DIAGRAM OF DRIVER OUTPUT TERMINAL CIRCUIT

VHV A VHV

Tl A

ZS HVO
GND 77777 GND
FUNCTION TABLE

RESET | CLK F/B SISO Q1 Q2 Q3 -~ Q39 Q40 SO/SI
L X L X L L L L L L
L X_ H L L L L L L X
Ho |\ L H H Qin | Qan Qssn | Qaon | Qaon
Ho| N | L L L | Qi | Qa Qagn | Qaon | Quon
H || H | Q| Qi | Q| Qua Qun | H | H
H _\__ H Q2n Q2 Qsn Qan Qaon L L

[« LS Qn | HVOn

L X X L

H H H

H H t t L: Lowlevel, H: HighlLevel

H L X NC X: Don'tCare, NC: NocChange
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratingds

Parameter

Symbol Conditios Limits Unit | Note

Logic supply voltage

Vce Applicable to logic -0.3~6.5 \ 1
power terminal

Driver supply voltage Vuv Applicable to Vce~230 \ 1
driver power :
terminal

Input voltage Vin Applicable to all -0.3~V¢c+0.3 \ 1

input teminals

Data ouptput voltage

Vod Applicable todata { —0.3~V¢c+0.3 Vv 1
output terminal

Driver output voltage Vohv [ Applicable to all ~0.3~Vcc+0.3 Vv 1
driver terminals
Power Dissipation Pd Ta=25°C 860 mw
Attenuation Rate Rj-a Ta>25°C 145 W 2
Operating temperature Top Vypv= 130V -40~ +85 °C
Storage temperature Tstg E— -55~+150 °C
Notes: 1. The maximum voltage which can be applied to the GND terminal.

Thermal resistance of the package (between junction and
atmosphere).
The junction temperature (Tj) expressed by the equation
indicated below should not exceed 150°C.

Tj=PXRj-a+Ta(P: Maximum power consumption of IC)
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® Recommended Operating Conditions

Parameter Symbol Conditions MIN | MAX | Unit
. Applicable to logi
~ Logic supply voltage Vce tee%;;z, e tologic power 4.5 5.5 Vv
. Applicable to dri
Driver supply voltage Vv tegfn;;‘;? e todriver power 10 | 200 v
i - 3.6 —_
High level input voltage | V4 Applicable to all Vec=4.5V Y
input terminals Vee=5.5V 4.4 —_
Applicable to ail Vec=4.5V — 0.9
Low level input voltage Vi Y
: input terminals Vce=5.5V — 1.1
Driver high level output Applicable to all driver output _
current loHVH | terminals — 2| mA
Driver low level output Applicable to all driver output _
current loHVL | terminals 2 mA
Clock frequency @ | See Timing chart — 55 | MHz
Clock pulse width twak | See Timing chart 70 — ns
Data setup time tys | SeeTimingchart 20 — nS
Data hold time tgn | See Timing chart 45 — ns
LS pulse width twis | See Timing chart 80 — nS
CLK-LS delay time tda | See Timing chart 45 —_ nS
LS-CL delay time tdia | See Timing chart 0 — nS
CL pulse width twe | See Timing chart 2 — 1S
Operating temperature Top |SeeTimingchart -40 | +85 °C
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® DC Characteristics

Parameter Symbol Conditions MIN | TYP | MAX | Unit
. lccy No load Allinputs :Low —_ —_ 50
Logic supply current pA
Vee=5.5V ti + High .
Icca Allinputs : Hig _ _ 200
Alldriver outputs : High
Driver supply IHvi | Noload All driver outputs : Low - | — 50 | pA
current lqva [ Vee=5.5V [ Alldriveroutputs :High — 25 | 40 | mA
High level input Viy Vee=45V | aApplicable toallinput 35 (| — | — v
voltage Vee=55V | terminals 385 | — — Vv
Low level input Vi Vee=45V  } applicable toall input - — | 135 v
voltage V=55V | terminals — | — J165]| V
Input leak current NEEK [Tampsic | 'MPUtterminalsexceptCLo| o} L, pA
terminal
High level input lin Vec=45V Applicable to CL terminal 20 50 | 100 uA
current Vee=55 25 60 200
Input capacity Cn Ta=25°C — 15 — pF
i Vee=4.5V 3.5 — —
High level data  VODH |io=-0.1ma LSS v
output voltage Vee=55V a5 | — —
V=45V — — | 0.9
Low level data Vool o= 2oama LS v
output voltage Vee=5.5V — - 1.1
High level driver VOHVH |15y = - 2ma s | — | — v
output voltae
Low level driver VORVL | 1o,y =2mA | s v

output voltae
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® AC Characteristics

Vcc =5V, Vpy= 200V, Ta=25°C

i Parameter Symbol Conditios MIN TYP | MAX | Unit | Note
CLK-DOUT delay time tpg . | SeeTiming Chartand — 100 150 ns 4
. Test Circuit
Delaytime: L—H taih See Timing Chart and — 0.3 1 Bs 5,6
Test Circuit
Transittime: L—H tun See Timing Chartand — 2 5. g 5
Test Circuit
Delaytime: H-L tani See Timing Chart and — 0.3 1 ps 56
Test Circuit
Transittime: H—L tinl See Timing Chart and — 2 5 s 5
Test Circuit
Noted4:  Applicable to data output terminal.
Note5:  Applicable todriver output terminal.
Note6:  tg and Typ are delay times from CL signal.
® Timing Chart
112{%)

NT39/444

tols 1
Ls 4
” tqicl
a t
HWO(1, 2, 39, 40) "
»

HVO(OTHERS)

tthi
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TEST CIRCUIT

20pF

Vee Vhv HVO1 ___om |

[200v T 5.0v

]

Information furnished by OKlis believed to be accurate and reliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.
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OKI Sémiconductor

MSC7701 (Underdevelopment)

40-BIT GRID DRIVER

GENERAL DESCRIPTION

The MSC7701 is a monolithic IC using the high withstand voltage driver process for hybridizing
CMOS and DMOS transistors on one chip.

The logic portion such as the input stage, shift register and latch is formed by CMOS, and the
output driver requiring a high withstand voltage is formed by DMOS transistors.

Since the pin assigment allows single side pattern formation on the printed circuit board, the
display unit size can be reduced.

The bidirectional shift register facilitates the pattern design when the devices are arranged
symmetrically with the display at the center axis. i

FEATURES
e Logicsupply voltage (Vo) @ +5V
e VFdriversupplyvoltage  (Vpy) @ +130V

o VFdriver output current

(lohwh) : =40 mA (1 driver output high)
(lonv) : +2mA N
© Clock frequency : 5.5MHz

® Built-in 40-Bit latch
® Built-in 40-Bit bidirectional shift register
® 60 Pin FLAT Package
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BLOCK DIAGRAM

VHV  VHV
"Vee SI/SO i (1~20) (21~40)

LS
( )—1) (O —( L
THT T

A AV
7/ ()_c{>c J_S\

JAR

e 4o

OO e

RESET Cb_.D ‘
'Q2 Lz

40-Bit BIDIRECTIONAL SHIFT REGISTER
40-Bit LATCH

' HVO 40
Quo lag  Lao —_D—%_(>

) (B_”‘T

Sorsl GND
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PIN CONFDIGURATION

74

(Top View) 60 Lead Plastic Flat Package

HVO 36 | |

35 [
3 [
33 |
32 [

3 |
30 [ |
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28 [

27 |
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5 [

20 ]
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ne [

Vee [
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PIN DESCRIPTION

Pin No.

Symbol

Name

Description

i
20
41

60

HVO 1

HVO 40

Driver output

. Each terminal is a high withstand voltage driver

output terminal to drive the grid of the VF
display tube, which corresponds to each bit of
the shift register. :

. Each terminal can be directly connected to the

grid terminal of the VF display tube.

22
39

Vv

Driver supply
voltage

. This is a power terminal of the high withstand

voltage driver to drive the VF display tuve.

28

Logic supply
voltage

. Thisis a power terminal of the logic portion.

36

Clearinput

. This is an input terminal containing a pull-down

resistor.

. The terminal is generally kept High. The driver

output, High or Low, is driven by the output of
the corresponding latch circuit.

. When the terminal is Low, the driver outputs

are fixed to “Low” regardless of the output of
the latch circuit.

26

LS

Latch strobe input

. When the terminal is High, the latch circuit is

slewed, and the output of the shift register is
read into the latch circuit.

. When the terminal is Low, the latch circuit holds

the output of the shift register immediately
before the terminal is turned Low.

34

CLOCK

Clock input

. This is a clock terminal of the shift register. -The

data of the shift register is shifted at the falling
edge of a clock pulse.

32

RESET

Resetinput

. When the terminal is Low, all the data of the

shift register is Low. Generally and when notin
use, connect the terminal to the V¢c terminal.

38

/B

Shift direction
control input

. When the terminal is Low, data is shifted from 1

to 40, and Pin 31 is a serial in terminal and Pin 30
is a serial out terminal.

. When the terminal is High, data is shifted from

40 to 1, and Pin 30 is a serial in terminal and Pin
31isaserial outterminal. '

31

SISO

Serial input/serial
output

. When the F/B terminal is Low, this terminal is a

serial data input terminal.

. When the F/B terminal is High, this terminal is a

serial data output terminal.

30

SO/si

Serial output/serial
input

—_

. When the F/B terminal is Low, this terminal is a

serial data output terminal.

. When the F/B terminal is High, this terminal is a

serial data input terminal.

24

GND

GND

—_

. This is a grounding (GND) terminal.
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SCHEMATIC DIAGRAMS OF LOGIC PORTION INPUT AND OUTPUT

TERMINAL CIRCUITS

Input terminal

INPUT

]

Input -output terminal

GND”E 77777 GND

SI/SO
Sorsl
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SCHEMATIC DIAGRAM OF DRIVER OUTPUT TERMINAL CIRCUIT

VHV

A VHV

N\

_ZX HVO
77777 GND 7MIT" GND
FUNCTION TABLE
RESET | CLK F/B SI1/SO Q1 Q2 Q3 ---- Q39 Q40 SO/S!

L X L X L L L L L L
L X H L L L L L L X
Ho| U] ¢ H H Qin | Qan Qsgn | Qaon | Qaon
H -\_ L L L Qin Qzn Qagn | Qa9n | Qaon
H | H Qan | Q2n | Qan Qan Qaon H H
H | H Qan | Qan | Qsn Qan Qaon L L

T LS Qn | Hvon

L X X L

H H H H

H H L L L: Low Level, H: High Level

H L X NC X: Don'tCare, NC: NoChange
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ELECTRICAL CHARACTERISTICS
®  Absolute Maximum Ratings

Parameter Symbol Conditios Limits Unit | Note
Logic supply voltage Vce Applicable to logic -0.3~6.5 \ 1
: power terminal
Driver supply voltage Vuv | Applicable to Vce~150 v 1
driver power
terminal
Input voltage Vin Applicable to all -0.3~Vcc+0.3 \" 1
input teminals
Data ouptput voltage Vod |Applicabletodata | -0.3~Vcc+0.3 \% 1
output terminal
Driver output voltage Vohv | Applicable to all ~0.3~Vcc+0.3 \" 1
. driver terminals
Power Dissipation Pd Ta=25°C 860 mwW
Attenuation Rate Rj-a ~Ta>25°C 145 ‘W 2
Operating temperature Top VHV =130V - 40~ + 85 °C
Storage temperature Tstg —_— =55~ +150 °C.

Notes: 1. The maximum voltage which can be applied to the GND terminal.

2. Thermal resistance of the package (between junction and
atmosphere).
The junction temperature (Tj) expressed by the equation
indicated below should not exceed 150°C.
Ti=PxRj—a+Ta(P: Maximum power consumption of IC)
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Recommended Operating Conditions
Parameter Symbol Conditions MIN | MAX | Unit
Logicsupply voltage Vee fgﬂ%;z;?leto logic power 4.5 5.5 \
Driver supply voltage Vyy f«eeﬂgggtlﬂeto logic power 10 130 \
Highlevel inputvoltage | V4 Applicable to all Vee=4.5V 36 - \Y;
input terminals Vee=5.5V 4.4 —_
Applicable to all Vec=4.5V — 0.9
Low level input voltage ViL \Y
input terminals Vee=5.5V — 1.1
carent 00 O o | ettt e T | -0 | ma
?Ji\r/;'ltow level output loHvL ;t:piﬁ:zzzklasle to all driver output _ 2 mA
Clock frequency f@ | Seetiming chart. — 5.5 | MHz
Clock pulse width twelkl | See timing chart. 70 — nS
Datasetup time tys | Seetiming chart. 20 — nS
Data hold time tgh | See timing chart. 45 — nS
LS pulse width twis | See timing chart. 80 — nsS
CLK-LS delay time tda | Seetiming chart. 45 —_ nS
LS-CL delay time tgla | See timing chart. 0 —_ ns
CL pulse width twel | Seetiming chart. 2 — pS
Operating temperature Top |Seetiming chart. -40 | +85 °C
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° DC Characteristics

Vee=5V £10%, Vyy =110V, Ta= -40°C~ + 85°C

Parameter Symbol Conditions MIN | TYP | MAX | Unit
. lcct | notoad Allinputs : Low —_ — 50
Logic supply current pA
. Vee=5.5V  |Allinputs : High
lcc2 1 driver output tHigh | — — | 200
Other driver outputs: Low '
Driver supply Iivi | Noload All driver outputs : Low - — 50 pA
current lnva | Vee=55V 1driveroutput , :Righ — 1.1 1.5 | mA
High level input Vi | Vee=45V | applicabletoallinput 350 — | — |V
voltage Vee=5.5V | terminals 3.85 | — — v
Low level input Vi Vee=4.5V Applicable to all input - — | 135 v
voltage Vec=5.5V | terminals — — |165] Vv
Input leak current lgek |7azpgec | IMPUtterminalsexceptClL } ) £1 | pA
. terminal
i i Vee=4.5V — 20 50 | 100
ngh levelinput hH « Applicable to CL terminal pA
current Vee=5.5V 25 60 | 200
Input capacitance Cin Ta=25C — 15 — pF
o Vec=4.5V 35 | — —_
Highlevel data VooH |10z —0.1ma |—<C v
output voltage Vee=5.5V 4.5 — _
) V=45V — — 109 }|.
. Low level data Vool |io= —0.1ma LS v
output voltage Vee=5.5V — | = | 11
High level driver VOHVH |1,y = - 20ma s | — | — v
output voltae
Low level driver VOHVL | 1gyy =2mA | 4 v

output voltae
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) AC Characteristics

CLOCK

tdn

tds
I

tds

Vee=5V, Vyy=200V, Ta=25°C
Parameter Symbol Conditios MIN TYP MAX | Unit | Note
CLK-DOUT delay time tpd See timing chart — 100 150 nsS 4
and test chart.
Delaytime: LoH tan | Seetiming chart — 0.3 1 ps 5,6
and test chart.
Transittime: L—H tun See timing chart — 2 5 us 5
and test chart.
Delaytime: H-lL tant See timing chart — 0.3 1 ps 5,6
and test chart.
Transittime: H-L ten See Timing chart — 3 6 ps 5
and test chart. .
Noted4:  Applicable to data output terminal.
Note5:  Applicable to driver output terminal.
Note6:  tq,and Ty are delay times from CLsignal.
"0 Timing Chart
114i%]

tdh

T1/2 /—~\T3/4 / x\wﬁ‘l—\‘ﬂﬂ 7'/_\1'%1_/__

twelk

LS

CcL

77

L

gl

HVO(1, 2, 39, 40)

77

({

tdih

HVO(OTHERS)

{

n

ttht
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TEST CIRCUIT

.

[130v | 5.0v

Vce Vhv HVO1 ——ojm—

RESET

p4
pur]
v

&

F/B
GND

lo
# 30pF

!
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Information furnished by OK! is believed to be accurate and reliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.




OKI semiconductor
MSC1 1 50 / MSC1 1 71 / MSC1 1 73 (Underdevelopment)

10-bit/20-bit/32-bit ANODE/GRID DRIVER

GENERAL DESCRllsTION

The MSC1150/MSC1171/MSC1173 are vacuum fluorescent display tube. ICs which consist of shift
registers, latches and VF driver outputs.

FEATURES

® 60-Voutput Voltage Swing Capability

o 25-mA output Source Current Capability
o Latcheson all Driver outputs

® POWER-ON-RESET circuit builtin

BLOCK DIAGRAM

Ql QN

vee [ El]
Voo D—]
Power On L_

Rest l |
BLANKING D————'_——j ) -
LATCH [ ’:D——-{ 1 N bit LATCH IN'J :

ENABLE

DATA IN D,.l/ " N’
N bit SIR :

cLock D_I/ R __I>_D SERIAL
' out

!
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PIN CQNFIGURATION ‘

MSC1150RS
DUAL-IN-LINE PACKAGE
(TOP VIEW)
Qs[]1
Q7[]2
Qs[]3
CLOCKEIl
GND[]5
Voo {6
LATCH ENABLE(STROBE) [{7
Qs[]s
Qa9
MSC1171RS
DUAL-IN-LINE PACKAGE
(TOP VIEW)
vec g1 Voo
seriaLout 2 | DATAIN
Qo3 Q1
- Qiolla Q2
Qislls Q3
Q17@6 Q4
QisL)7 Qs
Q1SEB Q6
Q1alle Q7
Qi3] Q8
Q120 Q9
Q[ Q10
BLANKING [ LATCH ENABLE
GND [ CLOCK
MSC1173RS
DUAL-IN-LINE PACKAGE
(TOP VIEW)
VCCE 1~ a00Veo
seriaLOUT L2 39[]DATAIN
Q3203 3g[]Q1
Q31L4 37[]Q2
Q3ols 36[]Q3
Q296 35[1Qa
Qasll7 3a]as
Q278 33[Jas
Q2609 32[1Q7
Q2510 31[das
Qa1 3011Q9
Q23[]12 29 [: Q10
Q2213 28f]Qn
Q2114 27]Q12
Q20[j1s 2611Q13
Q19[}16 25[1Q14
Qis[]17 241 1Q15
Q1718 23{1Q16
BLANKING E 19 22 E LATCH ENABLE
GND []20 21[JcLock




ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Parameter - Symbol Limits Unit
Logic Supply Voltage vdd ~0.3~6.5 \
Driver Supply Voltage Vee -0.3~65 \
Input Voltage Vin ~-0.3~Vdd+0.3 \
Maximum Output Current lo 30 mA
Package P MSC1173RS 1300 (Ta=25°C) mwW
ackage Fower MSC1171RS pd 1200 (Ta = 25°C) mw
Dissipation .
MSC1150RS 1000 (Ta=25°C) mwW
Operating Temperature Top -40~ 85 °C
Storage Temperature Tstg -55~150 °C
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© DC Characteristics

Ta= -40°Cto +85°C, Vdd =4.5V t0 5.5V, Vcc = 10V to 60V unless otherwise specified.

Parameter Symbol Conditions Min Max Unit
Logic Supply Voltage vdd 4.5 5.5 \Y
- Driver Supply Voltage Vce 10 60 \
Logic Supply Current idd | All Outputs High
MSC1150 1 mA
MSC1171 2 mA
MSC1173 3 mA
All Outputs Low
MSC1150 4 mA
MSC1171 6 mA
MSC1173 7 mA
Driver Supply Current lce All Outpts High (No Load)
MSC1150 3 mA
MSC1171 4 mA
MSC1173 6 mA
All Outputs Low 0.1 mA
High Level Input Voltage Vih 0.7vdd — \
Low Level Input Voltage Vil — +| 08 \"
High Level Input Current lih Vih=Vvdd — 1 PA
Low Level Input Current lil Vil = Gnd — -1 pA
High Level Output Voltage Vohi loh1= -25mA Vee-3.5 — \
(Q Outputs)
Low Level Output Voltage Voll {lol1=1mA — 3 \Y
(Q Outputs)
lol1 =200pA — 1.5 \Y
High Level Output Voltage "Voh2 |loh2= -20pA Vdd-05| — Y
(Serial Out)
Low Level Output Voltage Vol2 {lol=20pA — 0.8 \

(Serial Qut)
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0 AC Characteristics

Ta= -40°Cto +85°C,Vdd = 4.5V 10 5.5V, Vcc = 10V to 60V unless othervise specified.

Parameter

Symbol Conditions Min Max Unit
Clock Frequency f(CLOck) |See Figure 1 - 1 MHz
Pulse Duration, Clock High tw (CKH) |See Figure 1 250 - nS
Pulse Duration, Clock Low tw (CKL) |See Figure 1 250 - nsS
Setup Time, Data Before Rising tsu See Figure 1 100 - nS
Clock Edge
Hold Time, Data After Rising th See Figure 1 100 - ns
" Clock Edge

Delay Time, Clock to Serial Out td CL=15pF, See Figure 1 - 600 nS
Delay Time, Colck Rising Edge to | tCKH-LEH | See Figure 2 200 - nS
Latch Enable High
Pulse Duration, Latch Enable tw (LEH) |See Figure 2 250 - nsS
High )
Delay Time, High-to-Low Level Q tDHL from LATCH ENABLE - 1.5 BS
Output from BLANKING 1 uS

See Figure 2&3,

CL=50PF
Delay Time, Low-to-High Level Q tDLH form LATCH ENABLE - 1.5 S
Output from BLANKING - 1 ps

See Figure 2&3,

CL=50PF
TRANSITION TIME, tTHL CL=50PF - 3 BS
High-to-Low level Q Output See Figure 3
TRANSITION TIME, tTLH CL=50PF - 2 uS
Low-to-High level Q Output See Figure 3




® Timing Chart

e— tW(CKH)
) ]
] ]

CLOCK 1 1
50% 50%
1
1

tsu_ |
|Hi
0

~ . th_,

H 1

: '/ VALID \!

‘ : '
]

. T

le————>}
]

1
SERIALOUT S(KX
1

FIGURE 1. SERIAL DATA TIMING

CLOCK

]
1
1
i
50% J
LATCH 7l S:,
ENABLE '

tDLH or tDHL _,

1
' DRIVER OUT 90% -
(QouT 10% )

FIGURE 2. DRIVER OUT TIMING

(—): >
| )
1
DRIVER OUT S\ e
(Qoun N _10% 10% 4 '
' 1 7 | :
[ : :
! le— tTHL > te— tTLH

FIGURE 3. BLANKING TIMING
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FUNCTION TABLE

Serial Shift Register Sarial Strobe Latch Contents Blacking | Output Contents
Clock | Contents Data Input Input
Data 1112..IN-1IN Output 11712 L IN-1"IN° 1112 .. IN-1IN
1 1 R1 .. RN-2 RN-1 RN-1
0 I 0 R1..RN-2 RN-1 RN-1
L
x | |R1T R2 ..RN-1 RN RN R1 R2 .. RN-1 RN
X X .. X X X 0 P1 P2 ..PN-1 PN 0 P1 P2 ..PN-1 PN
P1 P2 ..PN-1 PN PN 1 X X .. X X 1 00..00

0 = Low Logic Level
1 = High Logic Level
X = Irrelevent

P = PresentStats

R = Previous Stats *

APPLICATION NOTE

DATA .}
CLOCK - >~
MSC1150 0 .
) 5x 7 DOT-CURSOR
—>| 40 CHARACTER
MSC1150 10 . 6-LINE
1 * VF DISPLAY TUBE
> MSC1171 20 .
LATCH
Ta . '3ZGRIDS. . D*
BLANK
LATCH ENABLE MSC1173
CLOCK
T DATA
1 |
HOST
SYSTEM

Information furnished by OKl is believed to be accurate and reliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.



OKI semitonductor

MSC1164

20-BIT ANODE/GRID DRIVER

GENERAL DESCRIPTION

The MSC1164 is a monolithic IC using the Bi-CMOS process for hybridizing CMOS and bipolar transistors
on the same chip. The logic portion such as the input stage, shift register and latch is formed by CMOS
and the output driver requiring a high withstand voltage is formed by bipoalr transistors.

Since A 32 pins plastic flat package is adopted, the display unit size can be reduced.

FEATURES

Designed as a VFD grid/anode driver for emitter-follower force output with 20-bit active pull down by

built-in 20-bit bidirectional shift register and latch.

o logicSupplyVoltage : Vecc : +5V

e DriverSupply Voltage: VhV : +65V

© Driver Output Current: lohvh : -40mA
lohvl : 2mA

920

o Built-in 20-bit latch

© Built-in 20-bit shift register
o Clock frequency : 4 MHz
® 32 pin FLAT package



BLOCK DIAGRAM

Vhv

CHG

LS

DIN

CLK

HOLVT 11902

s¥snd s Mq0g o

GND

U/
DOUT
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PIN CONFIGURATION (TOP VIEW)

Ne [ [ ]Nc
Ne[ 2] O [_3__]cHG
pouT[—3 1 [ Joix
Ls[a ] & ek
% - B 6N
Ve [E_| 2 v
HVO20 L% __]HvVO1
uvo19 [ 8 [ _Juvoz
Hvois [ 38 | [2a_]Hvo3
Hvol? [0} [ 23 _JHvo4
Hvols [_11__| [ 22 Juvos
Hvo1s[_12_| 21 _JHvOé
Hvo14[ 13| % JHvo?
Hvo13 (1) 19 JHvos
Hvorz (15 [ 18_JHvo9
Hvon [C16_] [17_Juvoio
PIN DESCRIPTION
Pin No. | Symbol Terminal Name Description.
26~7 HVO1~ | Driver Output Driver output terminal, applicable to each bit of shift
HvVO20 resistor.
27 Vhv Driver Power Supply | Power supply terminal for driver circuit.
28 | GND Driver GND GND pin for driver circuit.
Logic GND GND pin for the logic circuit.

5 (& Clear Input Clear input pin with pull-up resister. Normally "H" level,
in this condition driver output change “H" or “L”
according to latch output level. when “L” driver output
pins are fixed to “L” and have no relation with latch
outputs. -

4 LS Latch Strobe Input Latch strobe input pin. When LS is "H", information
present at the data input is transferred to output. The
information is kept latched and the output remains the
same, even then LS changes to “L".

30 DIN Data input Data input pin for SR

92




Pin No. | Symbol Terminal Name Description

6 Ve Logic Power Supply Power supply pin for logic (except driver).
V¢ should be 4.5V~5.5V.

3 DOUT [ Data Output Serial output pin of SR.

29 - CLK Clock Input Clock input pin. Data of SR is shifted from one stage to
the next during the positive going clock transition.

31 CHG Testinput Test input pin with pull-down resister. Normally “L”

when CHGis “H" and CLis “H" driver outputs are fixed to
“H" for test.

SCHEMATIC DIAGRAMS OF LOGIC PORTION INPUT AND OUTPUT
TERMINAL CIRCUITS

INPUT TERMINAL

GND

pouT
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SCHEMATIC DIAGRAM OF DRIVER OUTPUT TERMINAL CIRCUIT

th‘ vhv
HVO
GND GND
FUNCTION TABLE
ck | pin | R1 R2 R3 R4 ....... R-20 | Dout
A v | H ORI, R, RS, R19, | R19,
A L LRI, R2, R3, R19, | R19,
T CHG LS RX | HVO.X
L X X X L
H H X X H
H L H H H
H L H L L
H L L X NC

L: Low Level, H: High Level, X: Don’t Care, NC: No Change
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ELECTRICAL CHARACTERISTICS
e Absolute Maximum Ratings

Item Symbol Condition Limits Unit Note
Logic Supply Applicable to logic supply 023
Voltage Ve voltage terminal 0.3~+6.5 v !
Driver Supply Applicable to driver -
Voltage Vhv supply voltage terminal Vees+70 v !
Input Voltage Vin f;ﬁz;fjjle toall input . —0.3~Vece +0.3 v 1
Data Output Applicable to all output o0
Voltage Vout | terminal 0.3~Vee+0.3 v !
Driver Driving fg Duty cycle 50% max 0~ +50 KHz -
Frequency v
Power < oo . 790 [Derate6.3 __
Dissipation Pg Ta=25C mW/C above 25°C] mwW
Attenuation Ri-s Ta$25°C 158 W 2
Rate
Operating - A0~ o _
Temperature Top Thv=50V 40~ + 85 C
Storage ~ ° -
Temperature Tstg - =55~ +150 ¢

NOTES:

1) Maximum Supply Voltage for GND

2) Derate 6.9 mW/Ck above 25°C
Refer to the following formula.
Tj=PxR;j-,+Ta (P: Max current consumption)

;
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® Recommended Operating Conditions

Item Symbol Condition Min. | Max. | Unit
Logic Supply Applicable to logic supply voltage
Voltage Vee terminal 43 5.5 v
Driver Supply Vi Applicable to driver supply voltage 10 65 v
Voltage V. | terminal
High Level Input Vi " | Applicable to all input Ve =4.5V 3.6 -
Voltage ih terminals Vee=5.5V 4.4 - Vv
Low Level Input Vi Applicable to all output Ve =4.5V - 0.9 \
Voltage il terminals Ve =5.5V - 1.1 v
Driver High Level 1 Outputis High at a time ,
Output Current lohvh 1 - ~40 mA
Driver High Level All driver output are High at a time
Output Current lohvh 2 : - -2 mA
Driver Low Level | Applicable to all driver output terminal 2 A
Output Current ohvi - . m
CLK Frequency fo See timing chart -~ 4 MHz
CLK Pulse width twelk See timing chart 75 - ns
Data in Setu .
Time P tds See timing chart 50 - ns
Datain Hold _— .
Time tdh See timing chart 50 - ns
LS Pulse Width twis See timing chart 80 - ns
CLK - LS Delay -
Time tact See timing chart 50. - ns
LS - CLK Delay _— ,
Time tdic . See timing chart 0 - ns
LS - CHG Delay .
Time tdicg See tlr'mng chart 0 - s
LS - CL Dela - .
Time y tdid See timing chart 0 - ns
CHG Pulse Width twchg See timing chart 2 - Bs
CLPUlse w'dth twd See timing chart 2 - Hs
Operating °
Temperature Top - =40 +85 c

96




o DC Characteristics

Vce=5V £ 10%, Vhv = 10V~65V, Ta= ~40°Cto +85°C

Item Symbol Condition Min. | Typ. | Max. Unit
Logic Standby lcc1 | NolLoad Allinput: Low - 23 | 34
Current Vee=5.5V AllInput: High, All mA

lee2 Driver Output: High, - 0.5 1.0
Ta=25C
Driver Standby Ihv 1 No Load All Driver Output: Low - - 1 pA
Current ' Vec=5.5V All Driver Qutput:
hv2 High, Ta = 25°C - (13 20 | mA

High Level Input Vin Vee=4.5V 3.15 - - \
Voltage ! Vee=5.5V 3.85 - - v
Low Level Input vy Ve =4.5V - - 1.35 Vv
Voltage ! Ve =5.5V - - 1.65 \
Input Leakage ) _aco _ _ .
Current lin Ta=25%C 1 BA
Input : _ ke, _ _
Capacitance Cin Ta=25%C 15 PF
High Level Data _ Vec=4.5V 4.2 - - v
Output Voltage Vodn1 |lo= -20pA Ve = 5.5V 52 _ - v
Low Level Data Vee=4.5V - - 0.2 \Y)
Output Voltage Vogi1 | lo=20pA Vec=5.5V - - 0.2 Vv
High Level Data _ Vee=4.5V 3.5 - - \Y
Output Voltage Vodhz |lo=-0.1mA Vec=5.5V 4.5 - - Y,
Low Level Data ) _ Vee=4.5V - - 1.1 \Y)
Output Voltage Vodiz |lo=0.1mA Vc=5.5V - - 1.4 v
Driver High Level _
Output Voltage Vohvh lohy= —40mA Vhv-4] - \Y
Driver Low Level Vori lopy = 2MA _ _ 3.0 v

Output Voltage
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® AC Characteristics
Vee=5V, Vhv=65V, Ta=25C

Item Symbol Remarks Min. | Typ. | Max. | Unit

CLK - Dout Delay Time tpd  |Seetiming chart and test circuit - 100 150 nS

Delay Time Low - High | tgin [Seetiming chart and test circuit - 0.3 1 S

Transit Time Low - High tun  Seetiming chart and test circuit - 2 5 ns
Delay Time Low - High tgn  |See timing chart and test circuit - 0.3 1 us
Transit Time High -~ Low tth1  [See timing chart and test circuit - 2 5 us

® Timing Chart

1/
CLOCK . T l/z-[—\ T 3/4
tdh welk | twelk
DIN ST
./
1 1
s
DouT Y 4
y \ s
tdcl, twis - [tdic
. Y
{tdic
» N
. twehg.
CHG } £ /
(a1eT twehg twel twel 4
T J[ ' \ }
(4
tdlh _J tglh tghl 1ghl tglh
RVO(1,2.19, 1 ) N \
1.2.19.20) N % 5 e |
—)- ~--4 it T—‘ -=2
. 3 N[~ Teos Y
" HVO(OTHERS) /] /] \
3 4108 = AY
1tlh tih tthl tthl tith
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TEST CIRCUIT

| 20pF

Vee Vhy HVO

:

L5KQ

HVO

- 5.0V

.Lssv —L

HVO

DIN DOUT

=l 3

—

R

Information furnished by OK! is believed to be accurate and
reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.
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OKI semiconductor

MSC1165

20-BIT ANODE/GRID DRIVER

GENERAL DESCRIPTION

The MSC1165 is a monolithic IC using the Bi-CMOS process-for hybridizing CMOS and bipolar
transistors on one chip.

The logic portion such as the input stage, shift register and latch is formed by CMOS, and the
outputdriver requiring a high withstand voltage is formed by bipolar transistors.

FEATURES
® Logicsupply voltage (Vo : +5V
e VFdriversupplyvoltage  (Vh,) : +65V

® VFdriver output current

(lohvh1) : =40 mA (1 driver output high)
(lohvh2) : =2 mA (All driver output high)
(lohv1) @ +2mA

@ Clock frequency : 4MHz

® Built-in 20-bitlatch
e Built-in 20-bit shift register
e 28Pin DIP Package '
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BLOCK DIAGRAM

CLK

>HVO 20

Vhv
VR
./

CHG

LS

DIN

GND .

2

2

HDLV1 ¥8-0Z

20 20

R-2

Y¥3LSID3Y L4IHS Hg-0T

R-20
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PIN CONFIGURATION

"Hvo17 [

HvO16 [2 |

—

(Top View) 28 Lead Plastic DIP

28 | HvVO18

127] Hvo19

26 ] HVO20

25] Vee

24]CL
%LS
22| CHG
21] DIN
20] CLK

[19] GND
18] Vhv

17 ] HvO1
[16 ] HvO2

15| HVO3
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PIN DESCRIPTION

Pin No.

Symbol

Name

Description

17

1
28

26

HVO

HVO
HVO

HVO

01

17
18

20

Driver output

. Each terminal is a driver output terminal, which

corresponds to each bit of the shift register.

18

Vhyv

Driver supply
voltage

. Thisis a power terminal of the driver circuit.

19

GND

Driver GND
LOgic portion GND

. This is a grounding terminal of the driver circuit,

and the logic portion.

24

[

Clearinput

. This is an input terminal containing a pull-up

resistor.

. The terminal is generally kept High. The driver

output, High of Low, is driven by the output of
the corresponding latch circuit.

. When the terminal is Low, the driver outputs

are fixed to “Low” regardless of the output of
the latch circuit.

23

LS

Latch strobe input

. This is an input terminal without a pull-up or

pull-down registor.

. When the terminal is High, the latch circuit is

slewed, and the output of the shift register is
that of the latch circuit.

. When the terminal is Low, the latch circuit holds

the output of the shift register immediately
before the terminal is turned Low.

21

DIN

Datainput

. This is an input terminal of the shift register to

input the display data in synchronization wiht a
clock pulse. (Positive logic)

25

Vee

Logic supply
voltage

. This is a power terminal of the logic portion

(other than the driver circuit).

20

CLK

Clock input

. This is an input terminal without a pull-up or

pull-down resistor

. The data of the shift register is shifted at the

rising edge of a clock pulse.

22

CHG

Testinput

2

3.

. This is an input terminal containing a pull-down

resistor.

. The terminal is generally kept Low. When the

CL terminal is High, the driver output, High or
Low, is driven by theoutput of the
corresponding latch circuit. __

The terminal is Low and the CL terminal is High,
the driver output can be fixed to High
regardless of the output of the latch circuit.
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SCHEMATIC DIAGRAM OF LOGIC PORTION INPUT TERMINAL
CIRCUIT ' b

Vce V¢

[a}

| 1 |
| |

INPUT

SCHEMATIC DIAGRAM OF DRIVER OUTPUT TERMINAL CIRCUIT

Vhv

HVO

GND
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FUNCTION TABLE

L: Low Level, H: High, Level, X: Don't Care, NC: No Change

ELECTRICAL CHARACTERISTICS

o Absolute Maximum Ratings

CLK | DIN | R=1 R-2 R=3 R=4 .....c.cooerennn.... R-20
_flow H RIn  R2n  R3n R1gn
il L Rin  R2n  R3n R19n

CL | cHG | s RX | HVO.X

L X X X L

H H X X H

H L H H H

H L H L L

H L L X NC

Parameter Symbol Condition Limits Unit | Note
Logic portion'suppl)'/ voltage Vce Applicable to -0.3~6.5 \ 1
logic power terminal

Driver supply voltage . Vhv | Applicable to driver Vee~70 \Y 1.2
power terminal

Input voltage Vin | Applicabletoall the | 0.3~V¢c+0.3 \Y 1
input terminals

Driver drive frequency fdrv Duty less than 50% 0~50 kHz

Power Dissipation Pd Ta=s25°C 1020 mwW

Attenuation Rate Rj-a Ta>25°C 122 °Uw 2

Operating temperature Top Vhv =S50V -40~+85 °C

Storage temperature Tstg — ~55~+150 °C

Note 1:
Note 2:

The maximum voltage which can be applied t the GND terminal. -
Thermal resistance of the package (between junction and atmosphere)
The junction temperature (Tj) expressed by the equation indicated below
should not exceed 150°C.

Tj=PxRj~a+Ta (P: Maximum power consumption of 1C)
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o Recommended Operating Conditions

Parameter - Symbol Condition MIN | MAX | Unit
Logic supply voltage Vee | Applicable to logic power terminal 4.5 5.5 \
Driver supply voltage Vhy | Applicable to driver power terminal 10 65 \
High level input vy |Applicabletoallinput Vee=45v) 36 ) — |V
voltage terminals Vee=5.5V 4.4 —_ Vv
Low level input v, |Alicabletoallinput | Ve=4V| — |09 | V
voltage terminals | Vee=5.5V — 1.1 Vv
Driver high level IOHVH {1 drivergutput: High _ -40 | ma
output current 1 Other drive outputs: Low
E;it\;el:'thcig:'elre‘:el IOIZVH ‘All driver output : High ‘ — -2 | mA
gll;it\;furtl:zrleer:/tel IOHVL ':;F:fr:;:maa?sle to all driver output _ 2 mA
Clock frequency f&@ |See Timing Chart —_ 4 MHz
Clock pulse width twclk | See Timing Chart . 75 -_— ns
Data setup time tds [See Timing Chart 50 - ns
Data hold time tdh | See Timing Chart 50 —_ ns
LS pulse width twls | See Timing Chart 80 —_ nS
CLK-LS delay time tdel | See Timing Chart 50 — nS
LS-CLK delay time tdlc | See Timing Chart 0 — nS
LS-CHG delay time tdlcg |[See Timing Chart 0 —_ ps
LS-CL delay time tdic | See Timing Chart _ 0 —_ ns
CHG pulse width twchg | See Timing Chart 2 —_ uS
CL pulse width twel | See Timing Chart 2 — | us
Operating Top - ~40 | +85| °C

temperature range
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o DC Characteristics

Vee=5V£10%, Vhy = 10V~65V, Ra= - 40°C~85°C

Parameter Symbol Condition MIN | TYP | MAX { Unit
lect All inputs:Low — 2.3 3.4
Logic supply current . \f\,lo I‘_)i.dsv Allinputs:High mA
lec2 =2 All driver outputs: | - — 0.5 1.0
High Ta =25°C
All driver outputs:
ori | X thva | No load Low - - 50 | pA
river supply curren -
lhv, Vee=53V A}l driver oututs: —_ 13 | 20 | ma
High Ta=25°C
Vec=4.5V 315 | — | —
Highinput voltage Vih \
Vee=4.5V 3.85 —_ —_
Vee=4.5V —_ —_ 1.35
Low input voltage Vil v
Vee=4.5V — — | 1.65
Inputleak current Vou |Ta=25°C —_ -— 1 pA
Input capacity VoL |Ta=25°C —_ 15 — pf
High driveroutput | yopuh | 1ohv = —d0mA Viv-4| — | — | v
voltage
Low driver output Vohvl |lohv=2mA — | =130 v
voltage

p . AC Characteristics
V=5V, Vhv = 65V,

) Ta=25°C
Parameter | Symbol Condition MIN | TYP | MAX | Unit
Delay time L~ H i Eﬁ,ﬂ'{“‘“g Chart and Test oz |1 | s
Transittime L-H ttlh iieril‘ll’iitr.ning Chart and Test — 2 5 pS
DelaytimeH- L tdhl gie:'il;i{ning Chartand Test — 0.3 1 HS
TransittimeH- L | See Timing Chartand Test — {25 |

107



80t

e Timing Chart

' 5 R
T(19,20) -
cLOCK T2 T3/4 S_\_/— 3@1/2 ¥ Nia
tds | tdh . tds | tdh | twclk | twclK
s - -
------ . r%}/'_\
DIN / 0 AN
twd tdel | twls | |tdlc

LS (¢ 7T

27 tdlcg

' 55 twchg ~ /——‘\ .
CHG : N 7- \ B
' | tdte twchg twd twd
< 58 / , \—/—ll\——
’ tdlh tdlh tdhi tdhl tdlh
. = A -—1: —x-190% 7

HVO (1,2,19,20) 9y _f_7 N4 4 N 100 L

)yt [~ 11 T N I Dbttt

'7_ -------- - —~Ef------ = _Lo% de=-=--- .

HVO (OTHERS) ” ¥ 4N N 0w L Y
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o Test Circuit

20 pF

VCC Vhv HVO 01 —
1.5KQ

HVO 02 o—e 4/\}/\_/1—'4'

—g5v —s0v

=z
<
o
N
o

DIN

CLK
LS
CHG
C

Information furnished by OKlis believed to be accurate and reliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.
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OKI semiconductor |

MSC1162

40-BIT ANODE/GRID DRIVER

GENERAL DESCRIPTION

The M5C1162 is a monolithic IC using the Bi-CMOS process for hybridizing CMOS and bipolar transistors
on the same chip. The logic portion such as the input stage, shift register and latch is formed by CMOS
and the output driver requiring a high withstand voltage is formed by bipoalr transistors.

Since the pin asignment allows single side pattern formation on the printed circuit board, the display
unit size can be reduced. )

The bidirectional shift register facilitates the pattern design when the deivces are arranged
symmetrically with the display‘as the center axis.

FEATURES ’

Designed a; a VFD grid driver for emitter-follower force output with 40-bit active pull down by built-in
40-bit bidirectional shift register and latch.
® logicSupply Voltage : Vcc : +5V ® Built-in 40-Bit latch
® DriverSupply Voltage: Vhv : +65V ® Built-in 40-Bit bidirectional shift register
® Driver Output Current: lohvh : -40mA ® Clock frequency : 4 MHz
lohvl : 2mA ® 60 pin FLAT Package
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‘BLOCK DIAGRAM

Vhv  Vhv

Vce

Vee

RIL Ls CHG

DIN

CLK

HVO1

HVO2

H21v1 U8-0v

40 40

-40

\_/
DOUT

=
H31SI93Y¥ L4IHS TVNOLLDO3YIaI8 18-y

~40)

GND1

GND1

(-

GND2 GND2
(1~20) (21~40)

20) (1
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PIN CONFIGURATION (TOP VIEW)

B HV
"o © —" %
v 3 58 + 38
v g 57 » 37
cs o
b6 55 v 3B
7 54 M
¢ 8 53 + 33
+ 9 52 v 32
+ 10 51 s 31
[ 3 50 + 30
‘12 + 29
s 13 s 28
+ M s 27
15 + 2
s 16 s 25
o 17 v 24
+ 18 e B
s 19 v 22
+ 20 4 s 21
Vhv 21 Vhy
GND 1 22 GND 1
GND 2 23 38 GND 2
CL[ 24 [ 3T__]NC
NC 25 36 CHG
LS % 35 NC
NC[ 27 [3_JcLK
*R7L 33__|NC
DI:!‘ ?; O 32 DOUT
Vee 0 31 Vee
PIN DESCRIPTION

Pin No. [-Symbol . Terminal Name Description

1~20 HVO1~ | Driver Output Driver output terminal, applicable to each bit of shift

41~60 | HVO40 resistor

21 Vhv Driver Power Supply | Power supply terminal for driver circuit

40

22 GND 1 | Driver GND GND pin for driver circuit

39

23 GND2 |LogicGND GND pin for the logic circuit. AsGND1and GND2 are not

38 connected inside of the LS|, they need to be connected
outside by same wiring.

24 [« Clear Input Clear input pin with pull-up resister. Normally “H" level,
in this condition driver output change “H" or “L"
according to latch output level. when “L” driver output
pins are fixed to “L"” and have no relation with latch
outputs.

26 LS Latch Strobe Input Latch strobe input pin. When LSis “H", information
present at the data input is transferred to output. The
information is kept latched and the output remains the
same, even then LS changes to "L".

28 RIL Shift Direction Shift direction control pin with pull-up resistetr.

Control Normally “H", and in this condition, information of Bi-

directional SR is shifted to the direction of R-1 from R-40.
When this pinis “L”, Bi-directional SR shifts information
to the direction of R-40 from R-1.
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Pin No. | Symbol Terminal Name , Description

29 DIN Data Input Data input pin for bidirectional SR

30 Vee Logic Power Supply Power supply pin for logic (except driver).

EY V¢ $hould be 4.5V~5.5V.

32 DOUT | Data Output Serial output pin of bidirectional SR. When RiLis "H",D
OUT outputs R-40. When R/Lis “L", D OUT outputs R-1.

34 CLK Clock Input Clock input pin. Data of bidirectional SR is shifted from
one stage to the next during the positive going clock
transition.

36 CHG Testinput Test input pin with pull_-down' resister. Normally “L"
when CHG is “H" and CLis "H" driver outputs are fixed to
“H" for test.

SCHEMATIC DIAGRAMS OF LOGIC PORTION INPUT AND OUTPUT
TERMINAL CIRCUITS '

INPUT TERMINAL

OUTPUT TERMINAL

13



SCHEMATIC DIAGRAM OF DRIVER,OUTPUT TERMINAL CIRCUIT

Vhy

GND1

FUNCTION TABLE

CLK RIL Din. { R-1 R2 R3 R4 ....... R-40 | Dout
A H H H R1, R2, R3, R39, | R39,
A | H L L Rl .R2, R3, R39, | R39,
A t | Hu | R2, Rr3, R4y RS, H R2,
A L L R2p R3n Rdn RSp L | Rz,
T CHG LS R.X [ HVO.X

L X X X L

H H X X H

H L H H H

H L H L L \

H L L X NC

L: Low Level, H: High Level, X: Don't Care, NC: No Change
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ELECTRICAL CHARACTERISTICS

¢ Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit Note
Logic Supply Vee Applicable to logic supply ~0.3~+65 v 1
Voltage voltage terminal
Driver Supply Applicable to driver -

Voltage Vi supply voltage terminal Veer+70 v ot
Input Voltage Vi AppI!cabIe to allinput —0.3~Vcc +0.3 v 1
terminal

Data Output Applicable to all output 03~
Voltage Y°“‘ terminal 0.3~Vee+0.3 v !
Driver Driving f Duty cycle 50% max 0~ +15 KHz | -
Frequency drv yey °
Power : < g 860 [Derate 6.9 _
Dissipation Pa Ta=25°C mW/C above 25°C} mw
Attenuation Ri-a Ta>25°C 145 ow 2
Rate
Operating Top Thy S 50V - 40~ +85 °c -
Temperature
Storage - ° _
Temperature Tstg - 35~ +150 ¢

NOTES: 1) Maximum Supply Voltage for GND

2)

Derate 6.9 mW/Ck above 25°C
Refer to the following formula.
Tj=PxRj—5+Ta (P: Max current consumption)
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® Recommended Operating Conditions

Symbol

Condition

parameter " Min. Max. Unit

Logic Supply Vee Appl!cable to logic supply voltage 45 55 v
Voltage : terminal

Driver Supply Vi Applfcable to driver supply voltage 10 65 v
Voltage terminal

High Level input V. Applicable to all input Vee=4.5V 3.6 -

Voltage ih | terminals Ve = 5.5V 4.4 - v
Low Level Input Vi Applicable to all output Vec=4.5V - 0.9 \J
Voltage il terminals V= 5.5V - 1.1 v
Driver High Level 1 Outputis High at a time

Output Current lohvh - -40 mA
Driver Low Level | Applicable to all driver output terminal _ 2 mA
Output Current ohvl

CLK Frequency f¢ See timing chart - 4 MHz
o Puls'e width twelk See timing chart 75 - ns

Data in Setup -

Time tds 1 See timing chart 50 - ns
Datain Hold .

Time tdh See timing chart 50 - ns
LS Pulse Width twis See timing chart 80 - ns
CLK - LS Delay R L _

Time tdel See timing chart 50 ns
LS - CLK Delay . -

Time tdic See timing chart 0 - ns
-LS - CHG Dela .

Time y tdicg See timing chart 0 - ps
_ll.’iSr;éL Delay tgia See timing chart 0 - Bs
CHG Pulse Width twehg See timing chart 2 - Sps .

o PUIsg width twe See timing chart 2 - Hs

" Operating B _ o
Temperature Top 40 +85 c
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o DC Characteristics

Vee=5V £ 10%, Vhv= 10V~65V, Ta= -~ 40°Cto +85°C

Parameter Symbol! Condition Min. | Typ. | Max. Unit
Logic Standby lect No Load All Input: Low - 43 | 6.65
Current Vee=5.5V All Input:  High, All mA
lee2 Driver Output: High, - 0.5 1.0
Ta=25°C
Driver Standby lhv 1 No Load All Driver Output: Low - - 1 BA
Current Vec=5.5V All Driver Output:
th 2 High, Ta=25C - 2.45 3.8 mA
High Level input Vih Vee=4.5V 3.15 - - Vv
Voltage : Ve =5.5V 385 | - - v
Low Level Input vy Ve =4.5V - - 1.35 \
Voltage ! Ve =5.5V - - 1.65 \
Input Leakage ) oo _ _ +
Current lin Ta=25°C 1 BA
Input G Ta=25C - s | - pE
Capacitance n
High Level Data - Ve =4.5V 4.2 - - v
Output Voltage Vogh1 | lo=-20pA Vee=5.5V 5.2 - - v
Vee=4.5V - - .2 \
Low Level Data Vogi1 |lo=20pA «c=4.5 0
Output Voltage Vee=5.5V - - 0.2 Vv
High Level Data _ Vec=4.5V 3.5 - - Vv
OutputVoltage | Vodh1 |lo=-0.TmA Vec=5.5V 45 | - - v
Low Level Data Vee=4.5V - - 1.1 \Y
Output Voltage Vogiz | lo=0.TmA Vee= 5.5V - - 1.1 v
Driver High Level _ A
Output Voltage Vohvh lohv= —40mA Vhv-4 o \Y
Driver Low Level Vori lohe = 2MA _ _ 3.0 v

Qutput Voltage
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® AC Characteristics Vee=5V, Vhv =65V, Ta=25°C

Item Symbol Remarks . Min. | Typ. | Max. | Unit

CLK - Dout Delay Time tod  [See timing chart and test circuit -~ 100 | 150 nS

Delay Time Low - High tgin  |See timing chart and test circuit - 0.3 1 s

Transit Time Low - High tyn  [See timing chart and test circuit - 2 5 BS
Delay Time Low - High tan  |See timing chart and test circuit - 0.3. 1 us
Transit Time High - Low t  [Seetiming chart and test circuit - 2 5 ps

e Timing Chart |

L\
CLOCK T1/2 T3/4 ’_\u_g/i(yt S;T 12 T 3/4
tds|tdh dsftd twelk | twelk
— P %_-\J;: .
DIN { Y
.__/\..___l $)S | W
t l-tpd l-tpd
————— ) - —-— -
DoUT 74 AY r
A\N \ !
e [ide 1y twis |, lidic
LS JE i
tdleg

cHG 2 twchg |/ NL /—_—

diE] twchg twel twel
e % 7 X 1 ;l(

tdlh tdlh tdhl tdhl tdlh
P B + 90% 4
HVO (1,2,%.40) / A 5
3 E 4 —— o | SR \M___-.é _____
(OTHERS) ;r‘-- = =< [90%  iuiahin Y
HVO (OTHER \ /) \
10
3 % L N
12 th ttlh thl fthi tlh
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TEST CIRCUIT

= 65V T/ 50V

DIN

20pF

Vee. Vhv
] I o
= 12} ~ =} =
(%] - o (8] (S}

HVOL

HVO2

i

HVO40

GND1,2

1.5KQ

DOUT

0pF2

Information furnished by OKl is believed to be accurate and
reliable. However, no responsibility is assumed by OK! for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.
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OKI semiconductor

MSC1172

40-BIT ANODE/GRID DRIVER

GENERAL DESCRIPTION

The MSC1172 is a monolithic IC using Bi-CMOS process for hybridizing CMOS and bipolar
transistors on one chip. '

The logic portion such as the input stage, shift register and latch is formed by CMOS, and the
output driver requiring a high withstand voltage is formed by bipolar transistors.

Since the pin assigment allows single side pattern formation on the printed circuit board, the
display unit size can be reduced.

The bidirectional shift register facilitates the pattern design when the devices are arranged
symmetrically with the display at the center axis.

FEATURES

® logicsupply voltage (Veo) @ +5V

® Driver supply voltage (Vi) @ +70V

® Driver output current
(lohvh1) @ —40mA (1 driver output high)
(lohvh2) @ —2mA (All driver output high)
(lobv) @ +2mA

® Clock frequency ot 4MHz

® Built-in 40-Bit latch
® Built-in 40-Bit bidirectional shift register

® 60 Pin FLAT Package
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BLOCK DIAGRAM

HVO1
HVO2

Vhv  Vhv

Vee

B
p
il

o

CHG

LS

HOLV1 H8-0v

40 40

RIL

i
0

H3LSI193Y LdIHS TvNOILD3YIAig 8-0v

DIN
R-40

CLK

GND1 GND1
(1~20) (21~40)

GND2 GND2
(1~20) (21~40)

DOUT
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PIN CONFIGURATION

. {Top View) 60 Lead Plastic Flat Package
Hvo 1 [ |60 _] HVO40
"2 2 59 " 39
" 33 -L58 1 " 38
"5 3 8 " 36
" 68 55 “ 35
~ 71z 54 ] ~ 34
"8 8 53 " 33
"~ 939 52 " 32
* 1010 51 "3
1 11 S0 * 30
12012 49 " 29
" 13113 j | 48 | " 28
1412 47 " 27
" 15 15 46 1 “ 26
" 16 18 45 " 25
171 | a2 ] * 24
181 a3 " 23
191 4 " 22
» 20 2 41 21
vhv 21 [ 40 ] vhv
GND1 22 39 | GND1
Gnp2 23 38 | GND2
22 37 _|NC
Ne 25 36 ] CHG
s 28 35 ] NC
Nc 27 |34 ] CLK
RiL 2 33 |NC
oin [29 32 _] pouTt
Vce 30 . 31 Vce
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PIN DESCRIPTION

Pin No.

Symbol

Name

Description

1~20
41~60

HVO 1
§
HVO 40

Driver output

. Each terminal is a driver output terminal, which

corresponds to each bit of the shift register.

. Each terminal can be connected directly to the VF

tube grid or anode terminal.

21
41

Vhv

Driver supply
voltage

. Thisis a power terminal of the driver circuit.
. Pins 21 and 40 are not connected inside the IC.

Connect them outside the IC.

22
39

- GND 1

Driver GND

—_

. Thisis a grounding terminal of the driver circuit.
. Pins 22 and 39 are not connected inside the IC.

Connect them outside the IC.

23
38

GND 2

Logic GND

. Thisis a grounding terminal of the logic portion

(other than the driver circuit).

. Pins 23 and 38 are not connected inside the IC.
‘Connect them outside the IC.

24

Clear input

. Thisis an input terminal containing a pull-up resistor.
. The terminal is generally kept high. The driver

output, High or Low, is driven by the output of the
corresponding latch circuit.

. When the terminal is Low, the driver outputs are

fixed to “Low" regardless of the output of the latch
circuit.

26

LS

Latch strobe
input

. Thisis an input terminal without a pull-up or pull-

down resistor.

. When the terminal is High, the latch circuit is slowed,

and the output of the shift register is that of the latch
circuit.

. When the terminal is Low, the latch circuit holds the

output of the shift register immediately before the
terminal is turned Low.

28

Shift direction
control input

. Thisis an input terminal containing a pull-up resistor.
. This terminal is generally kept High.

The bidirectional shift register transfers data from R-
1 to R-40.

. When the terminal is made Low, the bidirectional

shift register transfers data from R-40 to R-1.

29

DIN

Datainput

2.

. Thisis an input terminal without a pull-up or pull-

down resistor.

The is an input terminal of the shift register to input
the display data in synchronization with a clock pulse.
(Positive logic)
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Pin No.

Symbol

Name

Description

30
31

Vce

Logic supply
voltage

. This is a power terminal of the logic portion (other

than the driver circuit).

. Theterminal isused at 4.5t0 5.5 V.

32

DOUT

Data output

. Thisis a serial-out output terminal of the shift

register.

. When the R/T terminal is High, the terminal outputs

the output of the shift register R-40. When the R/T
terminal is Low, the terminal outputs the output of
the shift register R-1.

" 34

CLK

Clock input

. This is an input terminal without a pull-up or pull-

down resistor.

. The data of the shift register is shifted at the rising

edge of a clock pulse.

36

CHG

Testinput

. Thisis an input terminal containing a puli-down

resistor.

. The terminal is generally kept Low. When the CL

terminal is High, the driver output, High or Low, is
driven by the output of the corresponding latch
circuit.

. The terminal is Low and thea:terminal is High, the

driver output can be fixed to "High” regardless of the
output of the latch circuit.
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SCHEMATIC DIAGRAMS OF LOGIC PORTION INPUT AND OUTPUT

TERMINAL CIRCUITS

Input terminal

INPUT

= GND2

Output terminal
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SCHEMATIC DIAGRAM OF DRIVER OUTPUT TERMINAL CIRCUIT

Vhv Vhv
----- —
HVO
27 GND1 GND1"

FUNCTION TABLE

CLK RIL DIN R-1 R-2 R-3 R R-40° DOUT

A | H H H Rin R2n  R3n R39n ° R39n
. H L L Rin R2n R3n R39n  R39n
AL H R2n  R3n  R4n  R5n H R2n
A L L R2n R3n Rdn R5n L R2n
CL | cHe Ls RX HVO.X

Lt | x X X L

H H X X H

H L H H H

H L H L L

H L L X NC
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Parameter Symbol Conditions Limits Unit Note
. Applicable to logic e
Logic Power Supply Vee power terminal 0.3~6.5 \Y 1
. Applicable to driver -
Driver Power Supply Vuy power terminal ‘Vcc 75 \ 1.2
Applicable to all 03
Input voltage Vin input terminals 0.3~Vcc+0.3 \ 1
Applicable to data ' C0a
Data output voltage Vod output terminal 0.3~Vcc+0.3 \ 1
. Applicable to all 02
Driver output voltage Vohv driver terminals 0.3~Vyuy +0.3 \Y 1
860 [Delete
Power Dissipation Pd |Ta=25°C 6.9 mw/°C above mw —
25°C]
Attenuation Rate " Rj-a {Ta>25°C 145 °CGW 2
Operating temperature Top [Vuv=70V - 40~ +85 °C —
Tstg: — - 55~ +150 °C —

Storage temperature

Note 1: Maximum Supply Voltage for GND.
Note 2: Delete 6.9 mw/°C above 25°C.
Refer to the following formula.
Tj=PxRj—-a+Ta(P: Maximum power consumption)
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-® "'Recommended Operating Conditions

Parameter Symbol Condition - MIN | MAX | Unit
Logic supply voltage Vee |Applicable to logic power terminal 4.5 5.5 \
Driver supply voltage Vhv Qﬁm:;aa?'e to driver power 10 70 \
High level input voltage Vi ﬁu’;zl'iiae’:rl:i:;;” zz:::: iz : \"%
Low level input voltage Vie ﬁ%%ﬁt?:ﬁiﬁfs" Zz:::: : ?? \Y%
Driver high level output | Vouvu1 | Applicable to all _ loutputHigh | — | —40 mA
current "| Vorvha | driver output terminals | oy outpts High | — -2
?Ji::;iow level output Vorvt tAe;arﬂ:;e;llasle to all driver output | _ 2 mA
Clock frequency fo See timing chart — 4 MHz
Clock pulse width twek | See timing chart 75 - ns
Data setup time ts See timing chart 50 — ns
Data hold time tgn | See timing chart 50 - ns
LS pulse width twis | See timing chart 80 — ns
CLK-LS delay time tge | Seetiming chart 50 — ns
LS-CLK delay time tgic | Seetiming chart 0 — ns
LS-CHG delay time tdieg | See timing chart 0 —_ ps
LS-CL delay time tdlg See timing chart 0 — Hs
CHG pulse width twehg | Seetiming chart 2 —_ us
CL pulse width t{,,,g_ See timing chart 2 — us
Operating temperature top ~40 | +85 °C
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® DC Characteristics

Vee=5V£10%, Vpy=10~70V, Ta= —40°C~ +85°C

Parameter Symbol Conditions MIN [ TYP [MAX| Unit
. lec Allinputs: Low — |3.98]7.08
Logic supply current No load RITTRpUTS: Figh pA
lccz |Vee=5.5V All driver outputs: High —_ 051 1.0
Ta=25°C
v ‘ All driver outputs: Low — — [ 1.0 [ pA
Driver supply current toload Ali driver outputs: High
lhv2 |Vec=5.5V Tas25C puts: Hig — 12311422 mA
) . Vcc=4.5V . . 345 | — | — | v
Highlevel input voltage ViH Allinput terminals
Vee=5.5V 385 | — } — | V
) , Vcec=4.5V ) . — — 135 V
Low level input voltage Vi All input terminals
Vcc=5.5V _— — | 165} V
liH1 Input terminals exceptthe| __ — |10
High level input current Vin=Vcc CHG terminal — pA
2 CHG terminal 10 | — |80 ‘
‘ Iy LS, DIN, CLK, CHG N I
Low level input current Vin=GND t;ermlza $ - pA
Iz CL, R/L terminals -8 | — | -10
Input capacitance CN  |ta=25C All input terminals — |15 [ — | pF
High level data output Voo |lo= -0.1mA Vee=4.5V 35 | — | — v
voltage . ’ Vec=5.5V 45 | — | —
Low level data output VooL |lo=0.1mA Vee=45V — | —]09 v
voltage Vec=5.5V — =]
High level driver output Vonvh |'ony = - 40mA V-] — | — | v
voltage
Low level driveroutput |y 0 ligpy=2mA = =30}V
voltage
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AC Characteristics

Vee=5V, Vuy=130V Ta=25°C

Parameter Symbol Conditions - MIN TYP | MAX | Unit | Note
CLK-DOUT delay time thd ﬁzmnﬁgﬂin — 100 (15 | ns | 4
Delay time: L-H taih :iﬁi‘g{:‘f’éﬂﬁ” — o3 |10 ] ps | 56
vt n | e [T | = | 20| 0 | w |
Delay time: H-L tah 223‘,(';‘;'1?;:11" — lo3 |10/ us | 56
Transittime: H-L tthi See timing chart — 2.0 5.0 us 5

and test circuit.
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Note 4: Applicable to data output terminal.

Note5: Applicable to driver output terminal.

Note 6: Tyjn and Tgh are delay times from the CLsignal.
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© Timing Chart

, 1/fa R
Al L4
CLock KT F }( T34 /
twelk b twelk
o el
DIN
¢ tod ¢ tpd N
IR, |-
DOUT
O SO | WS
tls o] tdle
L4 Al
LS
(tdlca
CHG N twehg Y LL /
R twchg L, twd L, twd |
. L4 Al L4 Al A L4
@ £ \
2a /
NS yLLdh NIpEL NITREL Qi
£ T 0 90% B
HVO (1, 2, 39, 40) W N =.!] Y \ 10% _[_“_““_“\
4
o= gra % et Ab0% B i 3
HVO (OTHERS) “ 1 i | | 10% Bt \‘
/7
RIFLl [t Lt L tthl st
L4BA) L4 Al L4BAl L4 L4




TEST CIRCUIT

20pF

Ve Vhv HVO1
: 17KQ

HVO2

i} )

70V 5.0V

HVO40

DIN ’ DOUT
_o_
CLK LS - RIL CHG CLGND1,2

{3434

Information furnished by OKl is believed to be accurate and reliable.
However, no responsibility is assumed by OK! for its use; nor for any -
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.

‘132



OKI semiconductor

MSC1149-XX

DOT DRIVER

GENERAL DESCRIPTION

The MSC1149-XX is a vacuum fluorescent display tube driver IC, which consists of a 34-bit shift
register, a 33-bit latch circuit (the 33 bits of the latch circuit correspond to bit 1 to bit 33 of the
shift register), and a matrix circuit for latch output and VF driver output.

FEATURES

® Power supply voltage: 8V to 18V

o Input: TTLlevel

® One-to-one correspondence established between latch output and VF driver output by
matrix cord

o POWER ON RESET circuit builtin

o Latch operation and shift register RESET performed sequentially by LOAD El\iABLE signal
Self load mode generated by connection of LOAD ENABLE terminal and DATA OUT terminal

® Number of bits increased by cascade connection ‘

e VF tube lighting test simplified by all VF outputs on H level via T_E_S—Tterminal .

.

33-bit VF output: -2 mA for 8 bits, — 0.8 mA for 25 bits Terminal connections
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PIN CONFDIGURATION

MSC1149-XXGS-VK
(Top View) 44 Lead Plastic Flat Package
.
- 233
25> a$05
IRz SESH
LR -
outPuT3 [3a | [[22 JourpuT32
oo+ 4 E __Z_—T] e 3N
. s CE 0] - w
PR |__3—7_ 19 ¢ 29
v 7 E 18 ¢ 28
(No [39] 17 NO)
OUTPUTB 40 16_|OUTPUT 27
. 9 [a] 5]« 2
» 104z | [1a] + 25
« [ a3 O 13 | ¢ 22
, . w2 Cad mrm R
HHHEHHHHRE
o e g
3 - L I E|
L TR N 3 _g; 5 . g;
SEasad se8EN
MSC1149-XXRS
(Top View) 40 Lead Plastic DIP
VDD (. U [ 40 ] BLANK
oatain [Tz | |33 JeND
cLock [(NE |38 ] LOAD ENABLE
outPuT 1 [C4_| . - {37 Joata out
output 2 [5_| [ 36 Joutput 33
outrut3 6| (35 Joutput 32 .
outuT 4 [ 7| [34_] ouTeuT 31
output s "8 | |33 ] OUTPUT 30
outruts 9| [ 32 ]ouTPuT 29
ouTtPUT 7 [0 -[231 ] outpur 28
outPuT 8 [11 | {_30_] ouTPUT 27
outPUT 9 [12_| 29 ] OUTPUT 26
ouTPUT 10 [13 [_28_jouTeut 25
ouTPuT 11 [14_| [ 27 Joutpur 24
ouTPUT 12 15| [26 Jouteut 23
ouTPUT 13 [16_| . - [25 Joutput 22
ouTPUT 14 [17 [ 24 Joutput 21
outeuT 15 18| . [ 23 ) outpuT 20
ouTPUT 16 (19 | [_22 ] outeuT 19
ouTPUT 17 20| 21 JouteuT 18

134



- PIN DESCRIPTION

(1

)

(3

(4)

(5)

(6)

0

(8

(9)

DATA IN
This is a serial data input terminal of the 34-stage shift register.

CLOCK .
This is a clock input terminal of the shift register to shift an input signal at its leading
edge (Low to High).

LOAD ENABLE

This is an input terminal to transfer the data of the shift register to the data latch circuit
to hold it. After the data is held, the terminal initializes the data of the shift register.
These functions are executed at the leading edge of an input signal.

BLANK
This is an input terminal to turn all the OUTPUT terminals OFF (Low), which contains a
pull-up resistor. . ’ '

OUTPUT1 to OUTPUT33 .

These are output terminals for the VF tube driver. Each terminal outputs data which is
transferred from the corresponding bit of the shift register and held in the data latch
circuit. ‘

DATA OUT

This is a data output terminal of the shift register to output data on the last stage of the
34-stage shift register.

TEST

This is a terminal to turn all the OUTPUT terminals ON (High), which contains a pull-up

resistor. The terminal is used for the VF tube lighting test.

Voo
This is a terminal to supply positive potential.

GND
This is a grounding terminal.
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BLOCK DIAGRAM

0y ?‘Ea . —'I
VDD O »
RESET VF DRIVER —
P S Y SO RPI IRV ISP 1
i i
; !
REGULATOR ',Y 33x 33 MATRIX : OUTPUT DRIVER
Y i
SRV AP = o i
. i % @ i
! . i
TEST O— {>‘> t} ¢ ‘ i
i % i
! [
BIANK O———4+o——¢0 L
i . i
ap O T U—D1 BB gy iaren @ i
ENABLE i i
; !
. ; y I | j
o—P Q33 o Q1 '
DATA IN 5 0 33+ 1bit SR Qo —0
; N T i DATA OUT
cLock O— > l .
' U NS.
- GND O——%_
ELECTRICAL CHARACTERISTICS
© Absolute Maximum Ratings
Parameter Symbol Condition Limits Unit
Power supply voltage Vop Ta=25°C ~0.3~2.0 v
Input voltage ViN Ta=25°C -0.3~Vpp+0.3 Vv
Storage temperature range Tstg - -65~150 : °C
© Operating Conditions
Parameter Symbol Range Unit
Power supply voltage Vbp 8~18 \
Operating temperature range Top -40~ +85 °C




o DC Characteristics

Vpp=8~18V Ta= ~ 40~ +85°C

Parameter Symbol Condition MIN | TYP [ MAX | Unit
High input voltage ViH — 3.8 —_ 6
Low input voltage Vi —_ -0.3 —_ 08
. : Vpp=9.5V, 1 = -2mA \
High output voltage VoHi O[EJQI'PUT14~3F1” _ 8?8 — — \
. Vpp=9.5V,1 = -0.8mA \Y
Highoutputvoltage | Vouz | oToiT1~13 22~33 os | TV
Low output voltage Vpp =9.5V
‘ Vour [ oUTPUT1~33 Io = 500pA - - 2 v
V3
loL = 200pA - - ! v
7
, loL=2pA - — |93V
High output voltage Vpp=9.5V )
. VoH3 |DATA OUT  lguz= -200pA | 4 — | 6 v
k4 .
No load 4.5 - 6 v
Vpp =9.5V L
Low output voltage Vola D/D\%'A OUT oy = 20044 - — | 0.8 | pA
High input current i1 EE%;K' DATA Ism =5.5V -5 — 5. BA
High input current liH2 ;B,'a":';';,(: Vi = 5.5V -20 — 5 HA
Low input current liLa E(l:')ig(' DATA I{\l/"_- oV -5 —_ 5 pA
Low input current iz ?aLA_I\;I;C Vi =0V -125 | — -10 | pA
High input current I3 :Ir‘gs.—:l-25°c V;H =55V -100 —_ 5 PA
Low input current T .1[55}-25% Vi =0V ' S —-400 | — -20 | pA
Operating current lpp |Noload — 10 15 mA
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@ AC Characteristics

Vpp=8~18V Ta= -40~ +85°C

Parameter Symbol Condition MIN TYP- | MAX | Unit
Clock frequency fc —_ — —_ 250 | kHz
Clock pulse width Pwc | HIGH pulse 1.3 - | — us
Dataset up ts — 1 - - BS
Data hold time tH — 200 —_ - nS
Load pulse width PwiL —_ 1.3 _— —_ uS
Output delay time C_= 100PF
toos | BLANK — | — | 7 |
C, = 100PF
ool {LOAD - | — | 8 |
Ci = 100PF :
Slewrate tR 20%~80% of Vpp 5 pS
LOAD ENABLE-CLOCK | _ 2 _ | _ s
setuptime sc n
CLOCK—LOAD ENABLE | _ 0 N R
setup time st

e Timing Chart

. i )

ts

<>
DATA IN ‘/P—\—/‘_\

o) Js¢
ENABLE .
BLANK
tobL
> - tooL

OUTPUT
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FUNCTIONAL DESCRIPTION

o shift Register Output Designation

First data bit read-in is stored in shift register #1, the last data bit read-in is stored in shift
register #33. When the shift registers are full, a high voltage level applied to the load enable
input will transfer the data from the shift register to the data latch, and then to the output
through the 33 x 33 matrix. This matrix determines shift register output designation. the
device is mask programmable for the 33 x 33 matrix, thus providing the capability of changing
the shift register output designation. The device has 34 shift registers and 33 data latches as
shown in the functional block diagram. ' :

e Self-Load Mode

In this mode data out (pin 4) is connected to load enable (pin 7), and the data word is
constructed with 34 bits (including the one self-load bit set to logic 1). Atthe 34th clock pulse,
the data is transferred from the shift register to the data latch and the output drivers through
the 33 x 33 matrix. Before the next clock pulse, the registers are zeroed.

|
FROM
MICROPROCESSOR _DATA L 1
CLOCK
BLANK | :
LOAD ENABLE 33 0UTPUT
. 38 ‘
37
DATA OUT
39
L
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® Non-Self-Load Mode

In this mode, the data out and the load enable pins are not connected, and the load enable
input is controlled by an external source. There are two types of aperationin this mode.

1.

The data word consists of 34 bits (including one self-load bit). To transfer data from the
shift registers to the data latch, a high-level voltage is applied to the load enable pin
before the rise of the clock pulse following the 34th clock pulse.

The data word consists of 33 bits without the self-load bit. To transfer the data, a high
voltage level is applied to the load enable pin before the rise of the 34th clock pulse.

FROM
MICROPROCESSOR . DATAL 1
cLock |
BLANK ,
LOAD 40 33 OUTPUT
38
ENABLE
37—
39
+
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Data load timing éxample

1. LOAD ENABLE singal externally supplied
1) Bit1toBit33 used

‘CLOCK ___|‘|__J2L_( eI ES

DATA IN DATA0 X DATA1 X ) paTA32 XDATA33 X DATAO' X DATAY
7/
'LOAD TR ,
ENABLE I [ H

OUTPUT . /
S/R RESET . . ——gmm————- 1
(Internal) — , | | .

Notes: 1. The data of DATAO s negligible.
2. When the LOAD ENABLE signal is held in the High level state as shown by the

line.

2) BitntoBit33 used (1<n=33)

cock 1 1 L2 |_( | B3-nl Ba-o| | |

dotted line, the shift register is held in the RESET state as shown by the dotted -

DATA IN _DATAO0 X DATAT X )e XoaTaE2 - XoaTAEI - X ° &
//

LOAD
ENABLE = 1
OUTPUT _/

Notes: 1. The data of DATAQ is the data of Bitn.
2. The data of Bit1 to Bit{n - 1) goes low.

2. Self LOAD operations (DATA OUT terminal connected to LOAD ENABLE termianl)

cLOCK __J’L_JZL(Q L Tss ] [sa| [3s]

patA IN. DATA0 X DATA1 X)) Xbpataz2 XDatA33 X DATAQ' X DATAT’
- // —————————
DATAOUT : [ I

OUTPUT . ' -/

Notes: 1. Setthe data of DATAO high.
. 2. Transfer the data of DATAO to DATA33 to the shift register.
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‘MSC1149-01 MATRIX ,
(OUTPUTIN VS LATCH BIT) ‘

OUTPUT

b
A

OQUTPUT
OQUTPUT

A

QuUTPUT

Fan

OQUTPUT

OUTPUT

OUTPUT

OuTPUT

WoONOTUTD WN =
oD
4

QuUTPUT
OUTPUT 10

&
A=
Pa o)

OUTPUT 11 D

o
o

OUTPUT 12

OUTPUT 13

D

OUTPUT 14 \1‘
OUTPUT 15

Faat
g

OUTPUT 16 -
OUTPUT 17 —

OUTPUT 18

OUTPUT 19

Fa Y
T

OUTPUT 20

?

QUTPUT 21

Fan
N

OUTPUT 22
OUTPUT 23

Fany

T
arY
%4

OUTPUT 24

OUTPUT 25 ’P
OQUTPUT 26 -

o
A Z4

OUTPUT 27 &
OUTPUT 28

D

OUTPUT 29
OQUTPUT 30

Fanl

a BVt
F

QUTPUT 31

a4
74

OUTPUT 32 &

OUTPUT 33 - - €

N

- ——m
N ——to
W -
H —-=mo
n ——-m
o ——@
~N —{—
0 =—{—m
© —A=-
S —i—=
oS H—-
o H-=
o ——=
e ]
——m
-

J -
» —i—=
——m
N -
N —w
N —H4—w
N H—w
N ——w
N —H—w
N -
N A-—w
N —-w
B 4-—w
S -
L H-w
8 o
i

pry
wv
-
o
-
o

ozo

OuT PUT .| OUT PUT OuT PUT
PIN NAME BIT PIN NAME BIT PIN NAME BIT

OUTPUT 1 BIT 2 OUTPUT 12 BIT 28 OUTPUT 23 BIT 26

OUTPUT 2 BIT 13 - OUTPUT 13 BIT 27 OUTPUT 24 BIT 25

OQUTPUT 3 BIT 12 OUTPUT 14 | BIT 6 QUTPUT 25 BIT 30

OUTPUT 4 BIT 11 QUTPUT 15 BIT 7 OUTPUT 26 BIT 23

OUTPUT 5 BIT 4 OUTPUT 16 BIT 3 OUTPUT 27 BIT 18

QUTPUT 6 BIT 21 OUTPUT 17 BIT 16 OUTPUT 28 BIT 17

QUTPUT 7 BIT 20 OUTPUT 18 BIT 32 OUTPUT 29 BIT 22

OUTPUT 8 BIT 19 OUTPUT 19 BIT 24 OUTPUT 30 BIT 15

OUTPUT 9 BIT 33 OUTPUT 20 BIT 8 QUTPUT 31 BIT 10

OUTPUT 10 BIT 1 - OUTPUT 21 BIT 5 OQUTPUT 32 BIT 9

OUTPUT 11 BIT 29 OUTPUT 22 BIT 31 OUTPUT 33 BIT 14
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MSC1149-15 MATRIX
(OUTPUTIN VS LATCH BIT)

OUTPUT

OUTPUT

o

OUTPUT
OUTPUT

Fany

QUTPUT

OUTPUT

Fay
g

OUTPUT

Fan)
9

OUTPUT
QUTPUT

woNOUTLWN=
Fany
A =4
N
g

\‘J

OUTPUT 10

D
3

OUTPUT 11

Fany
&

QUTPUT 12 &

o

37

OUTPUT 13
OUTPUT 14 ’ &

OUTPUT 15 ; g

P

OUTPUT 16 - &

OUTPUT 17

a
g

QUTPUT 18

FaN

QUTPUT 19
OUTPUT 20

Wan
g
Fanl
37

OUTPUT 21 3}

OUTPUT 22

o
A
D—

QUTPUT 23

oD
g

OUTPUT 24 &
OUTPUT 25 rery

OUTPUT 26

oD
A"

OUTPUT 27 &

OUTPUT 28

Fan
37

OUTPUT 29
OUTPUT 30

ParY
P

.Y
J

OUTPUT 31 S

OUTPUT 32 €

4

OUTPUT 33 37

- ——m
N A-m
w—H—w
& —H—w
n H-m
o ——w
N —H—-m
®© —A—w
© —+—m
> ——w
o —H—w
o ——-w
o -A-w
A —i—w
o ==
o -
3 H-w
& —i—®
o —i—w
N A-=
N q—wm
N ——w
i
N
5 —-w
B —-m
N -
5 -
B -
Y -
Y-
8 -
W
ozZo

OuT PUT OuUT PUT OuT PUT
PIN NAME BIT .PIN NAME BIT PIN NAME BIT

OUTPUT 1 BIT 32 OUTPUT 12 BIT 6 OUTPUT 23 BIT 8
OUTPUT 2 BIT 21 OUTPUT 13 BIT 7 OUTPUT 24 BIT 9
OUTPUT 3 BIT 22. OUTPUT 14 BIT 28 QUTPUT 25 - BIT 4
OUTPUT 4 BIT 23 OUTPUT 15 BIT 27 OUTPUT 26 BIT 11
OUTPUT 5 BIT 30 OUTPUT 16 BIT 31 QUTPUT 27 BIT 16
OUTPUT 6 BIT 13 OUTPUT 17 BIT 18 OUTPUT 28 BIT 17
OUTPUT 7 BIT 14 OUTPUT 18 BIT 2 OUTPUT 29 BIT 12
QUTPUT 8 BIT 15 OUTPUT 19 BIT 10 OUTPUT 30 BIT 19
OUTPUT 9 BIT 1 . OuUTPUT 20 BIT 26 OUTPUT 31 BIT 24
OUTPUT 10 BIT 33 OUTPUT 21 BIT 29, OUTPUT 32 BIT 25
OUTPUT 11 BIT 5 QUTPUT 22 BIT 3 OUTPUT 33 BIT 20
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APPLICATION NOTE

a) Single
VF Tube (33 segments)
DATAIN Anode
HOST | cLock ‘ R o e ==
SYSTEM | 0AD ENABLE " a~36(z300meut |
L

140 MSC1149-XX

L.
l
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Information furnished by OKl is believed to be accurate and reliable.
However, no responsibility is assumed by OKl for its use; nor for any
. infringements of patents or other rights of third parties which may

result from its use. No license is granted by implication or otherwise

under any patent rights of OKL.
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b) Cascading

HOST
SYSTEM

VF Tube (66 segments)
DATAIN 2 4~36{33 OUTPUT ‘ < L Anode J |7
CLOCK 3 : S 5 e g e
37 PATAOUT DATAIN - {Grid
LOADENABLE |_|.q CLOCK BOUTPUT | |
BLANK 40 LOAD ENABLE| .
177 MSC1149-XX BLANKIN 22 MSC1149-XX
VF
3 1 39 s
_:r_VDD -




OKI semicdnductor

MSC1187-XX

DOT DRIVER WITH DIMMING FUNCTION

GENERAL DESCRIPTION

The MSC1187-XX is a vacuum fluorescent display tube driver IC using the Bi-CMOS process for
integratihg CMOS and bipolar transistors on one chip. The CMOS transistors are used in the logic -
portion including the input stage (except the VD), shift register, and dimming circuit, and the
bipolar transistors are used in the regulator, Vref, comparator, and output drivers.

Display data, which is input to the shift register of the MSC1187-XX by DATA IN and CLOCK signals,
is transferred to the data latch circuit by a LOAD ENABLE signal and output via the output drivers.

The MSC1187-XX contains a dimming function which accepts an analog voltage to control the duty
cycle of the output drivers.

FEATURES

® Supplyvoltage: 8Vto 18V

® Operating temperature range: —40°C to + 85°C

® Upto52steps of dimming adjustment, mask-programmable

o Shiftregister output designation by built-in PLA, mask-prograrﬁmable .
® PWM up to 12.5%, 25% and 50%, mask-programm'able ‘ .

® RCoscillation with external C

® Accepts analog inputs to control dimming.

®. 44-pin plastic flat package
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BLOCK DIAGRAM

% ?
VF DRIVER
TEST1 [J |_ ............... _1
i 33x 33 MATRIX T
LOAD i
LOAD DATA LATCH
O ARLE D_—s ENABLE — - -
DATA INCH bit33 bitl_bit0 _JDATA
: 33bit SHIFT REGISTER .
cLock O—— _ Tout
vk O . : ] 4 SLANK
i FUNERAL TIN/
: E : LOGARITHM COUNTER [ moDE [ 1 ; PV
5Tz O T SELECTOR
. ] . DATA LATCH
VD H i
ot N
DIA R IR
_|LOGARITHM DECODER 1
; ' _—I » ‘ %
0SC [T COUNTER ;l"‘ COUNTER :
L—'L____
VoD .!] REGULATOR : P.O.R
GND :
Note: TEST 1is not bonded in a package form.
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PIN CONFIGURATION

SiaTxlslalalaiaisialz]

33 32 31 30 29 28 27 26 25 24 23

HIRINININININININININ

TOP VIEW
44 PIN FLAT PACKAGE

JTUOOOUO0000

- - NNN
W W O = N

- e e e
N W s O

10 11

RINEEEIER RN
1 2 3 4 5 6 7 8 9 10

—_

VKinput terminal

OSCinput terminal

GND terminal

DATA OUT terminal

BLANK IN/PWM OUT terminal

TEST2 input terminal

LOAD ENABLE input terminal

DATA IN terminal

v lo|lvw|lolul{s|w]|~

CLOCK input terminal

—_
o

VD input terminal

-
—_

Power supply terminal (8V to 18V)

—_
N

OUTPUT1 terminal
§

-

H
EY

OUTPUT33 terminal
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PIN DESCRIPTION

Te‘an:):'naI Ti:n::al 170 Function
This is a dimming function selector terminal. When the terminal
1 VK I |isLow, the output duty cycle is 100%. When the terminal is
* | High, the dimming function is performed.
: This terminal generates an oscillation of 500KHz with an
2 0OscC | .
external capacitor of 47pF.
3 GND - Thisis a GND terminal.
This terminal outputs the data of bit 0 of the 34-bit shift
register. Connecting the terminal to the DATA IN terminal on
the next stage provides a cascade connection. Connecting the
4 * | DATAOUT | /O |terminal to the LOAD ENABLE terminal allows the shift register
to be latched at the leading edge of the output of the terminal.
(Auto load function). Inthe TEST mode, the terminal functions
as an input terminal. i
BLANKIN/ When the dimmipg function is not used, the terminal receives a
.5 PWM OUT I/0 | external BLANK signal and controls the output duty cycle. In the
TEST mode, the terminal functions as an output terminal.
6 TEST2 I | This terminal is used to select TEST MODE.
Thisis a load signal input terminal to latch the data of the shift -
7 LOAD | register. When the terminal is High, the data of the shift
ENABLE register is loaded into the latch circuit, then the register is reset
to 0.
/[ This is a data input terminal to input data to the shift register.
8 DATAIN I | Whendatais High, the output is ON. When data is Low, the
outputis OFF.
9 CLOCK 0 Thisis a shift clock input terminal of the shift register. The shift
‘ register operates at the leading edge of a shift clock pulse.
10 VD | Thisis an analog voltage input terminal to input the potential
to specify the output duty cycle.
1 vDD Power supply terminal.
12 OUTPUT1
$ § O | These terminals are low current output terminals.
24 OUTPUT13
25 OUTPUT14
$ § O | These terminals are high current output terminals.
32 OUTPUT21
33 | OuUTPUT22
§ § O [ These terminals are low current output terminals.
a4 OUTPUT33

149




ELECTRICAL CHARACTERISTICS
e Absolute Maximum Ratings

RATING SYMBOL VALUE UNIT
Supply Voltage Voo -0.31t020 \%
Input Voltage Vin -0.3toVDD +0.3 "
Operating Temperature Range Top -40to 85 °C
Storage Temperature Range Tstg -65t0 150 °C
¢ Operating Condition
PARAMETER SYMBOL CONDITION MIN TYP MAX ' UNIT
Supply Voltage ‘ Vob 8 18 \"
High Level Input Voltage Vin 38 6 \
Low Level Input Voltage Vi 0 0.8 v
Clock Frequency fc 250 KHz
OSC Frequency fosc 512 KHz
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® DC CHARACTERISTICS

Ta= -401t085°C,Vpp=8TO 18V unless otherwise noted.
All voltages are referenced to GND.

PARAMETER SYMBOL CONDITION MIN MAX | UNIT
High Level Input Voltage .
(Al Inputs) Vi 3.8 60 | V
Low Level Input Voltage : . .
(All Inputs) ViL 0 0.8 v
High Level Input Current _
(Clock Data In, Load, VK) i1 Viki =5.0V -3 3 BA
gg:tf"e‘ Input Current w2 | Vina=5.0V, Ta=25:C -20 10 A
(HT'LS':.%“"’E' Input Current w3 | Vin3=5.0V, Ta=250C —100 | 20 A
e

Low Level Input Current B
(Clock, Data In, Load, VK) ha o Vin=0v -5 > A
:-;l‘;vniel\:'ne)l input Current 2 |Viz=0V,Ta=25C =125} -5 HA
%%%"e' Input Current iz |Via=0V, Ta=256C -700 | -100 | pA
I(r\ml%x;t Leak Current L V)= 0~6V -5 5 A
High Level Output Volt '
High Level Output Volt '
(I-II?gh Cet‘:fren‘t‘I I;Jrlijver;, %1 Vowz |Voo=9.5V,lowz=-2mA Wop-08 — v
High Level Output Voltage V Vpp=9.5V, lonz = - 200pA[ 4 6 v
DATA OUT, PWM OUT OH3 | Qutput Open 45 6
Low Level Output Voltage Vop =95V, loL1=500pA - 2

. Voui loLq = 200pA _ 1 \
(All Drivers) B

. loti= 2pA| — 0.3

E?Av:_kegﬁlTO:wxﬁt\olﬁl;age Vor2 Vpp=9.5V, lor2= - 200pA —_ 0.8 \
Supply Current oo NO LOAD _ 20 mA
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® AC CHARACTERISTICS

Ta= - 400 85°C, Vpp =8 TO
All voltages are referenced to GND.

18V unless otherwise noted.

‘PARAMETER SYMBOL CONDITION - MIN MAX UNIT
Clock Frequency fc — 250 KHz
Clock Pulse Width PWc 1.3 - 1S
Data Set-Up Time ts 1 — us
Data Hold Time tH 200 - nS
Load Pulse Width PWL 1.3 )
Output Delay from Blank tops C_=100pF — 7 pS
Output Delay from Load topL C_ = 100pF — 8 us
Slew Rate (All Driver) tr gt 20102 ?{:,F'zt(; A,Zg?vt;DBO% — 5 us
® DIMMING CHARACTERISTICS
DC CHARACTERISTICS .
PARAMETER CONDITIONS MIN | TYP [ MAX | UNIT
Comparator Offset Voltage — _ — | 210 | mV
‘ D/A Output Voltage Error - _ — 3 % -
Reference Voltage Accuracy Note 1 — | = | 26 | %
Note 1: Reference Voltage is 6.6V Typical.
AC CHARACTERISTICS .
PARAMETER CONDITIONS MIN | TYP | MAX | UNIT
Pulse Width Error No Load, Note 2 — — |1 £100| nsec
PWM OUT Freguency — 150 | 250 | 400 Hz
0SC Frequency C=47pF 307.2 | 512 |819.2 | KHz
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Timing Chart

fc

ie— pWc —> <— pwc —> |

3.6V

CLOCK

etir eth <t eth

3.6V
DATAIN

0.8v

~—— pw, —>!

Loap 3-8V i :

ENABLE
0.8v

3.8V
BLANK IN

80% -
OUT1~33 ;

20%

80%
OUT1~33
20%

—> §<—tr
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FUNCTIONAL DESCRIPTION

Shift Register Output Designation

First data bit read-in is stored in shift register #0, the last data bit read-in is stored in shift
register #33. When the shift registers are full, a high voltage level applied to the load enable
input will transfer the data from the shift register to the data latch, and then to the output
through the 33 x 33 matrix. This matrix determines shift register output designation. the
device is mask programmable for the 33 x 33 matrix, thus providing the capability of changing
the shift register output designation. The device has 34 shift reglsters and 33 data latches as
shown in the block diagram.

Self-Load Mode

In this mode data out (pin 4) is connected to load enable (pin 7), and the data word is
constructed with 34 bits (including the one self-load bit set to logic 1). At the 34th clock pulse,
the data is transferred from the shift register to the data latch and the output drivers through
the 33 x 33 matrix. Before the next clock pulse, the registers are zeroed.

FROM
MICROPROCESSOR _PATA T, 11
crock |
BLANK |
LOAD ENABLE | 33 OUTPUT
Ll,
DATA OUT

I w
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® Non-Seif-Load Mode

In this mode, the data out and the load enable pins are not connected, and the load enable

input is controlled by an external source. There are two types of operation in this mode.

1. The data word consists of 34 bits (including one self-load bit). To transfer data from the
shift registers to the data latch, a high-level voltage is applied to the load enable pin
before the rise of the clock pulse following the 34th clock pulse.

2. The data word consists of 33 bits without the self-load bit. To transfer the data, a high
voltage level is applied to the load enable pin before the rise of the 34th clock pulse.

FROM
MICROPROCESSOR . _PATA . 11
- CLOCK 9
BLANK
LOAD 5 33 QUTPUT
17
ENABLE
4 t—>
3
- .
® Dimming function

When the VK terminal {pin 1) is Low, the BLANK IN/PWM OUT termihal (pin 5) functions as a
BLANK signal input terminal, and the output duty cycle is controlled by an external BLANK
signal. When the terminal with a built-in pull-up resistor is open, the output duty cycle is
100%. : '

When the VK terminal is High, the output driver turns ON and OFF repeatedly in the output
duty cycle corresponding to the analog voltage which is applied to the VD terminal. The

-analog voltage vs output duty cycle (dimming curve) is user-programmable under the

restrictions indicated below.
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1.

Select one of the three maximum duty cycles indicated below.

12.5%

Duty cycle step

_F;]d:]i- 512KHz

25%

MAX 25%

100% (Dut

s____

[’\/

Duty) __,

Duty cycle step

_pd:“_- 256KHz

50%

Duty cycle step
/

_F*H:\*_- 128KHz

2. The maximum number of duty cycle stepsis 52.

3. The VD inputvoltage should be generally 1/3 VD-IN,

VD-IND

2R - )
ANV ’ —|_ ﬂ VD
R C
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4. Select "Use” or "Non-use” of the funeral mode.

DUtVT DutyT

— .
VD ‘ VD
(The funeral mode is used.) (The funeral mode is not used.)

*  “Use” or “Non-use” of the funeral mode indicates whether the PWM is set
to 100% or not when VD = D/A max. voltage. (When the number of steps
is 52 or less, the funeral function is not performed.)

5. Select theinitial duty cycle (minimum output width of the PWM when VD = 0V).

PulsestepNo. | 1 2 3 4 5 6

Check '

% 0.63 0.68 0.73 0.78 0.83 0.88 (When the maximum duty cycle is 12.5%)
127 137 1.46 1.56 1.66 1.76 (Whenthemaximum duty cycle is 25%)
2.54 273 293 3.13 3.32 3.52 (Whenthe maximum duty cycle is 50%)

6. The voltage at the maximum step number of the dimming curve should not exceed 5.0V.

7. The minimum voltage at each step of the dimming curve is 20mV. The voltage between pulse
step No. 0 and 1 may be programmable from OV to 3V.

MIN 20mV
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APPLICATION NOTE

a) Singleuse

. VF Tube (33 segments)
DATAIN Anode
HOST | cLock — <t
> Grid -
SYSTEM | LoAD ENABLE ; 12~aa[330UTPOT | |
2R b MSC1187
10
R 2
47pf
1 11 ;/-
%’ 2R SRVK ‘iF
zZ Al
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6Sl

b) Cascading

o0

DATAIN
HOST CLOCK
SYSTEM | |0AD ENABLS
2R v
R VK
R 3p

VF Tube (66 segments)
12~44]33 0UTPUT Anade
i o - ii ———————— —L—L—L_}—
4 DATAOUT DATAIN ¢ Grid
CLocK 33 OUTPUT
o o opsoururl |-
(OADENABLE , .
MSC1187 5 lowmout BLANKIN ¢ MSCi
o)
s — 10 VF
1 vk (1 I—__— {
3 1| A 3 1 :
77"

47pf

T




Note 1: When placing an order of this IC with OKI, please send the attached dimming curve
sheet and PLA code table sheet filled in together with the written order.

Note 2: Values of resistor network connected to VD terminal may be changed after ES
evaluation.
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MSC1187 - PLA CODE

PIN 12

PIN 13
PIN 14
PIN 15
PIN 16
PIN 17
PIN 18
PIN 19
PIN 20

OUTPUT 1
OUTPUT 2
OUTPUT 3
OUTPUT 4
OUTPUT 5
OUTPUT 6
OUTPUT 7
OUTPUT 8
OUTPUT 9
OUTPUT 10
OUTPUT. 11
OUTPUT 12
OUTPUT 13
OUTPUT 14
OuTPUT 15
OUTPUT 16
OUTPUT 17
OUTPUT 18
OUTPUT 19
OUTPUT 20
OUTPUT 21
OUTPUT 22
OUTPUT 23
OUTPUT 24
OUTPUT 25
OUTPUT 26
OUTPUT 27
. OUTPUT 28
OUTPUT 29
OUTPUT 30
OUTPUT 31
OUTPUT 32
OUTPUT 33
8B BBEB6 B BB BB6H8B6HEEHB BB BB BB BB BB BB BB BB B B
T T S T T (O T 1 (O T 1 T O SO A A NI
TTTTTITTITTITTITITITTITIITTITITITITITIITTITITLLT
123456789111 111111122222222223333
012345678901234567890123
PIN NAME OUTPUT BIT PIN NAME OUTPUT BIT PIN NAME OUTPUT BIT
OUTPUT 1 BIT OUTPUT 12 BIT OuTPUT 23 BIT
OUTPUT 2 BIT OUTPUT 13 BIT OUTPUT 24 BIT
OUTPUT 3 BIT OUTPUT 14 BIT OUTPUT 25 BIT
OUTPUT 4 BIT OUTPUT 15 BIT OUTPUT 26 BIT
OUTPUT 5 BIT OUTPUT 16 BIT OUTPUT 27 BIT
OUTPUT 6 BIT OUTPUT 17 BIT OUTPUT 28 . BIT
OUTPUT 7 BIT OUTPUT 18 BIT OUTPUT 29 BIT
OUTPUT 8 BIT outpuT19 . [ Bt OUTPUT 30 BIT
OUTPUT 9 BIT OUTPUT 20 BIT OUTPUT 31 BIT
OUTPUT 10 BIT " OUTPUT 21 BIT OUTPUT 32 BIT
OUTPUT 11 'oBIT. OUTPUT 22 BIT OUTPUT 33 BIT

PIN 21
PIN 22
PIN 23
PIN 24
PIN 25
PIN 26
PIN 27
PIN 28
PIN 29
PIN 30
PIN 31
PIN 32,
PIN 33
PIN 34
PIN 35
PIN 36
PIN 37
PIN 38
PIN 39
PIN 40
PIN 41
PIN 42
PIN 43
PIN 44
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VD Threshold dimming voltage V.S. PWM duty cycle (Typical Value)

12.5% PWM maximum table

PWM Duty Cycle

P;\Jllse Step |__PWM Duty Cycle TC;T::g‘led

umber | py|se Count | %
52 256/2048 12.5
51 240/2048 11.7
50 224/2048 10.9
49 208/2048 10.2
48 -192/2048 9.38
47 184/2048 8.98
46 176/2048 8.59

45 168/2048 8.20 .
44 160/2048 7.81
43 152/2048 7.42
42 144/2048 7.03
4 136/2048 6.64
40 128/2048 6.25

39 120/2048 5.86
38 112/2048 | 5.47
37 104/2048 5.08
36 96/2048 4.69
35~ 92/2048 4.49
34 882048 | 4.30
33 84/2048 4.10
32 80/2048 3.91
31 76/2048 3.71
30 72/2048 3.52
29 68/2048 3.32
28 64/2048 3.12
27 60/2048 - 2.93

Pulse Step
Number | pyjse Count %
26 56/2048 2.73
25 52/2048 2.54
24 48/2048 2.34
23 46/2048 2.25
22 44/2048 2.15
21 42/2048 2.05
20 40/2048 1.95
19 38/2048 1.86
18 36/2048 1.76
17 34/2048 1.66
16 - 32/2048 1.56
15 30/2048 1.46
14 28/2048 1.37
13 26/2048 1.27
12 24/2048 1.17
11 23/2048 1.12
10 22/2048 1.07
9 21/2048 1.03
‘8 20/2048 0.98
7 19/2048 0.93
6 18/2048 0.88
5 17/2048 0.83
4 16/2048 0.78
3 15/2048 0.73
"2 14/2048 0.68
1 13/2048 0.63

Threshold

Voltage

0.000
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VD Threshold dimming voltage V.S. PWM duty cycle (Typical Value)

25% PWM maximum table

Pulse Step PWM Duty Cycle Tc;Ttsggéd
Number | pyjse Count %

52 256/1024 25.0
51 240/1024 23.4
50 22471024 21.9
49 208/1024 20.3
48 192/1024 18.8
47 184/1024 18.0
46 176/1024 17.2
45 168/1024 16.4
a4 160/1024 15.6
43 152/1024 14.8
42 144/1024 14.1
44 136/1024 13.3
40 128/1024 12.5
39 120/1024 1.7
38 112/1024 10.9
37 104/1024 10.2
36 96/1024 9.38
35 92/1024 | 8.98..
34 88/1024 8.59
33 84/1024 8.20
32 80/1024 7.81
31 76/1024 7.42
30 7211024 | 7.03
29 . 68/1024 6.64
28 64/1024 6.25
27 60/1024 5.86

Pulse Step PWM Duty Cycle
Number | pylse Count %
26 56/1024 5.47
25 52/1024 5.08
24 48/1024 4.69
T3, 46/1024 4.49
22 44/1024 4.30
21 42/1024 4.10
20 4011024 | 3.91
19 38/1024 3.7
18 36/1024 3.52
17 34/1024 3.32
16 32/1024 3.13
15 30/1024 2.93
14 28/1024 2.73
13 26/1024 2.54
12 2411024 2.34
11 23/1024 2.25
10 22/1024 2.15 . |
9 21/1024 2.05
8 20/1024 1.95
7 19/1024 1.86
6 18/1024 1.76
5 17/1024 1.66
4 16/1024 1.56
3 15/1024 1.46
2 1471024 137
1 131024~ | 1.27

Threshold

Voltage

0.000

Note: VD input voltage must not exceed the Vref voltage.
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50% PWM maximum table

" VD Threshold dimming voltage V.5. PWM duty cycle (Typical Value)

Pulse Step | P WM Duty Cycle TC:)T::;?
Number | pyjse Count %
52 256/512 50.0
51 240/512 46.9
50 224/512 43.8
-49 208/512 40.6
48 192/512 37.5
47 184/512 35.9
46 176/512 34.4
45 168/512 | 328
44 - 160/512 31.3
43 152/512 297
42 144/512 28.1
41 136/512 26.6
40 128/512 “25.0
39 120/512 23.4
38 112/512 21.9
37 104/512 20.3
36 96/512 18.8
35 92/512 18.0
34 88/512 17.2
33 84/512 " 16.4
32 80/512 15.6
31 76/512 14.8
30 72/512 14.1
29 68/512 13.3
28 64/512 12.5
27 11.7

60/512

Puise Step PWM Duty Cycle Tc::z;:.?d
Number | pylse Count %
26 56/512 10.9°
25 52/512 10.2
24 48/512 9.38
23 46/512 8.98
22 44/512 8.59
21 42/512 8.20
20 40/512 7.81
19 38/512 7.42
.18 36/512 7.03
17 34/512 6.64
16 32/512 6.25
15 30/512 5.86
14 28/512 5.47
13 26/512 | 5.08
12 24/512 4.69
1 23/512 4.49
10 22/512 4.30
9 21/512 |- 4.10
8 20/512 3.91
7 19/512 3.71
6 18/512 3.52
5 17/512 3.32
4 16/512 3.13
3 15/512 2.93
2 14/512 273
T 13/512 2.54 m—/
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Note: VD input voltage must not exceed the Vref voltage.

Information furnished by OK1is believed to be accurate and reliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.



OKI semiconductor

MSM5267B-15

DOT DRIVER

GENERAL DESCRIPTION

The MSM52678-15 is a CMOS multi-digit display driver and consists of a 34-bit shift register, a 33-
bit latch, and a 33-bit VF tube driver.

Complete static operation to ensure stability against noise

3 or 4-signal line connection with microcomputers.

Direct drive of VF tubes (8 outputs of high-current drive, 25 outputs of low-current drive)

FEATURES

[ ]

(]

(]

o Capability of self-load mode.
® Low power consumption.

)

Single power supply and operating voltage range of 8V to 18V

BLOCK DIAGRAM

DATA 33 32 3 1 0
D—-“ > P | _ >_ ra)
aock b Q D Q D F D Q b Q DATA
o 1P o @ @ @ o ouT
R R J- R l‘ R l— R
e e e S
LOUD } T
ENABLE | 1 , '
L L L
o l— o l. o I— o
oD o OUTPUT
- ' —k
1
——— : uTRUT2
Voo i OUTPUT3
—FD— g
o ' 1 .
1 1 1 H
I ! ' ' Yoy
= ——- 1 [ouquzz
[
VpD —. "DD_O OUTPUT33
B 1 [] BLANK
5= 33% 33 MATRIX %
Q VbD
_L‘b
oa] TR =5 . :
. 3 T |'~ NS ot 0 _Lpmos
L
@ R—l>u v - T Tmos
R L & L g o} s
=
T e T L

165




PIN CONFIGURATION

01 >~ a0
02 39 [
O3 38
Oa 37
Os 36
Os MsM 351 ,
7 s52678B-15 343
Cis 33
Co 320
Co 31%
Ol 1 30
02 291
i3 28 {1
14 270
O1s 26 1
e 25 [
Oz 24 1
18 23 1
019 22 ]
O 20 213

PIN DESCRIPTION

PIN# Pin Name . Comments
1 Vdd Input Positive supply voltage Terminal
2 Data Input Data Acquisition Terminal
3 Clock Input Clock Terminal
4 Output 1 Output Shift Register 32
5 Output 2 Output Shift Register 21
6 Out put 3 Output Shift Register 22
7 Output 4 ‘Output Shift Register 23
8 Output 5 Output Shift Register 30
9 Output 6 Output Shift Register 13
10 Output 7 Output Shift Register 14
1 Output 8 Output Shift Register 15
12 Output 9 Output Shift Register 1
13 Output 10 Output Shift Register 33
14 Output 11 Output Shift Register 5
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PIN DESCRIPTION

PIN# Pin Name Comments
15 Output 12 Output Shift Register 6
16 Output 13 Output Shift Register 7
17 Out put 14 Output Shift Register 28
18 Output 15 Output Shift Register 27
19 Output 16 Output Shift Register 31
20 Output 17 Output Shift Register 18
21 Output 18 Output Shift Register 2
22 Output 19 Output Shift Register 10
23 Output 20 Output Shift Register 26
24 Output 21 Output Shift Register 29
25 Output 22 Output Shift Register 3
26 Output 23 Output Shift Register 8
27 Output 24 Output Shift Register 9
28 Out put 25 Output Shift Register 4
29 Output 26 Output Shift Register 11
30 Output'27 Output Shift Register 16
31 Output 28 Output Shift Register 17
32 Output 29 Output Shift Register 12
33 Output 30 Output Shift Register 19
34 Output 31 Output Shift Register 24
35 Output 32 Output Shift Register 25
36 Output 33 Output Shift Register 20
37 Data Out Output Data Shift Register
38 Load Enable Input for Loading Word into Data Latch from Data Shift
' Register
39 Vss Ground Potential Terminal
40 Blank Input for Turning Output Drivers Off

ELECTRICAL CHARACTERISTICS

o Absolute Maximum Ratings

Ta = 25°C, Unless otherwise specified

Parameter Symbol Condition Min Max Unit
Supply Voltage Vop . N -0.3 20 \
Input Voltage v, - -03 | VvVDD+0.3 \
Operating Temp Ta — -40 85 °C
Storage Temp Tst — -65 150 °C
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o AC Characteristics

Ta = -40°C to +85°C, Vpp = 8V to 18V Unless otherwise specified

Characteristics Symbol! Condition MIN | MAX | Units
Clock Frequency F¢ ) 160 KHz
Clock Pulse Width Pw. | Either positive or negative 2,5 ’ s
Slew Rate tr CL = 100pFt = 20%t080% 5. us
Outputs; (1-33) or 80%t020% of Vpp

Vpp=8VorVpp= 18V
Data Setup Time ts 1 us
Data Hold Time th 200 ns
OUTput Delay from Blank tops | CL=100pFVpp =8V 7 Bs
OUTput Delay from Load topL | CL=100pFVpp =8V 8 us
Power on Reset Slew Rate PRSR 0.001 10 V/nus
Load Pulse Width PW 1.6 Hs
o Timing Chart -
fe
e

CLoCK pwe ~—pw(

DATAIN
3.5V -

08V~

LOAD ENABLE

BLANK

3.5V ~
[k AV 72

T35V - o
08v - 7;

3.5v -

OuUTPUT

3.5V -
08V -

1
tooL

toos

|
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o DC Characteristics

Ta= - 4010 85°C Unless otherwise specified

Characteristic SYM Conditions MIN MAX Unit
High Level input _
Voltage Viy |Vpp=8to18V 3.5 Vpp +0.3 \"
Low Level Input _
Voltage Vi Vpp=8to 18V 0.3 0.8 \Y
High Input Current _ _ .
(PIN 2, 3, 38) Iy Vpp =8to 18V. V,=Vpp 1 HA
Low Input Current _ _ _ .
(PIN 2, 3, 38) It Vpp=8to 18V, V= Vss 1 pA
High Input Current _ _ _ _
(PIN 40) w2 |Vpp=8to18V,V,=3.5V 5 - 125 pA
Low Input Current _ _ _ _
(PIN 40) w2 |Vpp=8to18V,V,=VsS 5 125 pA
Vpp =810 16V, All Outputs
open
Ta= -40°C, 25°C 10 mA
Supply Current oD -
Vpp=8to 16V, All Ouputs 7 mA
open
Ta=85°C
Low Current - lTa= 25°C VDD -0.3
Output Drivers Vpp=9.5V,lon - 40°C '
(ON) Voul | "2 1 5mA v
{PIN4 ~ 16, 25 - 36) Ta= 85°C VDD -0.5
Low Current Ta= 25°C vDD -0.3
Output Drivers Vpp=9.5V, lon — 40°C
.(ON) VorZ | Zma v
(PIN 17 - 24) Ta= 85°C VDD - 0.5
High Current Ve = 9.5V | Ta= 25°C VDD -20
OutPut Drivers Von2 _DE gOr.nA' OH - 40°C Y}
(ON) (PIN 17 - 24) Ta= 85°C | vDD-2.5
Output Drivers _ _ Vss +0.2
(OFF) (PIN 4-36) Vou |Vbp=9.5V, oL = 1pA/500pA Nag5 v
- High Voltage _ - . _
Data out (PIN37) Vouo |Vpp=9.5V, loup= - 500pA VDD -5 A"
Low Voltage Dataout
g Voup |lown=1pA Vgs+0.4 | V

(PIN37)

FUNCTIONAL DESCRIPTION

o Datainput

The data pattern (33 bits) supplied to the device through this input controls the output driver

state (On or Off).

1. Ahighlevel turns the output driver on.
2. Alow level turns the output driver off.

169



® Clock Input
A Positive transition of the clock loads and shifts the data. Thisinput also has a Schmitt trigger
which provides 0.3 volts of hysteresis.

® Blanking input
A low-level voltage at this pin turns the output drivers off; an internal pull up is provided on
this pin.

® Load Enable
A high-level at this input transfers the data from the shift register to the data latch, and sets
the shift register to zero.

First data bit read-in is stored in shift register #1, the last data bit read-in is stored in shift
register #33. When the shift registers are full, a high Voltage level applied to the load enable
input will transfer the data from the shift register to the data latch, and then to the output
through the 33 x 33matrix. This matrix determines shift register out put designation. The
device is mask programmable for the 33 x 33 matrix, thus providing the capability of changing
the shift register output designation. The device has 34 shift registers and 33 data latches as
shown in the functional block diagram. :

There are two modes of operation:

® Self-Load Mode
In this mode Data Out (pin 37) is connected to Load Enable (pin 38), and the data word is
constructed with 33 bits (including the oneself-load bit set to logic 1). At the 34th clock pulse,
the data is transferred from the shift register to the data latch and the output drivers through
the 33 x 33matrix. Before the next clock pulse, the registers are zeroed.

FROM
, MICROPROCESSOR
vdd
DATA |,
CLOCK] 5
BLANK! 49 33 OUTPUT.
LOAD ENABLE [ 38
37
DATA OUT 39
’}.—' .

® Non-Self-Load Mode
In this mode, the Data Out and the Load Enable pins are not connected and the Load Enable
input is controlled by an external source. There are two types of operation in this mode.

1. the dataword consists of 34 bits (including one self-load bit). To transfer data from the
shift registers to the data latch, a high-level voltage is applied to the Load Enable pin
before the rise of the clock pulse following the 34th clock pulse.

2. Thedataword consists of 33bits without the self-load bit. To transfer the data, an hlgh
" voltage level is applied to the Load Enable pin before the rise of the 34th clock pulse.
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FROM
MICROPROCESSOR

DATA |,
CLOCK |3
BLANK | 49
LOAD |3g
ENABLE

33 OUTPUT

39 [ DATA OUT
-+

When the display driver is used in a cascade configuration, a filler bit must be inserted
between each group of 33 data bits. The filler bit must be logic 1 when used with the self-
loading mode and a logic 0 when used in the non-self-loading mode.

V?d DATA V?d
DATA [ 1 37 |1OYT patal; 1 37 | DATAOUT
CLOCK | 3 cLocK| 3
BLANK 40 BLANK! 40
LOAD | 34 LOAD | 3g
39 39
- -

When the cascaded devices are used in self-load mode. the Data Out pin of the last device
must be connected to the load enable pin of all devices as shown in the above figure.

When two display drivers are cascaded, sufficient on-chip time delays allow the system to
operate within the specification of the device and work in a system.

Up to 10 driver inputs may be connected to the Data Out pin (pin 37) of the last device.

Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by

implication or otherwise under arly patent rights of OKI. :
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OKI semiconductor

MSM5328

DOT DRIVER

GENERAL DESCRIPTION

The MSM5328RS is a CMOS multi-digit display driver and consists of a 34-bit shift register, a 33-bit
latch, and a 33-bit VF tube driver.

FEATURES

BLOCK DIAGRAM

Complete static opération to ensure stability against noise
‘3 or4-signal line connection with microcomputers.
Direct drive of VF tubes (8 outputs of high-current drive, 25 outputs of low-current drive)
Capability of self-load mode. )
Low power consumption.

Single power supply and operating voltage range of 8V to 18V

33 32 3 1 0
DATA
Vo> I pa—
aock o Q b Q b Q r : o b Q DATA
o 1> 9 o ouTt
R l— R R ]: R R
s e s e Rt
LOAD
ENABLE I { 1
Lo L
o l_ ) I_ o l’ o
°'Lr_l> T OUTPUTY
- T 1) ——0
|
——- T UTRUT2
Voo : OUTPUT3
o T Lo—D—o
' 1 [ '
L ' ! P ‘
= ———- - [ouwuraz
Vbo ———- OUTPUT33
O—>
o _,___—4_._BDLANK
VSS == %
Q Vbp
1%
1 & —Pm . _
@ T L 0 -Lpmos
. L »' '» _g_
@ R D - L NMOS
R L@ Lo ] 1-
- S
_ TF-
T e T L
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PIN ‘CONFIGURATION

1 40
Cl2 391
53 38 [
4 37 ]
Os 36 [
Os- 35 J
07 343
Cs 331
o wmsm 320
O10 5328 31 J
O 303
012 29 [J
O3 28 J
14 27 1
O 15 26 [J
O 16 25
O} 17 24 1
518 23]
19 223
20 21 1

PIN DESCRIPTION

PIN# Pin Name Comments
1 Vdd Input Positive supply voltage Terminal
2 Data _{ Input Data Acquisition Terminal
3 Clock Input Clock Terminal
4 Output 1 Output Shift Register 32
5 Output 2 Output Shift Register 21
6 Output3 Output Shift Register 22
7 Output 4 Output Shift Register 23
8 Output 5 Output Shift Register 30
] Output 6 QOutput Shift Register 13
10 Output 7 Output Shift Register 14
11 Output 8 Output Shift Register 15
12 Output 9 Output Shift Register 1
13 Output 10 Output Shift Register 33
14 Output 11 Output Shift Register 5
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PIN DESCRIPTION

PIN# Pin Name | Comments
15 Output 12 Output Shift Register 6
16 Output 13 Output Shift Register 7
17 Out put 14 Output Shift Register 28
18 Output 15 Output Shift Register 27
19 Output 16 Output Shift Register 31
20 Output 17 Output Shift Register 18
21 Output 18 Output Shift Register 2
22 Output 19 Output Shift Register 10
23 Output 20 Output Shift Register 26
24 Output 21 Output Shift Register 29
25 Output 22 Output Shift Register 3
26 Output 23 Output Shift Register 8
27 Output 24 Output Shift Register 9
28 Out put 25 Output Shift Register 4
29 Output 26 Output Shift Register 11
30 Output 27 Output Shift Register 16
31 Output 28 Output Shift Register 17
32 Output 29 Output Shift Register 12
33 Output 30 Output Shift Register 19
34 Output 31 Output Shift Register 24
35 Output 32 Output Shift Register 25
36 Output 33 Output Shift Register 20
37 Data Out Output Data Shift Register
38 Load Enable Input for Loading Word into Data Latch from Data Shift
Register
39- Vss Ground Potential Terminal
40 Blank Iinput for Turning Output Drivers Off

ELECTRICAL CHARACTERISTICS

@ Absolute Maximum Ratings

Ta = 25°C, Unless otherwise specified

Parameter Symbol Condition Min Max Unit
Supply Voltage Vpp — -0.3 20 \Y
Irput Voltage v, : - -03 | VDD+0.3 " \
Operating Temp Ta - -40 85 °C
Storage Temp Tst — -65 150 °C
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® AC Characteristics

Ta= -40°Cto +85°C, Vpp =8V 1o 18V Unless otherwise specified

Characteristics Symbol Condition MIN | MAX [ Units
Clock Frequency Fe 160 KHz
Clock Pulse Width Pwc | Either positive or negative 2.5 - HS
Slew Rate , tr C_ = 100pFt = 20%1080% 5 ns
Outputs; (1-33) or 80%1020% of Vpp

VDD =8V or VDD =18V
Data Setup Time 23 1 ps
Data Hold Time th 200 ns
OUTput Delay from Blank tops | CL=100pFVpp =8V 7 HS
OUTput Delay from Load topL Cy = 100pFVpp =8V 8 ns
Power on Reset Slew Rate PRSR 0.001 10 V/ps
Load Pulse Width PW 1.6 s
o Timing Chart
fc

CLOCK < pwe ~— pw(

3.5V - r
0.8V - 72

DATAIN

LOAD ENABLE

BLANK

- PW| ——

3.5V - "
08V -

3.5V -

OUTPUT

35V -
o8V -

1
tooL

toos

e
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® DC Characteristics

~ Ta= -40t0 85°C Unless otherwise specified

Characteristic - SYM Conditions MIN MAX Unit’
High Level Input _
Voltage Vin Vpp =8to 18V 3.5 Vpp+0.3 \
Low Level Input _
Voltage Vi- |Vpp=8to 18V 0.3 0.8 v
High Input-Current _ _
(PIN 2, 3, 38) I ‘ Vpp =8to 18V. V= Vpp 1 BA
Low Input Current : _ _ _
(PIN 2, 3,38) et Vpp=8to 18V, V,=Vss 1 pA
High Input Current ) _ _ _ _
(PIN 40) Im2 | Vpp=8to 18V, V,=3.5V 5 125 pA
Low Input Current W2 | Vop=8t018V,V = Vss. -5 -125 | pA
(PIN 40) !
Vpp = 8to 16V, All Outputs
open
T, = - 40°C, 25°C 10 mA
Supply Current Iop
Vpp =8to 16V, All Ouputs 7 mA
open
T, =85°C .
Low Current “|1a= 25°C Vpp-0.3
Output Drivers Vpp=9.5V, Iox - 40°C
(ON) Vou! | =" 0.8ma v
(PIN4 - 16, 25 - 36) Ta= 85°C Vpp-.0.5
High Current Vae =95V | Ta= 25°C Vop-0.3
OutPut Drivers Vou2 | [ PPZ=-2%: '0H - 40°C v
(On) (PIN 17 - 24) = - 3.5mA
n Ta= 85°C Vpp - 0.5
Output Drivers _ _ Vgs+ 0.2
(OFF) (PIN 4-36) VoL |Vpp=9.5V,loL=1pA/500pA Nss +5 \
High Voltage _ _
Data out (PIN37) VoHp | Vop =9.5V, lowp = - 500pA Voo -5 v
Low Voltage Dataout
9 Voo |lolp=1pA Vss+0.4 \%

(PIN37)

FUNCTIONAL DESCRIPTION

o Data Input

The data pattern (33 bits) supplied to the device through this input controls the output driver

state (On or Off).

1. Ahigh level turns the output driver on.
2. Alow level turns the output driver off.

o Clock Input

A Positive transition of the clock loads and shifts the data. Thisinput also has a Schmitt trigger
which provides 0.3 volts of hysteresis. '
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o Blanking Input
Alow-level voltage at this pin turns the output drivers off; an internal pull up is provided on
this pin.

o Load Enable

A high-level at this input transfers the data from the shift register to the data latch, and sets
the shift register to zero. 4 ‘

First data bit read-in is stored in shift register #1, the last data bit read-in is stored in shift
register #33. When, the shift registers are full a high Voltage level applied to the load enable
input will transfer the data from the shift register to the data latch. The device has 34 shift
registers and 33 data latches as shown in the functional block diagram.

There are two modes of operation:

o Self-Load Mode
In this mode Data Out (pin 37) is connected to Load Enable (pin 38), and the data word is
constructed with 33 bits (including the one self-load bit set to logic 1). At the 34th clock pulse,
the data is transferred from the shift register to the data latch and the output drivers. Before
the next clock pulse, the registers are zeroed.

FROM
MICROPROCESSOR

DATA |,
CLOCK]| 3

BLANK] 40 33 0UTPUT

LOAD ENABLE [ ]38

DATAOUT | 39
=

© Non-Self-Load Mode ) :
in this mode, the Data Out and the Load Enable pins are not connected, and the Load Enable
input is controlled by an external source. There are two types of operation in this mode.

1. thedata word consists of 34 bits (including one self-load bit). To transfer data from the
shift registers to the data latch, a high-level voltage is applied to the Load Enable pin
before the rise of the clock pulse following the 34th clock pulse.

2. The data word consists of 33bits without the self-load bit. To transfer the data, an high
voltage level is applied to the Load Enable pin before the rise of the 34th clock pulse.
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FROM
MICROPROCESSOR

DATA |,
CLOCK |3
BLANK 140 33 OUTPUT
LOAD |3g

ENABLE 37

—>> DATA OUT

—

When the display driver is used in a cascade configuration, a filler bit must be inserted
between each group of 33 data bits. The filler bit must be logic 1 when used with the self-
loading mode and a logic 0 when used in the non-self-loading mode.

vdd " paTA vdd ,
—DATA [ 37 | OUT DATA| ¢ 37 | DATAOUT
CLOCK | 3 cLOCK] 3
BLANK | 20 BLANK] 40
LOAD | 3¢ LOAD| 3g
39 39

When the cascaded devices are used in self-load mode. the Data Out pin of the last device
must be connected to the load enable pin of all devices as shown in the above figure.

When two display drivers are cascaded, sufficient on-chip time delays allow the system to
operate within the specification of the device and work in a system.

Up to 10 driver inputs may be connected to the Data Out pin (pin 37) of the last device.

Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OK! for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No licenise is granted by
implication or otherwise under any patent rights of OKI.
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OKI semiconductor
MSC1178/MSC1179

7-SEGMENT DRIVER

GENERAL DESCRIPTION

The MSC1178/79 is a BICMOS structure static display driver to directly drive a vacuum fluorescent
(VF) display tube. The driver has a structure of a 56-pin flat package, which consists of a 35 bits
shift register, latch circuit, 7 segment decoder, VF high voltage driver, LED dot driver, dimming
OSC circuit, and dimming control circuit.

The driver is suited to a driver for frequency or clock display of an automobile digital tuning
system.

FEATURES

® 56-pin flat package (small)

e 2supply voltages ’ .ﬁ
Interface, logic portion, LED driver: Vec= +4.5t0 +5.5V 7
.VF display driver - Vpp= +9Vto +18V .

e VFtube driven by positive voltage (Vbo = + 18 VMAX) _

e VFtube directl;/ connected:  No pull down resistor required (CMOS push pul! output)

e Dimming oscillation circuit builtin (capacitor and resistor externally connected)

o Dimming control circuit built in, with duty (100%, 1/8, or 1/16) selector input terminal (LIGHT-
SW). Use the most significant bit (MSB) to select 1/8 or 1/16. L: 1/8,H: 1/16

e With PWM IN input terminal to allow the PWM to continuously control dimming, with external
PWM generation circuit ,

e 3-digit 7 segment output, 13-flag output (lo = - 1 mATYP)

o 9-LED dotdisplay (lo = 20 mA MAX)

® Easy control by microprocessor and easy signal line connection (connected by three signal lines,
DATA IN, CLOCK, and LOAD)

e 7display patterns selected by device (The MSC1178GS-K and the M5C1179GS-K differinthe 7
display patterns from each other.) '

MSC1178GS-K  MSC1179GS-K
7l 'l
l I
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[01:13

DATAIN O——>

CLOCK o>

s

Shift Register (35 bits)

ms8

LOAD ©°—

gL

Latch (35 bits) (Leve!latch by LOAD signal)

0osc

- s oo B LS] PN Y =Nl o |
7 Segment 7 Segment 7 Segment
Decoder Decoder Decoder

!

>| Control

Output Gate '5_

PWM

LED Driver

Vee
(+5V)

Vss

(ov)

(NPN Open Drain) (9 pins)

VF Driver (Vpp : 18V MAX) (34 pins)

ol -

>0

<4—o0

1> O

DATA OUT

Vee
R

C
TVSS

LIEGHT SW
- PWM OUT

" pWM IN

OE

—° Vpp

(+9~18V)

WWYYOVIa X20714



PIN CONFIGURATION

D13
D12

55
54 lLOAD

56

(Top View) 56 Lead Plastic Flat Package

Vec
Vss
OsC

| 53_JcLock
| 52 ]pATAIN
51 Moo

50

49

48
|47 JUGHTSwW
| 46_|pwmOUT
45 PpwmIN

24_Jo-E

43 o1

reinforcing line.

o1 [1 Q 42_] D10
gt [C2 ] 41 ] et
f1. [ 3] 40 ] di
ai Ca . 39 | et
bt [ 5 ] 38_] D9
2 [_s 37 ]e2
2 [7_] [ 36 ] d2
2 [5] 5o
b2 [ 9 | 34 | D8
g3 [ 10 33 | e3
3 [ ] | 32 ]d3
a3. LI _3__~1—lc3
b3 [13_| 30_| D7
o2 [14 | 29 ] D6
eH:eesHmnxnﬁmﬁ
355883 +3858858
g
S

Note: Pin21with a * mark is connécted to Vs, and cannot be connected to another
pin. Pin 21 cannot be used independently as Vss but can be used as Vs
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ELECTRICAL CHARACTERISTICS

@ Absolute maximum ratings

Parameter Symbol Conditions Limits Unit

Supply voltage Vop © -03~+19 \Y

Supply voltage Ve -0.3~+6.5 v
DATA IN, CLOCK, LOAD

Input voltage " LIGHT SW, PWMIN, O°E, -0.3~Vcc+0.3 \
0sc '

Maximum output current lowp LD1~LD9 25 ‘mA

Allowable package loss Pp 300 “mw

Storage temperature Tstg —~55~+150 °C

1

© Recommended operating range

Parameter Symbol Conditions MIN TYP | .MAX | Unit
Supply voltage Vpo . 9 | 12 18 Y
Supply voltage Vee 4.5. 5 - 5.5 Vv
) DATAIN, CLOCK, LOAD .
Input voltage Viy LIGHT SW, PWM IN, O-E 0.7V¢c Vee \
DATAIN, CLOCK, LOAD
Input voltage Vi LIGHT SW, PWM IN, O-E 0 0.2V¢c \"
~Output current lowp LD1~LD9 10 20 mA .
Operating temperature Top -40 +85 °C
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e DC characterfstics

(Unless otherwise specified, Vcc=5V, Vpp=12V, Ta= -40to +85°C)

Parameter

Symbol Condition MIN | TYP | MAX | Unit
Supply voltage Vpp 9 12 18 \Y
Supply voltage Vce 4.5 5 5.5 v
High level input voltae Vi DATA IN, CLOCK, LOAD 0.7Vce Vee \Y
Low level input voltage Vv, | LIGHTSW, PWMIN, O-E - 0 0.2Vec | Vv
DATA IN, CLOCK,
Input leak in | LOAD Vee=5.5V" 1 | pA
PWM IN, O-E, V| = Vcc or OV
Highlevel input Iy |LIGHTSWV,=VCC=5.5V 1 pA
leak current .
Low level input current 2 Vi=0V,VCC=50V | =20 | -68 | -200 | pA
High level output DATA OUT, PWM OUT,
voltage Voui lo= - 40pA 4.3 4.9 v
High level output : - - -
voltage Vouz |al~g3,D1~D13,lg=-1mA | 114 | 118 \Y
Low level output DATA OUT, PWM OUT, -
voltage Vou lo =40pA 0.1 0.4 v
Low level output | - .
voltage Vo2 |al~g3,D1~D13,lg=100pA 0.2 0.7 \
Low level output _
voltage Vouz |LD1~LD9,lg=20mA 0.2 1|V
~ Highlevel output - ul
leck current Ity | LD1~LD9, Vg =Vpp = 18V 10 | pA
Ipp1 PWMIN=0E=Vcc, 0.1 mA
1_1
al~g3-»"icharacter
D; to D43 all high level
Vo li ] output, other input
oo line supply current terminals at OV or Ve,
output at noload
Ipg2 | O°E =0V, Otherinput 0.1 | mA
terminals at OV or Vg,
output at no load
lecy |osc=ov Other input 0.1 mA
LIGHT SW = Vee terminals at
lccz  |R=51kQC=0.0a7pF | OV O Vee, 0.3 1
Vcc line supply current outputatno ’
CR oscillaton,
! load
LIGHT SW = OW .
lcc3 | OSC=0V, PWMIN = Ve 9 20 mA

O-E = V¢ LD1~9:ON(Low), Other
input terminals at OV or V¢, output
atnoload

183



- @ AC characteristics

Vec=5V£10%. Ta= - 40~ +85°C, CL = 10pf

CLOCK

~0.5V¢c 0.2Vcc |.
DATA IN 0.7Vee
0.2Ve
tep
oy |
DATA OUT 07V
0.2Vce
—— ——
to
0.7Vce to
CLOCK
A
‘LOAD

0.7Vee

—
tec

Parameter Symbol | Conditions MIN TYP MAX Unit

Maximum clock frequency fek CLOCK 1 MHz
Minimum clock pulse width twe - CLOCK 400 nS
Minimum load pulse width twi LOAD 400 nS
C}ock input rise and breaking tic CLOCK 1 s
time tre
DATA IN— CLOCK setup time tsc 200 nsS
CLOCK—s DATA IN hold time tuoLp 100 ns
CLOCK— DATAOUT -

propagation delay tep 700 nsS

time
DATA OUT hold time toH 150 nsS
CLOCK—> LOAD setup time tsL 500 nsS
CR oscillation frequency fosc Ef g.lokgpF, 1 2 4 kHz

o Timing Chart =
twc
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MAJOR SECTIONS EQUIVALENT CIRCUIT

Output Gate & LED Driver

L;D' { Vo =1V MAX
Display Data - LD9 VoL =20mA

Output Gate & VF Driver’

Vpp (+9~18V)

E .

Display Data ] — 5
4 o

aj~g3, D1~D13

Level conversion

5 "

1 —

= Vo =(Vpp-0.6V) MIN
loy = = ImAatVpp=12V

Vo =0.7VMAX
lop =0.1mA atVpp=12V

Dim control circuit

Vee(+5V)
80kQ TYP
MsB ) .
LIGHT sw
—O)|
PWM OUT
128Hz
(TYP)

05C o osc o>o1 02 03 04 duty

2.048kHz 4bit Binary Counter
(TYP)
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DATA DESCRIPTION

(Table a)
No. Symbol Function Qutput terminal Description
1 DIM(MSB) Dimming control “0" : 1/8duty, “1” 1/16duty
2 D13 D13 '
3 D12 D12
4 D11 D11’
-5 D10 D10
6 D9 ; D9 “0" : OFF
7 D8 Flag(VF) D8 VF "1" : ON
) D7 D7 driver
9 D6 D6
10 DS D5
1 D4 D4
12 D3 D3
13 D2 D2
i4 D1 D1
15 LD9 Flag(LED) LD9 LED driver
16 D1-8 '
17 D1-4 7 segment al~gil
18 Di-2 dgcoder(lst digit)
19 Di-1
20 D2-8 VE See Tableb.
21 D2-4 7 segment a2~g2 driver
22 D2-2 decoder(2nd digit)
23 D2-1
24 D3-8
25 D3-4 7 segment a3~g3
26 D3-2 decoder(3rd digit)
27 D3-1
28 LD8 LD8
29 LD7 LD7
30 LD6 Flag(LED) Lbo _LED “0" : OFF-
31 LD5 LDS driver
32 LD4 LD4 “17:ON
33 LD3 LD3
34 LD2 LD2
35 LD1(LSB) LD1
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7 SEGMENT DECODER DISPLAY PATTERN

(Tablel b)

Input data Output
. Remarks
8|42 e | f patiern
offo]ofo R N
tflolofjo 00 :
2ffoqf{of1 110 E
sffofoln 0|0 3
aflof1]o 01 '_:
5o 1]o 0|1 'Z,
60 1)1 11 E,
74011 011 l_: MSC1179GS-K:" —| "
gft1fo]o 1] :T:
9l1lofo 0] 1 5
All1]o0]1 11 :_—:
Bfl1]o0]1 1] 1 b
clff1{1]o 1]0 .
Dif1]1]0 L r_!
Ef 1)1 ] 11 E
Fltr 1] 0|0 Blank
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FUNCTIONAL DESCRIPTION
e DATAIN, CLOCK,LOAD : Data setinput terminals

DATAIN
CLOCK
LOAD

Display
contents

(MSB) (LSB)

::On

T

_______ XData setdisplay

Fig. a Datasettiming chart example (PWM=1,0E=1)"

DATA INis a data input terminal, which is read into the internal shift register at the leading edge

of the clock input terminal CLOCK.

LOAD s aload input tefminal, which loads data of the shift register, data of 35 bits at a time, into
the latch circuit. The timing chart above shows that, when a pulse is input to the LOAD terminal
after the data of 35 bitsis input, the display data is changed to a new one.

o DATAOQUT: Dataoutputterminal -

DATA OUT is a terminal for cascade connection, the output of which is connected to the DATA IN
terminal on the next stage.

MSC1178GS-K MSC1178GS-K
/MSC1179GS-K /MSC1179GS-K
DATA IN ——— DATA IN DATA > DATA IN
CLOCK ouT- CLOCK
LOAD LOAD
CLOCK ’_ . r
LOAD > .

Fig.'b Cascade connecton
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@ O0SC: Oscillation terminal

OsCis a capacitor (C) and resistor (R) connection terminal of the oscillation circuit for dimming

control. The oscillation frequency depends on the values of the external capacitor (C) and resistor

(R).

Vee

___LC

(Vss)

0osC

MSC1178GS-K
/MSC1179GS-K

Fig. ¢ External circuit

The value for R should not be less than 30 kQ. The oscillation frequency fosc is expressed by the

following equation:

ok g
fosc= Y (k =5)

When no oscillation circuitis used (i.e the PWM OUT terminal is not used), connect the OSC

terminal to Vss.

o LIGHTSW: Lightswitchinputterminal

LIGHT SW is an input terminal with a pull-up resistor, which controls the PWM OUT output
waveform.(See Tablec. )

o PWMOUT: PWM outputterminal

PWM OUT is a dimming PWM output terminal. When this terminal is connected to the PWM IN
input terminal, the display duty ratio can be changed to 1/1, 1/8, or 1/16. Table cis a function

table. (Table ¢)
LIGHT SW input MSB of data Display duty ratio
Openor “H” - i
‘L 0 1/8
"L 1 116

"HY Vee level
“L" ; Vsslevel
- don'tcare

" The frequency of a PWM OUT output signal is fosc/16.
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e PWM IN: PWMinputterminaI

PWM IN is 2dimming PWM input termlnal ifthei input is made ngh when the O-Eis ngh the
display is turned ON. If the inputis made Low, the display is turned OFF.

Accondingly, when a signal at 100 to several 100s Hz (the duty ratio is variable) is input to the PWM
IN terminal, the display brightness can be continuously controlled.

When the PWM OUT output is connected to the PWM IN terminal, the display duty rat‘io, as
mentioned above, cah be changed to one of the three values.

LY

4

| duty tz/h

|

Ve level I
Vgs level ___I—I l l

- |

Display ON OFF

(1/t1 = 100 to several 100s Hz)

Fig. d PWM INinput waveform

® O-E: Display outputenable input terminal

When the input is High, the display state is normal. When the inputis Low, all displays are turned
OFF.

If the O-E is kept Low until the data of the latch circuit is determined when power is turned ON,
unnecessary displays can be eliminated.

Two O-E and PWN IN input signals are ANDed in the IC to a PWM signal. The display is ON (normal)
when PWM ="1" or OFF when PWM = "0".
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+12v ﬂ
+5V
R so | st
Vee - Vee Voo
:’: T an~0a
L 52| DATAIN 01~D13
cPU
53 | CLOCK
MsC LD9
sa {LOAD 1y178Gs-K
( Lp8
MSC
%4 a9 { OSC
1179GS-K) 07
44 JOF :
1
a7 | LIGHT SW ~ H
LD)
+3 PWM
GND A R
T 46 | as | a9 *216
L 4
—— Dimming control switch ~ Note:  *1 The voltage for the LED may be supplied from + 12V (Vgo).
- *2  When the DATA OUT terminal is connected to the DATA IN terminal on
. the next stage, the system is made expandable. (See fig. b. }
*4 R=51kQ,C=0.047yF (example) *3

If the dimming control switch is turned ON, the VF display output duty
ratiois changed from 1/1 to 1/8 or 1/16 (depending on the MSB of data).

(See Tablesaandc.)

VF display
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| OKI semiconductor

MSC1190

7-SEGMENT DRIVER | : i’

GENERAL DESCRIPTION

The MSC1190GS is a Bi-CMOS structure static display driver to directly drive a vacuum fluorescent
(VF) display tube. The driver has a structure of a 56-pin flat packagde, which consists of a 35-bit shift
register, latch circuit, 7 segmemt decoder, VF high voltage driver, LED dot driver, and dimming
control circuit.

The driver is suited to a driver for frequency or clock display of an automobile digital tuning
system.

FEATURES ;

192

56-pin flat package
2 supply voltages ( + side)

Interface, logic portion, LED driver: Vcec= +4.5t0 +5.5V

VF display driver : VDDI= +9to +18V

VF tube driven by positive voltage (Vpp =A +18Vmax)

VF tube directly connected without a pull-down resistor

(CMOS push pu]l output) ‘

Dimming oscillation circuit builtin (capacitor and resistor externally connected)

Dimming control circuit builtin, with duty (1/1, 1/8, or 1/1 6) selector input terminal (LIGHT-
SW). Use the most significant bit (MSB) to select 1/8 or 1/16.

With PWM IN input terminal to allow the PWM to continuously control dimming, with external
PWM generation circuit (the LED driver is not affected by PWM IN input)

VFdriver: 3-digit 7 segment output, 13 flag outputs
{lo= -1 mAsyp) ‘
LED driver: 9dot outputs (lo = 25mApmax)

Easily interfaced with microprocessor (by three inputs of DATAIN, CLOCK, and LOAD)
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DATAIN ©

Shift Registor (35 bits)

CLoCK ©

s

CE
[14
o1

114
L
91

st
vE
[13
143

h by LOAD signal)

-LOAD ©

.

Vee °©
(+5V)

Vss T
(ov)

VF Driver (VDD :
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o
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100
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£} G-
€50
e
1] G
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100
000
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2100
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DATA OUT

Vee
R
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TV;;-

LIEGHT sW

», PWM OUT

" PWMIN

OE

Voo

(+9~18V)
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PIN CONFDIGURATION.

{Top View) 56 Lead Plastic Flat Package

=2 % 5 =z

m o~ 2 56 E o u (9] ':E g —E- -

5520858838228 5

1 ]
ot [ Q 42 ] p10
gt [2] . [ 41 ] et
7 3] 40 ] d1
al [I 39 ]c1
bt [ 5| 38_] D9
92 [ 6] | 37 Je2
2 [7-] [36 ] d2
a2 [&] [ 35 ]
b2 [9_| 34_| D8
g3 [10] [ 33 Je3 -
8 [ 37 ] d3
a3 [ ] 131 ]
b3 [13 ] 30 | b7
p2 [14_ | 29 ] D6

chaesHmnzmama

53282953%8358833

<
8

Note: Pin21witha * markis connected to
Vss, and cannot be connected to
another pin. Pin 21 cannot be used
independently as Vss but can be used
as a Vs reinforcing line.
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ELECTRICAL CHARACTERISTICS

® Absolute maximum ratings

Parameter Symbol Condition Limits Unit

Supply voltage Vop -0.3~+19 v

Supply voltage Vee -0.3~+6.5 \
DATA IN, CLOCK, LOAD . .

. Input voltage Vi LIGHT SW, PWMIN, O-E, | = 0.3~Vcc+0.3 \Y

0sc

Maximum output current lowp LD1~LD9 30 mA.

AIIowab}e package loss Po : . 300 mw

Storage f:emperature Tstg '~ 55~+150 : °C

e Recommended Operating Conditions

Parameter Symbol Condition MIN TYP MAX | Unit
Supply voltage Voo 9 12 18 \
Supply voltage Vee 1 45 5 5.5 Vv
Input voltage ‘ Vin DATA N, CLOCK, LOAD | 0.7V¢c Vee \Y

LIGHT SW, PWMIN, O-E
DATAIN, CLOCK, LOAD

Input voltage Vii | LGHT SW, PWMIN, O-E 0 ' 0.2Vcc| V
Output current lorp |LD1~LD9 15 25 mA
Operating temperature Top -40 +85 | °C
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® DC characteristics

(Unless otherwise specified, Vcc=5V, Vpp=12V, Ta= -40to +85°C)

Parameter Symbol Condition MIN | TYP | MAX | Unit
Supply voltage Voo 9 12 18
Supply voltage Ve 4.5 5 5.5 Y
High level input voltae ViH | pATA IN, CLOCK, LOAD 0.7Vec Vee \
Low level input voltage v, |LIGHTSW,PWMIN, O-E 0 0.2Vec | V
DATAIN, CLOCK, .
- Input leak i LOAD Vee=5.5V 1 BA
PWM IN, O-E, V| = V¢c or 0V
High level input i LIGHT SW|V;=VCC=5.5V 1, pA
leak current '
Low level input current NP Vi=0V,VCC=5.0V | -20 | ~68| -200 | pA
High level output DATA OQUT, PWM OUT,
voltage Vom lo= -40pA 43 4.9 v
High level output - - -
voltage Vouz |al~g3,D1~Di3,lo=~1mA | 11.4 | 11.8 Y
Low level output DATA OUT, PWM OUT,
voltage Vo lo =40pA ' 0.1 0.4 v
Low level output _
voltage V0L24 al~g3,D1~D13, o= 100pA 0.2 0.7 \Y
Low level output - ‘_ ;
voltage Vouz |LD1~LD9, Ig=25mA 0.25| 08 | V
High level output | LD1~LD3, Vo = Vpp = 18V 10 |pa
leak current TH Yo :
lbpi |PWMIN=0-E=Vcc, 0.1 | mA
-
a1~g3—9|::character
D; to D13'ahll high level
i ] output, otherinput .
Voo line supply current terminalsat 0 V or Vg,
output at no load
lpp2 | O‘E =0V, Otherinput 0.1 mA
terminalsat 0 Vor Ve,
output at no load
lcct | osC=0v Other input 0.1 mA
LIGHT SYV"VCC terminals at
lccz |R=51kQC=0.0a7uF | OVOrVee, 0.3 1
Ve line supply current . output atno :
CR oscillaton,
load
LIGHT SW = 0W
Iccs3 | OSC=0V,PWMIN =V 9 20 mA

O-E = VCC,LD1~9:ON(Low), Other
inputterminals at 0 V or V¢, output
atnoload
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o AC characteristics

Vec=5V+10%. Ta= -40~ +85°C, C = 10pf

Parameter Symbol | Conditions MIN TYP MAX Unit
Maximum clock frequency fek CLOCK 1 MHz
Minimum clock pulse width twe CLOCK . 400 ns
Minimum load pulse width twi LOAD 400 nS
(;Iock input rise and breaking e CLOCK 1 us
time tic
DATA IN— CLOCK setup time tsc 200 nS
CLOCK— DATA IN'hold time tHoLD 100 nS
CLOCK— DATA OUT , :
' propagation delay trp 700 nS
time
DATA OUT hold time tDH 150 ns
. CLOCK->LOAD setup time tsL 500 . ns
CR Oscillating frequency fosc f{f 2.10;5;;5 1 2 4 kHz
TIMING CHART
i twe twe
CLOCK
-~ —> -
tsc tholp tee te
B e
DATA IN 0.7V
0.2Vce
|« tPD
|« tOH
DATA OUT 0.7Vee
0.2Vec
— -
o
0.7Vec o
CLOCK
' tsL twi
LOAD
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MAJOR SECTIONS EQUIVALENT CIRCUIT

Display Data

Display Data

OE

PWM

Output Gate & LED Driver

loL

- LDI

Output Gate & VF Driver

Level conversion ‘

Vo =0.8yMAX

TO—wA e Veszma

Vop (+9~18V)

"~ lon
—
——
———

s

Dim control circuit

MsB

18

ne

-05C o osc

°>01 02 03 04

duty

e

(TYP)

2.048kHz

[

4bit Binary Counter

ai~g3, D1~D13
Vo =(Vpp-0.6V) MIN
lot = -1mAatVpp=12V

Vo =0.7VMAX
loL =0.tlmAatVpp=12V

Vee(+5V)

80kQ TYP

LIGHT sW

o_;,l>_+o P;Nl ouT

128Hz
(Typ)
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DATA DESCRIPTION

. (Table a)
No. Symbol Function Output terminal Description
1 DIM(MSB) Dimming control “0" : 1/8duty, “1" 1/16duty
2 D13 D13
3 D12 D12
4 D11 D11
5 D10 D10
6 D9 D9 “0" : OFF
7 D8 Flag(VF) D8 VF “1" :ON
3 D7 D7 driver
9 D6 D6 )
10 DS D5
1 D4 D4
12 D3 D3
13 D2 D2
14 D1 D1
15 LD9 Flag(LED) LD9 LED driver
16 . D1-8
17 D1-4 7 segment al~gl
18 D1-2 decoder(ist digit)
19 Di1-1 .
20 . D2-8 VE See Tableb. -
21 D2-4 7 segment a2~g2 driver
22 D2-2 decoder(2nd digit)
23 D2-1
24 D3-8
25 D3-4 7 segment a3~g3
26 D3-2 decoder(3rd digit)
27 D3-1
28 LD8 LD8
.29 LD7 LD7
30 LD6 LD6
Flag(LED) LED “0" : OFF
31 LD5 LD5 driver
32 LD4 LD4 "1":ON
33 LD3 LD3
34 LD2 LD2
35 LD1(LSB) LD1

Note: “No.” indicates the output number of the shift register. The first bit for data
transferis No. 1.
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7 SEGMENT DECODER DISPLAY PATTERN

M ‘ (Table b)

Input data Output

8 4 2 1 a b C d e f g Display pattern

(US| f R DS | Doy

IS

o

-

o

o

< .

-

-

o

o

-

-
=

w
IS
-
o
-
-
o
-
-
o
-
-
A

a

o

o

o

-

-
1Z70H

n
-
—_
o
o
—_
o
o
—_
-
—_
o
I~

o
-
-
o
-
o
-
-
-
-
o
-
J

(|
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FUNCTIONAL DESCRIPTION ‘
o DATAIN, CLOCK, LOAD: Datasetinputterminals

(MSB)

C uqw (LSB)
DATAIN  nge XX - XIDEDEDED
cLocK _fJ—U._U—Ut""_%_L} I N N
LOAD ————— = FI—l
Display ~ — e X Data set display
contents

Fig. a Datasettiming chart example (PWM=1,0'E=1)

DATA IN is a data input terminal, which is read into the internal shift register at the leading edge

of the clock input terminal CLOCK.

LOAD is a load input terminal, which loads data of the shift register, data of 35 bits at a time, into
the latch circuit. The timing chart above shows that, when a pulse isinput to the LOAD terminal

after the data of 35 bits isinput, the display data is changed to a new one.

-

© DATAOUT: Dataoutputterminal

" DATAOUTisa terminal for cascade connection, the output of which is connected to the DATA IN

terminal on the next stage. :

LOAD

MSC1190 GS MSC1190 GS
DATA IN ~————— DATA IN DATA DATA IN
CLOCK  OUT CLOCK
: — | LoAD ‘ LOAD
CLOCK I‘

Fig. b Cascade connecton
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¢ 0SC: Oscillation terminal

0SCis a capacitor (C) and resistor (R) connection terminal of the oscillation circuit for dimming

control. The oscillation frequency depends on the values of the external capacitor (C) and resistor
(R). ‘

Vee

A

MSC 1190GS /
R

0sC
I

(Vss)

Fig. ¢ External circuit

The value for R should not be less than 30.k Q. The oscillation frequency fosc is expressed by the
following equaton:

forc= —K- (k=5
osc= = k=9

When no oscillation circuit is used (i.e the PWM OUT terminal is not used), connect the 0SC
terminal to Vss.

o LIGHTSW: Lightswitchinputterminal

LIGHT SW is aninput terminal with a pull-up resistor, which controls the PWM OUT output
waveform.(See Tablec. ) -

© PWMOUT: PWM outputterminal

" PWM OUT is a dimming PWM output terminal. When this terminal is connected to the PWM IN .
input terminal, the display duty ratio can be changed to 1/1, 1/8, or 1/16. Table cis a function
table. (Table¢)

LIGHTSWinput | MSB ofdata Display duty ratio

Openor “H" . - 1”7
"L 0 1/8
"L 1 . 1716

“H" ; Vcclevel
"L Vss levevl
- don'tcare

The frequency of a PWM OUT output signal is fosc/16.
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© PWMIN: PWM inputterminal

PWM IN is a dimming PWM input terminal. If the input is made High when the O-E is High, the VF
display is turned ON. If the inputis made Low, the display is turned OFF.

Accondingly, when a signal at 100 to several 100s Hz (the duty ratio is variable) is |nput to the PWM
IN terminal, the display brightness can be continuously controlled.

When the PWM OUT output is connected to the PWM IN terminal, the display duty ratio, as
mentioned above, can be changed to one of the three values.

1 4

Ve level l

1

|

Vs level —,—I - l I
R |

VF Display ON OFF

duty : ta/ty

(1/ty = 100 to several 100s Hz)

Fig. d PWM IN input waveform

© O-E: Display outputenableinputterminal

When the inputis High, thé display state is normal. When the input is Low, all displays are turned
OFF. '

IF the O-E is kept Low until the data of the latch circuit is determlned when power is turned ON,
unnecessary displays can be eliminated. '

Two O-E and PWN IN input signals are ANDed in the ICto a PWM signal. The VF display is ON
(normal) when PWM =" 1" or OFF when PWM ="0". The LED display is turned ON or OFF by O-E
input but not affected by PWM IN input.
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v0Z -

‘INO jo s3ybrayuayed Lue sapun

351M13Y430 10 uopedydun Aq pajuesB sp dsuddy ON "aSN 5} WO1) 2 nsds

Kew ydyym sansed pays jo s)ybis 43y30 10 s3ualed Jo spuawWabuyyuy

Aue Joj 10U 350 531 10} INO Aq pawnsse 51 A31)1qisuodsal ou “JaA3MOH
*3qelfal pue a)eindde 3q.03 PAAIAQ SIINO AQ paystuing uopew o)

+ 12V
+5V

*1

Vee

CcPU

GND

é“ 1so |st

Vee Voo
T an~gn
, | DATAIN D1~D13
53 | CLOCK

MSC
4 | LOAD 1190GS

LDy -L7—’\N\/—'|<}—‘

OUT IN Vs DATAOUT _ LED

~d L~

LDg | 26 /?' .

YV K] ( —_ ) VF disol
10s | 2 /V F display
LDy V4

_24_/\,\/\,__i<}__1 —"‘I"

wa | as|OSC
1}
47 | LIGHT SW !
3 PWM
o ==¢C
Y 46| 4as|ag| #2 16

*4 R=51kQ, C=0.047pF (example)

/

Dimming control switch

Note: *1
; 2

*3

The voltage for the LED may be supplied from, + 12V (Vpg).

When the DATA OUT terminal is connected to the DATA IN terminal on
the next stage, the system is made expandable. (See Fig. b. )

If the dimming control switch is turned ON, the VF display output duty

ratio is changed from 1/1 to 1/8 or 1/16 (depending on the M8 of data).

(See Tablesaandc. )
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OKI semiconductor
MSC7110-xx/MSC7112-xx

12-SEGMENT, 16-DIGIT/16-SEGMENT, 12-DIGIT

GENERAL DESCRIPTION

The MSC7110-xx and MSC7112-xx are general purpose display controllers for vacuum fluorescent
display tube. .
The M5C7110-xx drives 12-segment bargraph or 7-segment plus comma and decimal point
alphanumeric displays with up to 16 display positions, and drives 5 LEDs.

The M5C7112-xx drives 16-segment bargraph, 7-segment plus comma and decimal point or 16-
segment alphanumeric displays with up to 12 display positions, and drives 5LEDs.

The controller accepts command and display data input words on a clocked serial inputline.
Commands contro! the on/off duty cycle, starting character position, number of characters to be
displayed and display modes (PLA mode, PLA bypass mode and LED mode).

Encoded data words display bargraph position (single segment or increasing length), characters,
decimal point, comma and LEDs. )

No external drive circuit is required for displays that operate on 40mA of drive current up to
45 volts. ‘

A32x 16 bit PLA (ROM) code is programmable.

FEATURES

® Logicand LED driver supply voltage (Vpp) = : +5V

e VFdriver supply voltage (Vee) : =40V

e Driver output current g
VF grid driver (source) : —-40mA
VF segmentdriver (source) : —=6mA
LED driver (source) : —~10mA

® Directdrive capability for vacuum fluorescent display

e 12segmentdrivers  (MSC7110-xx)
16segmentdrivers  (MSC7112-xx)

e 16digitdrivers . (MSC7110-xx)
12 digit drivers (MSC7112-xx)

e SLEDdrivers

e Built-in oscillator circuit

e Built-in power-on-reset circuit with external C
e Serial hostinterface (data in, clack, load)

o Serial datainput for 18-bit control and display data words
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¢ Command functions
On/off duty cycle
Starting character position
i 1t0o16 (MSC7110-xx)
1to12 (MSC7112-xx)
Number of characters )
1to16 (MSC7110-xx)
1to12 (MSC7112-xx)
3-display modes
PLA mode, PLA bypass mode and LED mode -

® 32x 16 bit PLA provides data decoding to drive
) 1 to 12 bargraph segments
Any 1 of 12 bargraph segment : .
7-segment plus comma and decimal point alphanumeric characters (MSC7110-xx)
1to 16 bargraph segment
Any 1 of 16 bargraph segment
7-segment plus comma and decimal point alphanumeric characters
14-segment alphanumeric characters (MSC7112-xx)

® The number of character decoded by PLA is 32
® Programmable PLA code

® 42 pinshrink DIP package/44 pin flat pacage

208



60¢C

Sk 6 |
DATAIN o— | |
= SEG DRV
: LATCH LATCH §
LOAD 18bit LATCH POR —>0
bo~1¢ RAM (ROM) !
bit18 17 17 17]  PLA 16 12 H
bit0 ) o
COMMAND . Adress i
16w x 17bit |
LOAD DECODER _ 32 16bit i
3 4 Ap~A3 L L Ot >
C bis-r 7 7 peer 1 1 T T
‘ MODE oW RAM PC_RAM @R PLA PC1 PC2  PLAGR DIGIT DRV |
DECODER § |
ADRESS SLECTOR —r>0
= CONTROL = i
LATCH| — H
0 H
Ae 16 \
TIMING _I hpered IS WAC |79 RAC E
GENERATOR W-A:COUNT | ¢ § R :
OE [
 RAC count}A=8
T D-R LATCH ADDRESS COMP DIGIT
POR LoaD BLANK |
D-C-R
_— @_POR LOAD~>| L D-C:R - LED DRV
49 BLANK DUTY §
bg~b;
L >—q> DCC —m>-0
L .
| 1 ) § T L-R LATCH H
Vpp {+5V) DOWNCOUNTER | piry cycee s ,_I s >0
COUNTER -
vss(0V) O—p——
sS = . D-T-C \__» l_l;]
Ve (-20~40) 00— : X
| DIGIT TME COUTER LR LOAD

SEG A

1
[
1
1
[
t
!
E

SEG L

D1

D16

LEDT

LEDS

(bo)

x12

(b1)

0

x16

- (15)

X5

XX-0LLLOSIN INVYDVIA XD01d
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Vss (ov)

Veg (- 20~40)0——

——

SEG DRV
LATCH LATCH

POR —>0

bo~16 RAM (ROM) !

bit18 17 17 17l PLA 16 16 H

bit0 - -d E .
COMMAND : Adress
16w x 17bit '
. LOAD DECODER 32x 16bit i
3 q Ag~A3 L L OF
b1s~17 4 oo K 3 —

TEST ' DIGIT DRV
MODE oW RAM PC RAM gR PLA PC1 PC2 PLA oR |
: ’ ) DECODER § |
l ADRESS SLECTOR >0

= CONTROL P WiR _ !

1

H

W-A-LOAD |—> A — A 12 '

TIMING _T W-A-COUNT RO I i ;
GENERATOR —q R —

= OE
rac count | A=B
D-R LATCH ADDRESS COMP DIGIT
LOAD BLANK ]
D-C-R ——
POR| | LOAD>{ L DCR § LED DRV
4 ' " BLANK DUTY §
by~b;

L——qs D-CC —>0

L H

§ 1 LR LATCH H
DOWN COUNTER DUTY CYCLE s H s >0

. COUNTER
= L——>—q> DT-C I_’—_|
s ;
LR LOAD

DIGIT TME COUTER J

SEG A (bg)
H
1
H %16
1
1
!
E

SEG P (bys)

D1 . (0)

x 12

D12 (11)

XX-ZLLLOSIN INVYOYIA MO0



MSC7110-xx55 ) : MSC7112-xx55
(Top View) 42 Lead Plastic Shrink DIP . (Top View) 42 Lead Plastic Shrink DIP
— ‘

osct [l 42_] LOAD osa [t | 42 | LOAD
osco [ 2 41 | DATAIN osco [ 2 o 41 | DATAIN
POR [ 3 | 40_] sciK P.OR [ 3 | 40 ] sc
voo [a | 39 | SEGA voo 4] [ 39 ] SEGA
o1 [5] 38 | SEGB ot [5 | 738 | sEGB
p2 [6 37_] SEGC 02 [6 ] 37 ] seGC
o3 [7_| [ 36 ] SEGD : o3 [7_] 36_] SEGD
o4 [8 |- 35 | SEGE o4 [8 [ 35 ] SEGE
ps {9 34 | SEGF os [ o 34 | SEGF
o6 [0 | 33 | SEGG o6 [0} SEGG
o7 [ 32 | SEGH o7 [ [ 32 | SEGH
pg [12 31 ] SEGI os  [12 31 ] SEGI
ps [13 ] 30 | SEG! o [13 30 ] seGy
oo [14 | [29 ] seck pio [1a 29 ] secx
ot [15 28 ] sEGL o1 [18 28 ] SEGL
p1i2 [16 27 ] LeD p12 [16 27 ] SEGM
p13 [7 26 | LED2 teot [17 26 ] SEGN
o1a [18 | 25 | LED3 © b2 [18 25 | SEGO
pi1s [19 ] [ 24 | LEDA Leo3 [19 24 ] SEGP
pte [20 | 23 ] VEE © Lepda [20 23 ] VEE
Leps [21 | 22 Jvss teos [21 ] 22 ] vss

(%4
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D12
D13
D14
D15
D16
LEDS

Vee

LED4
LED3
LED2

MSC7110-xxGS
(Top View) 44 Lead Plastic Flat Package

HEHHMHHHHHE

33 ] bt
32 ] Voo
[ 31 ]POR
30 ] osco
29 ] oscl
28_] LOAD
27 ] DATA IN
726 | scLK
25 ] SEGAs
24 ] SEGB _
23 ] seGc

teo1[_12_|
seGL{ 13 |
seGk[_1a_|
seG)[_15_|
SEGI[_16_|
Ve[ 17
sEGH[ 18_].,
SEGG[ 19|
SEGF[_20_|
SEGe[ 21|
SEGD[ 22_|

) MSC7112-xxGS
(Top View) 44 Lead Plastic Flat Package

D11

o
~ N WY T MmN
O 0 0a>0a0000

<||ml{]l=l|ollo] |||l wl <

7ﬁvvvmmmmmm

o

O

33 ] b1
| 32 ] voo
31 | POR
30 ] osco
29 ] osal
[ 28 ] LoAD
27 ] DATA IN
|26 ] sck
|25 ] SEGA
24_] SEGB
| 23 ] seGc

sEGM[_12_|
seGL[ 13|
stk 1a_|
seEGJ[ 15 |
seGi[_i6_|
vee[ 17 ]
sEGH[ 18 |
seGG[19_|
SEGF[_20 |
SEGE[ 21 |
seGo[_22 |

v
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PIN DESCRIPTION

Terminal | No. of .
name | terminals Input, output | Connected to Function
Vpp 1 Power source Vpp-Vss:  Supply voltage for
Vs 1 internal logic
Ve 1 Vop-Vee: Supply voltage for VF
driving circuit logic
DATAIN 1 Input Microcomputer | Input shift register display data from
the MSB (positive logic). ’
SCLK 1 Input Microcomputer | Shift clock of the shift register. Data
is shifted at the falling edge of SCLK.
LOAD 1 Input Microcomputer | When the terminal is high, transfer of
data from the shift register to the
latch'oceurs.
POR 1 Input Internal logic reset input when power
Schmitt with is turned on.
' pull-up When the terminal is Low, the 18-bit
register and latch, the duty cycle register, the digit
diode register, the LED register and the
write/read address register are all
reset. And the outputs of SEGA to
SEGP (*a), D1 to Dq3(*b), and LEDq to
LEDs are all turned off.
When the terminal is connected to an
external capacitor, the auto-power-
on-reset function can be executed.
0scCl 1 Input When an external resistor and a
0sco 1 Output capacitor are conriected, an
oscillation circuitis formed.
C=100 pF, r=47kQ,
fosc =235 KHz + 20%
SEGA~L 12%1 Output Anode side of VF display tube driving output. The
SEGA~P 16+2 VF display tube | outputiscomplementary.
D1~D13 12%2 Output Grid side of VF | VF display tube driving output. The
D1~Dig 16+1 display tube outputis complementary.
LED1 5 Output LED LED driving output. The outputis
~LED5 complementary.

*a SEGA to SEGLin case of MSC7110-xx
*b Djto Dygincase of MSC7110-xx

*1 Incase of MSC7110-xx
*2 In case of MSC7112-xx
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Parameter Symbol Conditions Limits Unit
Supply voltage (1) Voo — ~0.3~+6.5 \
Supply voltage (2) VbD—\(gE — : 0~50 \'
Input voltage - V) . — ‘ -0.3~Vpp +0.3 Y
Allowable loss Pd Taz25°C ~500 mw
Storage temperature tstg - -55~+ 150 °C
) loy All SEG output -10
Output current o2 All digit output - 60 mA
lo LED1~LEDS -20

e Operating Range

Parameter Symbol Conditions : Limits Unit
Supply voltage (1) Voo ) R 4.5~5.5 v
Supply voltage (2) Vpo = Ve - ‘ 25~45 \Y
Oscillation frequency : fosc C=100pF R=47kQ 235 +20% " kHz
' Operating temperature Top — -20~+75 °C
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@ DC Characteristics

Vpp - Vee =45V
Voo =5V * 10%

Ta= =20~ +75°C ]

Parameter

Symbol | Conditions MIN TYP MAX Unit | Terminal
:‘;?:;;"e”“p”t Vi —~ 07Voo | — — | v |Allinput
L BV — - — | oavep | v |Allinput
I;!J?g:atvelinput iy \\;:)3\705‘;5\/ — — 1 pA | Allinput
. ‘Allinput
s o e | -] - e
o™ | e [egr™ [ [ s | o | |
R | o [t [ v = | v | B
537&'52?'6’”‘”“ Vou ;g?:oéz'?nA — | Veer0B|Vee#13} V ﬁll.xlti)EuGt
fjlitgrg‘tl?e(v;oumm Vorz | 00" oma | Vo029 |Voo-23|  — | v ﬁ'ﬁﬁjﬁiﬁ
ongety ™ | vou 10585, | = Jveeos [veria| v [
.s;?t::;eevg)mpm Vors | 100" oma Vo015 | — — v Ceos
™ | oo oios | = | = | o0 | v |
" |Vpp=5.5V, l
Supply current lop No load — 8.5 15 mA
fosc = 245kHz

215




® AC Characteristics

Vpp=5V£10% Ta=-—20~+75°C

Parameter Symbol Conditions MIN | TYP MAX | Unit

SCLK cycle time tep o — .2 — —_ ps
SCLK, LOAD pulse width. tw — 1 e ps

~ Datasetup time tosu —_ 500 - — nS
" Data hold time " | toHp — 500 —_ _ ns
SCLK-LOAD time tg, — 2 — - I
LOAD-SCLK time s - 2 - — us
LOAD cycle }img 1 tLevet fosc =245kHz 205 — — pS
LOAD cycle time 2 tLeyez fosc = 245kHz 200 — —_ HS

e Timing Chart"

SCLK

0.3vpp 0.3Vpp —_\_~
A S A=

DATAIN - - Nowgy  97Vo0 X , ><

tst  tw
-~ >| | ts
' R Vo \
LOAD . 0.7Vpp N 0.3vgp | 0.7Vpp
! lieves
< ticyes
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FUNCTIONAL DESCRIPTION
e LEDdisplay

Display data is output to the LED1 to LED5 terminals in correspondence with each bit by executing
the L. R LOAD command. Input data uses positive logic. When the datais 1, the LED lights. When
the datais 0, the LED goes off.

o VFdisplay (PLA (ROM) used)

Set optional data in the digit register and the duty register, and execute the W. A. C LOAD
command to setthe display digit position. Execute the PLA (ROM) DISPLAY command to write the
display character address (PLA (ROM) address) in the RAM. The write address counter is '
incremented by one. The write address counter counts sequentially 0, 1, 2, -----, 14, 15,0, 1, ---—
regardiess of the value of the digit register. ' ’

The segment code (ROM code) corresponding to the PLA (ROM) address is a user option.

o VFdisplay (RAM direcf display)

Set optional datain the digit resister and the duty register, and execute the W. A, C LOAD -
command to set the display digit position. Execute the DATA DISPLAY command to write the bg to
bys (*1) display data in the RAI\‘A. The write address counter isincremented by one. The write
address counter counts sequentially 0, 1, 2, -----, 14, 15, 0, 1, --—- regardless of the value of the digit
register.

*1 : bgtobyy display data in case of MSC7110-xx.
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® Brightness adjustment

The drightness can be adjusted by using the values of the duty cycle register and the digit register.
The value of the duty cycle register changes the pulse width (B) at the D; to D1 output terminals,
and the value of the digit register changes the cycle (A).

The table indicated below gives the relation between the value of the duty cycle register and the
duty. When all the values of the duty cycle register are 0 (in the case of 16-digit display), the
display is blank. .

p.c.R [PUTY) p cr |PUTY} pocr [PUTY} p cr |DUTY
B ' B — B 8
_ bafbaibilbo| A |b3fba|bi|bg| A |bs|bz2|bi|bof A flb3|bz|bi|bo| A
16 32 a8
0JOJO]JO| — JJO[1[O0]|0] 1024 17]0[0]|0] 1024|1100/ 1024
4 20 36 52
olojolt|Toazlolrloltsazlrlolol ol ?l1]0o]?]|om
8 24 40 56
ofolt|ofqomlolt] ool (o]0 70l t]t]1]0] 70
12 : 28 ' 44 60
OOt v  Toaa | O P T toz2af V(O ro2af ||| To2a
|<—B—>| r-VDD ! .
Dn 1 [1VeE~ A=64xn=64x16=1024
[ - A > n: Number of display digits

o Number of display digits

The number of display digits is set by the digit register. The number of display digits ranges from 1
to 16 (*1). The value of the digit register and the number of digits are as follows :

D. R Control D. R Control D. R Control D. R Control
) b3 bZ b1 bO digit b3 bZ b1 bO digit b3 bZ b1 bO digit b3 b2 b] bO digit
*2 )
ofofojo Di~Dygl| @] 11010 jOr~Daff 110[0[O0}O~Dgf 1[1}0]0]D~Dy
*2
0]0j0|1)Do~Dy||O|1]|O]|T1T|D~Dsf[1]10f[O0}T1T|Oy~Dg|[1[1]0]1 Dy~Dis
. .
010 [1[0][o~0ff0[1]1[0]D~Dg)f1[0]1]0fDy~Dyoll1[1]1]|0][p~p,
‘ . *2
0jO|1|[1}o~D3)lO |1 ] 111 D~D, {1 ]O0| 1] 1 |D~Dpyf{ 1| 1]1]1 Dy~Dis
+1: 1to12digitainthe case of the MSC7112-xx.
+2: Ignored in the case of the MSC7112-xx
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Inputdata

’ Ms8 Ls8
Command Function by | Pre | Bis [ bu f biy f b | by | b [ by f bg [ by ] bg | by | by | by | by ] by |7

The RAM data is output directly to the . . » 3

DATA DISPLAY lS:g(?{A)toSEGPtermmals.(Pomlve 0 0 secp | seGo | sean | seam SEGL | SEGK | SEGJ | SEG! | SEGH | SEGG | SEGF | SEGE | SEGD | SEGC | SEGB | SEGA

The RAM data is converted in code by -
PLA DISPLAY the PLA and output to the SEGA to ] 1 x x x x x x x X x x x 24 23 22 2 ,20
SEGP terminals. (Positive logic) *2

. bisplay dataissetin the LED register
L. R LOAD and output to the LED1 to LEDS 1 /] 0 x E3 x E3 X x X X X X LEDS | LED4 | LED3 | LED2 | LEDY
terminals, (Positive logic) .

The number of digits is set in the digit

puewwod o

D. R LOAD i 1 0 1 0 X X 3 X x b3 x x x 3 23 22 21 20
register.
The write addressis setin the write .
W. A. CLOAD address counter. {The write position is 1 1 0 x X x X X X X X x x X 23 22 2 20
set.)
i inthed 1
D.CRLoap | Thedutyvalueissetinthe duty cycle 1 1 1 x| x x| x x| x| x ] x| x x| x| 2| 2|2a]2
register. | .
TEST -
LOAD | The TEST mode s set. . 1 0 1 1 x x X X x x x | x X X X X x X
MOOE
*1: Ignored in case of MSC7110-xx x ¢ Don'tCare

*2: Output to the SEGA to SEGL terminalsin case of MSC7110-xx

Relation between write address and digit output

Write address count 0 1 2 3 4 H 6 7 8 9 A B C D E F
Corresponding digit output Dy D, D, Da Ds Ds.| Dy Ds Dy Dy O Dy *1 *1 *1 *q
. Dy3 | Dia | Dis | Dis

*1: Ignored in case of MSC7112-xx
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™
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[
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T

T=1_ :
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t1 = Frame cycle
t; = Display timing
13 =Blank timing

ex.

At fosc = 245kHz
ty =4.096ms
1y = 240ps
t3=16ps v
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SCHEMATIC DIAGRAMS OF lNPUT AND OUTPUT CIRCUIT

o Inputterminal

LOAD
DATAIN *
SCLK
Oscl

POR

Voo

@,g%';

Voo
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¢ Output terminal ”

|

: Voo
osco () 4___/_’? '

‘SEG A~ : LEDs
*2
SEG A~P

——

2

*1

D1~Dsg : o ‘\{I
{

Vee

VA

o | Voo
*1 . O ! DI | LEDy~ O.(___

Vob

*1 MSC7110-xx
*2 MSC7112-xx
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APPLICATION NOTE (MSM7112-xx)

transformer
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a % =
U] & 5
w - U
wv - wvy
1 G o U"'“
( v
= RN
© lo N
] < .
z §
A
a & 8 E
5
£t
o
~
P
o
o 53 - >
> < E “ o
2§ > <
o 1
+ ) Jﬂ
o~
N—or -
[

-

+5V

Information furnished by OKlis believed to be accurate andreliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI. .
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OKI semiconductor

MSC1937-01

16-SEGMENT, 16-DIGIT (ALPHANUMERIC)

GENERAL DESCRIPTION

MSC1937-01 is a Bi-COMS alphanumeric t'iisplay controller designed to interface with either
vacuum fluorescent or LED type displays. ’

poini and commatail.

 MSsC1 937-01 can drive displays with up to 16 digits with either 14 or 16 segments plus a decimal

MSC1937-01 adopts a serial interface system, which allows data transfer from the CPU of
microcomputer only by two signal lines. -

FEATURES

Provides the interface with the microcomputer by DATA and SCLK.

224

The number of display digits is programmable within 16.

The brightness adjustment is programmable by 1/32 step.

The display contents can be changed at any digit. .

-Can display dp 1o 16 digits with either 14 or 16 segments plus comma/point.

Built-in PLA (64 types of ASCII characters (capital letters only)).

Data transfer speed: Up to 66 KHz

Drive capability

Current ¢ Upto -20mA (Digit)
- 10 mA (Segment):
- 5mA (Segment):
Output voltage : 58V w
Can be used for LED.

Pin compatible with 10937 manufactured by Rockwell.
Supply voltage: 5V +10%
40-pin plastic DIP package and 4.4-pin flat package

DIP package
Flat package
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DATA

SCLK

POR

Vss

Vop

6x16 .
DISPLAY - 64 x 16 SEGMENT
DATA PLA DECODER
BUFFER
TIMING -
AND
CONTROL
2x16 SEGMENT
DECIMAL PT. DRIVERS
COMMA TAIL (ANODE)
DIGIT DRIVERS
(GRID)
58888 85885 556555
{991 < 121332933 ¢%

SGA
SGB
SGC
SGD
SGE
SGF
SGG
SGH
SGI
SGJ
SGK
SGL
SGM
SGN
SGO
SGP
PNT
TAIL
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PIN CONFIGURATION.

vs O ~ 403 PNT
AD16 § 2 39 TAIL
AD15 O 3 383 SGP
-AD14 O 4 372 SGO
AD13 O] 5 36{] SGN
AD12. O 6 353 SGM
AD11 O 7 341 SGL
AD10 ] 8 333 SGK
ADS [ 9 32 SGJ
AD8 [ 10 313 sGl
AD7 O] 11 30 SGH
AD6 [ 12 293 SGG
ADS [ 13 283 SGF
AD4  [] 14 273 SGE
AD3 [ 15 263 SGD
AD2 [ 16 250 SGC
AD1 O 17 24 [ SGB
vdd (4 18 233 SGA
A 19 221 SCLK
POR' ] 20 21 DATA
MSC1937-01RS
40 pin DIP PINOUT
(Top View)
PIN NO. FUNCTION
1 Power supply ( +5V)
2 Digit output terminal 16
§ §
17 Digit output terminal 1
18 GND
19 TEST terminal
20 POWER-ON-RESET terminal
21 Data inpht terminal
22 Shift clock terminal
23 Segment output terminal A
§ §
38 Segment output terminal P
39 | TAIL output terminal
40 POINT output terminal
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SGN IE

SGO E
SGP [3g]
TAL [37]
PNT 3]

Vdd (GND) E

VsS E

SGM SGL SGK SGJ SG! SGH SGG SGF SGE SGD SGC

AD16 E

Ap15 {a]
AD14 [a3]

AD13 [ag] @

B3] B2l Bi] Pol Pol Pe B] Pl 5] P 3

22) ne

[21] sGB

20] sGA

[19) scix

18] DATA
[17] vdd (GND)
[16) POR

s} A

[12] vdd (GND)

[13] ap1

12| AD2
DU
NC AD12 AD11 AD10 AD9 AD8 AD7 AD6 ADS AD4 AD3
© MSC1937-01GS-K
44 pin QFP PINOUT
- (Top View)
PIN NO. FUNCTION PIN NO. FUNCTION
1 No connection 22 No connection »
2 Digit output terminal 12 23 Segment output terminal C
§ § § §
13 Digit output terminal 1 36 Segment output terminal P
14 GND 37 TAIL output terminal
15 TEST terminal 38 POINT output terminal
16 POWER-ON-RESET terminal 39 GND
17 GND 40 Power supply ( + 5V)
18 Data input terminal . 41 | Digit output terminal 16
19 Shift clock terminal § §
20 Segment output terminal-A 44 Digit output terminal 13
Segment output terminal B
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PIN DESCRIPTION

Terminal [7/e] Function
Name
Vss Power supply terminal.,
Vdd GND terminal.
DATA [ Input of display data/control data.
Input from MSB. ‘
SCLK I Shift clock of shift register.
Shifts data at the falling edge of SCLK.
POR | Power-on-reset inpﬁt. input of "H" level into this terminal with
the power turned on initializes this IC.
The internal state after the initialization is as follows:
1) AD1to AD16, SGA to SGP, TAIL and PNT output are in the
off state. )
2) Thedutycycleissetto "0".
3)l The digit counter value is set to 16 digits.
4) The buffer counter is set to AD1.
5) Terminal “A” isin the output mode.
A /0 | Usualiy used as an output mode, and outputs 1/5 of the internal
\ oscillation frequency. In the test mode, operates as an input
terminal. - :
AD16~ O | Grid output terminal..-
AD1 The output type ia an emitter follower.
SGA~SGP (0] Segment output terminal.
TAIL PNG The output type is an emitter follower.
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Item Symbol Condition Unit
Power supply voltage Vss -03106.5 1 v
Input voltage Vin -0.3toVgs+0.3 \"
Output voltage Vgg Vgs+0.3toVgg~58 - \
Output current Digit licad -20 mA
Segment lioad -10 (-5*1) mA
Operating temperature Top -40t085 °C
Storége Temperature Tstg -55t0 150 °C

© DC Characteristics (Ta= - 40 to 85°C, Vss =5V £10%)

*1_Incase of flat package

Condition

Parameter Symbol Min Max Unit
Power supply voltage Vg 4.5 5.5 Vv
Power supply current Iss NO LOAD -10.0 mA
Input voltage “H" level Vih DATA, SCLK, POR 3.6 Vs + 0.3 \
“L" level Vi ’ 0 1 Y
Input leak current liy DATA, SCLK, POR, VI=Vgg +10 BA
or OV
Output voltage Vgs =5V
“H" outputvoltage | Vom lload= = 10mA 3.0 \"
(DIGIT STROBES)
“L" output voltage Voh2 lioad= = 10mA (-5 mA *2) 25 Vv
(SEGMENTS)
Von *3 Vss - 58 \'
Vo2 *3 Vg5 =58 \
Output leak current lout 10 " pA

*2

In case of flat package
*3 “L"” output voltage depends on the external PULL-DOWN resistor.

o AC Characteristics (Ta= - 40 to 85°C, Vss =5V 10%)

Parameter Symbol Condition Min Max Unit
Internal clock frequency Teye 58.8 221 Bs
SCLK “H" time Ton 1.0 20:0 us
“L" time Tots 1.0 ps
Data set up time Thoif 200 ns
Hold time Taoff 100 ns
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® Timing Chart

a) SCLK and Data Timing
Tc
[<— Ton > | Toff
3.6V N 3.6V
'SCLK / N 1.0V
|_Tboff Taoff . |
b)  Data Word LSB/MSB Timing

END OF

DATA WORD —»

LSB

‘ .

N

<«— MIN 40 US —>

|«—————— NEXT DATA WORD ————>

=

MIN 120 US
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FUNCTIONAL DESCRIPTION

. The MSB value of 8-bit serial data determines whether the input data into M5C1937-01 is control
data or display data.

© CONTROL DATA

. The control data can be input by setting MSB to “1”. In addition, a command type and
associated data with the command is determined by the bit 6 to bit 0.

, MSB ' LsB
C Funct . . . . R

ommand unction bit7 | bit6 | bit5 [ bit4 | bit3 | bit2 | bit1 | bit0
Buffer Pointer | Specifies the RAM 1 0 1 0 23 22 21 20
Control address. :
Digit Counter Sets the r:nu.mber of 1 1 0 0 23 2 | x 20
Control display digits.
Duty Cycle Sets the duty value. 1 1 1) 24 23 22 b3 20
Control .
TEST MODE Sets the test mode. 1 0 0 20 X X X X

X: Don't care

a) Buffer Pointer Control

This command changes the display contents only at an arbiirary digit. (The RAM write
addressisset) . '
Adecimal equivalient value of bits 0 - 4 should be set (desired digit number - 2).

(Example) When specifying AD4, the set value is 2 (0010).

Specified digit Set value of Specified digit Set value of
bits 0 to 4 bits0to 4

AD1 15 (1111) AD9 7 (0111)

AD2 0 (0000) AD10 8 (1000)

AD3 1 (0001) . AD11 9 (1001)

AD4 2 (0010) AD12 10 (1010)

AD5 3 (0011) AD13 11 (1011)

ADG6 4 (0100) ( AD14 12 (1100)

AD7 5 (0101) AD15 13 (1101)

'~ AD8 6 (0110) AD16 14 (1110)
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b) Digit Counter Control

This command sets the number of display digits.
Set the desired number of digits in bits 0 to 4.

Number of Set value of Number of Set value of
display digits bitsOto 4 display digits bit0to 4
1 1 (0001) 9 9 (1001)
2 2 (0010) 10 10 (1010)
3 3 (0011) 1 11 (1011)
4 4 (0100) 12 12 (1100)
5 5 (0101) 13 13 (1101)
6 6 (0110) 14 14 (1110)
7 7 (0111) 15 T 15 (1111)
8 8 (1000) 16 0 (0000)
c) Duty Cycle Control
This command sets the duty cycle of the driver output. This command allows the
brightness to be adjusted by 1/32 step. Asshownin Figuré 1, the blank type between digits
or between the segments is specified by 1 bit time on the hardware. Therefore, the set
valqe ranges from O to 31.
; 1 DISPLAY CYCLE
GND i 131807 TIMES 512 BIT TIMES
AD1 v 1
1 BIT.TIME
‘AD2 ﬁ—r,il i
AD3 — 1 1
'AD4 s L 1
AD5 — M 1
ADG 1
AD7
ADS 1 g
AD9 1
AD10 -
ADU1
AD12
AD13 =
AD14 — M
AD15 : a
AD16 3 I
+i i< 31BIT TIMES
GND t_!
SGX -V r

~fi= 18IT TIME
..

Note: At the time of Duty Cycle =31
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d) TEST MODE

This mode is not a user function, but is used for outgoing inspection.

DISPLAY DATA

By setting MSB = ‘0, the display data can be entered. The address of PLA is specified by bit 6 to
bit 0 following MSB.
Table-1 provides the PLA code table.

00 I:I:i 08 ——: 10 ::I 18 >< 20 28 < 30 :;z: 38 Ii
e O R N
02 :E: 0A |__: 12 :: ;l 1A ;—/—_ 22 !— 2A >:< 32 IE El 3A : '
03 [: 08 :—< 13 lE EI 18 :: 2 :::: 28 —:— 3 EE: B ;
04 :::{ oc {_— " —:_ 1c \\ 24 l;El 2C 34|'— =tac _/_i
05 E: oD Il\/: 15 :__: 10 :: 25 |;:f| 0| — — as EEI:D ::
S P RS
i :El i [:: N P '”: “ —IZI
16-Sagmant Display

B e R e
o1 7 09 I " ::: 19 \|/ 21 i 29 > 2 : i|—__—__:
| O RN
0_3_{;_—— 0!}:—-( ja l;l B ll: 2 ___::: 28 —:— n __:I 3 /_—
T TR
0s E: 00 :\/: 15 :—_: D }zs I;:Zl 0| ~ ~ [35 lzl 30 :_-_-
o I PN
N R

14-Sogment Display

Table-1 PLA Code Table
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D RED) %
@\@@l B A n
@@@%.52’.{ @@%,ﬁ:ﬁ:

G (%D

16:SEGMENT 14-SEGMENT
Fig.-1 Segment-Output Assignment

*

To set the comma and point, the display data at the display digit is input, then 2Cand 2E
data are input.

(Note) Only when 2C and 2E data are entered, the write address in the RAM is not
; automatically incremented. For other data, the address specified by the Buffer
Pointer Control command is automatically incremented by one each time the
display dadta is input.

APPLICATION NOTE

v 1
+5V _[_
10pf Voo DATA
‘ . CLOCK A
MSC1937-01 ' S?S?rsf:'.'h:\ll
; GND .
77[7- ADX SGX  POR '—
16 4 RA 116 L
TYPICAL | TYPICAL VACUUM
GRID ANODE FLUORESCENT
(DIGIT) (SEGMENT) | DISPLAY
Re DRIVER DRIVER |
CIRCUIT creum { L
Re .
Ex '
- Vpisp

Information furnished by OKI is believed to be accurate and
_ reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.

234



OKI semiconductor

MSC1951-01

16-SEGMENT, 16-DIGIT (BARGRAPH and"'NUMERIC)

GENERAL DESCRIPTION

MSC1951-01 is a Bi-CMOS bargraph and alphanumeric display controller designed to interface
with either vacuum fluorescent or LED displays.

MSC1951-01 can drive displays with up to 16 positions with either 16 segment bargraph or seven
segment plus a decimal point and commatail.

MSC1951-01 adopts a serial interface system, which allows data transfer from the CPU of
microcomputer only by two signal lines.

FEATURES

® Provides the interface with the microcomputer by DATA and SCLK. .

e Candisplay up to 16 digits of 7-segment typed characters with comma/point or of 16-segment
type bargraph.

o The number of display digits is programmable within 16.
o The brightness adjustment is programmable by 1/32 step.

o Thedisplay contents can be changed at any digit.

® Built-in PLA, alphanumeric characters, e.g.,0t0 9, A, C, E, F, P, L (capital letters), b, and d (small

letters) can be displayed. In addition, 16-segment dot display and bar display are allowed.
o Datatransfer speed: Upto 66 KHz

o Drive capability
Current : Upto -20mA(Digit)
- 10 mA (Segment):  DIP package
- 5mA(Segment): Flat package
Output voltage : ssy '

® Canbeused for LED.

o Pin compatible with 10951 manufactured by Rockwell.
o Supplyvoltage: 5V 10%

© 40-pin plastic DIP package and 44-pin'flat package
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DATA

SCLK

6x 16
DISPLAY 64 x 16 SEGMENT
DATA PLA DECODER
BUFFER
TIMING
AND
CONTROL
2x16 SEGMENT
DECIMAL PT. DRIVERS
COMMA TAIL (ANODE)
DIGIT DRIVERS
" (GRID)
J Y Y Y A
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Oan00000 aocoaoaono aoonoan
< CLCLC 9 AL <9 << AC< <LK

SGA
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SGC
SGD
SGE
SGF
SGG
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SGK
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SGM
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SGP
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PIN CONFIGURATION

vgs O 1 -/ 40 PNT
AD16 5 2 398 TAIL
AD15 3 383 SGP
AD14 O 4 3771 SGO
AD13 4 5 36{1 SGN
AD12 [0 6 3583 SGM
ADN1 O .7 340 SGL
AD10 ] 8 333 SGK
AD9 O 9 328 SG)
- AD8 [ 10 31 | SGI
AD7 O 1 303 SGH
AD6 [O 12 291 SGG
ADS [ 13 28 SGF
AD4 [ 14 27 SGE
AD3 [ 15 261 SGD
AD2 [ 16 253 SGC
AD1 [ 17 241 SGB
vdd [ 18 23 SGA
A 19 22 (3 SCLK
POR [ 20 210 DATA
MSC1951-01RS
40 pin DIP PINOUT
(Top View)
PIN NO. FUNCTION - -
1 Power supply ( + 5V)
2 Digit output terminal 16
§ §
17 Digit output terminal 1
18 GND
19 TEST terminal
20 POWER-ON -ESET terminal
21 Data input terminal ..
22 Shift clock terminal
23 Segment output terminal A
§ 9
38 Segment output terminal P
39 TAIL output terminal
40 POINT output terminal
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SGM SGL SGK SGJ SGI SGH SGG SGF SGE SGD SGC

B3] 2| 1] Bol Pl sl 7] Pe] fos] P Pl

soN [af 122} nc
$GO [35] 21} se
SGP [3¢] 20] sGa
TAIL [37] 19] scLk
PNT [3g] 18] DATA
vdd (GND) [39] [17] vdd (GND)
vss @ l16] POR ‘
AD16 [a3] 15] A
AD15 [a3] [14] vdd (GND)
AD14 [a3] 13] AD1
AD13 [aa] @ 12} AD2
L 2] [a] [a] 1s) Le] [2] 1ef Lo] Do) ]
NC AD12 AD11 AD10 AD9 AD8 AD7 AD6 AD5 AD4 AD3
MSC1951-01GS-K
44 pin QFP PINOUT
(Top View)
PIN NO. ‘FUNCTION PIN NO. FUNCTION
1 No connection 22 | Noconnection
2 Digit output terminal 12 23 Segment output terminal C
§ § 9 §
13 Digit output terminal 1 36 Segment output terminal P
14 GND 37 TAIL output terminal
15 TEST terminal 38 POINT output terminal
16 POWER-ON-RESET terminal 39 GND
17 GND 40 Power supply ( + 5V)
18 | Datainputterminal 41 Digit output terminal 16
19 | Shift clock terminal § §
20 Segment output terminal A a4 Digit output terminal 13
21 Segment output terminal B
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PIN DESCRIPTION

Terminal | Function
Name
Vss Power supply terminal.
Vdd GND terminal.
DATA t Input of display data/control data.
Input from MSB.
SCLK 1 Shift clock of shift register.
Shifts data at the falling edge of SCLK.
POR l Power-on-reset i'nput. Input of "H" level into this terminal with
the power turned on initializes this IC. '
The internal state after the initialization is as follows:
1) AD1to AD16, SGA to SGP, TAIL and PNT output are in the
off state. )
2) Thedutycycleissetto “0”.
3) Thedigit counter value is set to 16 digits.
4) The buffer counteris setto AD1.
5) Terminal “A” isin the output mode.
A 110 | Usually used as an output mode, and outputs 1/5 of the internal
) oscillation frequency. Inthe test mode, operates as an input
terminal.
AD16~ O | Grid output terminal.
AD1 The output formatia an emitter follower.
SGA~SGP (o] Segment output terminal.
TAIL PNG The output formatis an emitter follower.
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Item Symbol Condition Unit
Power supply voltage Vss -0.3t06.5 , Vv
Input voltage Vin -0.3toVgs+0.3 \
Output voltage Vgg ng +0.3 to Vgg~ 58 Vv
Output current Digit lioad -20 mA
Segment lioad -10 (-5*1) mA
Operating temperature Top ~401t085 °C
Storage Temperature ' Tstg ~55t0 150 °C

® DC Characteristics (Ta= - 40 to 85°C, Vss =5V +10%)

*1 Incase of flat package

Parameter Symbol Condition Min Max Unit
Power supply voltage Vss 45 5.5 Vv
Power supply current Iss NO LOAD 10.0 mA
Inputvoltage “H" level Vin ‘DATA, SCLK, POR 3.6 Vss + 0.3 \Y
“L" level Vil 0 1 \
Input leak current it DATA, SCLK, POR, VI=Vss +10 pA
or 0V
Output voltage \jss =5V .
“H" output voltage Voh1 | licad= = 10mA 3.0 \
: (DIGIT STROBES)
“L" output voltage Voh2 | licag= = 10mA (- 5mA *2) 2.5 \
' (SEGMENTS)
Vot *3 Vg5 - 58 Vv
Vol2 *3 Vgg— 58 \
Output leak current lout 10 BA
*2 Incase of flat package

® AC Characteristics (Ta= - 40 to 85°C, Vss =5V £ 10%)

*3

“L" output voltage depends on the external PULL-DOWN resistor.

Parametér Symbol! Condition Min Max Unit
Internal clock frequency " Teye 58.8 221 ps
SCLK “H" time - Ton 1.0 20.0 us
“L" time Toft 1.0 ns

Data set up time Thoff 200 ns
Hold time Taoff 100 ns
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o Timing chart

a)  SCLK and Data Timing
Tc
Ton Toff >
< 3.6V 3.6V
SCLK / N ov
|_Tboff ~ Taoff |
DATA IN >< X
b) DataWord LSB/MSB Timing

END OF

DATA WORD —»

LSB

]

N

[<— MIN 40 US —>

~<—————— NEXT DATA WORD ——————>{

=

MIN 120 US
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FUNCTIONAL DESCRIPTION

The MSB value of 8-bit serial data determines whether the input data into MSC1951-01 is control
data or display data.

o CONTROL DATA

The control data can be input by setting MSB to “1“. In addition, a command type is
determined by the bit 6 to bit 0 following MSB.

. MSB LSB

Command Function bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0
Buffer Pointer | Specifies the RAM 1 0 1 0 23 22 21 20
Control address. .
Digit Counter Sgts the qumber of 1 1 0 0 ‘23 22 21 20
Control display digits.
Duty Cycle Sets the duty value. 1 1 1 24 23 22 21 20
Control
TEST MODE Sets the test mode. 1 0 0 20 X X X X

X: Don'tcare

a) Buffer Pointer Control

This command changes the display contents only at an arbitrary digit. (The RAM write
address is set.) '
To input data into bits 0 to 4, set (desired digit - 2).

(Example) When specifying AD4, the set value is 2 (0010).

Specified digit Set value of Specified digit Set value of
bits 0to 4 bits 0to 4

AD1 15 (1111) AD9 7 (0111)
AD2 0 (0000) AD10 8 (1000)
AD3 ) 1 (0001) AD11 9 (1001)
AD4 2 (0010) AD12 10 (1010)
ADS - 3 (0011) AD13 11 (1011)

. AD6 © 4 (0100) AD14 12 (1100).

- AD7 5 (0101) ) AD15 13 (1101)
ADS8 6 (0110) "AD16 .14 (1110)
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b) Digit Counter Control

This command sets the number of display digits.
Set the desired number of digits in bits 0 to 4.

Number of Set value of Number of Set value of

display digits bitsOto4 - display digits bit0to4
1 1 (0001) 9 9 (1001)
2 2 (0010) 10 10 (1010)
3 30011 11 11 (1011)
4 4 (0100) 12 12 (1100)
5 5 (0101) 13 13 (1101)
6 6 (0110) 14 14 (1110)
7 7 (0111) 15 15 (1111)
8 8 (1000) ’. 16 0 (0000)

¢) Duty Cycle Control

This command sets the duty cycle of the driver output. This command allows the
brightness to be adjusted by 1/32 step. Asshown in Figure 1, the biank type between digits
or between the segments is specified by 1 bit time on the hardware. Therefore, the set
value ranges from 0 to 31.

AD1
AD2
AD3
AD4
ADS
AD6
AD7

AD8 -

AD9

AD10 -

AD11
AD12
AD13
AD14
AD15
AD16

SGX

1 DISPLAY CYCLE -

GND
v -

—L_ |
—,:'.-"t” BIT TIME . e
il

1318IT TIMES 512 BIT TIMES

| L

-

I

N e N | -

I A,

GND ™

= 31BIT TIMES

KV L " — U

i« 1BIT TIME
"

Note: At the time of Duty Cycie =31

"Figure 1 Outputtiming
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d) TEST MODE

This mode is not a user function, but is used for outgoing inspection.

DISPLAY DATA

By setting MS.B,= ‘'0’, the display data can be entered. The address of PLA is specified by bit 6 to
bit 0 following MSB.
Table-1 provides the PLA code table.
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PLA Code Table

Table-1
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Table-2 PLA Code (At the time of 7-segment display)

- et T
00 08 10 18| = 20 28 —_— 30 38  ——
e
01 09 '11 I 19 l-—-l 21 I 29 l--—-I 31 l 39 ----I
1l I _ | |
02 0A 12 I 1_A l—l 22 —' 2A '-—-l 32 —-I 3A —l
- | I l
103 0B 13 I 18 I-—- 23 ——I 28 I 33 -—-l 3B —
- i _ |
04 oc 14 ' 1C I-—l 24 I—I 2C * 134 I-—-I 3C
, I | v | _
T I~ |
05 oD 15 10| == 25| — 2D 435 — 30| ,—
L ~l _ _
06 0E 16 I—I 1E I-—I 26 l-—- 2E * 36 l— 3E e
e p || _
HL 1 T 7 -
07 OF 17 — 1F -— 27 2F 37 3F —
1)1 | |
sGPp —
$GO — SGA
SGN —
SGM  ——
SGLL —— )
SGK — SGF SGB
sGJ ——
SGI . SGG‘
SGH —
SGG —
SGF  — SGE SGC
SGE —
SGD —— SGD
SGC -
SGB — PNT
SGA — TAIL
16-SEGMENT 7-SEGMENT
BARGRAPH ALPHANUMERIC




SGp
SGO
SGN
SGm
SGL
SGX
SGJ
SGt
SGH
$GG
SGF
SFE
SGO
SGC
5G8
SGA

5GP
SGO
SGN
SGM
SGL
SGK
SGJ
SGI
SGH
SGG
SGF
SGE
SGD
SGC
5GB
SGA

NRRRRRRRNRRRRRN

SGP
SGO
SGN
SGM
SGL
SGK
5GJ
SG1
SGH
SGG
SGF
SGE
SGD
SGC
sSGB
SGA

NRRERERARRAREN

sGr
SGO
SGN
SGM
SGL
SGK
SGJ
SGI
SGH
SGG
SGF
SGE
SGD
SGC
sGe
SGA .

AR RRAREREE

00 01 02 03 04 05 06 07 08 03 OA 0B OC 0D OE OF
[ SEE FIGURE 2 |
10 11 12 13 14 15 16 17 18 19 1A 18 1C 1D 1E 1IF
[ SEE FIGURE 2 |

20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F
D123455789PL J
30 31 32 33 34 35 36 37 38 39 3JA 38 3C 3D JE 3F
fov 2 37456789 A8 co e Fl

7-SEGMENT
CHARACTERS .

OARGRAPH
CODES

7-SEGMENT
CHARACTERS

BARGRAPH
CODES

7-SEGMENT
CHARACTERS

* = PNT and TAIL both set
** = PNT only set

SPECIAL
BARGRAPH
CODES

7-SEGMENT
CHARACTERS

SPECIAL
> 8ARGRAPH
CODES’

Table-3 PLA Code (At the time of bar display)
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*  Tosetthe comma and point, the display data at the display digit is input, then 2C and 2E

data are input.

(Note) Only when 2C and 2E data are entered, the write address in the RAM is not
‘ automatically incremented.. For other data, the address specified by the Buffer
Pointer Control command is automatically incremented by one each time the
display dadta is input. :

APPLICATION CIRCUIT

@)

v L
* 10pf

]

l

p

-Voisp

it s

Voo DATA
CLOCK A HoST
-01
- MsC1937-0 SYSTEM
GND _
7J7- ADX SGX ____POR l_—
% A P T
TYPICAL © | TYPICAL VACUUM
GRID ANODE FLUORESCENT )
(DIGIT) (SEGMENT) | DISPLAY
Rc 3 DRIVER DRIVER -
] CIRCUIT CIRCUIT [ 1
Rg !

Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OK! for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI..
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OKI semiconductor

MSC7125-XX

5x7DOT MATRIX, 8-DIGIT

GENERAL DESCRIPTION

The MSC7125-XX is a BICMOS dot matrix display controtler for vacuum fluorescent display tube. -

The MSC7125-XX drives displays with up to 8 grids with 35 anodes (dots) plus 5 annunciators. The
. controller receives the serial data (command and display data) consisted of 2 bytes (16 bits) on the
high to low transition of the clock. The serial data entered into 16-bit shift register via DATA IN
terminal is automatically latched after 2 bytes data input is completed. Commands control the
on/off duty, starting character position, number of characters to display. An internal PLA-type
character generator provides character decoding and dot pattern generation for 128 types of

characters.
FEATURES
® QOperating temperature : —480°C~ +85°C
® |ogicsupplyvoltage(Vpp) : +5V £10%
® Display voltage : +50Vmax
® Driver output current : =31mA (GRID 1, 8)
: -16 mA (GRID 2-7)
~4.5 mA (SEG 36-40)
_ -0.3 mA (SEG 1-35) -
o  Data transfer speed : 203KHz max
©  Built-in oscillation circuit
o Built-in Power-on-reset circuit with external C
® Serial data input for 2 bytes (16 bits) control and display data
Command functions : on/off duty cycle (1024 steps)
starting character position (1 to 8)
number of characters (1 to 8)
® Built-in PLA-type character generator : 128 types of characters {(user programmable)
o 60 pin flat package
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PIN CONFIGURATION

46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31
RINInInIninininininininininininn
a7 [ ' 30
a8 [ 129
49 128
50 [ 27
51 é TOP VIEW 26
52 60 PIN FLAT PACKAGE [ ]25
53 [ 24
54 [ [z
55| 122
56:1 121
57 [ [ J20
58 [ 19
59 [ 18
0[] o , 17
Uy o
1 2 3 4 5°6 7 8 9 1011 12 13 14 15 16
1 Voisp 16 SEG34 31 SEG18 46 SEGA
2 SEG31 17 GRID4 32 SEG17 47 SEG9
3 GRID6 18 GRID3 33 SEG16 48 SEG10
4 GRIDS 19 SEG35 34 SEG15 49 SEG36
5 SEG26 20 SEG40 35 SEG14 50 SEG37
6 SEG32 21 SEG25 36 SEG13 51 POR
7 SEG39 22 CRID2 37 SEG12 52 Vpp
8 SEG33 23 GND 38 SEG11 53 0sc1
9 SEG38 24 SEG24 39 SEG1 54 05C0
10 SEG27 25 GRID1 40 SEG2 55 GND
11 GRID8 26 SEG23 41 SEG5 56 TEST1
12 SEG28 27 SEG22 42 SEG6 57 DATA IN
13 GRID7 28 SEG21 43 SEG7 58 SCLK
14 SEG29 29 SEG20 44 SEG8 59 [
15 SEG30 30 SEG19 45 SEG3 60 TEST2
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PIN DESCRIPTION

PIN# | PIN NAME DESCRIPTION PIN# | PIN NAME DESCRIPTION
1 VDISP " DISPLAY VOLTAGE 31 SEG18 ANODE18 DRIVER OUTPUT
2 SEG31 ANODE31 DRIVER OUTPUT 32 SEG17 ANODE17 DRIVER OUTPUT
3 GRID6 GRID6 DRIVER OUTPUT 33 SEG16 ANODE16 DRIVER OUTPUT
4 GRID5 GRID5 DRIVER OUTPUT 34 "SEG15 ANODE15 DRIVER OUTPUT
5 SEG26 ANODE26 DRIVER OUTPUT 35 SEG14 ANODE14 DRIVER OUTPUT
6 SEG32 - ANODE32 DRIVER OUTPUT 36 SEG13 ANODE13 DRIVER OUTPUT
7 SEG39 ANODE39 DRIVER OUTPUT 37 SEG12 ANODE12 DRIVER OUTPUT
8 SEG33 ANODE33 DRIVER OUTPUT 38 SEG11 ANODE11 DRIVER OUTPUT
9 SEG38 ANODE38 DEIVER OUTPUT 39 SEG1 ANODE1 DRIVER OUTPUT
10 SEG27 ANODE27 DRIVER OUTPUT 40 SEG2 ANODE2 DRIVER OUTPUT
1 GRID8 GRID8 DEIVER OUTPUT 41 SEGS ANODES DRIVER OUTPUT
12 SEG28 ANODE28 DRIVER OUTPUT | 42 SEG6 ANODES6 DRIVER OUTPUT
13 GRID7 GRID7 DRIVER OUTPUT 43 SEG7 ANODE? DRIVER OUTPUT
14 SEG29 ANODE29 DRIVER OUTPUT | 44 SEG8 ANODES DRIVER OUTPUT
15 'SEG30 ANODE28 DRIVER OUTPUT 45 SEG3 ANODE3 DRIVER OUTPUT
16 SEG34 ANODE34 DRIVER OUTPUT 46 SEG4 ANODE4 DRIVER OUTPUT
16 GRID4 GRIDA DRIVER OUTPUT 47 SEG9 ANODES DRIVER OUTPUT
18 GRID3 GRID3 DRIVER OUTPUT 48 SEG10 ANODE10 DRIVER OUTPUT
19 SEG35 ANODE3S DRIVER OUTPUT 49 SEG36 ANODE36 DRIVER OUTPUT
20 SEG40 ANODEA40 DRIVER OUTPUT 50 ' SEG37 ANODE37 DRIVER OUTPUT
21 SEG25 ANODE25 DRIVER OUTPUT 51 POR POWER-ON-RESET INPUT
22 GRID2 GRID2 DRIVER OUTPUT 52 VDD LOGIC VOLTAGE
23 GND POWER & SIGNAL REFERENCE | 53 0OsCt - RC OSCILLATION
24 SEG24 ANODE24 DRIVER OUTPUT 54 0sco RC OSCILLATION
25 GRID1 GRID? DRIVER OUTPUT 55 GND -| POWER & SIGNAL REFERENCE
26 SEG23 ANODE23 DRIVER OUTPUT 56 TEST1 TEST SIGNAL INPUT
27 SEG22 ANODE22 DRIVER OUTPUT 57 '| DATAIN SERIAL DATA INPUT
28 SEG21 ANODE21 DRIVER OUTPUT 58 SCLK SHIFT CLOCK INPUT
29 SEG20 ANODE20 DRIVER OUTPUT 59 [ CHIP SELECT INPUT
30 SEG19 ANODE19 DRIVER OUTPUT 60 TEST2 TEST SIGNAL INPUT
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ELECTRICAL CHARACTERISTICS

@ Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power supply voltage Vpp -0.3~6.5 \
Display voltage Voisp -0.3~52 v
Input voltage ~ Vin -0.3~Vpp+0.3 \
Operating temperature range Top -40~85 °C
Storage temperature range Tstg ~65~150 °C

e Operating Condition

Parameter Symbol Condition MIN TYPE | MAX | Unit
Power supply voltage Vpo 4.5 5.5 \
Display voltage Vpisp Vpp +2 50 \
High level input voltage Vin 3.6 VDD \Y
Low level input voltage Vi 0 0.8 \
Clock Frequency fc 500 KHz
OSC Frequency fosc 75pf, 4.7KQ 1 2 4 MHz
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® DC Characteristics

Ta= ~ 40~ +85°C, Vpp = 5V % 10% unless otherwise noted.
All voltages are referenced to GND,

Parameter. . Symbol Condition MIN MAX | Unit

High level input voltage ‘ _
(All inputs except OSCO) Vikt ' 3.6 v

High level input voltage . _
(0SC0) . Vin2 4.2 \)

‘Low level input voltage

(All input except OSCO) Vi : | . — o8 '
LOW(Iggrgi)i)nput voltage Vi - 0.5 Vv
T [ b | weewo | s | [
e |y | e 0 00 |
Higl;(l)esvce(;)input current 3 N \,|‘H3 =Vpp . -10 10 | pA

Low level input current . : ‘
(SCLK, DATA IN, CS, ) Vi =0V -5 5 pA
TEST1, TEST2)

Low level input current

(FOR) 2 Vi2=0V ' -27 |-110]| pa
Low level input current i
™ 05C0) P s V3= 0V -10 10 | pA
" High level output voltage
9(5561-35)p 9 Vo lot1 = —0.3mA- Vpisp-2.0 | — Y
High level output voltage . .
9 (SEG§6-40§) 9 Voh2 loH2= —4.5mA Vpigp-2.0 | — \
High level output voltage _
(GRID1, GRIDS) VoH3 loHz= -=31mA v VDISE'2-7 Vv
High level output voltage
9 (GRID2-7)p 9 VoHa lona = - 16mA Vosp-2.7| — | v
Low level output voltage _ ) _
(SEG1-40, GRID1-8) Vo loL1 = 10UA B v
Logic supply current ' lop - fosc =2.0MHz, No. load 15 mA
Displaysuppl.ycu!'rent Ipisp " Noload . 10 mA
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© AC Characteristics

Ta= -40~ +85°C, Vpp = 5V * 10% unless otherwise noted.
Ali voltages are referenced to GND.

Parameter Symbol Condition MIN MAX | Unit
SCLK cycle time tevese —_ 2 BS
SCLK clock pulse width twse 1 — KBS
Data set-up time tos : 0.5 - BS
Data hold time tou ' 0.5 - Bs
CS set-up time tess 1 — | ps
Tholdtime tesn 1 — | us
0sC frequency fosc R =4.7KQ, C=75pf 1 4 MHz

o Timing Chart

< _\‘_ 0.8V : ' ) ..LZ

SCLK

toss

osrs 1) XN
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e Data Word LSB/MSB Timing

END OF

DATA WORD

NEXT

LsB

— ' 6 pataworp —————}

SCLK _g‘,___/ .

—

tpcye

DATA INPUT OFF TIME tporr 32 uSEC min.
DATA INPUT CYCLE tpcyce 64uSEC min.

A 4

e Power-on-Reset Timing

Voo troron M tpoRoOFF N
: ,POR |——» DATA VALID
DATA
OPTION 1 . )
POR signal is generated by RC circuit.
POR ON TIME tporON External 1uF Cap.  250mSEC type
POR OFF TIME  tpororF 50pSEC min.
*  Built-in 100KQ puli-up resistor.
OPTION2 = L.
POR signal is generated by peripheral circuit or host computer.
POR ON TIME = tporon " 50uSEC min.
POR OFF TIME tPOROFF . g 50pSEC npin.
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FUNCTIONAL DESCRIPTION

The data input of MSC 7125-XX consists of 2 byte (16 bits) serial data but the 3 bits (bit 15, 14, 13)
from MSB are taken as null data. This is because a number of data bis required for MSC 7125-XX is
13 bits but 2 bytes construction is used for easy interface with CPU. When the 16-bit data input has
been completed, MSC 7125-XX generates the load signal automatically and begins execution.

The value of bit 12 of 16-bit serial data determines whether the input data is control data or

display data.

e Control Data

When bit 12is “1", input data s recognized as control data. A type of command and the
associated data with the command are extracted from bit 11-0.

TABLE-1

Control data table

16-Bit Serial Input Words

Function
MBlaaf13|12f11f10|o|s|7]e|s|al3|2]|1 |
XIX[X|1j0]0|X|X|X|X|[X|X]|X]|2]2"|2° (Position of character -
to be changed)
"|LOAD DIGIT
. |COUNTER
X{x|x|trjolv{x|x|x]x|{x]|x|x]|22]2]2 |(Numberof
characterstobe
displayed)
LOAD DUTY CYCLE
X[ x|x |t 1{of220]28|27|28|25]|2¢|22|22|2 |2 [(On/offanddimming
control)
ENTER TEST MODE
XX X[ 11X | X[X|X]X]X]|X]|X]|X]X |(Nota user function)
Note: X means this bitis “don’t care” bit.
a). Load buffer pointer

This command is used to modify individual characters by setting buffer pointer to any digit
position. (RAM write address is set)

A decimal equivalent value of bits 0-2 should be (the desired digit number-2).
(Exampile) In case of GRID 4, the setting value is 2 (010).

TABLE-2 Load buffer pointer codes

Buffer Pointer Value (lower 3 bits) 7

0

1

2

Character Controlled By

GRID 1

GRID 2

GRID 3

GRID 4

GRID 5

GRID 6|GRID 7|GRID 8

b)  Load digit counter

This command sets the number of display digits.
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Set the desired digit number in bits 0-2. -

~ TABLE-3 Digit counter control codes

Digit Counter Value (lower 3 bits) 0 1 2 3

Number of Digits

¢) Load duty cycle

This command sets the duty cycle of driver output. With this command, 1024 step
adjustments of brightness can be done. As shown in Fig.-1, the.blank time between the
GRIDS is 32 bit times, and between the segments, 20 bit times on the hardware, hence the

setting range is 0 ~ 992,

, 1 DISPLAY CYCLE N
) 8192 bit times Y
GRIDT ~) 4— 32 bittimes min
GRID2 l
A —
992 bit timps max l_l
GRID3
GRID4
- GRID5S
GRID6 l |
GRID7 l l
GRID8 )
12 bittim_e_s —
o e v A e T e
n=1t040 ¢ ) 20 bit times :
7
1004 bit times
NOTES:
1. TIMING SHOWN IS FOR 8 CHARACTERS WITH DUTY CYCLE OF 992
2. THE DUTY CYCLE CODE CAN MODIFY THE DIGIT ON-TIME FROM 0 TO 992
. BIT TIMES. ’ )
3. 1 BIT TIME = Tosc({ = 1/fosc) = 0.5pS typical

Fig-1 Display timing chart
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d) Entertest mode

This mode is used for outgoing inspection and is not a user function.

o Display Data

Display data can be input by setting bit 12 = “0". 5 bits annunciator data are extracted from

bits 11 -7 and PLA address from bits 6-0.

Table4 Display data

16-Bit Serial Input Words

- Function
MBlia|13|12|11|10|lo|s|7]|6|s|alz]2]1|TB
LOAD DISPLAY
1" 10 9 8 7 6 H 4 3 2 1 0 DATA
XX | X | 0427 12%02° 128 1271254201 2% 1242012} 2° |eAnnunciator 5 bits
.{and pla 7 bits)

PLA Code is User Programmable.

The relation between the dots of vacuum fluorescent di

7125-XXis as shown in Fig-2.

splay tube and Segment output of MSC

1-1 241 3-1 4-1 5-1
SEG1 SEG2 SEG3 SEG4 SEGS
1-2 2-2 3-2 4-2 5-2
SEG6 SEG7 SEG8 SEGY SEG10
1-3 2-3 3-3 4-3 5-3
SEG11 SEG12 SEG13 SEG14 SEG15
1-4 2-4 3-4 4-4 5-4
SEG16 SEG17 |' [ SEG18 SEG19 SEG20
1-5 2-5 3-5 4-5 5-5
SEG21 SEG22 SEG23 SEG24 SEG25
1-6 2-6 3-6 4-6 5-6
SEG26 SEG27 SEG28 SEG29 SEG30
1-7 2-7 3-7 4-7 5-7
SEG31 SEG32 SEG33 SEG34 SEG35
Fig-2 Dot-Segment output assignment
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® Power-On-Reset (POR)

The Power -On-Reset initializes the internal circuits when power is applied.
The following condition is established after Power-On-Reset.

a.

b.

The segment drivers are in the “L" state.
The grid drivers arein thé “L" state.

The duty cycle issetto “0”.

The digit counter is set to “8”.

The buffer pointer points to the character controlled by GRID1.



APPLICATION NOTE

a) Application circuit

| . ' r____

ANODE ANODE

VF DISPLAY (ANNUNCIATOR)
GRID
R1
ZD( = EK) B Py
. Ef
1 |
Voo Vop Vpisp GRID1~8
: SEG36~40
ol » DATA IN
+
_;302\’]’Z+__ 4 MCu M sCLK MSC7125-XX
- T _ :
SEG1~35
GND GND_GS POR_0SC1_0SCO
R
I |
777
b) Datasetup flow
l POWER ON | T
|
( DIGIT COUNTER SET | INITIALIZATION
1 ROUTINE
DUTY CYCLE SET l
(DIMMING)
|

| BUFFER POINTER SET |
| DISPLAYjDATA seT |

- Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.
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OKI semiconductor

- MSC7128-XX

5x7DOT MATRIX, 16-DIGIT

GENERAL DESCRIPTION
The MSC7128-XX is a general purpose display controllers for vacuum;fluorescent display tube.

The M5C7128-XX drives displays with up to 35 anodes (dots) and up to-16 grids (characters) plus a
cursor, . o ’

The controller accepts command and display data input words on a clocked serial input line.
Commands control the on/off duty cycle, starting character position, number of characters to
display and display modes (PLA mode and Lamp Test mode). An internal PLA-type character
generator provides character decoding and dot pattern generation for the full 128 characters.

No external drive circuit is required for displays that operate on 30mA of drive current up to 45
volts.

A 35x128-bit PLA (ROM) code is programmable.

FEATURES
® Logicsupply voltage (Vpp) :  +5V
VF driver supply voltage (VEE) : =55V
Driver output current :
- VFgriddriver (source) . =30mA
- VFanodedriver (source) o —2mA
- VFcursordriver  (source) : - 10mA

@ Direct drive capability for vacuum fluorescent display

e Built-in oscillation circuit

o Built-in bower-on-reset circuit with external C

® Serial hostinterface (data in, clock, chip seiect)

® Serial data input for 8-bit control and display data words

¢ Command functions
On/off duty cycle

1

- Starting character position : 1to16

~ Number of characters : 1to16

- Choice of 2-display modes ¢ PLA mode, and Lamp Test mode .
® Built-in 35x128-bit PLA-type character generator

- Character font i 5x7

-~ Number.of characters : 128

- Programmable PLA code

e 64 Pinshrink DIP package
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PIN CONFIGURATION

(Top View) 64 Lead Shrink Dual Inline Package

'0sCO

0scl

TEST COUNT
TEST STEP
VsS

VEE

com 1
com

N

5 BLELELR]E Bl El Bl F Bl EF EELRE

Ccom
CcoMm
com
Ccom
Com
COM

LU= 2N R N N - L ¥, B ~ S 7S

com

coMm 10
comM™ 1
coOM 12
oM 13
comM 14
COM 15
COM 16
SEG 36
SEG 35
SEG 34
SEG 33
SEG 32
SEG 31
SEG 30
SEG 29

SEG 28
SEG 27

RIE1E] @] 8] €] B E1E] B RIE] Bl 6] & &

L |

AR EEE SRR R REE PR E R E RS E S EE B E

3 g al

‘RESET
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SEG
SEG
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i

SEG
SEG
SEG
SEG
SEG
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SEG
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PIN DESCRIPTION

Pin Name PinNo. [Input, Output | Connectedto Function
Vpp1 60 Vpp1 - Vss: Inner logic supply
voltage
Vop2 59 .
- Power source Vppz — Veg: VF tube driving
Vsgs 5 circuit supply
voltage '
Vee 6
DA 63 input Microcomputer | Serial datainput from LSB
(positive logic)
<2 63 Input Microcomputer |Shift clockinput. Datais
shifted at the leading edge of
the CP. )
s 64 Input Microcomputer | Chip selectinput. When the pin
. is High, the serial data transfer
isinhibited.
0scCl 2 Input CR oscillation, external CR pin.
fosc % 250KHz at C = 100pF and
0SCOo 1 . Output R=47K
RESET 61 Input Reset input (pull-up resistor
. builtin). When the pinis Low,
the internal logic is reset, and
the outputs of SBG1to SBG36
and COM1 to COM16 are Low.
COM 1t 7 Output VF tube grid _ [ VF tube grid electrode driving
§ $ electrode output. This pin can be
COM16 22 connected directly to the VF
. tube. No pull-down resistor is
required. loy>-30mA
SEG 1 58 Output VF tube anode | VF tube 5x7-dot anode
§ § electrode electrode driving output. This
SEG35 24 pin can be connected directly to
the VF tube. No pull-down
resistor is required. loy>-2mA
SEG 36 23 Output VFtube anode | VF tube cursor anode electrode
electrode driving output. This pin can be
connected directly to the VF
tube. No pull-down resistor is
required. loy>-10mA
TEST STEP 4 Input Test mode setting input
. : {normally open)
TEST 4 Input Test clock input (normally
COUNT open)
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ELECTRICAL CHARACTERISTICS -

® Absolute Maximum Ratings

i Parameter Symbol Condition Rating Unit
Power supply voltage (1) Vob - Vss -03~+6.5 \Y
Power sppply voltage (2) Vpp - Vet ,0"' +65 \Y
Input voltage Vig-Vss -0.3~Vpp +0.3 \
Power dissipation Pd Ta=25°C ~1.0 w
Storage temperature Tstg -55~4+150 °C

Output current o1 - coOM1t ~ COM16 -40mA mA
lo2 SEG1 ~ SEG35 - 40mA mA
lo3 SEG 36 -40mA . mA

o Recommended Operating Condition

Parameter Symbol Condition MIN TYPE | MAX | Unit
Power supply voltage (1) Vpp - Vss 4.5 5.5 \Y
Power supply voltage (2) Vop = Vee 10 60 V.
High level input voltage Viy - Vss - 0.7Vpp \Y
Low level input voltage VL= Vss 0.3Vpp \
-CFFrequéncy - fep 500 KHz
OSC Frequency fosc 100pF, 47KQ 170 220 270 | KHz
Operating temperature Top -20 +75 °C
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o DC Characteristics

Vpp - Vss=5V *10%, Vpp - Vge =60V, Ta= ~ 20~ + 75°C

Parameter Symbol Condition MIN MAX Unit
High level input voltage Vin 0.7Vpp \Y
Low level input voltage Vi 0.3Vpp Vv
DA, TP, €S Vpp=5.5V
Wt | RESET, POR  Viy=5V 5 5 pA
High level input current
TEST STEP Vpp =5.5V
W2 o | TEST'COUNT V=5V 0.25 ! mA
DA, CP, TS POR
hy TEST STEP Vpp = 5.5V ; -5 5 - pA
Low level input current ' TESTCOUNT Vi =0.5V
RESET Vpp = 5.5V
he2 Vi = 0.5V -25 -100 | pA
Von1 |0OSCO lon= -500pA |[Vpp-0.6 Vv
VoH2 COM1~16 lgp= -30mA Vpp-4 \
High level output voltage -
' Vous |SEG1~35 lon= -2mA Vop -3 \)
Vous |SEG36 loy= - 10mA Vpp -4 \
Vouy | OSCO loL = 500pA Vgs +0.6 \
VOLZ COM1~16 lOL= 100}1A VEE+3 Vv
Low level output voltage
Vo|_3 SEG1~35 IOL‘-' 100}1A VEE+3 \
Voua SEG36 |OL = 100}.IA VEE +3 Y
All SEGs on, 16-digit display,
Iss1 duty cycle 15/16, no load 15 mA
‘ lssz | All SEG s Low, all COMs High 1.5 mA
Supply current
| All SEG s on, 16-digit display, 1.0 mA
EE1 [ duty cycle 15/16, no load :
All SEGs Low, all COMs High 15 mA

lee2
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‘e AC Characteristics

Vpp - Vss=5V £ 10%, Ta= - 20~ + 75°C

Parameter Symbol Condition ' MIN | MAX | Unit
TP cycle time tep o - 2 us
Fpulse width . twer 1 - ps
Data set-up time tos 0.5 - BS
Data hold time ton ‘ 0.5 —_— us
TS set-up time tegs » 1 — | s
TS hold time tesw T | — S
0SC frequency : fosc R=47KQ, C= 100pF 170 270 | KHz

' *T = 1o

e Data Timing Chart

8 QR0 e XX TR0 IR
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e Data Word LSB/MSB Timing

END OF

— T e ——— _
DATA WORD DATA WORD

MSE — = LSB \-_
SE— A _

DATA INPUT OFF TIME tpors 32T min T = 1Mo

— tporr ——H

@ Reset Timing

Voo 1ResET ON WA, trsss- == R
RESET j———>p DATA VALD
o /
OPTION 1

_ RESET ON TIME tRESET ON 250mSEC type
RESET OFF TIME ReseTORS SOuSEC min.
External capacitor: 1F

OPTION 2 ,

Aﬁsilgnal is externally input.
RESET ON TIME tRESET ON S0pSEC min.
‘RESET OFF TIME tResET OFE S0pSEC min.

A capacitor is connected between the RESET pin and Vsgs.

*  Built-in 100K pull-up resistor.
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FUNCTIONAL DESCRIPTION )
o Data Transfer Method And Command Write Method

A display control command or data is written by the 8-bit serial transfer method. The figure
below shows the write timing chart. When the CS pin is Low, data can be transferred. Data 8
bits in length is input to the DA pin sequentially starting with the LSB. (LSB first)

* Dataiis shifted at the rising edge of a shift clock pulse which is input to the CP pin as shown in
the figure below. When data 8 bits in length is entered, an inner LOAD signal is automatically
generated, and data is written into the registers and RAM, Accordingly, there is no need to

“input an external LOAD signal. :

If the CS pin is changed from Low to High, the serial transfer is inhibited, and data, which is
entered after the CS pin is changed from High to Low, is recognized in units of 8 bits.

s

UUUuyuuy  uuuuuduy

D

>

lbo |b1 |b2 |b3 ‘bA ]Qs tbs |b7 | [Eﬂm ]b_z[bika IbS 'be |b7 ]
LSB MSB

LSB MsB
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o Command Type

First byte » Second byté

No. Command

b7'| b6 | b5 [b4 | b3 |b2 | b1 | b0 |b7 |b6 | bS5 [bs|b3|b2|b1|b0
0 |Address Set 10|00 X[X|X|X|[X|X[X]X][Xs]X]|X [Xo
1 |Sharacter Code 1lo]o]|1]x.|x|x|x {cu|cHg|cHs|cHa|CHs|cH, |cH, |cHo
2 [Display Duty Set 1jo|1]olx|{x|[x|x]|x]x]x|x]|oc|pc|pc|pcy
3 |pmeeect Pyt g o 1 [ x| x| x| x| x | x| x | x |pGs|psyos g
4 |Lamp Test T [o]Oo | XX X[X[X[X|X]IX]|X]X][|X]LT

*1 When character codes are to be continuously transferred, addresses are automatically
incremented (internally). Accordingly, neither the Address Set command nor the first
byte of the Character Code Set command are required to set the second and following

character codes.

*2 X: Don'tcare
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® Address Set Command

When the code of a display character is to be set, this command is used to specify the display
location (digit number) of the character.

The relation between the digit number X and common outputs COM1 to COM16 is as follows:

X COM input,
0  comt

1 . com2
15 COM16

Command format

[‘1|o[oro|xlx\;lxl 15t byte

| X LxJ X Tx ] x;W X, | X, | Xo | 2nd byte

Digit number X (0 to 15)
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® Character Code Set Command

This command is used to specify the character to be displayed in the digit place specified by the
Address Set command. Bits 0 to 6 of the second byte are used to specify the character code,
and bit 7 is used to specify "Yes" or "No” of cursor display.

Command format LSB
Lt fofof o lx]x]x]x/] Mo
. LS8 :
Lcu | cHh [ cHs | cHa | crs [y | cHi [ cHo | 2ndbyte
---------------- - \\/,—----——--_-----_‘,.

7-bit character code
Select one of 128 codes

{ 0: Without cursor (SEG36 OFF)
e e o

1: With cursor (SEG36 ON)

An automatic address increment function is built in. to write multidigit display character
‘codes, just issue the Address Set command. To transfer the second and following digit display
character codes, the first byte (operation code) of the Character Code command is not
required. Justinput the second byte.

When this command is executed, 8-bit data after the second byte, which is provided before
the €S pin is turned High, is all treated as display character data.

Transfer examples of the Address Set command and the Character Set
command

cs
55
o] [ [ o], [i] o]
DATA [\m IY[ 2_" J , Ist l IZ" l IZ” l\/_(’(’ 2n Zn‘d/
Address Set command Character Set command R
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Example 1: The display for COM3 and the following is changed.

| . LSB
I 1,]_*0 | 0 I 0 l X ] X I X I X l Specify the digit
number X = 2
LSB (COM3)
[x [ x| x]xJofofolol]]
. LSB
[ ToTol ITxIxTxTx])
. Write the first
T Lse ~ character code
[ ‘cu l CHe | CHs | CHa [ CHs | CHa | CHT[CHO U

Write the ch'aracter
Lcu | CHe | CHs | CHa LCH; | CH, | CH; [ CHo | cozdgc;:nlzedlsplayed

Write the character
| cu | cHe | crs | cHa | vz | cHo | cHi | cHo | code tobedisplayed
: on COMS5

X = 15 (COM16) is followed by X = 0 (COM1)
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o Number of Display Digits Set command

This command is used to set the digit count register and the number of display digits. The

number of digits to be set ranges from 1 to 16.

Command format

[ [o [ o fxlx]x]x]

LsB

DG3 | DG, | DG, | DG0»|

[x [ x [ x]x

The relation between the value for DG to b

Number of digits DG (0 to 15)

e set and COM under display control is as

follows:
DG COM displayed DG COM displayed
0 COM; ~ COMqg 8 COM; ~ COMg
1 coMy 9 COM; ~ COMgy
2 COM, ~ COM;, 10 COM; ~ COM1g
3 COM; ~ COM;3 1" COM ~ COM 4
4 COM; ~ COMy 12 COM; ~ COM 13
) COM; ~ COM;s 13 COM; ~ COM 3
6 COM; ~ COMg 14 COMy ~ COM 4
7 COMy ~-COM> 15 COMy ~ COM 15
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Display Duty Set command

Assuming the original oscillation cycle as T, the time allocated to 1-digit display is 64 T. The
actual display time may be specified as 0to 60 T in increments of 4T. Assuming the number of
display digits as n and the parameter provided by the Display Duty Set command as DC, the
resultant display duty cycle ratio is as follows: '

4(DQ) _ (DQ)
64n 16n

Command format

LSB
Lo fofrlolx[x]x]x]|
Ls8
[x.|xlx|x’ DC3|DC2|DC1|DC0|

7
................... -

DCvalue (0 to 15)

Lamp Test command

This command is used to set the All-Segment Display mode. If this occurs, the 36 segments for
each digit to be displayed are put into the ON state. The number of display digits and the
display duty cycle depend on the contents of the digit count register and of the duty register.

The contents of the internal RAM are not affected by this command. When the command is
released, the original display appears once again.

Command format

ol e e xfxx]x]

. LSB
Lx [xJx]x]xfx]x]u]

0: Normal mode
—>< 1: Lamptest

mode




Lz

_ ty = 64x 16 = 10247 . (Ve
com1 ot = LY ™

com2 1 ' . ‘ I

" com3 I‘_

coma- 1

coms M

COMs

com?

coms = I——L :

comg 1

CcOoM10 M1

com11 1

com12 - _ 1
com13 — I

comia - . M

COoM15 I—I

coM16 JL : M

ty = Frame count
1, = Display timing
t3 =Blanktiming

y

fOSC

T=
fose = 245 KHz

ty=4.096ms
t;=240ps
t3= 16 Bs

) ’
SEGn ot e e e e e e ) S i

n=1to36

(Reydsip 161p-91) 1YVHD ONIWIL LI9Did




POWER ON RESET OPERATION

Operatibns when the ﬁpin is Low are as follows:
a. Allsegment driver outputs are Low.

b. Allgrid drive'r outputs are Low.

¢. The number of display digits is set to 16.

d. Thedisplay duty cycleissetto 0.

TEST STEP AND TEST COUNT
These pins are'used for inspection before shipment, and should not be used by the user.

When an ICis mounted, leave them open or connect to Vss. If they are connected to other pins, a
malfunction may be caused. *°
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RELATION BETWEEN SEGMENT OUTPUT AND VF TUBE DOTS

1-1 2-1 341 4-1 5-1
SEG1 SEG2 SEG3 SEG4 SEGS
1-2 2-2 3-2 4-2 5-2
SEG6 SEG7 SEGS8 SEGY SEG10
1-3 2-3 3-3 4-3 5-3
SEG11 SEG12 SEG13 SEG14 SEG15
1-4 2-4 3-4 4-4 5-4
SEG16 SEG17 SEG18 SEG19 SEG20
1-5 2-5 3-5 34-5 5-5
SEG21 SEG22 SEG23 SEG24 SEG25
1-6 2-6 3-6 4-6 5-6
SEG26 SEG27 SEG28 SEG29 SEG30
1-7 2-7 3-7 4-7 5-7
SEG31 SEG32 SEG33 SEG34 SEG35
Cursor
SEG36

279



APPLICATION NOTE

Heater transformer

VF DISPLAY :
‘GRID (DIGIT)

o/

mogoZp
(4zmZomwn)

Vbp Vpp SEG1~SEG36 COM1~COM16
DA ¢
0 —
sy 4 Lt' cp MSC7128-XX
- TP _— -
u
T s
+ 1 t
TEST TEST ______
- anD Vsg__ SETP_COUNT RESET 0SCO OSCl Vg
R
Zf -
- C
SR
4 60V .
- . ;
T i)

Information furnished by OKI is believed to be accurate and
reliable. However, no responsibility is assumed by OKI for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent rights of OKI.
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OKI semiconductor

MSC1124

2-CHANNEL 12-DOT LEVEL METER IC (STATIC)

GENERAL DESCRIPTION

T

he MSC1124 is a static FLT driving audio 2-channel level meter, which can be used for high fidelity

VTRs and audio equipment.

FEATURES

Directin put of audio (analogue) signals

Log compression circuit builtin (-20 dB to 8 dB, 12 dots)

High withstand voltage output, output voltage 35V, supply voltage 36.5 V
Peak hold function builtin, automatic and manual reset

Power ON reset circuit builtin

2-power-source (GND shared) system

40-pin plastic DIP, 44-pin V plastic QFP
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BLOCK DIAGRAM

Voo Rin

Voou [ >
[+

Rectifier circuit

Rectifier circuit

_Oscillation
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resistor

External
capacitor
and
resistor

-

circuit

Divider circuit
Timing circuit

POR

Interface

M. MODE

__]._4>
>

A.MODE

GNDH J——V GNDH

GND

T

v .
TREF D o 4= 4: { |R12
, —b o > > Jl |L12
21 8 R
s i D 0 > -+ { an
> 1
1 : B_R ’
: i —
: 1
: ! D o > { |L11
: 1
: : 5 R Peak High :
! | I hold vol- H
! i circuit] tage {
E ! ) dlivEl :
H 1 1 Lo I
: t circuit, .
: D O — > ﬂRZ
: 1
: ! R
1|
D O > > I ILz
8 R
s i+
2 g R
1 — |
v a 5o o] > ___DU
g R E

Peak hold reset (About 1 second, OSC: 10KHz)




PIN CONFIGURATION

MsC1124

(Top View) 40 Lead Plastic DIP

te 1|
s [2]
Ctafa]
i
2[5
e |
re [7 ]
Rs [8 |
ra [9 |

. r3 [10
r2 [
r [12
Voou E
r7 [1a
re [15
ro [1s
rio [17
11 [18
r12 [19
17 [20

U . E Voo
‘ E Vrer
38| POR
37 0sC
36 | TEST

133 NC

E Lin
31] Lo
30] NC
E Rin
28 | Rout
27] GND
26| GNDH
25] L12
[24] L11

23| L10

22119 .
21]L8

(This specification may be changed without notice.)

35 | M.MODE
34 | A.MODE
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PIN CONFIGURATION

MSC1124
(Top View) 44 Lead Plastic Flat Package

A.MOD ' GNDH
M.MOD MOD NC Lin Loyt NC Rip Roye GND

nﬂ@@ﬁﬂ@ﬂm!

TesT [3a

GND [39]

osc [35]
POR 36
Vree E
Voo E

16 [40]
ts [a1]
La [a2]
13 [a3]
L2 [aa]

O

22 jL12
1L
20 jL10

[19]19
18] (8
[17] Gno
167
[15]nC
a2

13 |R11

[12]R10

UUUUUUUMMM"

L1 R6 RS R4 R3 R2 R1 VppyR7 R8 R9

NOTE:

(This specification may be changed without notice.)
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ELECTRICAL CHARACTERISTICS
® Absolute Maximum Ratings

Parameter Symbol Conditions Rated value Unit Terminal
Supply voltage 1 Vpp [Ta=25°C -0.2~7.0. V | Vpo, VRer
?upply voltage 2
\?Eeg)ween vcCand Vppu |Ta=25°C -0.2~40 V| Vppu
Input voltage Vi |Ta=25°C -02~vDD+0.2 | v |EXceptRin

P n : : and Lin
Input reverse current It Ta=25°CVI=~1.0V | 10max mA | Allinput pins
Ta = 25°C, source .

Output current loy current - 10max mA R1~R12

; : Tas25°C. sink L1~L12

a= ,sin
Output current lo2 current 3max mA
Input voltage Vi |Ta=25°C -0.7~VDD +0.2 V |Rin, Lin
Allowable loss Pp |Ta=25°C 650 mw
Storage tefnperature Tstg —_ -50~125 °C .
® Operating Condition

Parameter Symbol Conditions Rated value Unit | © Terminal
Supply voltage 1 Vpp -_— 4.5~5.5 V |Vpp
Supply voltage 2 VoDH — 8~37 V | Vpon
Operating _ e o
temperature ) Top 10~70 c
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e DC Characteristics

(Vop=5.0V+0.5V, Ta= -10~70°C)

Parameter Symbol Conditions MIN | TYP | MAX | Unit | Terminai
Input bias current ity Vin=0V — — +1 pA
: Rin, Lin
Input voltage Vi — — — 350 |mVrms .
High level inputvoltage | Vi —_ Voo | | — v
H x80%| -
i Voox |\, A MODE
Low level input voltage ViL —_ —_ — \Y
20% M.MODE
P.O.R
High level input current i V;=Vpp — — +1 BA | TEST
Low level input current iz [Vi=Ov -25| -50 [ -100| pA
' Highlevel output lo= -0.2mA _ _
voltage VoH | vppy = 36.5V 35 Vo IR1~R12
* L1~L12
Low level output lp=0.TmA _ .
voltage Vou Vpph = 36.5V 2 v
Low level output lp=0mA R1~R12
voltage , Voz | yypu =40V 100 | mV 1112
—— R=10KQ
Oscillation frequency f(osc) C=0.02F 6 | 10 14 | KHz |OSC
L/R sampling frequency FLR — f(osc) x 1/32
" Peak hold reset timing p.f — f(osc) x 1/8192
POR release voltage Vinz - 4.0 — —_— V | POR,Vpp
Vpph =36.5V = .
Supply current 1 IbpH Nooad, all DOTs ON 15 mA | Vppy
: Vpp =36.5V _ |
Supply current 2 lop Noload, all DOTS OFF 15 mA | Vpp
lpon Vppy = 36.5V _ _
Supply current 3 OFF | Noload, all DOTs OFF 2.2 | mA | Voou
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FUNCTIONAL DESCRIPTION

e OSC | ' e POR

Thisis a C (capacitor) and R (resistor) The POR terminal with a capacitor
oscillation connection terminal to specify connected is used for power on reset. The
the R/L sampling switching frequency and reset release threshold voltage is 4.0V max.
the peak hold reset timing. The built-in pull-up resistor is about 100 KQ.

Example: R=10KQ, Select the capacitor value according to the

C=0.02pF, fosc= 10 KHz supply voltage at its leading edge.

C=22puF~4.7uF

¢ M, MODE

When this terminal is made Low, the manual peak hold reset mode is set, and the peak hold
stateis reset. For that purpose, the A. MODE terminal should be kept open.
When only the AUTO mode is to be used, connect the terminal to the Vpp terminal.

g

L e |

< Reset pulse width: 10pS min.

& A MODE

If this terminal is made Low when M.MODE is selected, the system enters the AUTO mode
reset state. The AUTO mode reset timing is fosc x 1/8192.

When only the AUTO mode is to be used, keep the terminal Low. When power is turned
on, the AUTO mode is automatically set.

v 0 10pS min.

® Rin, Lin
These are an analogue input terminal to input an audio level signal.

Max. 350mVrms
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¢ Rout, Lout

These are a capacitor (C) and resistor (R) connection terminal to hold the analogue inpu
peak. :

Example: R=10KQ, C= 10pF

 R1toR12,L1toL12 o

These are a FLT dot output terminal

® Vppy

Thisis a power terminal forRitoR12and L1toLt2.

k)
\

o GNDH

This is a GND terminal for R1to R12 and L1 to L12.

® Vpp

This is an analogue or logic system supply voltage terminal.

¢ GND

This is an analogue or logic system grounding terminal.

e TEST

This is a measurement input terminal, which is generally to be connected to the VDD
terminal.

® Vger

Thisisa comparator reference power terminal, which is generally to be connected to the
VDD terminal :
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R/L THRESHOLD VOLTAGE TABLE

- - (Vref=5V*1%, Ta=25°C, f=1KHz) ’
Parameter Symbol Conditions MIN | TYP | MAX | Unit | Terminal
’ The output should be
Threshold voltage 1 c1 offset. AID — | =20 — dB
Threshold voltage 2 ' (o] -17 | -151 -13 | dB
~ Threshold voltage 3 ca -115) -10 | -85| dB
Threshold voltage 4 c4 -80( -7 [~6.0( dB
Threshold voltage 5 cs - 6.6 -5 {-40] dB .
Threshold voltage 6 c6 -40} -3 | -2.0]| dB
Threshold voltage 7 7 -15] -1]1-05]| dB
The output C8 level
Threshold voltage 8 cs should be 0 dB. — 0 —_ dB
Threshold voltage 9 c9 +051 +1 | +1.5] dB
Threshold voltage 10 ci0 +20| +3 | +40| dB
Threshold voltage 11 cit +40| +5 | +6.01 dB"
Threshold voltage 12 c12 +6.5] +8 | +9.5| dB
When the inputis set to —30dB, all DOTs are off.
ACINPUT LEVEL VS DC INPUT LEVEL.

" Threshold voltage 1 2 3 4 5 6 7 8 10 | 11 [ 12
Display [dB] -20|-15[-10| -7} -5] -3} ~-1| 0 | +1|+3|+5] +8
ACinputlevel [mV rms] 11120 | 36 | 51 | 64 | 81 |102| 114|128 | 161|203 | 286
DCinput level [mV]* 14 | 26 | 47 | 67 | 84 | 106{ 133|149 | 167 | 211|265 |374

*The values in the table are TYP values.
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INPUT/OUTPUT CIRCUIT

® Rin, Lin

o

® OSC

2K

e M.MODE A. MODE, POR, TEST

® R1~R12, L1~L12

T

16K

| 100Q C

$10KQ

—K

® Lout, Rout

—

A

25000

- |

© 292




APPLICATION NOTE

Lin Rin

Voo igs\JIce

AAA
VA—AV
=)
w
AAA—AAA,

AAA

I__4
> o
._o—4
4

I ——i—

S ;
I I Note: The base of
t:e PIEI l!:)oard

' should be
VpoH . grounded (atone
(High |;>0|nt) The signal
voltage) ne should be kept

away from noise
on Vppyside.

VpDH . ;i'o the

segment
\ / \ a— on the left

R1 : 10K
R2,R4 : 100K
R3,RS : 10K
VR1,VR2 : 500
: R6,R7 : 10K
Tothesegmentontheleft Tothe segment onthe right C1 : 2.2pF~A4.7pF
C2 : 0.022pF
€3,C4 : 10pF
C5,C6 : 2.24F
C7 : 47pF

Information furnished by OKl is believed to be accurate and reliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.
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OKI semiconductor

MSC1146B

2-CHANNEL 15-DOT LEVEL METER IC (DYNAMIC)

GENERAL DESCRIPTION

The OKIMSC 11468 Bar graph Display Level Meter is a Bi-CMOS LS! general purpose display Level
Meter designed to interface with vacuum fluorescent type display.

FEATURES

294

Direct input of audio signals (AC signals)

DCinput

Peak hold function provided

Decibel display by anti-log compression (+ 10 B to —40dB)

Power ON reset circuit builtin ' '

FLT direct driving by high withstand voltage process (Pul.l-down resistor built in)
Grid driver output duty simply changed by CandR

28-pin lead plastic DIP, 30-pin shrink plastic DIP
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BLOCK DIAGRAM
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P.O.R

—

circuit

| Oscillation {___|

Sampling peak hold reset
timing

R

o
X
x

Q
c
3
=<

Log compression

LATCH signal

Vrer

)

<
>
S

UR
‘latch
circuit

A

Peak
hold
circuit

A

High
voltage
driver
circuit

UfuIue

P.H.R power ON reset

L-GRID

R-GRID

:

0,

0

L-GRID

R-GRID

Vee




PIN CONFIGURATION

30PIN Shrink DIP

-
N

2] BLELELFLEL L FLELFE FL

O

ERERERCNERERE

.

(=)}

-

FEEEEEEE

5]

[14]

=]
1 |vec 11 |NC 21 |06
2 |Rin 12 | VEE 22 |0,
3 |Rout 13 |L-Grid 23 |0g
' 4 |enD 14 |R-Grid 24 |0
5 |Lin 15 |0, 25-| 0o
6 |Lout- 16 |0, 26 |01
7 |vref 17 |03 27 |02
8 |PHR 18 |0, 28 043
9 |osc 19 |05 29 |04
10 | DUTY 20 |Ne 30 |Os

(This specification may be changed without notice.)
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

temperature

Parameter Symbol Conditions Rated value Unit Terminal
Supply voltage 1 Vee |Ta=25°C -0.2~7.0 v [vec
upply voltage 2 .

\Pféc)ween VCCan Vg [Ta=25°C VCC+0.2~-38 V |VEE
Input voltage Vi Ta=25°C ~0.2~VDD+0.2 \ Except Rin

- Tom 25°C and Lin

a= "
Input reverse current Iy Vi= - 1.0V 10MAX mA
| Ta=25°, source
Output current lo1 current - 10MAX mA [01~0;5
Output current lo2 Ta =25°C, source -50 mA | L-Grid, R-Grid
current
Input voltage Vi |Ta=25°C -3.0~VDD+0.2 V |Rin, Lin
Allowable loss Pp2 [Ta=70°C 480 mw
Storage temperature | Tstg -50~+125 °C
~® Operating Condition
~ Parameter Symbol Conditions Rated value Unit Terminal

Supply voltage Vee 4.5~5.5 Vv |vcC
Supply voltage Vee BetweenV¢cand Vg | -=8~-37 - V | VEE
Operating Top ~10~+70 o




DC Characteristics

Ta= =10~70°C, VCC=5.0%0.5V

Specifications

Parameter Symbol Conditions Unit. | Terminal
MIN | TYP | MAX
Input bias current I |vin=ov £1.0| pA'
‘ Rin, Lin
Input voltage V) 3.5 | VPP :
. . vcce
High level input voltage ViH1 % 80% vV
R vCC
Low level input voltage VL1 x 20% | \
PHR
High level input current i1 1 pA
Low level input current et . -20| -50 | -100| pA
High leve! output lo=-0.2mA -
voltage Vout |y _36ov,vee=sv | 3 V. |01~0ss
Low level output lo=0mA, Veg =-36.5V
voltage VoLt | (getween vCCand VEE) 200 | mv 0;1~015
Ve 5y —| R-Grid -
- istc =2V, j L-Grid
_ Pull-down resistor Ro Ver =-36.5V 70 200 | 500 | KQ
High level output lp=-20mA R-Grid
=-36.5V, V¢c =5V . .
voltage Vorz | treanviessave | 2 V' | LGrid
- ' R=10KQ, e '
Oscillation frequency fosc C=0.022F 6 10 14 | KHz [0OSC
L/R sampling frequency | f.LR foscx 1/32
Peak hold reset timing p.f ! fosc x 1/8192
POR release voltage ViHz . 4.0 v |vee
Vce=5V,
Voltage Vger VRer V:E — 365V -8 | -5 | -21] "V |V
) Vee= SV,VEE =-36.5V buTY]|
Supply current eer | No load, all DOTsON 1112 5 mA | Vee
Ve =5V, Vge=-36.5V puty| '
Supply current €2 | Noload, all DOTs OFF 112 5 | mA |\ Ve
Supply current lec | Veem3V-Vee=-365V" 10 | mA |Vcc

No load, ali DOTs OFF
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FUNCTIONAL DESCRIPTION

VCC: Thisis an analogue or logic system
voltage input terminal.

Rin, Lin: These are audio input terminals to
directly input an alternating current
via a capacitor coupling. Max. 3.5V P.P

Rout, Lout: These terminals rectify an audio
alternating current with a capacitor
and resistor connected.

| R/Lout
+
O

R c

! Standard: ‘
) R=10KQ, C=10pF

Vref: Thisisan amplifier built-in voltage
output terminal. Connect a capacitor
of about 10pF between the GND and
Vref terminals.

10pF - Vref
+
O GND
P.H.R: This is a peak hold reset terminal.
When the terminal is Low, the reset
state is fixed. (Peak hold function
inhibition state: The peak hold

function is performed for an input of
~ 10 dB or higher.)

: Thisis a C(capacitor )and R(resistor)
‘oscillation connection terminal to

specify the LUR sampling and UR-Grid
switching frequency and the peak hold
reset timing.

R=10kQ
C=0.022pF
R fosc= 10kHz
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DUTY: This terminal with a capacitor (C) and a resistor (R) connected is used to adjust the L/R- ‘
Grid duty ratio and to change the FLT brightness. When the terminal is fixed Low, the

duty ratio is about 1/4.

w

foscx 1/16

w

foscx 1/32

About 3.2 ms (1 cycle) at

v

fosc= 10KHz .

Wt can be adjusted by Cand R. The maximum duty ratio is 1/4.

Puise width calculation method
Wt =0.587 x Cx R(S)

Example:

R=10KQ,

C=0.046pF,

Pulse width =270pS
(Duty ratio: About 1/12)

- When the vélue for Ris not 10 K, the constant may be slightly changed.

Note: The resistance should not be less than 8K.

VEE: Thisis aFLT driving supply voltage terminal. The power supply system is as follows:

5v Ognp

L/R-Grid: Thisis a FLT grid driving output terminal. The timing waveform is shown'in the
illustration for the DUTY terminal. The grid can be directly driven.
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04 to O45: ‘These terminals are FLT segment terminal with a hull-duwn resistor built-in to
directly drive the segment.

Note: Precautions for operation
Power ON and OFF sequence

Power connection diagram

1 2.

Vee Vee
P a b
] a C31 C1

O O

GND GND
™ b

Vee 53 Vee

Power sourcea

Power source b

When turning power on, turn the power source b on prior to or simultaneously with the
power source a. When turning power off, turn the power source a on prior to or
simultaneously with the power source b.

The time difference between a and b should be within 5 seconds as following time chart.
For 5 seconds, a current of 80 to 120mA (VCC = 5V) flows through the power source a.

Thisis a normal phenomenon. When the powef source b is turned on, the system enters the
normal state. )

Power source a

5seconds —smp— i |« Sseconds

Power source b
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THRESHOLD VOLTAGE TABLE

VCC=5V£1%, Ta=25°C

i Specifications
Parameter Terminal Conditions Unit
MIN | TYP | MAX
Threshold voltage 1 O 9 10 13 dB
Threshold voltage 2 0, 6 8 9 dB
Threshold voltage 3 O3- 4 5 6 dB
Threshold voltage 4 O4 1.5 3 4 dB
Threshold voltage 5 Os 0.5 1 1.5 dB
Threshold voltage 6 Og | Theinputshould be adjusted to 0 dB. — 0 — | d8
Threshold voltage 7 Oy -15 -1 | -05| dB
Threshold voltage 8 Og ‘ -4 | -3 | -2 dB
Threshold voltage 9 Og . -6 | =5 -4 dB
Threshold voltage 10 Ojo - -85 -7 -6 dB
Threshold voltage 11 O11 ) -13 | -10} -85 dB
Threshold voltage 12 | O1; , 18| -15| -13| d8B
Threshold voltage 13 O3 -25| -20 | -18 | dB
Threshold voltage 14 O1s4 . -35| -30( -251| dB
Threshold voltage 15 Ois OFF SET should be set to - 40 dB. -45| -40 | -35| dB

When the input is set to - 60 dB, all DOTs are off. The peak hold function is effective for an
input of — 10dB (01) or higher.

ACINPUT LEVEL VS DC INPUT LEVEL

Threshold voltage 1|23 1a|5s |6 |7 ]8] 9]0
Display [dB] ' 10 8 5 3 1 o -1 -3 -s -7
ACinputlevel [mV rms] 782 622 440, 349 278 247 221 175 139 110
DCinput level [mV]* 1,107 879 622| 494 393 350 312| 248 197 156
Threshold voltage nl 12l 13 14 s ‘

' *  Input from the Lout or Rout
Display [dB] -10 =15 =20 -30 -40 terminal,

The valuesin the table are
ACinput level [mV rms] 785 44.0; 24.7| 7.85 2.47 TYP values.

DCinputlevel [mV]* 111} 62.2] 35.00 11.1] 3.50
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INPUT CIRCUIT

o Rin, Lin o P.H.R »
2kQ 2kQ F .
! : 2K
e 0OSC o DUTY

OUTPUT CIRCUIT

o L-Grid, R-Grid 6 01~0Os5

100Q VWV D
15kQ 200KQ
A V ‘
w— ] P
15kQ imkg 200Q
, —WWv

o Lout, Rout

Oo—
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APPLICATION NOTE

Segment

~N

~

-36.5v

FLT

L o P o 08 8 ) A e

-

14
d

L-Grid

10 I_H_J 12 13
Rs
R-Gri

+“]f

-36.5V

e

o]
e re| o5

7]
2|+ Ca|—
+

MT%

I
KR
+k 0!
w4 &
— & o]
L™ ‘,H'O
2 o
-1 1R K
ao—hs
2 22 R
F;H:

+5V

1.
7

5

pF

1

6

10KQ

RS

C5 10.046pF

10KQ

R4

ca | 0.022yF

10pF

R3 | S00QVR

c3

100KQ
10pfF

R2
2

10KQ
2.2pf

Grid duty ratio 1/12

Ranalogin

.

Lanalogin

R1
Ct

304

Information furnished by OKl is believed to be accurate and reliable.
However, no responsibility is assumed by OKI for its use; nor for any
infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise
under any patent rights of OKI.




One Chip' |
Microcontroller







semiconductor
MSC6458

OKI 4-BIT 1-CHIP MICROCONTROLLER

GENERAL DESCRIPTION
The MSC6458 is a high-speed, 4-bit 1-chip microcontroller with built-in FLT drivers/controllers developed
to support relatively large control systems.

FEATURES

e ROM: 8000 x 8 bits o Serial I/0: Built-in 8-bit SIO register

¢ RAM: 512 x 4 bits e Oscillation circuit: Crystal or ceramic oscillation

® Ports: I/O 24 ports (8 having IOL 20 mA) e Number of instructions: 147

Input 9 (2 also serving as interrupt inputs)_ e Cycle time: 930 ns (4.3MHz)

o FLT drivers (Withstand 12 (IOH = 20mA) e Operating ranges: 4.5 to 5.5V (4.3MHz)

. voltage 40V): 12 (IOH = 6mA) Voltage: 3.0 to 6.0V (1MHz)

o LED direct drive available Temperature: —40 to +85°C

® |Interrupts: 7 lines (2 external, 5 internal) e Power dissipation (typical)

® Built-in counters: 12 bits, timebase counter {display off): 9mA ( 5V, 4.3MHz)
16 bits, programmable counter 2mA ( 3V, 1MHz)
8 bits, high-speed o Power down: STOP instruction
programmable timer/event ® Package: 64-pin shrink DIP/64- pin FLAT
counter

BLOCK DIAGRAM

T —| K——
' 8000 x 8
[ba— .
B 4 m
' g | —= T T = ’
P—] B
™e—y_ §
§ [ F] i2_rc o]
SEGo-— & & 8
SEG 1= |
el ) .
) —— @
] 1
v
: : nterrupt |PC. INT PB
:' Control [PQ. IRC B [~ 0SC,
ke — 55T,
. ‘";‘"9 0SCy
Controt | —* TEST
12 ot TBC ~——RESET

kil ﬂmﬂr#ﬂ' -

3210 210 3210 3210 3210 320 20_37 3210
LcmLLSCK
INH TMO|

TCK
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LOGIC SYMBOL

PIN CONFIGURATION (TOP VIEW)

_ 64 PIN PLASTIC o
"""ﬁ Siﬁ P:[f :] PORTY SHR'NK DIP
RESET —w| RESET H{oae
TEST -] TEST [2 ._.]
sv—s] VOO Paf §[es [PorTe
OV ——a GND 0 o
FLY Power ——ad VFLT 3
—las P.'n[ H ::] PORTS
PORVO[: f:g,(]ra s
-—sf0 ve[f :_‘:] PORTE
. -3 | ofes
] B i R
< OCN 1Mp—e :
rorma(2do Jo 1[0 lm“
POFY7[_‘_: e ]97 3 “—:
= il =
po«re[ e f ]va ( ]'s;zw:;momu:
—o H
PIN DESCRIPTION
Input/ . When
Terminal Output , Function reset
POO . . ) 170 port i
PO1/SCK Input/ 1/0 port (also used as serial clock input SCK) wyn
P02/SO Output 1/0 port (also used as serial data output SO)
PO3/SI 1/0 port (also serial data input SI)
P10/CIN 1/0 port (also used as count input CIN)
P11/TMO Input/ 1/0 port (also used as timer output TMO) “r
P12/TCK Qutput I/0 port (also used timer clock input TCK)
P13 1/0 port '
P20/INTO Input Input Port with Latch (falling edge sensitive)
P22/INT1 also used as interrupt input INTO -
Input Port with Latch (‘0' level sensitive)
also used as interrupt input INT1
—p Input/ “yn
P30 ~ P33 Output 1/0 port , 1
- Input/ - gy
P60 ~ P63 Output _ 1/0 port 0"
P40 ~ P43 Output/ . e
P50 — P53 Input 1/0 port (Io=20mA MAX) 0
P70 ~P72 ‘| ut Input port with pull down register
P80 ~— P83 np Pull down register of P70 ~ P72 can be removed
by instruction
SEGO ~ SEG11 Output FLT segment driver (dynamic) ‘ “0”
T11/SEG12 Output FLT segment driver (dynamic)/Timing output. “o”
~T8/SEG15 .
T7/QUT7 ‘
~T0/0UTO0 Output FLT segment driver (static)/Timing output “o"
0SCo Input/ Crystal connection terminal for system clock -
0SC1 Output oscillation
RESET Input System reset input -
TEST "Output Test pin (Open) : ; -
VFLT Input Power supply for FLT driving =
Y;%% Input System Power Supply -
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FUNCTIONAL DESCRIPTION

1. ROM
The ROM, organized in 8 bits, has a
maximum capacity of 8000 bytes.

2. RAM

The RAM is organized in 4 bits per word,
with a capacity of 512 words.

It is separated into two banks each 256
words long. Bank selection is accomplished via
internal ports. The RAM location in the banks is
addressed by the H and L registers or by the
second byte of each instruction.

3. Ports (24 1/0, 7 input)

The 24 pseudo-bidirectional 1/0 ports effect
or control the exchange of data with external
sources. The ports are specified by the L
register or by codes contained in instructions.
Ports 4 and 5 may draw IOL up to 20mA.

The seven input ports have built-in pulldown
resistors. Up to 84 keys can be scanned by
assembling them in key matrices with the timing
outputs of the FLT drivers (with 12 segments X
12 timings on display; also during automatic
display).

4. Interrupt Input Pins (2 terminals)

The INTO/P20 and INT1/P22 pins are
interrupt input pins. External interrupt request
flags of INTO/P20 pin and INT1/P22 pin can be
set by using interrupt input pins:

-INTO/P20 pin ... positive edge or negative edge
input.
INT1/P22 pin ...“0" level input.

These flags are automatically reset when
the appropriate external interrupts occur. These
pins are available for use as input ports when not
used as interrupt input pins.

5. FLT Drivers/Controllers (Automatic Display)

The FLT drivers have a withstand voltage of
40V in the positive direction from the GND level.
They comprise 12 ports that can draw 20mA as
IOH (Timing outputs) and 12 ports that can draw
€mA as such (Segment outputs).

A choice of four display modes is supported
as listed below. A display RAM area is allocated
as part of the RAM space. Data is automatically
displayed when transferred to the display RAM.
(Two different display frequencies are
selectable.) Static output data can be displayed
by controlling the FLT drivers by programming.
Display modes (24.194304 MHz)

(1) 12 Segments x 12 Timings
1/12 duty (85.3/341.3 Hz)
(2) 16 Segments x 8 Timings
1/8 duty (128/512 Hz)
(3) 16 Segmenls X 4 Timings +4 output*
1/4 duty (256/1024Hz)
(4).16 Segments+8 output*
Program controlled
*output: static outputs

6. Stack (STACK) and Stack Pointer (SP) -

The PC is saved in the stack when an
interrupt occurs or a CAL instruction is
execuyled. It is recovered by the execution of an
RT instruction.

One fourth of the RAM space (128 words
maximum, 32 levels) is available as a stack area.
A 4-word RAM area is used for “one" level in the
stack.

The stack pointer is an 8-bit up-down
counter (the MSB and 2 bits from LSB being
fixed at ‘1°) indicating the next stack address to
use. It enables the RAM space to be used as a
pushdown stack. Data can also be transferred
between stack pointer and the H/L registers.

7. Interrupts
Seven interrupt lines are provided for eight
sources and eight levels of interrupts as follows _
(two external inputs):
(1) Display interrupt
Update to timing signals (positive edge)
(2) Externalinterrupt1
Negative edge on the INTO/P20 pin
(3) External interrupt2 .
Positive edge on the INTO/P20 pin
(4) External interrupt3 .
‘0’ input on'the INT1/P22 pin
(5) Timebase interrupt
12-Bit timebase counter overflow
(6) Timer interrupt
16-Bit timer and timer register matched signal
(7) Counter interrupt
8-Bit counter and counter register matched
signal
(8) Serial/O interrupt
8-Bit shift register shift end signal

8. 12-Bit Timebase Counter

The timebase counter is made up of a 12-bit
binary counter. It generates an interrupt request
every time it overflows as a result of dividing the
OSCOinput 212,

9. 16-Bit Programmable Timer/Event Counter

Comprising a 16-bit register, a 16-bit binary
counter, a comparator circiut, and a control
circuit, the programmable timer generates an
interrupt request when the register and counter
values are matched.

10. 8-Bit High-Speed Programmable

Timmer/Event Counter

The high-speed programmable timer/event
counter comprises an 8-bit register, an 8-bit
binary counter, a comparator circuit, and a
control circuit. Starting and stopping the counter
can be controlled by instructions. It generates an
interrupt request when the register and counter
values are matched.
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11. 8-Bit Seriall/O

Serial 1/0 consists of an 8-bit shift register,
a 3-bit shift counter, and a control circuit. It is
used for serial data input and output. Serial data
input and output takes place synchronized with
a- shift clock, which is selectable between
internal and external clocks. The shift counter
automatically terminates a data transfer on
counting eight shift clock pulses and generates
an interrupt request.

12. Registers (Acc', H,L,F)

The accumulator (Acc) is a 4-bit register
used to perform data transfers or calculations
with the RAM, other registers, ports and so on.

The H and L registers are each a 4-bit

" register. They transfer data to and from Acc and
SP (stack pointer) and address the RAM: The L
register is also used to specify ports to use.

The "F register is made up of four
independent flip-flops. It can be used as a
program “flag” or general-purpose register
because each of these flip-flops permits
set/reset testing and transferring 4-bit parallel
data to and from Acc by instructions.

13. Timing Control (TC)

A ‘0’ input on the RESET pin for a certain
period initializes internal circuitry and ports.

As the input side of clock pulses, the OSCO
pin accepts clock pulses from an external
source. Clock pulses may also be obtained by
configuring an oscillation circuit with a crystal
oscillator or ceramic resonator connected to.
OSCO0 and OSC1..
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Load Instructions, etc.

Mnemonic Code Bytes Cycles Description
LAI n + 90-9F 1 1 Aen
LLI n 80-8F 1 1 Len
LHI n 3E-7n 2 2 Hen
LHLI nn 15-nn 2 2 HL «nn
LMI nn 14 . nn 2 2 M (W) < nn
LAL 21 1 1 AelL
LLA 2D 1 1 LA
LAH 22 1 . 1 A—H
LHA 2E 1 1 HeA
LAM 38 1 1 A<M
LMA 2F 1 1 Me~A }
LAM+ 24 1 1 |AcMLeL+1,SkipifL = “0"
LAM— 25 1 ‘1. Ae—MLe~L-1SkipifL="F"
LMA+ 26 1 1 M<—AL<L+1, SkipifL =“0"
LMA— 27 1 1 M—AL<L-1,SkipifL ="F"
LAMM n2 39-3B 1 1 Ae—MH«HM™n2
LAMD  mm 10 - mm 2 2 |AeMd '
LMAD mm 11 - mm 2 2 Md A
X 28 1 1 A—M.
X+ 3C 1 1 A ML L+1, SkipifL="0"
X= 2C 1 1 A— ML <L-1, SkipifL ="“F"
XM n2 29-2B 1 1 A— MH—Hw™n2
LMT mm 19 - mm 2 4 M (W) — T (Md (w), A)
LAF 3E- 54 2 2 |AeF
LFA 3E-5C 2 2 Fe—A
LHLS 3E - 53 2 2 HL « SP
LSHL 3E- 5B 2 2 ‘'SP —HL
P 20 1 1 AP
opP 23 1 1 Pe—A
IPD p 3D - pD 2 2 A—Pp
OPD p 3D - pC 2 2 Ppe—A"
OPT 18 1 3 P4,P5 T (M(w), A)
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Interrupt Control Instructions

Mnemonic Code Bytes Cycles Description
MEI, 3E - 60 2" 2 MEIF «“1" ‘
MDI 3E - 61 2 2 MEIF « “0"

EIXD 3D E8 2 2 EIXDF «“1"

EiXU 3D - E9 2 2 EIXUF «"1"

EIXL : 3D-EA 2 2 EIXLF «—“1"

EIDP . 3D - EB L2 2 EIDPF «*1"

EITB 3D - D8 2 2 EITBF « “1”

EITM . 3D-D9 2 2 EITMF « 1"

EICT 3D - DA 2 2 EICTF «“1”

EISR 3D - DB 2 2 EISRF «“1"

DIXD 3D-E4 2 2 ¢ | EIXDF «“0"

DIXU 3D E5 2 2 EIXUF « "0"

DIXL 3D E6 2 2 EIXLF « “0"

DIDP 3D - E7 2 2 EIDPF « “0”

DITB ' . 3D -D4 2 2 EITBF « “0"

DITM 3D - D5 2 2 | EITMF «“Q"

DICT 3D - D6 2 2 EICTF «“0"

DISR. 3D - D7 2 2 EISRF < “0™

TIXD 3D EO 2 2 Skip if EIXDF = “1”
TIXU . 3D - E1 2 2 Skip if EIXUF = “1”
TIXL 3D - E2 2 2 Skip if EIXLF = “1"
TIDP 3D - E3. 2 2 Skip if EIDPF = “1”
TiTB . 3D-DO 2. 2 Skip if EITBF = “1"
TITM 3D - D1 2 2 Skip if EITMF = “1"
TICT 3D - D2 2 2 Skip if EICTF = “1"
TISR 30 - D3 2 2 Skip if EISRF = “1”
TQXD 3D-20 2 2 Skip if IRQXDF = “1"
TQxV 3D - 21 2 2 Skip if IRQXUF = “1”
TaXL 3D - 22 2 2 Skip if IRQXLF = “1”
TQDP . 3D-23 2 2 Skip if,IRQDPF = “1”
TQTB 3D - Co 2 2 Skip if IRQTBF = "1”
TQT™M 3D - Ct 2 2 Skip if IRQTMF = “1”
TQCT ‘ 3D-C2 2 2 | Skipif IRQCTF = “1"
TQSR 3D-C3 2 2 Skip if IRQSRAF = “1”
RQXD 3D-24 2 2 IRQXDF « “0"
RQXU 3D-25 2 2 IRQXUF « “0”
RQXL 3D - 26 2 2 IRQXLF « “0”
RQDP 3D - 27 2 2 IRQDPF « “0"
RQTB . 3D-C4 2 2 IRQTBF « “0"
RQTM : 3D-C5 2 2 IRQTMF « “0"
RQCT - 3D -C6 2 2 IRQCTF « “0"
RQSR ) 3D -C7 2 2 IRQSRAF « “0”
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Increment/Decrement Instructions

Mnemonic Code Bytes | Cycles Description
INA 30 1 1 A —A+1, Skipif A = “0"
INL 31 1 1 L «L+1, Skipif L = “0”

INH 32 1 1 He«H+1, Skip if H = “0"
INM 33 1 1 M «—M+1, Skipif M = “0”
DCA 34 1 1 A «—A-1,SkipitA=“F"
DCL 35 1 1 Le«L-1,SkipifL="F" _
DCH 36 1 1 HeH-1,Skipif H= “F"
DCM 37 1, 1 M «—M-1, SkipifM = “F"
INMD mm 12 - mm 2 2 Md « Md+1, Skip if Md = “0"
DCMD  mm 13 - mm 2 2 | Md<—Md-1, Skipit Md = “F*

Bit Handling Instructions, etc.

Mnemonic Code Bytes | Cycles Deécripxion
TAB n2 54-57 1 1 Skip/if A (n2) = “1”

RAB n2 64-67 1 1 A (n2) «"0"

SAB n2 74-77 1 1 A(n2) «“1"

TPB n2 50-53 1 1 Skip it P (n2) = “1”
RPB n2 60-63 1 1 P (n2) « “0"

SPB n2 70-73 1 1 P (n2) « 1"

T™B n2 58-5B 1 1 Skipit M (n2) = “1”
RMB n2 68-6B 1 1 M (n2) « “0”

SMB n2 78-7B 1 1 M (n2) «*“1"

TFB n2 5C~-5F 1 1 Skip if F (n2) = "1"
RFB n2 6C-6F 1 1 F (n2) < “0"

SFB n2 7C-7F 1 . 1 F(n2) «"1"

TPBD  p,n2 3D :po~3 2 2 Skip if Pp (n2) = “1”
RPBD  p,n2 3D - pa~7 2 2 Pp (n2) « “0"
SPBD P n2 3D - p8~B 2 2 Pp (n2) «“1"

TC 09 1 1 Skipif C = *1”

RC 08 1 1 C"0"

SC 07 1 1 Ce"1"
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Arithmetic Instructions

Mnemonic Code Bytes Cycles Description
ADCS 01 1 1 C, A~ C+A+M, Skipif C = “1”
ADS 02 1 1 A <« A+M, Skip if Cy = “1”
ADC 03 1 1 C,A <~ C+A+M
AlS -n . 3E - 4n 2 2 A <« A+n, Skipif Cy = "1”
DAA 06 1 1 A —A+6
DAS 0A 1 1 |A—A+10
AND oD 1 1 A—~AAM
OR 05 1 1 A—<AVM
EOR 04 1 1 A—ANMM
CMA 0B 1 1 AR
CIA 0C 1 1 A—A+1
RAL 0E 1 1 | cce 32 11_4305
RAR oF 1 1 «Co 352 AT ;
CAM 16 1 1 SkipifA=M
CAl n 3E-0n 2 2 SkipifA=n
CMI n 3E-1n 2 2 SkipifM=n
CLll . n 3E-2n 2 2 SkipifL =n
CPI p,n 17 - pn 2 2 Skipif Pp = n

Branch Instructions, etc.

Mnemonic Code Bytes Cycles |. . Description

Jcp a6 CO-FF 1 1 PC « a6

JA 1A 1 2 PC « (PC'—A) +1

M 1B 1 2 PC « (M (w), A)

: '40_4F

JP ~a12 00~FF 2 2 PC«<al2

CAL  al2 R 2 4 | ST<PC+2, PC «a12, SP « SP—4

czP a Ba 1 4 ST « PC+1, PC « 2a, SP « SP-4

: 3F 8F '

LJP al3 . 00-1F 3 4 PC «ai3
00 FF
3F 3F

LCAL a13 80-9F | 3 4 ST « PC+3, PC —a13, SP « SP—4
00 FF :

RT 1E 1 4 PC « ST, SP « SP+4

RTS 1F 1 4 PC « ST, SP «— SP+4, then Skip
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Counter Control Instructions, etc.

Mnemonic Code Bytes Cycles Description

LCT™M 3E - 51 2 2. [CTR<M(w)
LMCT 3E- 59 2 2 M (w) —CT
ECT 3D- BB 2 2 CTF «*1" (Counter Start)
DCT 3D - B7 2. 2 CTF —*“0" (Counter Stop)
TCT 3D-B3 2 2 Skip if CTF = “1”
LTMM 3E - 50 2 3 TMR — M (2w)
LMTM 3E - 58 2 3 M (2w) —TM
LSRM 3E - 52 2 2 SR « M (W), SC < "0 SC: Shift Counter
LMSR . 3E - 5A 2 2 M (W) — SR
ESR 3D-BA 2 2 SRF « “1" " (Shift Register Start)
DSR 3D - B6 2 2 SRF «“0" (Shift Register Stop)
TSR 3D - B2 2 2 Skip it SRF = “1”

‘ CPU Control Instructions, etc.

Mnemonic Code Bytes Cycles Description
PUSH 1C 1 3 ST«C,AH,L,SP «SP-4
POP 1D 1 3 | C,AHL«ST,SP —SP+4
HALT 3D - B8 2 2 |Hatcpu
STOP 3D - B9 2 2 | stpcpu
NOP 00 1 1 No Operation
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Explanations of Instruction Symbols

SRF
X, Y)
TXY) :
n

nn

n2

(n2)
mm

Cy

316

: Accumulator (4-bit)

: H register (4-bit)

: L register (4-bit)

<.F register (4-bit)

: RAM word addressed by the H and L reglsters

: RAM word addressed by second byte of an instruction code

: Two RAM words addressed by the H and L register/H3-0 and L3-1 (8-bit)
: Two RAM words addressed by second byte of an instruction code (8-bit)
: Four RAM words addressed by the H and L register/H3-0 and L3-2 (16-bit)
: Four RAM words (16-bit) allocated as a stack area

: Stack pointer (8-bit)

: Program counter

: Port specified by the L register (4-bit)

: Port specified by 4 high-order bits of second byte of an instruction code (4-bit)
: 8-Bit counter/register

: 8-Bit programmable counter

: Programmable counter start flag

: 16-Bit timer/register )

: 16-Bit programmable timer

: 8-Bit shift register

: Shift register start flag

: ROM address data specified by a11-4 as X and a3-0 as Y (12-bit)

: ROM table data specified by a11-4 as X and a3-0 as Y (8-bit)

: Immediate data (4-bit)

: Immediate data (8-bit)

: Two low-order bits of an instruction code

: Bit specified by the two low-order bits of an instruction code
: ROM address data. .

: ROM address data (X-bit)

: RAM address data (8-bit) .

: Carry flag

: Flag indicating a carry in a calculation result



ELECTRIC CHARACTERISTICS
® Absolute Maximum Ratings

Parameter Symbol Conditions" Limits Unit
Supply Voltage VpD ' -03~7 \4
Indicated Supply Voltage VELT Ta=25°C Vpp ~ 45 \"
Input Voltage V) -0.3~VpD \
Input Voltage Vo Ta=25°C ln.put/output —03~ VoD v
: Indicated output -03~VELT \'
SEGO ~ SEG1 10 mA
g Outpuf Curent Per pin TO~T11° 40 mA
{Indicated Output) IoH ouTo ~ OUT? * 30 mA
Output terminal [SEGO ~ SEG11 72 A
total TO~T11 72 mA
. Per terminal 20 mA
(P, payput Current loL P4 total 40 mA
P5 total 40 mA
L. Per package - 600 mw
Power Dissipation Po Per input/output terminal 50 mW
Storage Temperature Tstg - —55 ~ +150 °c
* When timing output is used as static output
® Operating Conditions
Parameter Symbol Conditions Limits Unit
Supply Vol;age Vob f (osc) £ 4.3MHz 4.5~55 Y;
f (osc) £ 1MHz 3~6 \
Indicated Supply Voltage VELT - 10 ~ 40 v
Memory Retension Voltage |VppH Oscillation off 2~6 v
Operating Temperature Topr - —40 ~ +85 °C
o MOS Load 15 -
(Fan Out (Input/Output Port)| N L Load 3 —
® DC Characteristics (VpD = 5V £10%, Ta = —40 ~ +85°C)
Parameter [Terminal applied|Symbol| Conditions Min. Typ. | Max, Unit
) *1 - 2.4 — lvpp | Vv
“H" Input Voltage 0SCO0, RESET | V| — ‘3.8 - VpD v
P7,P8 — 34 - |voo | v
" *2 - 0 - 0.8 \'
L' Input Voltage P7.78 ViL — o — 16 v
*3 10 = —15uA 4.2 — — \'
’H" Output Voltage SEGO ~ SEG11| VoH 10 =—6mA [VFLT-2.5| - - v
TO~T11 10=—-20mA |VF_T-35] - - Y,
PO, P1, P3, P6 10=1.6mA - 0.4 v
P4, P5 10 = 10mA - 0.8 \
“L' Output Voltage 0scC1 VoL 10 = 15uA - 0.4 \"
SEGO ~ SEG11 10=1mA - 1.6 \"
TO~ T11 10=1mA - 14 \Y
B 0sco - 15 uA
“H'* Input Current P2, RESET IiH Vi=vDD — L 1A
P7(P73=0), P8 - 60 BA
P7(P73=1) - 1 LA
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Parameter iTerminal applied{Symbol| Conditions Min. Typ. | Max, ‘| Unit
0SCo - = —-15 KA
“L" Input Current P2, RESET he Vi=0V - - -30 HA
P7,P8 - - —1 uA
Po, P1, P3, VO =24V -0.1 — - mA
““H" Output Current |
P P4, P5, P6 OH " Vo-o0av - 2 112 | mA
. . No load : .
Current Consumption IpD f (osc) = 4.3MHz - 12 20 mA
No load - 1 100 HA
Current Consumption | No load
(When stop mode condition) DDs Vpp =2V - 0.5 10 uA
. . Ta=25°C
. No load
Current Consumption " .
(FLT driver section) IFLT AII'FLI'."FIgIz;zer, - 2 100 HA

*1. Applied to PO, P1, P2, P3, P4, P5, P6
*2. Applied to PO, P1, P2, P3, P4, P5, P6, OSCO, RESET'
*3. Applied to PO, P1, P3, P4, P5, P6, OSC1

©® AC Characteristics . : (VDD = 5V.£10%, Ta = 40 ~ +85°C)
Parameter Symbol ‘| Conditions Min. Typ. Max. Unit
Clock (0.S.C o) Pulse Width toW - . 116 - - nS
Cycle Time - tcy - 928 - - nS
Input Data Setup Time tDs - — 120 - - , nS
Input Data Hold Time tDH - 120 - - nS
P2 Input Data Pulse Width tDWP2 Note 1 120 - - nS
SR Clock. Pulse Width ' tDW1 — 120 - | - nS
CT Clock. Pulse Width tDw2 — ) 2/8tcy+120 - - nS
TM Clock. Pulse Width tpw3 - tcy+120 C - nS
SR Data Setup Time tss - 120 - - nS
SR Data Hold Time tSH - 120 | - - nS
SR Clock Invalid Time * | tsINH - : 2/8tcy - - nS
Data Delay Time ' tDR Cy = 15pF - - 300 nS
SR Clock Delay Time tsp CL = 15pF - - 360 nS
Reset Input. Rise Time tWRS Note 2 2tcy - - nS
Segment Output. Rise Time tTLHS | VFLT =40V - - 3 uSS
Segment Output. Rise Time' tTHLS | CLD = 15pF - . - 1 uS
Timing Output. Rise Time tTILHT | VFLT =40V - - 3 usS
Timing Output. Rise Time tTHLT | CLD = 15pF — - 1 us

*1. When stop mode is to be released by *’L’* level input from P20/INTO, it is necessary to keep the pulse
width of more than oscillation stability time for OSC,.

*2. This indicates when OSC, oscillation is stabilized. However, when stop mode is released by reset
input, the pulse width of more than OSC, oscillation stability time as requested.

*3. t5INH: When shift register commands LMSR during shift in operation, its inner part will not change
if clock, which inputs PO1/SCK during tg|NH period, changes.
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STANDARD CHARACTERISTICS
e “H’ Output Current IgH — Output Voltage
VOH Characteristics (Ta = 25°C)

PO, P1, P3, P4, P5, P6
-1.0

-0.9
-08
07
-06

05 q
-04 ?

_0'3\\‘ \\
-02 YV A
o a\ [\ \
-0.1
0 -
1 2 3 4586 7 8 910
VOH (V)

10H (MA)

/
o
<

7

/

® “L’" Qutput Current 19— Output Voltage
VoL Characteristics (Ta = 25°C)
PO, P1, P3, P6. 6V

24 7 VoD
22 Y, PP el =5V

2 yAV.d
18

16 4 av
14
12
1o
8

loL (mA)

— 3V

O N O

1 2 3 4 5
VoL (V)

'

e “L’ Output Current [g— Output Voltage
VoL Characteristics {Ta = 25°)

6V Vop 5V
P4 50 =T

40 Va

I/
/)

3V

loL (mA)
\

20 J /
olfd

0 1 2 3 4 5
VoL (V)

® ““H"” Output Current IgH— Qutput Voltage

VQH Characteristics (Ta=25°C, VFLT = 40V)
Segment Output
-20

~16

14 \
\

Vpp = 5V

4 \
\

35 36 37 38 39 40
VoH (V)

» L’ Output Current IgH— Output Voltage

VoL Characteristics (Ta = 256°C, VFLT = 40V)

Timing Output
Vpp - 5V

—50

. \\

0

35 36 37 38 39 40
VOH (V)

“L" Output Current lgL— Output Current
VgL Characteristics {Ta = 25°C, VFLT = 40V)

Segment Output

10
9
8
7
< 6
£
= 5
2 4, Vpp = 5V
[t
3 /’
2 A
1
0

o . 1 2 3 4 5
VoL (V)
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® “L” Output Current Ig — Output Current
VoL Characteristics (Ta = 25°C, VFLT = 40V)

Timing Output

10

9

8
7 Vpp = 5V
e %
3 5

. /|

3

2

1

OO 1 2 3 4 5

VoL (V)

® Maximum Clock Fregency flosc) — Supply

Voltage Vpp Characteristics
(Ta=25°C, CL = 15pF)

10

° "

8 /'
A

,;7

3 6 ‘

5 5

s, )4

2

1

012315(778910

Vop (V)

. Maximum Clock Frequency f(osc) — Ambient

Temperature Ta (Vpp = 5V, C|. = 15pF)

10 ’ |

9 T T

8 | Vbp =5V

7

[~

5 sk NG
I P
S 5
'g 2
= 3

2

1

0

Ta (°C)
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—40-20-0 20 40 60 80100120

e Current Consumption Ipp - Supply Voltage Vpp

(Ta=25°C, No load)

100m
f (osc) = 4HMz
2MHz
10m — 1 MHz
500kHz
Pt
_Z]
im
<
‘5 100}1
=]
10
L~ Stop mode
Tu —
—
100
"5 3 4 5 6 8 9 10
Vpp (V)



TIMING CHART

osc,

osc,

PO, P1, P3, P4
PS5, P6, P7, P8

0sC,

PO, P1, P3
P4, PS5, P6

~ SEGO

SEG11

TO

T

WBWW | oW
tcv

® MSC6458 o

| )
{nput Data

DS tDH

Output Data

DR
0.9VFLT
0.1VFLT
tTLHS tTHLS
0.9VFLT
0.1VFLT

TTLHT -~ tTHLT

GND

GND
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PO1/SCK \ / \
: tDW1 | tDW1
PO3/S1 ' Input Data |
1ss tSH ~
f 1
P0O2/SO Input Data Output Data .,
15p | 1Sp
1

P20,INTO
P22/INT1

P10/CIN

P12/TCK

tDW3
f

RESET

tWRS

1
- LMSR Instruction
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