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QUALITY and RELIABILITY

2.1 RELIABILITY TESTS

Samsung has established a comprehensive reliability program to monitor and ensure the ongoing reliability of the
MOS IC family. This program involves not only reliability data collection and analysis on existing parts, but also
rigorous in-line quality controls for all products.

Listed below are details of tests performed to ensure that manufactured product continues to meet Samsung’s
stringent quality standards. In line quality controls are reviewed extensively in later sections.

The tests run by the quality department are accelerated tests, serving to model “real world” applications through
boosted temperature, voltage, and/or humidities. Accelerated conditions are used to derive device knowledge through
means quicker than that of typical application situtations. These accelerated conditions are then used to assess
differing failure rate mechanisms that correlate directly with ambient conditions. Following are summaries of
major stresses (and their conditions) run by Samsung on MOS IC products.

HIGH TEMPERATURE OPERATING LIFE TEST (HOPL)

(T;=125°C, Vec = Vec max, static)

High temperature operating life test is performed to measure actual field reliability. Life tests of 1000HR to 2000HR
durations are used to accelerate failure mechanisms by operating the device at an elevated ambient temperature
(125°C). Data obtained from this test are used to predict product infant mortality, early life, and random failure
rates. Data are translated to standard operating temperatures via failure analysis to determine the activation
energy of each of the observed failures, using the Arrhenius relationship as previously discussed.

WET HIGH TEMPERATURE OPERATING LIFE TEST (WHOPL)

(Ta=85°C, R.H.=85%, Vcc =Vcc opt, static) )

Wet high temperature operating life test is performed to evaluate the moisture resistance characteristics of plastic
encapsulated components. Long time testing is performed under static bias conditions at 85°C/85 percent relative
humidity with nominal voltages. To maximize metal corrosion, the biasing configuration utilizes low power levels.

HIGH TEMPERATURE STORAGE TEST (HTS)

(Ta=125°C, UNBIASED)

High temperature storage is a test in which devices are subjected to elevated temperatures with no applied bias.
The test is used to detect mechanical instabilities such as bond integrity, and process wearout mechanisms.

PRESSURE COOKER TEST (PCT)
(121°C, 15PSIG, 100% R.H., UNBIASED)

The pressure cooker test checks for resistance to moisture penetration. A highly pressurized vessel is used to
force water (thereby promoting corrosion) into packaged devices located within the vessel.
TEMPERATURE CYCLING (T/C)

(—65°C to +150°C, AIR, UNBIASED)

This stess uses a chamber with alternating temperatures of —65°C and + 150°C (air ambient) to thermally cycle

devices within it. No bias is applied. The cycling checks for mechanical integrity of the packaged device, in
particular bond wires and die attach, along with metal/polysilicon microcracks.

THERMAL SHOCK (T/S)
(~65°C to +150°C, LIQUID, UNBIASED)

«This stress uses a chamber with alternting temperatures of —65°C to + 150°C (liquid ambient) to thermally cycle
devices within it. No bias is applied. The cycling is very rapid, and primarily checks for die/package compatibility.
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Table 1. Reliability Test Items for MOS Product

=§§ SAMSUNG

i Qualification Product Rel. Monitor
N Test It Test Conditi Corrective
0. est ltem est Condition Test Method | Sample LTPD Acceptance Sar.nple LTPD Acceptance
Size NBR Size NBR
Visual Inspection
1 Critical Outgoing Visual Spec 116 2 0 116 2 0
Major 116 3 1 116 3 1
Minor 116 5 2 116 5 2
Electrical Test
2 Critical Outgoing Test Spec 116 2 0 116 2 0
Major 116 3 1 116 3 1
Minor 116 5 2 116 5 2
3 | Dimension VIS/MECH Criteria 50 — 0 50 — 0
. . Outgoing Packing
4 | Packing Inspection Criteria Each Lot Each Lot
Ta=25°C
5 |Operating Life Test | Vcc=Vcc (Max) MIL'STD{%? 45 10 1 45 10 1
1000 HRS
) Ta=125°C Static
6 g;g: Temperature Voo = Voo (max) MIL.STD{%? 45 10 1 45 " 1
1000 HRS
Low Temperature T.=-55°C
7 Storage 1000 HRS N 10 1 8 10 !
High Temperature T.=125°C
8 Storage 1000 HRS 4 10 ! 8 10 1
T.=121°C+2°C
RH =100%
9 | Pressure Cooker Test 15 PSIG 45 10 1 45 10 1
168 HRS
. -55°C2150°C
10 | Liauid 5 min, <10 Sec, 5 min | MESTRB3 |45 | 4o 1 IR 1
Thermal Shock Test 1011
200 Cycles
-65°C225°C2150°C
11 | Temperature Cycle |10 min, 5 min, 10 min MIL-STD-883 45 10 1 45 10 1
1010
200 Cycles
260°C£5°C T
12 | Solder Heat Resist [10+1 Sec 45 10 1 45 10 1
Once without Flux
Wet High Temp. T.=85°C, RH=85%
13 Storage 1000 HRS 45 10 1 45 10 1
. T.=85°C, RH=85%
14 V\;‘itat'::ghoTPeLm' Voo =Vec (TYP) 45 | 10 1 45| 10 1
P 1000 HRS
16
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Table 1. Reliability Test Iltems for MOS Product (Continued)

=§§ SAMSUNG

. Qualification Product Rel. Monitor
No. Test ltem Test Condition Corractive Sampl A t Sampl Acceptance
Test Method | SamPle |, rop | Acceptance | Sample |, oo eptan
Size NBR Size NBR
90~ 98%/65°C 3 HRS
15 | Moisture Resistance |80~ 98%/25°C 8 HRS MIL'ST?dggj 45 10 1 45 10 1
90~98%/65°C 3 HRS
1) Wire Lead
0.229+0.0144kg
, for Three
. 90+5° Arcs on MIL-STD-883
16 | Lead Integrity each Leads 2004 32 7 0 32 7 0
Bending Cycle:
2 5Sec
2) Dial-in-lines
260°C+10°C
17 | Solderability Preconditioning MILSTD-883| 5, | 49 0 2 | 10 0
2003
1 HRS.
Rub Marking with Ten
Marking Stokes of a Cotton
18 Permanancy Cloth Damped with 2 10 0 2 10 0
Solvents
Pulse Duration:
19 | Mechanical Shock  |0.1 1m Sec MIL-STD2-(8)3223 32 7 0 32 7 0
Shock Pulse: 0.5 3kg
20G-3 Axis
_— ) Orientations MIL-STD-883
20 |Vibration Fatique £ =20 to 2000 CPS 3007A 32 7 0 32 7 0
for 4 Minute Cycle
20000G
g1 |Constant. X, Y, Z Axis MIL-STD883 |, 7 0 32 7 0
Acceleration ! . 2001
1 min for each Axis
Nacl MIL-STD-883
22 | Salt Atmosphere T,=35°C, 24 HRS 1009A 45 10 1 45 10 1
23 | Set Aging - - 32 7 0 32 7 0
MIL-STD-883
24 |ESD g:f‘?&fF 05| 5 | — 0 5 | — 0
- DOD-HDBK-263
T.=25+2°C
Sulfide Corrosion Humidity: 75% R/
25 Test SO, 10+2ppm DIN 40046 32 7 0 32 7 0
Velocity: 0.006
0.007m/s
17
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Table 2. Failure Criteria for MOS Product

Life End Limit
Parameter Symbol Unit
Min Max
Output Drive Current (P-CH) lop LSLX0.9 USLX1.1 A
Output Drive Current (N-CH) lon LSLX0.9 USLX1.1 A
Output High Voltage Vou LSLX0.9 —
Output Low Voltage Voo — USLX1.1 \")
Input Current Iin — USLX2.0 \'
Quiescent Current I — USLX2.0 A
Voltage Margin 0.05XUSL 0.95XUSL
+0.95XLSL +0.05XLSL \'
AC Characteristic Open/Short LSLX0.9 USLX1.1 Sec
Gross/Fine Leak Visual
Color Disturbance Soldering Individual Spec
Marking Disturbance

Note: LSL: Lower Specification Limit
USL: Upper Specification Limit
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2.2 METHODOLOGY OF RELIABILITY TEST
RELIABILITY

Reliability can be loosely characterized as long term product quality.

There are two types of reliability tests: those performed during design and development, and those carried out
in production. The first type is usually performed on a limited sample, but for long periods or under very accelerated
conditions to investigate wearout mechanisms and determine tolerances and limits in the design process. The
second type of tests is performed periodically during production to check, maintain, and improve the assured quality
and reliability levels. All reliability tests performed by Samsung are under conditions more severe than those
encountered in the field, and although accelerated, are chosen to simulate stresses that devices will be subjected
to in actual operation. Care is taken to ensure that the failure modes and mechanisms are unchanged.

FUNDAMENTALS

A semiconductor device is very dependent on its conditions of use (e.g., junction temperature, ambient tempera-
ture, voltage, current, etc.). Therefore, to predict failure rates, accelerated reliability testing is generally used. In
accelerated testing, special stress conditions are considered as parametrically related to actual failure modes.
Actual operating life time is predicted using this method. Through accelerated stresses, component failure rates
are ascertained in terms of how many devices (in percent) are expected to fail for every 1000 hours of operation.
A typical failure rate versus time of activity graph is shown below (the so-called “bath tub curve”)

(U]
4\
(S
. Reduction. due to
Failure preventive maintenance
rate m=1
Semigom = = = Specified
OndUctor - ~ - .
(m=g, 5\0.95)Dev' ces Failure Rate
t
Initial Random Failure period Wear-Out Failure period

Failure period
Figure 3. Failure Rate Curve (“Bath Tub Curve”)
During their initial time period, products are affected by “infant mortality,” intrinsic to all semiconductor technologies.
End users are very sensitive to this parameter, which causes early assembly/operation failures in their own

system. Periodically, Samsung reviews and publishes life time results. The goal is a steady shift of the limits as
shown below.

Failure
Rate / A : failure rate

At /

= —TIME

Figure 4. Failure Rate
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ACCELERATED HUMIDITY TESTS
To evaluate the reliability of products assembled in plastic packages, Samsung performs accelerated humidity
stressing, such as the Pressure Cooker Test (PCT) and Wet High Temperature Operating Life Test (WHOPL).

Figure 5 shows some results obtained with these tests, which illustrate the improvements in recent years. These
improvements result mainly from the introduction of purer molding resins, new process methods, and improved
cleanliness.
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Figure 5. Improvement in Humidity Reliability
ACCELERATED TEMPERATURE TESTS

Accelerated temperature tests are carried out at temperatures ranging from 75°C to 200°C for up to 2000 hours.
These tests allow Samsung to evaluate reliability rapidly and economically, as failure rates are strongly dependent
on temperature.

The validity of these tests is demonstrated by the good correlation between data collected in the field and laboratory
results obtained using the Arrhenius model. Figure 6 shows the relationship between failure rates and temperatures
obtained with this model.
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Figure 6. Failure Rate Versus Temperature
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2.3 FUNDAMENTAL THEORY FOR ACCELERATED TESTING

Accelerated life testing is powerful because of its strong relation to failure physics. The Arrhenius model, which
is generally used for failure modelling, is explained below.

Arrhenius model

This model can be applied to accelerated Operating Life Tests and uses absolute (Kelvin) temperatures.
L=A+Ea/KTj

L : Lifetime

A : Constant

Ea : Activation Energy

K : Boltzman’s constant

Tj : Absolute Junction temperature

If Lifetimes L1 and L2 correspond to Temperatures T1 and T2,

Ea 1 1
L1=L2 exp [7(—:'.‘1* —T—2)]

L1

Lifetime(L)
L2

T1 T2
Temperature 1/T (°K-1)

Actual junction temperature should always bz used, and can be computed using the following relationship.
Ti=Ta+(Px fja)

Where Tj =Junction temperature
Ta=Ambient temperature
P = Actual power consumption
0 ja=Junction to Ambient thermal resistance (typically 100 degrees celsius/watt for a 16-Pin DIP).

Activation Energy Estimate

Clearly. the choice of an appropriate activation energy, Ea, is of paramount importance. The different mechanisms
which could lead to circuit failure are characterized by specific activation energies whose values are published
in the literature. The Arrhenius equation describes the rate of many processes responsible for the degradation
and failure of electronic components. It follows that the transition of an item from an initially stable condition to
a defined degraded state occurs by a thermally activated mechanism. The time for this transition is given by an
equation of the form:

MTBF =B EXP (Ea/KT)
MTBF = Mean time between failures
B = Temperature-independent constant

MTBF can be defined as the time to suffer a device degradation. The dramatic effect of the choice of the Ea value
can be seen by plotting the MTBF equation. The acceleration effect for a 125°C device junction stress with respect
to 70°C actual device junction operation is equal to 1000 for Ea=1eV and 7 for Ea=0.3eV.

=§§ SAMSUNG : 21
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Some words of caution are needed about published values of Ea:

A. They are often related to high-temp tests where a single Ea (with high value) mechanism has become dominant.
B. They are specifically related to the devices produced by that supplier (and to its technology) for a given period

of time

C. They could be modified by the mutual action of other stresses (voltage, mechanical, etc.)
D. Field device-application condition(s) should be considered.

Table 3. Activation energy for each failure mode

Failure Mechanism

Contamination
Polarization
Aluminum Migration
Trapping

Oxide Breakdown
Silicon Defects

Junction Temperature

Figure 7. Acceleration Factor vs Activation Energy

THE CORRECT PROCEDURE
Ea
1~14eV ACCELERATED TEST
1eVvV
05~1eV CALCULATED AT TEST CONDITIONS
1eV AND WITH A CERTAIN CONFIDENCE
0.3 eV LEVEL
03~05 eV FAILURE ANALYSIS
CHOICE OF Ea——— CALCULATED AT OTHER
TEMPERATURES
Time = ———
T y 4
14eV) V4
18 1evy
7 708 ev
108 =
s e T
8 100
_§ /- ITL L’l 0.5 eV
$ 100 0.4 eV,
8 —
102 0.3 eV
77 1
g >
R ) | Y V.0 AR AV« i T U E— S _
100
250 200 175 150 125 100 75 50 T(°C)
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2.4 Failure Rate Prediction

Accelerated testing defines the failure rate of products. By derating the data at different conditions, the life
expectancy at actual operating conditions can be predicted. In its simplest form the failure rate (at a given temperature)
is:

N

DH

Where FR-= Failure Rate
N = Number of failures
D =Number of components
H =Number of testing hours

FR=

If we intend to determine the FR at different temperatures, an acceleration factor must be considered. Some failure
modes are accelerated via temperature stressing based upon the accelerations of the Arrhenius Law.

For two different temperatures:
Ea 6 1 1
FR (T1)=FR (T2) exp [K ( T2 T T )]

FR (T1) is a point estimate, but to evaluate this data for an interval estimate, we generally use a|.x? (chi square)
distribution. An example follows:

Failure Rate Elaluation
Unit: %/1000HR

Dev. x Hours " . o y
at 125°C Fail Failure Rate at 60% Confidence Level
Point Estimate 85°C 70°C 55°C
1.7 x 108 2
0.18 0.0068 0.0018 0.00036

The activation energy, from analysis, was chosen as 1.0 eV based upon test results. The failure rate at the lower
operating temperature can be extrapolated by an Arrhenius plot.
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Process Monitor (Continued)

Process Control item Spec. Limit Insp. Frequency
Thin Film ¢ Cooling Water Temp. ® 26+3°C Once/Shift
* Thickness ¢ Individual Spec. Once/Shift
CvD * Pin Hole e Individual Spec. Once/Shift
¢ Thickness  Individual Spec. Once/Shift
Diffusion * Tube Temp. e Individual Spec. Once/Shift
® C-V Plot Run e Individual Spec. Once/Shift

Tube ¢ Individual Spec. Once/10days
* Sheet Resistance  Individual Spec. Once/Shift
¢ Thickness ¢ Individual Spec. Once/Shift

1. Mask Inspection

Raw Material Incoming Inspection

Defect Detection * Pinhole & Clear-extension All Masks o Defect Size<1.5um
¢ Opaque Projections & e Defect Density
Spots <0.124EA/cm?
¢ Scratch/Particle/Stain
* Substrate Crack/Glass-chip
¢ Others
Registration ¢ Run-out +0.75um
(X-Y Coordinate) 20%
¢ Orthogonality +0.75um
* Drop-in Accuracy e All New Masks +0.50um
¢ Die Fit/Rotation +0.50um
Critical
Dimension e Critical Dimension All Masks Purchasing Spec.

* Instrument

e Auto mask inspection system for defect-detection (NJS 5MD-44)
e Comparator for registration (MVG 7X7)
e Automatic linewidth measuring system for CD (MPV-CD)

2. Wafer Inspection

Purpose Insp. Items Sample Remarks
Structural e Crystallographic Defect All Lots e Sirtl Etch
Electrical ® Resistivity All Lots * Monitor Water

¢ Conductivity
~——Dimensional-————{ e Thickness—— | All'Lots 7 TTV, NTV, Epi-thickness |
¢ Diameter
¢ Orientation
e Flatness TIR (FPD)
Local Slope
Visual e Surface Quality All Lots Purchasing Spec.
¢ Cleanliness

* Instrument

e 4 point probe for resistivity (Kokusai VR-40A, Tencor sonogage, ASM AFPP)

¢ Flatness measuri

ng system (Siltec)

e Epi. layer thickness gauge (Digilab FTG-12, Qualimatic S-100)
e Automatic Surface Insp. System (Aeronca Wis-150)
¢ Non-contact thickness gauge (ADE6034)

=§§ SAMSUNG
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3. PROCESS CONTROL

GENERAL PROCESS CONTROL

The general process flow in Samsung is shown in Figure 8. This illustration contains the standard process flow
from incoming parts and materials to customer shipment.

Parts and
Materials

FAB

EDS

Assembly

Testin

Product Rel.

g

Figure 8. General Process Flow Chart

Finished Goods
Incoming
Inspection

Finished Goods
Outgoing
Inspection

Shipment

Acceptance inspection (according to acceptance inspection plan)

Process quality control

* Check of each condition by process quality control procedures
* Process inspection

* Lot control

e Equipment calibration and maintenance

100% Electrical Die Sorting

Process Quality Control and screening of infant mortality defects
* Mechanical screen

* Thermal shock

® Burn-in

100% package sorting of electrical characteristics and marking

Reliability monitoring
1. Product rel. monitor |.
2. Product rel. monitor II.

* High Temperature Operating Life Test
* Environmental test
¢ Life Test

Sampling Inspection

* Dimensions

* Visual

¢ Electrical characteristics

® Periodic calibration of measuring equipment

Stock control
* Age control

Sampling Inspection (when applicable)

‘g SAMSUNG
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3.1 WAFER FABRICATION

Process Controls

The Quality Control program utilizes the following methods of control to achieve its previously stated objectives:
process audits, environmental monitors, process monitors, lot acceptance inspections, and process integrity audits.

Definitions

The essential method of the Quality Control Program is defined as follows:

1. Process Audit-Performed on all operations critical to product quality and reliability.

2. Environmental Monitor-Monitors concerning the process environment, i.e., water purity, temperature, humidity,

particle counts.

3. Process Monitor-Periodic inspection at designated process steps for verification of manufacturing inspection
and maintenance of process average. These inspections provide both attribute and variable data.
4. Lot Acceptance-Lot-by-lot sampling. This sampling method is reserved for those operations deemed as critical,
and require special attention.

Environmental Monitor

Process Control Item Spec. Limit Insp. Frequency
Clean Room * Temperature e Individual Spec. 24 Hrs.
* Humidity e Individual Spec. 24 Hrs.
* Particle e Individual Spec. 24 Hrs.
e Air Velocity e Individual Spec. 24 Hrs.
D.l. Water e Particle * 5 ea/50ml (0.8y) 24 Hrs.
* Bacteria * 50 colonies/100mI (0.45y) Weekly
¢ Resistivity e Main (Line): More than 24 Hrs.
16 Mohm-cm
* Using point: More than 24 Hrs.
14 Mohm-cm
* Instruments
¢ FMS (Facility Monitoring System) HIAC/ROYCO
¢ CPM (Central Particle Monitoring System-Dan Scientific)
e Liquid Dust Counter Etch Rate
o Filtration System for Bacterial check
e Air Particle counter
e Air Velocity meter
Process Monitor
Process Control Item Spec. Limit Insp. Frequency
Photo e Aligner N, Flow Rate e Individual Spec. Once/Shift
e Aligner Vacuum ¢ Individual Spec. OncelShift
o o " eAlignerAir | “elndividual Spec. " Once/Shift
® Aligner Pressure e Individual Spec. Once/Shift
e Aligner Intensity e Individual Spec. Once/Shift
e Coater Soft Bake ¢ Individual Spec. Once/Shift
Temperature ¢ Individual Spec. Once/Shift
Vacuum * Individual Spec. Once/Shift
Etch e Etchant Temp. ® |ndividual Spec. Once/Shift
® Etch Rate ¢ Individual Spec. Once/Shift
® Spin Dryer N, Flow e Individual Spec. Once/Shift
RPM  Individual Spec. Once/Shift
e Hard Bake Temp. ® |ndividual Spec. Once/Shift
N2 Flow e |ndividual Spec. Once/Shift

=§§ SAMSUNG
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In-Process Quality Inspection (FAB)

1. Manufacturing Section L
Process Step Process Control Insp. Frequency
Oxidation Oxide Thickness All Lots
Diffusion Oxide Thickness All Lots
Sheet Resistance All Lots
Visual All Lots
Photo Critical Dimension All Lots (MOS)
Visual All Lots
Mask Clean Inspection All Masks with Spot Light (MOS)
or Microscope (BIP)
Etch Critical Dimension All Lots
Visual All Wafers
Thin Film Metal Thickness All Lots
Visual All Lots
lon Implant Sheet Resistance All Lots (Test Wafer)
Low Temp. Thickness All Lots
Oxide Visual All Lots
E-Test Electrical Characteristics All Lots
Fab. Out Visual All Wafers

2. FAB, QC Monitor/Gate

Process Step FAB, QC Insp. Frequency
Oxidation Oxide Thickness Once/Shift
C-V Test on Tubes Once/10 Days and After CLN
Visual OncelShift
Diffusion Oxide Thickness Once/Shift
C-V Test on Tubes Once/10 Days and After CLN
Visual Once/Shift
Photo Critical Dimension All Lots (MOS)
Visual Once/Shift
Mask CLN Inspection All Masks After 10 Times Use
Etch Critical Dimension All Lots (MOS)
Visual All Lots
Thin Film C-V Test on Tubes Once/10 Days and After CLN
on Lots Once/Shift
Reflectivity Once/Shift
Low Temp. Refractive Index, 1 Test Wafer/Lot
Oxide Wt% of Phosphorus 1 Test Wafer/Lot
Visual 1 Test Wafer/Lot
E-Test Measuring Data All Lots
Calibration Instrument for Thickness Once/week
and C.D. Measuring
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3. Photo/Etch process quality control

Process Flow

Process Step

MFG. Control Item

QC Monitor/Gate

Prebake

Oven PM, Temperature
Time

Oven Particle Temp.
N Flow Rate

—spin

Photo Resist (PR)

Thickness Machine PM

Soft Bake

Oven PM, Temperature
Time

Temp. N, Flow Rate

Align/Expose

Light Uniformity
Alignment, Focus Test
Mask Clean Inspection
Mask Clean Exposure
Light Intensity

Light Intensity
Mask Clean Insp.

Mask and Resist Defects

Develop Equipment PM Vacuum
Solution Control

Develop PR/C.D.’S Alignment

Check Particles

QC Inspection

Critical Dimension (CD)

Etch, Particles,
PR Residue, Defects,
Scratches

Hard Bake Oven PM, Temperature Temp.
Time N, Flow Rate

Etch Etch rate, Equipment Etchant Temp.
PM & Settings, Etch Etch Rate
Time to Clear

Inspection O\;er/Under

PR Strip Machine-PM

Final Check C.D.’S Over and under

QC Inspection

Same as Final Check,
However, More Intense
on limited Sample
Basis. (AQL 6.5%)

-—Note:-PM-represents-Preventive-Maintenance

4. Reliability-related Interlayer Dielectric, Metallization, and Passivation Process Quality Control Monitor

Item Frequency
Wt% Phosphorus Content of the Dielectric Glass 1/Shift
Metallization Interconnect 1/Month
Al Step Coverage 1/Month
Metallization Reflectivity 1/Shift
Passivation Thickness and Composition 1/Shift
Thin Film Defect Density 1/Shift

‘g SAMSUNG
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Figure 9. General Wafer Fabrication Flow

Process Flow Process Step Major Control Item
Wafer and Mask
Input
Starting Material Mask: (See mask Inspection)
Incoming Inspection Wafer: (See wafer Inspection)
Wafer Sorting and s
Labelling Resistivity
Initial Oxidation Oxide Thickness
Photo * (See manufacturing section)
* (See FAB, QC Monitor/gate)
Inspection e Critical Dimension
e Visual/lMech — Major: AQL 1.0%
— Minor: AQL 6.5%
QC Gate ¢ Critical Dimension
C Diff'n
Metal
Etch * (See manufacturing section)
* (See FAB, QC Monitor/gate)
Inspection o Critical Dimension
® Visual/Mech — Major: AQL 1.0%
— Minor: AQL 6.5%
QC Gate e Critical Dimension
® Visual/Mech
Diffusion ® (See in-process Quality Inspection)
Metalization
E-test ) ¢ Electrical Characteristics
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Figure 9. General Wafer Fabrication Flow (Continued)

Process Flow

Process Step

Major Control Item

Die Attach

QC Gate

e Electrical Characteristics

Back-Lap

* Thickness

Back Side Evaporation

¢ Thickness, Time
Evaporation Rate

Final Inspection

o All Wafers Screened
(Visual/Mech)

QC Fab. Final Gate

* Visual/Mech.
— Major: AQL 1.0%
— Minor: AQL 6.5%

EDS
(Electrical Die Sorting)

QC Gate e Function Monitor
Sawing
Inspection e Chip Screen

QC Final Inspection

e AQL 1.0%

¢ Fab. Defect

* Test Defect

e Sawing Defect

=§§ SAMSUNG

30



QUALITY and RELIABILITY

3.2 ASSEMBLY

The process control and inspection points of the assembly operation are explained and listed below:

1. Die Inspection:
Following 100% inspection by manufacturing, in-process Quality Control samples each lot according to internal
or customer specifications and standards.

2. Die Attach Inspection:
Visual inspection of samples is done periodically on a machine/operator basis. Die Attach techniques are monitored
and temperatures are verified.

3. Die Shear Strength:

Following Die Attach, Die Shear Strength testing is performed periodically on a machine/operator basis. Either
manual or automatic die attach is used.

DIE ADHESIVE THICKNESS MONITOR RESULTS. (JEOL SEM, JSM 1C845)

4. Wire Bond Inspection:

Visual inspection of samples is complemented by a wire pull test done periodically during each shift. These
checks are also done on a machine/operator basis and XR data is maintained.

5. Pre-Seal/Pre-Encapsulation Inspection:

Following 100% inspection of each lot, samples are taken on a lot acceptance basis and are inspected
according to internal or customer criteria.

gag: 28K 4180 yadpm WD22
WIRE LOOP MONITOR RESULTS.
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6. Seal Inspection:

Periodic monitoring of the sealing operation checks the critical temperature profile of the sealing oven for both
glass and metal seals.

7. Post-Seal Inspection:

Subsequent to a 100% visual inspection, In-Process Quality Control samples each for conformance to visual
criteria.

- ﬂ F

X-RAY MONITOR RESULT. (PHILIPS MG161)

8. General Assembly Flow is shown in Figure 11.
Sampling Plans

1. Sampling plans are based on an AQL (Acceptable Quality Level) concept and are determined by internal or by
customer specifications.

2. Raw Material Incoming Inspection. (confinued)

Material Inspection Item Acceptable Quality Level
1) Visual Inspection LTPD 10%, C=2
Lead Frame 2) Dimension Inspection LTPD 20%, C=0
3) Function Test LTPD 20%, C=0
4) Work Test LTPD 20%, C=0
””””” | Wafer | 1) Visual Inspection AQL 0.65%
1) Visual inspection LTPD 20%, C=0
2) Bond Pull Strength Test LTPD 15% C=2
Au/Al 3) Bondability Test Critical Defect: LTPD 15% C=6
Wire Major Defect: LTPD 1.5% C=6
Minor Defect: LTPD 1.5% C=6
4) Chemical Composition Analysis n:4,C=0
1) Visual Inspection n:5 C=0
2) Moldability Test Critical Defect: LTPD 0.15%
Molding Compound Major Defect: LTPD 1.0%
Minor Defect: LTPD 1.5%
3) Chemical Composition Analysis n:5 C=0
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® 10 10 1% 16
Temparature

59 e J

MOLDING COMPOUND INCOMING INSPECTION
(THERMAL ANALYSER, DUPONT 9900)
(Continued)

Material

Inspection Item

Acceptable Quality Level

Packing Tube
& Pin

1) Visual Inspection

2) Dimension Inspection
3) Electro-Static Inspection
4) Hardness Test

LTPD 15%, C=2
n:10,C=0
n:10,C=0
n: 10,C=0

1) Visual Inspection

LTPD 20% C=0

Solder 2) Weight Inspection LTPD 20% C=0
3) Chemical Composition Analysis LTPD 20% C=0
1) Acidity Test LTPD 20% C=0
Flux 2) Specific Gravity Test LTPD 20% C=0

3) Chemical Composition Analysis

LTPD 20% C=0

1) Visual Inspection AQL 2.5%
Solder Preform 2) Work Test AQL 2.5%
3) Chemical Composition Analysis AQL 2.5%
1) Visual Inspection AQL 1.0%
Coating Resin 2) Work Test AQL 1.0%
3) Chemical Composition Analysis AQL 1.0%

1) Work Test

Critical Defect: 0.15%
Major Defect: 1.0%

Marking Ink Minor Defect: 1.5%

2) Mark Permanency Test n:5 C=0

1) Visual Inspection LTPD 156% C=2

Chi Carrier 2) Dimension Inspection LTPD 15% C=0
P 3) Electro-Static Inspection n:5 C=0
4) Hardness Test n:5 C=0

1) Visual Inspection LTPD 20% C=0

Vinyl Pack 2) Work Test LTPD 20% C=0

3) Electro-Static Inspection LTPD 15% C=0
Ag Epox 1) Work Test AQL 2.5%
9 Epoxy 2) Chemical Composition Analysis AQL 2.5%

Letter Marking

1) Visual Inspection
2) Work Test

100% Inspection C=0

Spare Parts
& Others

1) Dimension Inspection
2) Visual Inspection

AQL 0.65%
LTPD 20%
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QUALITY and RELIABILITY

3. In-Process Quality Inspection

A. Assembly Lot Acceptance Inspection
(1) Acceptance quality level for wire bond gate inspection

Defect Class Inspection Level Type of Defect
— Missing Metal — Diffusion Defect
— Chip Crack — Ink Die
— No Probe — Exposed Contact
Critical Defect AQL 0.65% — Epoxy on Die — Bond Short
— Mixed Device — Die Lift
— Wrong Bond — Broken Wire
— Missing Bond
— Metal Missing — Oxide Defect
" — Metal Adhesion — Probe Damage
Major Defect AQL 1.0% — Pad Metal Discolored — Metal Corrosion
— Tilted Die — Incomplete Wetting
— Die Orientation — Weakened Wire
— Partial Bond
— Adjacent Die — Contamination
— Passivation Glass — Ball Size
Minor Defect AQL 1.5% — Die Attach Defect — Wire Clearance
— Wire Loop Height — Bond Deformation
— Extra Wire

(2) Acceptance quality level for Mold/Trim gate inspection

Defect Class Inspection Level Kind of Defect
— Incomplete Mold — Deformation
Critical Defect AQL 0.10% — Void, Broken Package — No Plating
— Misalignment — Broken Lead
— Ejector Pin Defect — Crack, Lead Burr
Major Defect AQL 0.4% — Package Burr — Rough Surface
— Flash on Lead — Squashed Lead
— Lead Contamination — Bent Lead
Minor Defect AQL 0.65% — Poor Plating
— Package Contamination

B. In-process monitor inspection

¢ In-Process Monitor
Inspection for Product

e X-Ray Monitor
Inspection for Molding

e Monitor Inspection
for Production Equipment

e Compound Thermal Analysis

4 Times/Shift/Each Process
2 Times/Shift/Mold Press
2 Times/Shift/Each Unit of

Equipment
3 Equipment/Shift/Day

Inspection. .. Frequency | Reference
eDie Shear Test Each Lot MiL-STD-883C, 2019-2
e Bond Strength Test Each Lot MIL-STD-883C, 2011-4
¢ Solderability Test Weekly MIL-STD-883C, 2003-3
e Mark Permanency Test 1 Time/Equipment/Day MIL-STD-883C, 2015-4
¢ Lead Integrity Test Weekly MIL-STD-883C, 2004-4

Identify for Each Control Limit
Identify for Each Control Limit
Identify for Each Control Limit

Identify for Each Control Limit

=§§ SAMSUNG
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QUALITY and RELIABILITY

4. Outgoing quality inspection plan (LTPD)

Defect Class Discrete LSI Kind of Defect

Critical Defect

electrical 1% 2% Open, short. . .
X Wrong configuration, no marking

visual

Major Defect
electrical 1.5% 3% Items which affect reliability most strongly
visual

Minor Defect Items which minimally or do
electrical 2% 5% not affect reliability at all
visual (cosmetic, appearance, etc.)
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QUALITY and RELIABILITY

Figure 10. General Assembly Flow

Process Flow Process Step

Major Control Item

Wafer

Wafer Incoming
Inspection

Q.C. Wafer Incoming Inspection AQL 4.0%

Tape Mount

Sawing Q.C. Monitor

Q.C. Monitoring:

— Chip-out — Scratch

— Crack — Sawing Discoloration

— Sawing-speed — Cut Count

— D.I. Purity — CO; Bubble Purity
Visual Inspection 100% Screen:

— FAB Defect

— EDS Test Defect
— Sawing & Scratch Defect

Q.C. Gate

=

1st AQL 1.0%
Reinspection AQL: 0.65%

Lead Frame (L/F)

Lead Frame Incoming

*Q.C.LF Incoming Inspection
1. Acceptance Quality Level
— Dimension LTPD 20%, C=0
— Visual & Mechanical: LTPD 10%, C=2
— Functional Work Test: LTPD 20%, C=0

Die Attach (D/A)

Q.C. Monitor

ol

*Q.C.D/A Monitor Inspection
1. Bond force

2. Frequency: 4 Times/Station/Shift
3. Sample: 24 ea Time

4. Acceptance Criteria

Defect Acceptance Reject
Critical 0 1
Major 1 2

Cure
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QUALITY and RELIABILITY

Figure 10. General Assembly Flow (Continued)

Process Flow Process Step

Major Control Item

Q.C. Monitor

*Q.C. Cure Monitor Inspection
1. Control Item
— Temperature
— In/out Time
2. Frequency
— 1 Time/Shift

Au Wire

Bonding Wire

Incoming Inspection

*Q.C Au Wire Incoming Inspection
1. Visual Inspection: N=5, C=0
2. Bond Pull Test Strength Test: N=13,C=0
3. Bondability Test
— Critical Defect: AQL 0.65%
— Major Defect: AQL 1.0%
— Minor Defect: AQL 1.5%

Wire Bonding (W/B)

100% Visual
] Inspection

<> Q.C. Monitor

*Q.C. W/B Monitor Inspection
1. Frequency: 4 Times/Mach/Shift

Q.C. Gate'

1. Q.C. Acceptance Quality Level
— Critical Defect: AQL 0.65%
— Major Defect: AQL 1.0%

— Minor Defect: AQL 1.5%

Mold Compound

Incoming Inspection

*Moldability Test
— Critical Defect: AQL 0.15%

Mold — Major Defect: AQL 1.0%
— Minor Defect: AQL 1.5%
a Mold
Q.C. Monitor *Q.C. Mold Monitor Inspection

1. In-Process Monitor Inspection
— Frequncy: 4 Times/Station/Shift
— Sample: 200 Units/Time
2. Acceptance Quality Level
— Critical Defect: AQL 0.25%
— Major Defect: AQL 0.4%
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QUALITY and RELIABILITY

Figure 10. General Assembly Flow (Continued)

Process Flow Process Step

Major Control Item

Cure

Q.C. Monitor

*Q.C. Cure Monitor Inspection
1. Control Item
— Temperature
— Inlout Time
2. Frequency
— 1 Time/shift

C Deflash

Q.C. Monitor

*Q.C. Deflash Monitor Inspection
1. Control Item
— Pressure
— Belt Speed
— Visual/Mechanical Inspection
2. Frequency: 4 Times/Mach/Shift
3. Identify each Defect Control Limit

TRIM/BEND

Q.C. Monitor

*Q.C. Trim/Bend Monitor Inspection
1. Visual Inspection
2. Frequency: 4 Times/Station/Shift

Solder

100% Visual Inspection

Q.C. Monitor

*Q.C. Solder Monitor Inspection
1. Frequency: 4 Times/Mach/Shift
2. Criteria

— Critical Defect: AQL 0.25%
— Major Defect: AQL 0.4%

Q.C. Gate

*Q.C. Mold Gate
— Acceptance Criteria
Critical Defect: AQL 0.10%

Major Defect: AQL 0.4%
Minor Defect: AQL 0.65%

Test

100% Electrical Test

Q.C. Monitor

Correlation Sample Reading for Initial
Device Test

( ) Mark

100% Visual Inspection
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QUALITY and RELIABILITY

Figure 10. General Assembly Flow (Continued)

Process Flow Process Step

Major Control Item

PRT Monitoring
(Product Reliability
Monitor)

1. PRT
— HOPL, PCT
— Other (when applicable)
2. Acceptance Criteria: LTPD 10%

Q.C. Monitor

*Q.C. Marking Monitor Inspection

— Frequency: 4 Times/Station/Shift ,
— Sample: 24 Units/Time

— Identify for Each C.L.

— Acceptance Criteria

Defect Acceptance Reject
Critical 0 1
Major 1 2

Q.C. Gate

*Q.C. Final Acceptance Level
— Critical Defectg: AQL 0.10%
— Major Defect: AQL 0.4%

— Minor Defect: AQL 0.65%

< Q.A. Gate

*Q.A. Incoming Inspection
1. Critical Defect:
— Electrical Test: LTPD 2% (N=116, C=0)
— Visual Test: LTPD 2% (N=116, C=0)
2. Major Defect:
— Electrical Test: LTPD 3% (N=116, C=1)
— Visual Test: LTPD 3% (N=116,C=1)
3. Minor Defect:
— Electrical Test: LTPD 5% (N=116, C=2)
— Visual Test: LTPD 5% (N=116, C=2)

Stock

*Age Control

Q.A. Gate

*Q.A. Outgoing Inspection
1. Quantity
2. Customer
3. Packing
4. Sampling Inspection (when applicable)
— Sampling plan is same as incoming
Inspection

Shipment
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PRODUCT GUIDE

1. FUNCTION GUIDE
A. CMOS LCD Watch ICs

. . . Electrical
Display Function Additional Features Characteristic
c —_
<
nlal8
Device olo|® < ‘% Remark
o| (2|25 g 2
v | o o s
2 ele |8 ol 8
L 23|83 |e|F E|N|E| 8|5 s
= - o b1 = = o E [ ~ : ¢
o 3| 5|3|2|8 7 S|=|2|5|F|E 3| &8
Bjla|2E|a|lFr|maja|>|<|B|[C|O0|F > |- |2
KS5112 | 6 |— |1 | —| * | * |—|—|—|—|—|—|— 15(0.8| 15
Internal
KS5198 |35 — | — — | * == === == 150815 Capacitor
KS5199A|35 | — | — | * |— | * | — | —|—|—|—|—|— 15|08|15
KS5184 | 6 | 7 | 4 | * |— | * |[Flagl — | * | * |— | * | — 15(1.0|20
Chrono (1/100
KS5190 | 6 | 7 | 4 | * |— | * |Flag| — | * | * | * | * | — sec, 24HR) 15(1.0]20
KS5194 | 4 |— | 4 | * |— | * |—|— | *|—|—| * |— 15(1.0|20
Internal
tKS5114 |35| — | — | * |— | * | — | —|—|—=|—|—|— 150815 Capacitor
B. CMOS Analog LCD Watch
Display Electrical Characteristic
Device Function Voo (V) loo (kA) Remark
Hand | Segment | LCD duty | - oo Typ | Max
KS5113 3 120 1/6 3 1.5 1.5 25 Internal Capacitor
C. CMOS Analog Watch
Electrical Characteristic
Device Function loo (nA) Osc. Remark
Voo (V)
A Typ | Max (Hz)
1KS5243 3 Hand Analog Watch 1.5 170 300 32768 External Trimmer Capacitor
D. CMOS Analog Clock ICs
Electrical Characteristic
Device Feature loo (#A) Osc. Package Remark
Voo (V) H
Typ | Max (Hz)
KS5206 | A 05Hz Square Wave 15 15 25 32,768 | 8 DIP or Chip | 2048Hz Alarm
KS5207 | Pulse Output 15 1.5 25 | 32,768 | 8 DIP or Chip | 1 HR Function
E: 0.5Hz 46.9ms :
KS5209 Duration Pulse Output 15 1.0 2.0 32,768 | 8 DIP or Chip | 2048Hz Alarm
KS5210 | F: 0.5Hz 31.2ms 1.5 0.7 20 32,768 | 8 DIP or Chip | 2048Hz Alarm
Kss5211 | Duration Pulse Output 15 07 | 20 | 32,768 | 8 DIP or Chip | No Trimmer

=§§ SAMSUNG
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=§§ SAMSUNG

E. Calculator ICs
. . . loo (#A)
Device Function | Additional Function | Vpp(V) Package Remark
Typ | Max
KS6025 Basic Auto Power Off 1.5 6 9 48 FQP Solar Cell
KS6026 Basic Auto Power Off 15 5.6 9 48 FQP Solar Cell
KS6027A | Desk Top — 15 7.0 15 | Bare Chip | Solar Cell
Calculator +KS6027B — — 15 7.0 15 60 FQP Solar Cell
+KS6027C | Basic — 3.0 7.0 15 60 FQP —
+KS6028 Basic Auto Power Off 15 1.3 3 48 FQP | Solar Cell
1KS6029 Basic Auto Power Off 1.5 1.5 3 48 FQP Solar Cell
KS6041 Scientific | Auto Power Off 3.0 70 | 120 48 FQP —
F. Voice Synthesizer ICs
Device Synthesis Method Voo (V) Maximum Memory Package Remark
KS5901A LPC 5 64K Bytes 60 FQP
KS5902 LPC 5 48K Bits 24 DIP Internal ROM
KS5911 ADM 5 256K DRAM x 4 48 FQP External DRAM
KS5912 ADM 5 64K Bits 16 DIP Internal ROM
+1KS5915 ADM 5 1M DRAM x 4 60 FQP External DRAM
G. Melody ICs
. Time Base Voo
Device Title (H2) ) lop(uA) Package Remark
1 Melody
g:fi’z;o KS5310A | Oh! Susanna 32,768 15 Bare Chip | Bare Chip
(At Watch)
KS5313N Minuet (BACH) 33,000 15
KS5313P | Cuckoo’s Waltz Stand-By .
KS5313 | KS5313R | Oh! Susanna 0.10.3 fesfjﬁ;:;' }3(822,13,
Series KS5313Q | Home Sweet Home Operating 8 DIP Pieezo eDri?/r
KS5313S | Big Ben 20-30 ©
KS5313T For Elise
Stand-By
Sky-Lark’s or 0.1-0.3
KS5814 KS5814 Cricket's Sound 210,000 1.5 Operating 14 DIP Speaker
L o S I | 250400 | S R
Stand-By
0.41.5
KS5401 T1KS5401A 8 Sound effect 125,000 3 Operating 18 DIP Speaker
300-600
H. Miscellaneous
1
Device Function Voo (V) oo (4R) Package Remark
Typ Max
KS5815 3.5 Digits Clinical Thermometer 1.5 — 100 Bare Chip
KS5116 6 Digit Up/Down Counter 15 9 18 Bare Chip
+ New Product 1t Under Develop
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2. CROSS REFERENCE GUIDE

Application SAMSUNG OKI SEIKO TOSHIBA Others
KS5184 LC5641
KS5198 MSM5001N
KS5199A MSM5001N
LeD Watch KS5189 MSM5066
KS5190 MSM5066
KS5194 MSMB5004
KS5112 , JT6649A-CS
+KS5114 MSM5001N
Q/';?L%g LCD KS5113 MSM5008 31?;5?53712 ;
Analog Watch +1KS5243 e1208
KS5205
KS5206 UM3262
Analog Clock KS5209
KS5210 e1444
KS5211 ) RCA92461
KS5310A SVM7952
Melody KS5313 SVM7920 8:8332;
KS5814 MN6223
+1KS5401A HT-88
KS6025 L3128
KS6026 UM3135
Calculator +KSB027A/BIC T6899
1KS6028
+KS6029 LI3135
KS6041 SC6992
KS5901A T6721
KS5902 T6803 SP0255, LC8100
‘S’S:]‘;ﬁesizer KS5911 T6668 UM5101
KS5912 T6667 CIC560
KS5915 TC8831F CIC5500
Miscellaneous KS%815 JTE690-AS
KS5116

t New Product

+t Under Development

=§§ SAMSUNG
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3. ORDERING INFORMATION

KSV

3100A Cc

A+

BURN-IN (OPTIONAL)
(SEE BURN-IN PROGRAM)

PACKAGE TYPE

TEMPERATURE RANGE

A: IMPROVED VERSION

DEVICE FAMILY

TEMPERATURE RANGE

BLANK | SEE INDIVIDUAL SPEC
C COMMERCIAL 0 ~ +70°C
I INDUSTRIAL —-25~ +85°C
-40~+85°C
M MILITARY —55~+125°C

INTEGRATED CIRCUIT

KA LINEAR IC
KS CMOS IC
— KT {TELECOMIC | |
LA NATIONAL
MC - MOTOROLA
NE SIGNETICS
KSV A/D-D/IA CONVERTER
KAD A/D CONVERTER
KDA D/A CONVERTER

PACKAGE TYPE

DEVICE NUMBER AND SUFFIX (OPTIONAL)

CODE PKG. TYPE

SOIC

CERAMIC DIP

PLASTIC DIP (300/600 mil)

SIP

FQP

SD (400 mil)

SSD (Skinny Shrink DIP)
(400 mil. Small Pitch)

W mMmO|n|Z|<|O

SHD (Shrink DIP)
(300 mil. Small Pitch)

ZIP

PGA

LCC

PLCC

703

TO-3P

TO-92

TO-92L

TO-126

TO-220

TO-247

ox|+lx<|NT|Z|Rr|clsS| v

BARE CHIP

=§§ SAMSUNG
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- 3. CMOS Analog Watch | 'S
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CMOS LCD Watch ICs

Device Function Package - Page
KS5112 5 Functions 6 Digits Watch for Triplexed LCD Bare Chip 49
KS5113 3 Hands LCD Analog Watch Bare Chip 56
KS5114 5 Functions 3.5 Digits Watch for Duplexed LCD Bare Chip 64
KS5184 6 Functions 6 Digits Alarm Watch with Chime Bare Chip 70
for Duplexed LCD

KS5190 6 Functions 6 Digits Alarm Watch with Chronograph Bare Chip 74
and Chime for Duplexed LCD

KS5194 5 Functions 4 Digits Alarm Watch with Chime for Bare Chip 80
Duplexed LCD :

KS5199A 5 Functions 3.5 Digits Watch for Duplexed LCD Bare Chip 84

CMOS Analog Clock ICs

Device Function Package Page
KS5206 Bipolar Stepping Motor Drive Analog Clock 8 DIP or. Chip .90
KS5207 Bipolar Stepping Motor Drive Analog Clock 8 DIP or Chip 95
KS5209 Bipolar Stepping Motor Drive Analog Clock 8 DIP or Chip 100
KS5210 Bipolar Stepping Motor Drive Analog Clock 8 DIP or Chip 104
KS5211 Bipolar Stepping Motor Drive Analog Clock 8 DIP or Chip 109

CMOS Analog Watch IC

'Device Function Package Page

KS5243 3 Hands Analog Watch Bare Chip 113




KS5112 CMOS DIGITAL INTEGRATED CIRCUIT

5-FUNCTION 6-DIGIT WATCH CIRCUIT FOR
TRIPLEXED LCD.

The KS5112 is a CMOS LSI which contains all logic necessary to im-
plement of a five function six digits liquid crystal display watch. The
circuit contains an oscillator amplifier with an internal feedback resis-
tor for the use of 32,768Hz quartz crystals. The circuit operates from
a single 1.5 volt battery and contains internal voltage doubler. Only 2
switches are required to control all functions: These switch inputs have
pull down resistor and be debounced by internal circuitry.

FUNCTIONS

¢ 5 functions: Month, Date, Hour, Minute and Second

® 12 hour format.

¢ Selectable display Hour, Minute, Second / Month, Date.
* One touch correction of time error within +30 seconds.
* 2 switch sequential operation.

® 4 year calendar.

* LCD test

FEATURES

¢ One chip C-MOS construction.

 Drives 6 digits triplexed LCD.

¢ Colon and PM display.

¢ Low power consumption.

¢ 32,768Hz crystal oscillator.

¢ Single 1.5V battery operation.

 Built-in voltage doubler circuit.

* Built-in crystal oscillator input capacitor.
¢ Trimmer capacitor included

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristics Symbol Value Unit
Supply Voltage (Vpps — Vss) Vst -03~+20 \%
Supply Voltage (Vopz — Vss) Vosz -03~+40 \Y
Operating Temperature Topr -20~+75 °C
Storage Temperature Tsg -55~+125 °C

* Voltage greater than above may damage the circuit.
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CMOS DIGITAL INTEGRATED CIRCUIT

KS5112

ELECTRICAL CHARACTERISTICS (1.=25°C, Voo = 1.5V, Vss = 0V; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit

Voo1 1.2 1.5 1.8 \"
Operating Voltage

Voo2 2.4 3.0 3.6 Vv
Supply Current loo Without Load 0.8 1.5 uA
Input High Voltage Vi Vpp—0.3 Voo v
Input Low Voltage Vi Vss Vss+0.3 \"
Switch Activation Current lsw Vin=Vop 0.1 0.5 3 uA
Oscillator Start Voltage Vosc Within 5 Sec 1.45 Vv
Oscillator Stop Voltage Vosp 1.15 \"
Oscillator Frequency Fosc 32,768 Hz
DC-DC Conversion Frequency Fcon C1=C2=0.1uF 1,024 Hz
LCD Frequency Fq 43 Hz

Cin 20 pF
Oscillator Capacitor

Cout 20 pF
Switch Debouncing Time Taeb 31.25 mSEC
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KS56112 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION

Two switchs (D and S) are required to control all display and setting of function.

A) Display Control '

Hours, minutes and seconds are displayed, colon remains stationary in normal mode.

Month and date are displayed by depressing D-switch.

If D-switch is not depressed continuously, the display will return to normal mode (Hours, minutes and seconds)
after 2 seconds.

B) Setting Control

1. Second
Depressing S-switch in normal mode will cause second correction mode. Second display will flash at a 2Hz rate
in this mode. D-switch is used to correct second within +30 seconds. After seconds correction, the display
will return to normal mode (Hours, minutes and seconds).

2. Hour
Depressing S-switch in second correction mode will cause “Hour set” mode and hour display will flash at a
2Hz rate. D-switch is used to advance contents of selected state. If D-switch is depressed continuously, con-
tents will be advanced at a 4Hz rate.

3. Minute
The next depressing of S-switch will select “Minute set” mode and minute display will flash at a 2Hz rate. Minute
can be advanced as above.

4. Month

The next depressing of S-switch will select “Month set” mode and month display will flash at a 2Hz rate.
5. Date

The next depressing of S-switch will select “Date set” mode and date display will flash at a 2Hz rate.
6. Return

The next depressing of S-switch will return to normal display mode.
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KS5112

CMOS DIGITAL INTEGRATED CIRCUIT

OPERATIONAL DIAGRAM

Normal display mode

#
HH: MM ss

2 seconds
(Auto return)

Month/date display mode
MO DT

“Second correction”

¥k
HH: MM ss

‘Hour set” mode
*ak
HH: MM ss

D (Advance)

L

“Minute set” mode
Kk k

HH: MM ss

D (Advance)

I

“Month set” mode

“Date set” mode

*k
MO DT

D (Advance)

“I'D(Advance) ———

|

D (Second correction within +30 seconds)

#; Colon is not flashing
and remains stationary.
*x; Digits flash at a 2Hz rate.

=§§ SAMSUNG

52



KS5112 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION

« The voltage doubler circuit is formed by connecting 0.054F to 0.14F capacitor from ‘CAP’ PAD to “1KO’ PAD and from "'VDD2’

PAD to ‘'VSS’ PAD.
 Oscillator circuit is formed by connecting crystal from ‘OI’ PAD to ‘OO’ PAD.
« The circuit substrate is electrically connected to Vss, the most negative voltage. The preferred assembly method

is to connect die area to Vss using a conductive die attach.
» The watch can operate with 1.5V silver oxide battery and user should connect ‘VDD’ PAD to 1.5V, VSS to OV.

TESTING
* T1, T2 and T3 PAD are provided for testing. In normal operation they should be kept open.
e Three test inputs and two switches are pulled down by internal resistors.

LCD FORMAT

COM2
COM3

g comt

:] BC1/B2/COL
j F2/E2/D2
:| A21G2/C2
:I AD3/F3/E3
:I B4/C4/Es
:] ADS5/F5/GS5
:] PM/BS/Cs
:] A6/F6/E6
:l B6/G6/D6
___] Ce/E4/C3

@gq " 2P 120 i
B . a a @’Bs G@QCG
m ES’@GS IEG’D.GQBG
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- KS5112 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT

LCD

Ccom1 SEGMENTS COM2 Ccom3

(o]e] Vss

X-tal
C2: 0.14F
|

ol v 1
KS5112 oo i

1KO

C1: 0.14F

h
%

cAP pl—o 00—

Vsse VDD1

I+

15V

* Quartz Crystal Parameter

Fp = 32,768Hz
CL = 10pF
C1 = 4pF
Co = 2.5pF
Rs = 35KQ
- Q =300 - - B
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KS5112 CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM

(2340, 1560)

C) G [0 B O L) [ G [ (e [
(=]

KS5112 PAD DIAGRAM
Chip Size : 2340 x1560
PAD Size :98x98

Unit tum
Y [2] a
[2] (2] 2] [=]
00 _—_—x
COORDINATES OF PAD (Unit: xm)
Coordinates Coordinates
Pad No. Name of Pad Pad No. Name of Pad -
X Y X Y
1 COM1 129 789 15 COM3 2211 1261
2 BC,/B./COL 230 1431 16 Vss 2211 526
3 Fo/E2/D, 390 1431 17 Voo 221 366
4 AIG>/C, 550 1431 18 S 2211 206
5 AD3/F3/E;s 710 1431 19 D 2501 129
6 F4/B3/Gs 870 1431 20 Voo1 1874 129
7 A4lG4lD, 1030 1431 21 T3 1711 129
8 B4/C4/Es 1190 1431 22 T2 1494 129
9 ADs/Fs/Gs 1350 1431 23 T 1137 129
10 PM/Bs/Cs 1510 1431 24 Vss 449 129
11 Ag/Fs/Eg 1670 1431 25 CAP 289 129
12 Be/Ge/Ds 1830 1431 26 1KO 129 285
13 Co/E4/C3 1990 1431 27 ol 129 457
14 COomM2 2211 1431 28 00 129 629
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KS5113 CMOS DIGITAL INTEGRATED CIRCUIT

3 HAND LCD ANALOG WATCH

The KS5113 is a silicon-gate CMOS LS| for 3-HAND analog LCD display
watch. It provides three functions (HOUR, MINUTE, SECOND).

It connects the analog LCD panel with 120 segments type.

The KS5113 has 20 segment outputs and 6 common outputs for direct
drive of 1/6 duty multiplexing LCD.

It operates on single 1.5V battery and the circuit time base is a 32,768Hz
crystal oscillator.

FUNCTIONS

¢ 3 Function: HOUR, MINUTE, SECOND.
* Time setting: Minute up setting.
* 1 switch operation.

FEATURES

¢ One chip CMOS construction.

* 1/6 duty multiplex LCD drive.

¢ Single 1.5V battery operation.

* Voltage doubler, voltage tripler.

* Lower power consumption.

¢ 32,768Hz Crystal frequency.

¢ Built-in voltage doubler, voltage tripler circuits.
¢ Trimmer capacitor included.
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KS5113 CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage (Vopi — Vss) Vst -03~+20 Vv
Supply Voltage (Vo2 — Vss) Vps2 -03~+4.0 \"
Supply Voltage (Vops — Vss) Vpss -03~+6.0 \"
Operating Temperature Topr -20 ~+75 °C
Storage Temperature Tstg —-55 ~+125 °C

* Voltage greater than above may damage the circuit

ELECTRICAL CHARACTERISTICS (1.=25°C, Voo = 1.5V, Vss =0V; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
Voot 1.2 1.5 1.8 v
Operating Voltage Vo2 2.4 3.0 3.6 Vv
Voos 36 45 5.4 \"
Supply Current loo Without Load 1.5 25 uA
Input High Voltage Viu Vpp—0.3 Voo Vv
Input Low Voltage Vi Vss Ves+0.3 \
Switch Activation Current lsw Vin=Voo 0.1 0.5 3 uA
Oscillator Start Voltage Vosc Within 5 Sec 1.45 \
Oscillator Stop Voltage Vose 1.15 "
Oscillator Frequency Fosc 32,768 Hz
DC-DC Conversion Frequency Fcon C12=CD2=CD3=0.1uF 1,024 Hz
LCD Frequency Fq ' 43 Hz
Oscillator Capacitor Cr 20 pF
Cout 20 pF
Switch Debouncing Time Taev 31.25 mSEC
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KS5113

CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION

1. Voltage Tripler

The battery voltage (1.5V) can be doubled and tripled by connecting external capacitor CD2, CD3 and C12 to the
on-chip voltage doubler and tripler as shown in Fig. 1.

VDD2

15V

.-
VoD1 |;7

vss

VDD3

C1 Cc2
C12

2. Chattering Prevention

CcD2

VoD1

Fig. 1. Voltage Tripler

Vvss

Vss=0v

VDD1 =15V
VDbD2=30V

VDD3 =45V
CD3=CD2=C12=0.14F

CcD3

The on chip chatter killer network provided for switch prevent possible error caused by chatter as shown in Fig. 2.

— T

3. Initial Set

Initial state is shown in Fig. 3.

Tet < 33.3 msec (maxmum switch

Tst«—————-ﬂ Tet b

Fig. 2. Chattering

chattering time.)

Tst<60 msec (minimum stable time)

rrrrr 1 itiat State

“Time

Display |

" Base Watch Mode

(AM) 00:00 00

!

Fig. 3.
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KS5113 CMOS DIGITAL INTEGRATED CIRCUIT

TEST FUNCTIONS
T T2 T3 AC sw Function
0 0 0 0 — Normal '
Clock — — 0 — Test 256Hz drive
— Clock — 0 — Test 8Hz drive
Clock 0 1 0 Clock Minute display & TEST
Clock 1 1 0 Clock Hour display & TEST
— — 0 1 — . Initial SET
- - 1 1 — LAMP TEST B

Switch Operation

1) Normal mode. )
The normal mode will be displayed with three HANDS (HOUR, MINUTE, SECOND). Second is advanced at 1Hz
rate, minute is advanced at 60 second rate, and hour is advanced at 6, 18, 30, 42, 54 minute.

2) Time setting.
When switch SW is depressed less than 1 second, the minute HAND advances + 1 step with the second HAND
returning to “O”.
If switch SW is depressed over 1-2 second, the minute HAND advances at 8Hz rate with the second HAND re-
maining “O” and the hour HAND advances according to the minute HAND.

% A) Depressing switch SW less than 1 second.
|
A

Minute HAND will be advanced + 1.
Second HAND will be returned to “O”.

B) Depressing switch SW over 1-2 second.
Minute HAND will be advanced at 8Hz rate.
Second HAND stays “O”.

C) Switch SW released.

B V : Second hand

I : Minute hahd

| : Hour hand

Fig. 4. Switch operation.
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KS5113

CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT

x-tal [

(T

Cci12 ==

Segment out COM out
(S1-S20) (COM1-COMS)
00
(o]}
c2 KS5113
(&3]

CD3

VDD3 —-—‘I |——-‘

;D2

VbD2 ———‘l I——

vss -|-

15V

VoDt

swhb——o0"0

C12=CD2=CD3=0.14F
Fig. 5. Application Circuit

Quartz Crystal Parameter

Fp = 32,768Hz
CL = 10pF
C1 = 4pF
Co = 2.0pF
Rs = 35KQ
Q = 35,000
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KS5113 CMOS DIGITAL INTEGRATED CIRCUIT

PAD LAYOUT (1040, 2050
[c] 2] [
KS5113 PAD DIAGRAM
IEI Chip Size :1940x2050
PAD Size :98x98
Unit tpm
14
v (]
(2]
0o —  _ x
KS5113 PAD LOCATION (Unit: pm)
Pad | Pad | Coordinates | pad | Pad |Coordinates| pad | Pad |Coordinates| pad | pad | Coordinates
No. | Name | x Yy | No. | Name | x Y No. | Name | x Yy | No. | Name | x Y
1 OO0 | 1447 | 1921 | 11 S6 | 129 | 1409 | 21 SW 466 | 129 | 31 | COM5 | 1811 | 540
2 Ol | 1273 | 1921 | 12 | S16 | 129 | 1249 | 22 | Voo 639 | 129 | 32 | COM4 | 1811 | 700
3 C2 | 1090 | 1921 | 13 | S15 | 129 | 1089 | 23 AC 799 | 129 [ 33 | COM3 | 1811 | 860
4 C1 930 | 1921 | 14 S5 129 | 929 | 24 T 972 | 129 | 34 | COM2 | 1811 | 1020
5 | S19 710 | 1921 | 15 S4 (129 | 769 | 25 T2 | 1145|129 | 35 | COM1 | 1811 | 1180
6 S9 504 | 1921 | 16 | S14 | 129 | 609 | 26 T3 | 1318|129 | 36 S1 1811 | 1340
7 S8 208 | 1921 | 17 | S13 | 129 | 449 | 27 Ves | 1491 {129 | 37 | S11 | 1811 | 1500
8 | S18 129 | 1921 | 18 S3 (129 | 289 | 28 | Vpp | 1651|129 | 38 | S10 | 1811 | 1660
9 | Ss17 129 | 1729 | 19 S2 | 129 | 129 29 | Vops | 1811|220 | 39 | S20 | 1811 | 1820
10 S7 129 (1569 | 20 | S12 (306 | 129 ( 30 | COM6 | 1811 | 380 | — — - —
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KS5114 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONS 3.5 DIGITS WATCH CIRCUIT
FOR DUPLEXED LCD.

The KS5114 is low threshold voltage, ion implanted metal gate CMOS
integrated circuit which provides all signals to drive a duplexed 3.5
digits liquid crystal display with colon (Fig. 1).

32.768Hz frequency from crystal controlled oscillator is divided
to provide SECOND, MINUTE, HOUR, DATE and MONTH information.
Phase controlled segment outputs and two Phase controlled back piane
outputs are provided for direct drive of the duplexed LCD.

The KS5114 contains inverter/amplifier, output attenuating resis-
tor, capacitor and feed back resistor to drive the crystal.

The freauency of oscillator isdivided to provide 512Hz output pulse
used as signal for the voltage doubler.

FUNCTIONS

e 5 functions: Month, Date, Hour, Minute and Second.

e Selective alternation of TIME-DATE display mode.

* One touch correction of time error within +30 seconds.
® 4 years calendar.

¢ 2 switches sequential operating.

e LCD test.

FEATURES

Single chip CMOS construction.

¢ Drives 3.5 digits duplexed LCD.

Low power dissipation (lop: Typ. 0.8yA, Max. 1.5,A ;1.55V
operation).

Colon display.

32.768Hz crystal controlled operation.

Single 1.5V battery operation.

On-chip capacitive voltage doubler.

Debounce circuitly on switch inputs.

Protection against static discharge.

Built-in crystal oscillator m-network input capacitor.
Trimmer capacitor is user selectable. (bonding option)

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage (Voo — Vss) Vbs -03~+20 \"
Supply Voltage (Voo — Vee) Voe ~0.3~ +4.0 v
Operating Temperature Topr -20~+75 °C
Storage Temperature Tsig —-55 ~+125 °C

* Voltage greater than above in aamage the circuit.

=§§ SAMSUNG
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KS5114 CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (1.=25°C, Vop=0V, Vss= — 1.5V; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
) [Vss| 1.2 15 1.8 v
Operating Voltage
|Vee| 24 3.0 3.6 \
Supply Current Iop Without Load 0.8 1.5 uA
Input High Voltage Vin Voo —0.3 Voo \Y
Input Low Voltage Vi Vss Vss+0.3 \
Switch Activation Current lsw Vin= Voo 0.1 05 3 A
Oscillator Start Voltage [Vosc| Within 5 Sec 1.45 \"
Oscillator Stop Voltage [Vose| 1.15 \"
Oscillator Frequency Fosc 32,768 Hz
DC-DC Conversion Frequency Fcon C1=C2=0.14F 512 Hz
LCD Frequency Fq 32 Hz
Oscillator Capacitor Cn 2 pF
Cout 25 pF
Time Stability Tao é‘:ﬁ":zg';\:/) 1 ppm
Switch Debouncing Time Taeb 62.5 mSEC

FUNCTIONAL DESCRIPTION

DISPLAY CONTROL

¢ Standard Display

Normal KS5114 displays HOUR in digit 1, 2 and MINUTE in digit 3 and 4. In this state colon flashes at 1Hz rate.

Depression of D switch on normal display state will cause MONTH to be displayed in digit 1 and 2, DATE in
digit 3 and 4 with colon off. MONTH and DATE will continue to be displayed for 2 secnds after the D switch is
released. Then HOUR and MINUTE are displayed again.

Two momentary depressions of D switch within 2 seconds on normal display state will cause SECOND to be
displayed in digit 3, 4 and the digit 1 and 2 blanked with colon non-flashing continuously. Depressing S in this
state resets and holds the SECOND counter until switch S is released and MINUTE counter is either advanced
or remained unchanged depending upon whether the SECOND counter is greater or less than 30 seconds.

Depressing D in this state returns the display to HR : MIN display state.

¢ Alternating display

This mode is selected by activating the set switch (S) in normal display mode. in this mode HR : MIN is
automatically displayed alternately with MONTH DATE. Each is displayed for two seconds.

The S input must be activated five times to return to normal display mode and depressing D switch in this
alternating mode will cause the SECOND display mode.
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KS5114 CMOS DIGITAL INTEGRATED CIRCUIT

3.5 DIGITS LCD FORMAT

[ ] FoEs

| ] ADaias
| ] Barcs
[ ] FaEa
[ ] Avca
| ] Berce
| ] com

[ ] coLonps

| ] comz
BEEES
BEE
[ ] AerGe
[ ] Baice

o Of
<
-

gl

DG

JROM(

Fig. 1

SETTING PROCEDURE (fig. 2

Timelcalendar setting is accomplished by using S switch to enter and return from setting state. The D switch

is used to advance the function at 2Hz rate.
The function to be set is displayed the only one while setting state.
The detailed setting procedure is as follows.

a. Alternating display state
Depressing S switch in normal display state causes the alternating display mode. (Alternating HR : MIN and
MONTH DATE)

b. Month

Depressing S switch in normal display state calls MONTH set state and the display shows MONTH in digit 1
and 2. The. MONTH counter can be advanced at 2Hz rate by depressing D switch.

c. Date

———~—The next depressin of S switch will select DATE set state and the display shows DATE in digit 3'and 4. The

DATE can be advanced as fig. 2.

d. Hour
The next depression of S switch will select HOUR set state and the display shows HOUR in digit 1 and 2 and

A (AM)/P (PM) in digit 4.
The colon flashes at 1Hz rate. The HOUR can be advanced as fig. 2.

e. Minute

The next depression of S switch will select MINUTE set state and the display shows MINUTE in digit 3 and 4
and the colon flashes at 1Hz rate. Depressing D switch advance the MINUTE at 2Hz flashing and the watch

suspends time-keeping.
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KS5114 CMOS DIGITAL INTEGRATED CIRCUIT

f. Hold mode

Then watch enters the HOLD state with the next depression of S switch. In this state the display shows HOUR in digit 1
and 2, MINUTE in digit 3 and 4 and non-flashing colon. (Normal display state)
NOTE

If MINUTE were not changed in MINUTE set state, the watch will not enter the HOLD state but will automatically revert to
normal display state.
The carry signal from any preceeding counter during operation is not accepted except for second reset.

SETTING AND DISPLAY SEQUENCE

2 second
Normal display D Month/Date display D Second display s
- #
HR: MIN MO DT :SEC
s s
Second reset
(+30 sec correction)
Alternating mode
. D
HR: MIN
2sec HO oT
s D s
Month set o

MO advance
s

Date set L
oT advance
s

Hour set D

HR: AP advance
s Advance : +1 for each depression and advance at 2Hz

rate with continuous depression.
* : Colon flashes at 1Hz rate.
S Minute set D **: Normally colon flashes at 1Hz rate,colon stops
If minute 1 not set CMIN advance flashing if minute is set.
#: Colon is not flashing and remains stationary.
s
second reset to zero and hoid
D Hold state
#

HR: MIN

s

Fig. 2
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KS5114 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT

1) External Trimmer Capacitor Type

kel

[ comz SEGMENTS com1
i —O0— 00— s Vss
—o—o—o
_J-_1.5v
Ks5114
L 1
X-tal []
00 VoD
. '[ CAP 512Hz VEE
7 5~35pF _l_
C2: 0.14F
C1: 0.1uF T
2) Internal Trimmer Capacitor Type
* Quartz Crystal Parameter
LcD Fp = 32,768Hz
CL = 12.5pF
C1 = 4pF
Co = 2.5pF
° : Rs = 35KQ
s comz SEGMENTS com:/ss Q = 35000
r—o/o—— D
——_15V
Tl I -1 A L — T T T T T
ol
L
]
—E—-—— 00’ VoD
512Hz VEE

cAp
l—{ |-—l "I‘cz: 0.14F
C1: 0.14F -|-




KS5114 CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM

(2280, 1370)

HEERNE NN NN

COM2 BC1D2 F2/E2 A2/G2 B2/C2 COLID4 F3E3 AD3/G3 B3IC3 F4/E4  A4IG4 B4/C4

ol CoMm1

o

o000 O

KS5114

CHIP SIZE: 2280 x 1370 #M
PAD SIZE; 110 X 110um

oo -

[]
(oo
L]
[]

<
o
o

w

ne

CAP T T2 T3

OO

<
w
0

0O____ _ x
KS5114 PAD LOCATION Unit: um
Pad Name Coordinates Pad Name Coordinates Pad Name Coordinates
X Y X Y X Y
COM2 135 1235 F4/E4 1735 1235 T3 785 135
BC1/D2 315 1235 A4/G4 1935 1235 T2 505 135
F2/E2 495 1235 B4/C4 2115 1235 T 325 135
A2/G2 675 1235 COM1 2145 1045 CAP 135 135
B2/C2 855 1235 D 2145 865 512 135 315
CcoL/D4 1035 1235 Vee 2145 685 Voo 135 510
F3/E3 1215 1235 Voo 2145 505 00’ 135 690
AD3/G3 1395 1235 S 2145 325 00 135 860
B3/C3 1575 1235 Vss 2145 145 Ol 135 1050
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KS5184 CMOS DIGITAL INTEGRATED CIRCUIT

6 FUNCTION 6 DIGIT ALARM WATCH WITH
CHIME FOR DUPLEXED LCD

The KS5184 is a CMOS 6 function watch circuit with alarm function and
Chime, which is designed for with 6 Digit duplexed liquid crystal dis-
play with 7 day mark, date mark, alarm mark, AM/PM mark and colon.

FUNCTIONS

¢ 6 Function: Month, Date, Day-of-week, Hour, Minute, Second
® Alarm, Snooze

* Alarm output for melody IC (KS5310 Series)

® User selectable 12 hour/24 hour format

® 4 year calendar

* One touch correction of time error within +30 seconds.

e Chime on every hour

¢ 3 Switch sequential operation

¢ LCD test

FEATURES

 Single chip CMOS construction

¢ Drives 6 digit duplexed LCD with 7 day mark, AM/PM mark, date
mark and alarm mark

* Colon display

¢ Direct drive of piezoelectric transducer at 3 volt peak to peak

¢ Fast advance for time and alarm set

¢ 32,768Hz crystal frequency

* On-chip oscillator and resistors

* On-chip voltage doubler

¢ Single 1.5V battery operation

* Low power dissipation

* Debounce circuitry on switch inputs

* Protection against static discharge

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage (VDD'VSS) Vbs -03~+20 \
| Supply Voltage (VooVe) Voe . -08~+40 | V. )
Operating Temperature Topr -20~+75 °C
Storage Temeprature Tstg -55~+125 °C

* Voltage greater than above may damage the circuit.
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KS5184 C-MOS DIGITAL INTEGRATED CIRCUIT

ELECTR'CAL CHARACTER'ST'CS (Ta=256°C, Vpp =0V, Vgs= — 1.5V, unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
) |Vssi| 1.2 1.5 1.8 Vv
Operating Voltage
|Vees| 24 3.0 36 v
Supply Current loo Without Load 1.0 2.0 pA
Input High Voltage Viu Vop—0.3 Voo \
Input Low Voltage Vi Vss Vss+0.3 \
Switch Activation Current lsw Vin=Vpo 0.1 0.5 3 uA
Oscillator Start Voltage |Vosc| Within 5 Sec 1.45 \"
Oscillator Stop Voltage |Vose| 1.15 \"
Vea = 0.5V
| I 0.5 2.0 mA
Alarm Drive Current o (Both Direction)
lai Vsar = 0.5V 10 20 nA
Oscillator Frequency Fosc 32,768 Hz
DC-DC Conversion Frequency Fcon C1=C2=0.1uF 2,048 Hz
LCD Frequency Fa 32 Hz
Oscillator Input Capacitor Cin 25 pF
. ™ AVDD=0.5V
Time Stability Tswo (Cou = 25pF) 1 ppm
Switch Debouncing Time Taeb 62.5 mSEC
LCD FORMAT
com2 PM/AM  ADEG1/SUM C1/B1 A2/MON COLON/TUE A3/WED  A4/THU As/FRI A6/SAT DATE/AL  COM1
[1 1 M1 M o 1 rm
[ ] [

=
[ U
=
== L
‘:Im—«
=g LI
@_
Sa] L
(@

SU D T

wl o oo (SE2 (&2 DATE
g et
L4 o B8 8.8 o
L] [ ] [ ] L

F2/E2 G2/D2 B2/C2 F3/E3  Gs/D3  B3/C3 F4/E4  Ga4/Ds B4/C4 Fs/Es Gs/Ds Bs/Cs FelEe  Ge/Ds B6/Cé
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KS5184

CMOS DIGITAL INTEGRATED CIRCUIT

SETTING SEQUENCE AND SWITCH OPERATION

NORMAL

NORMAL

im

T T

ALARM OUTPUT WAVEFORMS

4,096Hz (50% duty) ALA1 and ALA2
Alarm matching
”” Il” Signal
0.125 0.125 ==° ]
1sec
60 sec
ALB
Alarm maiching
Signal
60 sec

Fig. 3

Second Reset b A:?rm Hour Setting o ALARMTIME
HR:MIN SEC*  } Reset Second counter | HR*: MIN A/P (12 hn) [~ SETTING
MR*: MIN H (24 hr)
IR C
S { s
Minute Set D i TIME/CALENDAR
HR: MIN* SEC |-——Advance ﬁﬁrm Minute Set o SETTING
S HR: MIN* A/P (12 hn)[™
l HR: MIN* H (24 hr) M
Hour Set D *Flashing at 2Hz rate. WhenSorD was used<in alarm time setting
HR: MIN A/P (12 hr) fa—— AL means Alarm-mark mode, depressing M will force to normal
HR: MINH (24 hr) JAdvance DM means date-mark
*12 HR mode or 24 D
ls HR mode is selec- Time Display Calendar Display
ted alternately on Day-of-Week Day-of- Week
Date Set o over one day HR: MIN SEC MO DATE DM
Day-of Week |- cycle. s
MO DATE* DM Advance
Display Alarm Time &
l S Disactivate Alarm Display Alarm Time &
Output Alarm Enable/Disable
Month Set D HR: MIN A/P (12 hr) S/D| Alarm Demonstrate
Day-of-Week .2 HR: MIN H (24 hr)
MO DATE DM Advance IM
ls Display Alarm Time &
Chime Enable/Disable
Day-of Week Set D Day-of-Week
Day-of-Week* | HR: MIN A/P (12 hr)
MO DATE DM Advance HR: MIN H (24 hr)
s * Alarm-mark appears in any modes when the alarm is enable.
# All the day-of-week mark appear when the chime is enabled by switch operation.
Fig. 2

4,096Hz (50% duty)

o]

ALA1 and ALA2
Chime Signal

I L

ALB
|-0'5 sec Chime

Signal
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KS5184 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT

LCD
Vop
com2 SEGMENTS ~ COM1 C2: 0.1uF Electrocoil
——"—— lectrocoi
Vee Transducer 15K
MT ALB cap Ropg = 1200 12K
env osc +—00 =
ce L Re}x KS5310 oz e pber
T 3§ seres # T o KS5184 ©
7 5~ 35pF K0 Pi i
ezoelectric 0 30 ~ 40mH
v > Transducer
oD _L Voo M 12K
OUT Vss s o o—4
1-5K 2 v ol oo ALA; or ALA;
S5 ALA ALA,
* Quartz Crystal Parameter
0 Fp = 32,768Hz
b Piezoelectric CL = 12.5pF
oo 2 T o1 = apF
Re and Ce are necessary only when employing envelope circuit with KS5310 Series. CO = 2.5pF
Otherwise, ENV pad must be connected to Vss. Rs = 35KQ
Fig. 4 Q = 35,000

PAD DIAGRAM

Q
D
<

180 D D

o

N

8
D COMQD 140

G2/D2  FiEz O Y]
470 DBglcz PMIAMD 450
760 | [ ] Faes ApEGySUN| | | 750

1050 | [ ] Goms cuei[_] |1os0
1360 [ [ ]eycs Azvon[ |

820

307 |0
[] | 1500
[] |0
[] |20
[] |z

=[] |2se0

[ ] far00

[ ] feee0

>
g
>
~N
>
r
z
>
r
@
<
w
w

1350
1600 [:l FalEs KS5184 PAD DIAGRAM

Chip Size : 3600 x 4050 COLON/TUE D 1650
1840 [ ] Gaa Pad Size : 120x 120

Unit  :pm Aywep[ | |1es0
2080 l:l B4/C4

2340 | [ Faes AgTHU [ ] | 2250
2610| [ ] esms AsiFri[ | | 2550

2880 | [ ]eoics AgsaT[ | 2880
3150

o[ Lroe BeCs  Vop Vee KO CAP s D ac PATEAL $10
s [ B 000 0O 0w
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KS5190 CMOS DIGITAL INTEGRATED CIRCUIT

6 FUNCTION 6 DIGIT ALARM-CHRONOGRAPH
DUPLEXED LCD WATCH CIRCUIT

The KS5190 is a CMOS 6 function watch circuit with alarm and autorang-
ing chronograph function; designed to for a 6 digit duplexed liquid crystal
display, 7 day mark, date mark, AM/PM mark, and colon.

FUNCTIONS

¢ 6 Function: Month, Date, Day-of-Week, Hour, Minute, Second

e Alarm function with 4 to 5 minute snooze

* 6 digit Chronograph: Autoranging after 30 minutes to hour, minute;
second.

‘e Use selectable 12 hour/24 hour format

e Alarm output for melody IC (KS5310 Series)

e 4 year calendar '

* One touch correction of time error within + 30 seconds.

¢ Fast advance for time and alarm time set

e Chime on every hour

¢ 3 Switch sequential operation

e LCD test

FEATURES

* Single chip CMOS construction

« Drives 6 digit duplexed LCD with 7 day mark, AM/PM mark, date
mark and alarm mark

¢ Colon display

» Direct drive of piezoelectric transducer at 3 volt peak to peak

* 32,768Hz crystal frequency

¢ On-chip oscillator and resistors

¢ On-chip voltage doubler

* Single 1.5V battery operation

¢ Low power dissipation

¢ Debounce circuitry on switch inputs

¢ Protection against static discharge

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

_ Characteristic |  Symbol | __Value | Unit
Supply Voltage (Voo — Vss) Vos ~0.3 ~+20 v
Supply Voltage (Voo — Vee) Voe -03~+40 v
Operating Temperature Topr -20~+75 °C
Storage Temperature Tstg —-55~+125 °C

* Voltage greater than above may damage the circuit.
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KS5190

CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (1,=25°C, Voo =0V, Vss= — 1.5V; unless otherwise specified)

Characteristic ‘ Symbol Test Condition Min Typ Max Unit
. IVl 12 15 18 v
Operating Voltage
|Veel 2.4 3.0 36 v
Supply Current loo Without Load 1.0 20 wA
Input ngh Voltage Viu Vop—-0.3 VDD \")
Input Low Voltage Vi Vss Vss+ 0.3 \
Switch Activation Current lsw Vin=Vop 0.1 05 3 uA
Oscillator Start Voltage |Vosc| Within 5 Sec 1.45 \
Oscillator Stop Voltage |Vose| 1.15 \
Vear = 0.5V
| I 0.5 2.0 mA
Alarm Drive Current o (Both Direction)
lai Vsa=0.5V 10 20 wA
Oscillator Frequency Fosc 32,768 Hz
DC-DC Conversion Frequency Fcon C1=C2=0.1uF 1,024 Hz
LCD Frequency Fq4 r 32 Hz
Oscillator Input Capacitor Cin 25 pF
) - AVpp=0.5V
Time Stabilit T 1 m
y stb (Cout - 25pF) pp
Switch Debouncing Time Taeb 31.25 mSEC
LCD FORMAT
COM2  PM/AM ADEG/SUN C1/B1 A2/MON COLON/TUE AWED A4/THU  As/FRI  Ae/SAT  DATEAL  COMI
1 1 1 1 3 1 1 1 r1 []
[ ] ] | 1 1 ] L ] L1 E‘-.T_l
S
=i M T ETHF@EE@
A o wn 2 S5 DRTE
P SHCRCHD I Pe
@ ‘
50 B0 o B0 B8 6
(@ o0 5 B
N I I I I B
Fa2/E2 G2/D2 B2/C2 F3/E3  Ga/D3  B3/C3 Fa/E4 Ga4/Ds Ba4/Cs FslEs Gs/Ds Bs/Cs FelEs Ge/De Be/Ce
Fig. 1
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KS5190

CMOS DIGITAL INTEGRATED CIRCUIT

ALARM OUTPUT WAVEFORMS

4,096Hz (50% duty)

4,096Hz (50% duty)

0125, 0125 -t [ALAT and ALAZ ALAT and ALA2
[ \larm matching Chime signal
signal stopwatch “beep”
[=———1s€C signal
05 sec
31.25m sec
| ALB ALB
I 60 sec Alarm |‘°-5 sec v Chime
signal signal
Fig. 2
1) Melody Drive Type LCD
o AL%ON” SEGMENTS CcoMm2 C2: 0.14F
0OSC1 _L 00 VEE "
5-35pF—é £ X-tal CAP
KS5310 7 }Ct o
Series ol Ko c
KS5190
M |—o"o—
Electrocoil VoD VoD .
Transducer S oO—f
RDC =1200hm out vss l 15V
tj —.[ b b—o"o0—
Vss AL
KSC1008Y il r2
Rc SR04

Fig. 3-1. Typical Application Circuit with Melody IC
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KS5190 CMOS DIGITAL INTEGRATED CIRCUIT

2) Piezo Drive Type

LCD
com2 SEGMENTS COM1 C2: 0.1,F
O——] ALB VEE L—"._._
.L 00 CAPb—
#fsaﬁpF 3 xdal j—‘CtOJuF
o KS5190 o
M}—o 00—
Vob
il o]
1.5V
"| pf—oo—
Vss
ALA1 ALA2
l NOTE [
NOTE: Refer to Fig 3-3
Fig. 3-2. Typical Application Circuit * Quartz Crystal Parameter
Fp = 32,768Hz
CL = 12.5pF
Cl = 4pF
Rs = 35KQ
Q = 35,000
VoD
Electrocoil D Re
Transducer
ALA1 or
KSC1008Y ALA2
! Vvss Rb
Vob
Piezoelectric 3% 30-40mH
Transducer
:LLQ; or Rb: 2-10 (Kohm)
KSC1008Y  ygq Rb Re: 16 (Kohm)

Fig. 3-3. Piezo Drive Method
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KS5190 CMOS DIGITAL INTEGRATED CIRCUIT

SETTING SEQUENCE AND SWITCH OPERATION

M M
R M ALARM TIME TIME/CALENDAR
NORMAL M STOPWATCH SETTING N

. SETTING M
: w ]

* When S or D is used in the stopwatch mode or the alarm time setting mode the normal mode is
obtained by depressing M.

M M 1
' [M 1 Reset
Display Stopped  }—| )
i?oatlengzgt' D NORMAL Time Display Lap Time
. MIN SEC 1/100 sec
MIN SEC 1/100 sec HR: MIN SEC
HR: MIN SEC " .
S Display
D D]  Stopped D D
Start Stop Time Start Stop
Minute Set D AIaEm Hour Set b s
HR: MIN* SEC HR mﬁ nA’P e Display counting Tap Display Lap time
HR*: MIN H2ann| """ MIN SEC 1/100 sec MIN SEC 1/100 sec
S . HR: MIN SEC S HR: MIN SEC
ls ls Release
Hour Set .
HR*: MIN D Alarm Monute * Colon flashes at a 1Hz rate when the stopwatch is
" —— Set running
AIP: (12 hr) Advance . D
HR: MIN H (24hr) HR: MIN *A/P ——
(12hr) Advance
S HR: MIN*H (24hr)
D
* 12HR mode or 24HR mode Time Display Calendar Display
Date Set D is selected alternately on Day-of-Week Day-of-Week
Day-of-Week }—— every 24-Hour cycle during HR: MIN SEC MO DATE DM
MO DATE* DM | Advance oy agvance
S S&D
Is
Display Alarm Time & Display Alarm Time &
Disactivate Alarm Abrm Enable/Disable
Month Set D Output Alarm Demonstrate
Day-ofWeek == HR: MIN A/P (12hr) HR: MIN AP (12hr)
MO* DATE DM HR: MIN H (24hr) HR: MIN H (24hr)
e v
* Flashing at 2Hz rate. Al Time & * DM denotes date-mark
Day-of-Week Set DM te-mark Display Alarm Time * Alarm-mark appears in any mode
Day-ofWesk® | ——2 means date-ma Chime Enable/Disable when the alarm is enabled.
MO DATE DM Advance Day-of-Week * All day-of-Week mark appear
HR: MIN A/P (12hr) when the chime is enabled.
HR: MIN H (24hr)
S

e (¢ A

=§§ SAMSUNG 78



KS5190 CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM (3060, 3690)
N EEECCNCEEEE
&
& B
-
O
7
b &
E KS5190
0 Chip Size: 3,060x3,690um?
B =
= ®
&
y
boE
| EeEEREEREEEEEE
0o
KS5190 PAD LOCATION

Pad | Pad Coordinates | pad | Pad Coordinates | pad | Pad Coordinates | pad | Ppad Coordinates
No. | Name X Y | No. | Name X Yy | No. | Name X Yy | No. | Name X Y

1 ol 135 450 | 13 | A1/SUN | 513 | 3554 | 25 S 2924 | 2959 | 37 | F5/E5 | 1993 | 134
2 00 135 | 1411 | 14 | C1/Bt | 693 | 3554 | 25 CAP | 2324 | 2777 | 38 | B4/C4 | 1818 | 134
3 | ALA1 135 | 1600 | 15 | A2/MON | 873 | 3554 | 27 1KO | 2924 | 2154 | 39 | G4/D4 | 1538 | 134
4 | ALA2 135 | 1730 | 16 | CL/TUE | 1053 | 3554 | 28 Vee 2924 | 1879 | 40 | F4/E4 | 1458 | 134
5 ALB | 125 [ 1960 | 17 |A3/WED| 1233 | 3554 | 29 T2 2924 | 1591 | 41 | B3/C3 | 1273 | 134
6 Vee 135 | 2140 | 18 | A4/THU | 2052 | 3554 | 30 T 2924 | 1294 | 42 | G3/D3 | 1098 | 134
7 Vss 135 | 2320 | 19 | A5/FRI | 2232 | 3554 | 31 Voo 292411008 | 43 | F3/E3 | 918 | 134
8 Voo 135 | 2500 | 20 | A6/SAT | 2412 | 3554 | 32 | B6/C6 | 2398 | 134 | 44 | B2/C2 | 738 | 134
9 AC 135 {2680 | 21 | DTE/AL | 2592 | 3554 | 33 | C6/D6 | 2718 | 134 | 45 | G2/G2 | 553 | 134
10 M 185 | 3202 | 22 | COM1 | 2739 | 3554 | 34 | F6/E6 | 2538 | 134 | 46 | F2/E2 | 378 | 134
11 | COM2 | 135 | 3507 | 23 T3 2024 | 3364 | 35 | B5/C5 | 2353 134 | — — — —

-
N

PM/AM | 333 | 3554 | 24 D 2024 | 3184 | 35 | G5/D5 | 2173 | 134 | — — — -
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KS5194 CMOS DIGITAL INTEGRATED CIRCUIT

5 FUNCTION 4 DIGIT WATCH CIRCUIT WITH
ALARM AND CHIME FOR DUPLEXED LCD

The KS5194 is a low threshold voltage, ion implanted metal gate CMOS
integrated circuit that provides signals to drive 4 digit duplexed liquid
crystal display with colon, PM/AL-TIME mark and AL/CH mark.

FUNCTIONS

* 5 Function: Month, Date, Hour, Minute, Second

¢ 30 second alarm sound

* Chime on every hour

* User selectable 12 hour/24 hour format

® 4 year calendar

¢ One touch correction of time error within +30 seconds.
¢ Alarm, Chime enable/disable operation

e 2 Switch sequential operation

e LCD test.

FEATURES

 Single chip CMOS construction

* Drives 4 digit duplexed LCD with PM/AL-TIME, alarm mark and
chime mark

¢ Colon display

* Direct drive of piezoelectric transducer

* Low power dissipation

* 32,768Hz crystal frequency

¢ On-chip oscillator, capacitor and resistors

¢ On-chip voltage doubler

¢ Single 1.5V battery operation

* Debounce circuitry on switch inputs

« Protection against static discharge

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage (Vpp — Vss) Vos -03~+20 \"
| Supply Voltage (Vop—Ves) Voe  -03~+40 vV
Operating Temperature Topr -20~+75 °C
Storage Temperature Tstg -55 ~+125 °C

* Voltage greater than above may damage the circuit.




KS5194

CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (Ta=25°C, Vpp =0V, Vss= —1.5V; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
) [Vss| 1.2 15 1.8 v
Operating Voltage
[ Vee| 24 3.0 36 v
Supply Current loo Without Load 1.0 2.0 pA
Input High Voltage ViH Vpp—-0.3 Voo '
Input Low Voltage Vi Vss Vss+0.3 \
Switch Activation Current lsw Vin=Voo 0.1 0.5 3 A
Oscillator Start Voltage |Vosc| Within 5 Sec 1.45 Vv
Oscillator Stop Voltage |Vose| 1.15 Y
X Vsa=0.5V
Alarm Drive Current laia (Both Direction) 0.5 2.0 mA
Oscillator Frequency Fosc 32,768 Hz
DC-DC Conversion Frequency Fcon C1=C2=0.1uF 1,024 Hz
LCD Frequency Fq 32 Hz
Oscillator Input Capacitor Cin 10 pF
. " AVDD,:O.5V
Time Stability Tsto (Cou = 25pF) 1 ppm
Switch Debouncing Time Tdeb 62.5 mSEC
LCD FORMAT
s
m o
I 8 2
N = - ~ o 8 < < w -
£ £ 2 & ¢ g & g €& § 8 ¢ & & = 3
8§ £ 5 &8 8 8 8 3 &8 8 8 &8 &8 & 5 8
(LI I i rrlrm
EILHRM B o B £
ém\ éDz\ /Da\ /DA\
Fig. 1
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KS5194

CMOS DIGITAL INTEGRATED CIRCUIT

SETTING SEQUENCE AND SWITCH OPERATION

l ! 2~3sec l 2~3sec ’ D
Normal Display D Alarm Time Display o m‘;:',g;')ate D Second Display | S
HR: MIN HOUR: MIN MON DATE - SEC
ls L]
i 3 i
AL & CH EN/DIS D
AL-HOUR: AL-MIN | Advance
l s D | Alarm | Chime
o[ oFF [ oFfF
Alrm Hour Set D 1] ON OFF
AL-HOUR: APIH [ Advance 2| ON ON
If D switch 3| OFF | ON
is pressed in the l S
alarm time
setting mode Alarm Minute Set D
: AL-MIN* Advance
Is
If the MIN is not Month Set D .
adjusted MONTH Advance * Flashing at a 2 Hz rate
D S **Colon normally flashes at 1Hz rate and when MIN
l is adjusted the colon stops and second coun-
Hold State Date Set | D ter is reset.
HOUR: MIN DATE Advance Advance: + 1 for each depression and advances
SI ls at 2Hz rate with a continuous depres-
_ sion. When Alarm and chime func-
Minute Set s Hour Set D tions are enabled, their marks appear
MIN HOUR:A/PIH | Advance except in month/date and second dis-
l I ° | play state.
Advance .
Fig. 2
APPLICATION CIRCUIT Lop
CoM2 SEGMENTS COM1
—o " o—s
Vss3
—o0— o——4D
2 AL
g8 C 1
. |e8 S o Nssib———e
H) =
35 KS5194
aE
L ALz —_—
* Quartz Crystal Parameter x4a_||:——""‘°'
Fp = 32,768Hz O VoD
CL = 12.5pF -
C1 = 4pF 00
CO = 2.5pF cAP 1KO VEE
o = 38000 Fow [ 1
= X —i Co2: 0.1u4F
Cq: 0.14F T
Fig. 3
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KS5194 CMOS DIGITAL INTEGRATED CIRCUIT

ALARM OUTPUT WAVEFORM

4096Hz (50% Duty)

M % AL1 and AL2
=< (¢ Alarm Matching

4 Signal

\J—A— 0.125Sec

1Sec I

30Sec

4096Hz (50% Duty)

/ .
7o AL1and AL2
Chime Signal

0.25Sec

Fig. 4

PAD DIAGRAM

0

C1/ADEG1 [:] 600
D2/B1 [:] 80
Ear2 [ ] | 100

2520

A [ | 2220
Az [ ] | 2020

Ca/B2 D 1400
D4/COLON D 1600
EalFa D 1800
G3/AD3 D 2000
Ca/Ba D 2200
Eurs[_] | 2400

Ga/As D 2600

CalBa D 2800
CHiMEALRM || | 3000
com [_] | azs0

GalAz D 1200

o
2500 I:I
o
s
Q
o

1920 D T
1720 D ol
b D r D D 1470

0| [ ]oo KS5194 PAD DIAGRAM
Chip Size : 2660x3770
Pad Size : 120x120
120 VoD
L Unit  : pm Vsst D 1030

920 D KO
| [ owe voo [ ] |ea0
ne [ ] |ew

:zz (] ° vsss [ ] 430
T2
Vee vee [ ] | 220

140 I:] 140

140 320 3630

Fig. 5
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KS5199A CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONS 3.5 DIGITS WATCH CIRCUIT
FOR DUPLEXED LCD.

The KS5199A is low threshold voltage, ion implanted metal gate CMOS
integrated circuit which provides all signals to drive a duplexed 3.5 digits
liquid crystal display with colon (Fig. 1).

32.768Hz frequency from crystal controlled oscillator is divided to pro-
vide SECOND, MINUTE, HOUR, DATE and MONTH information.
Phase controlled segment outputs and two Phase controlled back plane
outputs are provided for direct drive of the duplexed LCD.

The KS5199A contains inverter/amplifier, output attenuating resistor,
capacitor and feed back resistor to drive the crystal.

The frequency of oscillator is divided to provide 512Hz output pulse used
as signal for the voltage doubler.

FUNCTIONS

¢ 5 Function: Month, Date, Hour, Minute and Second.

¢ Selective alternation of TIME-DATE display mode.

* One touch correction of time error within + 30 seconds.
® 4 year calendar

¢ 2 switches sequential operating

* LCD test

FEATURES

* Single chip CMOS construction

¢ Drives 3.5 digits duplexed LCD

¢ Low power dissipation (lpp: Typ. 0.8xA, Max, 1.5.A; 1.55V
operation).

¢ Colon display

e 32,768Hz crystal controlled operation

¢ Single 1.5V battery operation

¢ On-chip capacitive voltage doubler

¢ Debounce circuitly on switch inputs

* Protection against static discharge

¢ Built-in crystal oscillator r-network input capacitor

¢ Trimmer capacitor is user selectable (bonding option)

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage (Vop — Vss) Vbs -03~+20 Vv
Supply Voltage (Vop — Vee) Voe -03~+40 v
Operating Temperature Topr -20~+75 °C
Storage Temperature Tsig —55 ~+125 °C

* Voltage greater than above may damage the circuit.

=§§ SAMSUNG
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KS5199A CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (T.=25°C, Vss = — 1.5V, Vop = 0V; unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max Unit

Operating Voltage [Vssl 1.2 1.5 1.7 v
Operating Voltage [Veel 2.4 3.0 3.4 v
Supply Current loo Without load 0.8 1.5 A
Input Low Voltage Vi Vss +0.3 Vss Vv
Input High Voltage Vi -03 0 \
Switch Activation Current lsw Vin =Voo 0.1 1.0 10 A
Oscillator Start Voltage Voscl Within 5 sec 145 \%
Oscillator Stop Voltage [Vosel 1.15 Y
Osc. Input Capacitor Ci 25 pF
Oscillator Frequency Fosc Cl=25pF, CO=20pF 32,768 Hz
DC-DC Conversion Freq. Vcon C1=C2=0.14F 512 Hz
LCD Frequency FD 32 Hz
SW Debouncing Time TD 62.5 ms

FUNCTIONAL DESCRIPTION

DISPLAY CONTROL

¢ Standard Display

Normal KS5199A displays HOUR in digit 1, 2 and MINUTE in digit 3 and 4. In this state colon flashes at 1Hz rate.

Depression of D switch on normal display state will cause MONTH to be displayed in digit 1 and 2, DATE in
digit 3 and 4 with colon off. MONTH and DATE are continuously displayed for 2 secnds after the D switch is released.
Then HOUR and MINUTE are displayed again.

Two momentary depressions of D switch within 2 seconds in normal display state causes SECOND to be dis-
played in digit 3, 4 and the digit and 2 blanked with colon non-flashing continuously. Depressing S in this state
resets and holds the SECOND counter until switch S is released and MINUTE counter either advanced or remains
unchanged depending upon whether the SECOND counter is greater or less than 30 seconds.

Depressing D in this state returns the display to HR : MIN display state.

¢ Alternating display

This mode is selected by activating the set switch (S) in normal display mode. In this mode HR : MIN is
automatically displayed alternately with MONTH DATE. Each is displayed for two seconds.

The S input must be activated five times to return to normal display mode and depressing D switch in this
alternating mode will cause the SECOND display mode.
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CMOS DIGITAL INTEGRATED CIRCUIT

KS5198
3.A5‘ DIGITS LCD FORMAT

HNOD _M
vowe [ |
vormy|_|
el ]
eorea[ |
coreav| |
eves |
varoo[_|
zorzs[_|
eorzy[_|
eares ]|
eanos[ |
awoo[ |

COLON

WﬁB
L 0¢

ﬂﬂﬂ

ST
Do

0

CENCEN
NER A

* BC1/D2 must be connected to B1/C1 pad for 12-hour application.
Fig. 1

4 DIGITS LCD FORMAT

86

woo ||
vopa| |
vormy |
vama [ ]
sorea ||

£9/eQvY I

eard| |
*a/N0100 ||
zora ||
zory ||

- eard [
caros ||

zanoaay [

2N00 _ll.

Fig. 2




KS5199A CMOS DIGITAL INTEGRATED CIRCUIT

f. Hold mode

Then watch enters the HOLD state with the next depression of S switch. In this state the display shows HOUR in digit 1
and 2, MINUTE in digit 3 and 4 and non-flashing colon. (Normal display state)

NOTE

It MINUTE is not changed in MINUTE set state, the watch does not enter the HOLD state but automatically reverts
to normal display state.
The carry signal from any preceeding counter during operation is not accepted except for second reset.

SETTING AND DISPLAY SEQUENCE

2 second
Normal display D Month/Date display D Second display s
. #
HR: MIN MO DT : SEC
E s | I
Second reset
(430 sec correction)
Alternating mode
. 1]
HR: MIN
2sec HO oT
s D s
Month set o
MO advance
s
Date set _D_
oT advance
S
Hour set D
HR: AP advance
S Advance : +1 for each depression and advance at 2Hz
rate with a continuous depression.
* 1 Colon flashes at 1Hz rate.
S Minute set ) **: Normally colon flashes at 1Hz rate.colon stops
If minute is not'set MIN advance flashing if minute is set.
#: Colon does non-tlashing and remains stationary.
S
second reset to zero and hold
D Hold state
#
HR: MIN
S

Fig. 2
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KS5199A

CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT
1) External Trimmer Capacitor Type

T LCD _1
COM2 SEGMENTS coM1
h% o—fs Vss
—o— o——|p
KS5199A 15V
. ol
[ x-tal
=
00 Voo
- CAP  512Hz Vee
7T~ 35p _L
C2: 0.14F
Cq: 0.14F T
2) Internal Trimmer Capacitor Type
* Quartz Crystal Parameter
Fp = 32,768Hz
LCD CL = 12.5pF
C1 = 4pF
{} CO = 2.5pF
Rs = 35KQ
CcoMm2 SEGMENTS coM1 Q = 35,000
—o—o—s Vss
- o0— o0— ] D
— 15V
KS5199A ]
S - - . PR ,OI,, R S — S — — SR _—
[ x-tal
00’ Voo
CAP 512Hz Vee
’_i -ch: 0.14F
Cy: 0.14F T
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KS5199A CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM

©
N
(=3
_ o
[ O O O e
3 2 I P
>

CAPD 1619
1464 Ds

512Hz D 1435
1260 D VDD Voo D

KS5199A PAD DIAGRAM

1251

Q Chip Size : 2330x2050
8 992 veE Pad Size : 120x120 00 1067
H Unit ©oum
762 DD 00 D 883
ol D 701
540 Dcov\m
© < o
o [=] o
$ & & 8 g @& 3 ¢ ¢ & = com
3 ¥ & g ¢ ¢ 8 § g 8§ 8 205
w O OO0 (][]
_J
d
0.0 < < ~ < < < = < k3
= 8 F 8 F % o3z g B g3 B
[ |
T 2330 —
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KS5206 CMOS DIGITAL INTEGRATED CIRCUIT

BIPOLAR STEPPING MOTOR DRIVE

8 DIP
ANALOG CLOCK
The KS5206 series, with alarm function, is a C-MOS integrated circuit
for use in a clock with bipolar stepping motor.
FUNCTIONS
¢ Output pulse duration KS5206A=0.5Hz, 1 sec.
KS5206E=0.5Hz, 469msec
KS5206F=0.5Hz, 31.2msec
e Gated 2048Hz alarm output.
o Active-high, AL-IN input for enable alarm output.
FEATURES
¢ 32.768KHz crystal oscillator
¢ Single 1.5V battery operation
* Low power dissipation
8 pin dual-in-line plastic package and bare chip available
BLOCK DIAGRAM
ol [ -
; Oscillator 32,768Hz Frequency divider 2048Hz ‘Alarm output
circuit circuit circuit .
0o [I
ALIN E——‘
- _ Pulserwidth I __Motor drive .
B T B o - selector circuit circuit

— j AL-OUT

- Jour
] ] ouT2
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KS5206 CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Voo -20~03 \
Power Dissipation Po 300 mw
Operating Temperature Topr -10~ +60 °C
Storage Temeprature Tso -55~+125 °C

e Value greater than this may damage the circuit

ELECTRICAL CHARACTERISTICS

(Voo =0V, Vgs =—15V, T,=25°C, Fosc =32.768KHz; Unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max Unit
Operating Voltage Vool Rimmoo Veg m—15V 1.2 | 15 1.7 Y
Supply Current loo 2.0 2.5 A

) Iy 4.0 45 mA
Output Drive Current " Rm=200Q, Vss=-1.2V 20 a5 A
Alarm Output Sink Current Is R=1KQ, Vgs=—-1.4V -03 -0.6 mA
AL-IN Switch Current IaL 55.0 70.0 uA
OSC Start Voltage Voscl Within 5 seconds 1.45 \Y
OSC Stop Voltage Vosel 1.0 \
GENERAL DESCRIPTION

The KS5206 series is a C-MOS analog clock IC, driving a stepping motor precisely once in every second. When
external 32.768KHz quartz crystal and single 1.5V battery are connected. Basically it consists of oscillator circuit,
frequency divider, output pulse former, push-pull motor driver and alarm output. It provides alarm capability which
on and off for equal time interval of 500msec. The alarm single is made of 2048Hz, 8Hz and 1Hz.

The alarm output consists of a push-pull stage and is able to drive an external bipolar transistor. Also the KS5206
series has a AL-IN input. As long as AL-IN input is connected with Vpp, alarm output is generated. (Fig. 2) To hear
alarm sound, Buzzer (or speaker) must be connected to the alarm output. (pin 6) Whenever AL-IN input is connect-
ed to Vpp, alarm sound can be heard. The two outputs of KS5206A have 0.5Hz, 1 sec-width pulse waves with a
180 degrees phase shift. (Fig. 1-1). The output of KS5206E has 0.5Hz, 46.9msec-width pulse waves and, KS5206F
has 0.5Hz, 31.2msec-width pulse waves. (Fig. 1-2)
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KS5206 CMOS DIGITAL INTEGRATED CIRCUIT

OUT 1 AND OUT 2 WAVEFORMS

1) KS5206A

1sec 1sec

ouTt

o _—I__,——I—‘-—I_J-_

2) KS5206E/F
L
i
ouT1 '| | | I
1
1
1
1
1
1

ouT2 T ] I
1sec
1
|

*KS5206E=46.9msec
KS5206F=31.2m sec

2sec

C

Fig. 1

ALARM OUTPUT WAVEFORM (KS5206A, E, F)

0.5 sec 05 sec

ALARM -UJ-“-U

62.5m sec

AL-IN

Fig. 2
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KS5206 CMOS DIGITAL INTEGRATED CIRCUIT
APPLICATION CIRCUIT
VFL ol
_L L. 3__\_
15V ves ] xta
B 7]00 T w
_I 5/—'22;)':
ouTH KS5206
—E Series —_ﬂiom K(snogy
s1 e ouT2
- L] -
= '56uF Buzzer

* Quartz crystal parameters

fp =32,768Hz
CL =10pF
Ci=4pF
CO=2.5pF
Rs =36K
Q=35,000

Stepping Motor

Fig. 3.

* No NEED CAPACITOR in KS5206E, F
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KS5206

CMOS DIGITAL INTEGRATED CIRCUIT

PAD LOCATION

(2100 x 2000)
120 700 1406 1840
wol [] 0 [
D 1700
1550 D
KS5206 PAD DIAGRAM
Chip Size: 2100 x 2000
Pad Size : 96 x 96
Unit D um
706 l:] D 820
D 550
I:I 230
ss| [ ] L] ]
110 440 760 1840
Pad No. Designation Pad No Designation
B 1 N Ve T8 T T ouT2
2 Vss 9 NC
3 T1 10 T2
4 OouT 1 11 AL-OUTPUT
5 RESET 12 1HR
6 AL-IIN 13 00
7 NC 14 Ol
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KS5207 CMOS DIGITAL INTEGRATED CIRCUIT

BIPOLAR STEPPING MOTOR DRIVE
ANALOG CLOCK 8 0P

The KS5207 series with 1HR function, is a C-MOS integrated circuit in-
for use in a clock with bipolar stepping motor.

FUNCTIONS

e Qutput pulse duration KS5207A=0.5Hz, 1sec.
KS5207E=0.5Hz, 469msec
KS5207F=0.5Hz, 31.2msec

* A 2sec-width pulse output per hour.

o Active-high, RESET input for disable motor output.

FEATURES

* 32.768KHz crystal oscillator.

¢ Single 1.5V battery operation.

* Low power dissipation.

* 8 pin dual-in-line plastic package and bare chip available

BLOCK DIAGRAM

) ]:_ 4] ouTt

Cscillator Frequency divider Motor drive
circuit circuit circuit

oo[:_q A _] ouT2
RESET [:

Pulser width Divider j
selector circuit (+3600) ] HR
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KS5207 CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta =25°C)

Characteristic Symbol Value Unit
Supply Voltage Voo -20~03 \Y
Power Dissipation Po 300 mwW
Operating Temperature Topr -10~ +60 °C
Storage Temperature Tstg -55~ +125 °C

*Value greater than above may damage the circuit

ELECTRICAL CHARACTERISTICS
(Voo =0V, Vgs=-1.5V, T,=25°C, Fosc =32.768KHz; Unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max Unit
(¢] ting Voltage V 1.2 15 17 \Y
perating g [Vool Am=co, Ves =—15V
Supply Current lop 2.0 2.5 A
|L1 4.0 mA
Output Drive Current Rm=2002, Vgs=-1.2V
|L2 4.0 mA
Reset Switch Current lrs 55 70 uA
OSC Start Voltage [Voscl Within 5 seconds v
OSC Stop Voltage [Vosel 1.0 v
GENERAL DESCRIPTION

The KS5207 series is a C-MOS analog clock IC, driving a stepping motor precisely once in every second. When
external 32.768KHz quartz crystal and single 1.5V battery are connected. Basically it consists of oscillator circuit,
frequency divider, output pulse former, push-pull motor driver and 1HR output. The two outputs of KS5207A have
0.5Hz, 1sec-width pulse waves with a 180 degrees phase shift. (Fig. 1-1)

The output of KS5207E has 0.5Hz, 46.9msec-width pulse waves and KS5207F has 0.5Hz, 31.2msec-width pulse
waves. (Fig. 1-2)

Also the KS5207 series has a RESET input. As long as the RESET input is connected to Vpp, there is no motor
output pulse.

One second after releasing this connection, a relative moter pulse is generated. (Fig. 1)

~ Particularly, the KS5207 series has a 2sec-width pulse output per hour. (Fig. 2)
To hear melody sound once per hour, melody IC should be connected with the 1HR output. (pin 6)
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KS5207 CMOS DIGITAL INTEGRATED CIRCUIT

OUT 1 AND OUT 2 WAVEFORMS

1) KS5207A 1sec . 2sec

OuUT 1

*KS5207E=469msec
KS5207F=31.2m sec

ouT 2
1sec
RESET
2) KS5207E/F
2sec
OUT 1 U l ' U
) : 1sec
! 1
ouT2 :
' 1sec I I ! | I Ll
!
| |
1
1
1
1

RESET

Fig. 1

1 HR OUTPUT WAVEFORM (KS5207A, E, F)

2sec

3600 sec

Fig. 2
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KS5207

CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT

<
IS}
- o

_|
-1

Q
c
2

RESET

?
=

KS5207
Series

Stepping Motor

—lgA 709Y

X-tal
0o X
B N4
Vi
_J 5~25PF *
HR osc
B wr
| KS5310
ouT2
5 Vvss
:‘: *56uF

"
[\

Quartz Crystal Parameters

fp=32,768Hz
C.=10pF
Ci=4pF
CO=25pF
Rs=36K
Q=35000

* No NEED CAPACITOR in KS5207E, F
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KS5207

CMOS DIGITAL INTEGRATED CIRCUIT

PAD LOCATION

(2100 x 2000)

120 700 1406 1840
wol ] O N
[] froo
1550 D
KS5207 PAD DIAGRAM
Chip Size: 2100 x 2000
Pad Size : 96 x 96
Unit :oum
s [ ] [] e
D 550
D 230
o] [] ] []
110 440 760 1840
Pad No. Designation Pad No. Designation
1 Voo 8 ouT 2
2 Vss 9 NC
3 T1 10 T2
4 OuT 1 11 AL-OUTPUT
5 RESET 12 1HR
6 AL-IN 13 00
7 NC 14 Ol
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KS5209 CMOS DIGITAL INTEGRATED CIRCUIT

BIPOLAR STEPPING MOTOR DRIVE
ANALOG CLOCK

The KS5209 series with alarm function is a CMOS integrated
circuit foruse in a clock with bipolar stepping motor.

FUNCTIONS

* Output pulse duration: KS5209A = 0.5Hz, 1 sec
KS5209E = 0.5Hz, 46.9msec
KS5209F = 0.5Hz, 31.2msec

* Gated 2048Hz alarm output

¢ Active-high, AL-IN input to enable alarm output

FEATURES

¢ 32.768KHz crystal oscillator

* Single 1.5V battery operation

* Low power dissipation

¢ 8 pin dual-in-line plastic package and bare chip are available

BLOCK DIAGRAM

8 DIP

ol Oscillator 32768Hz Frequency divider
00 circuit circuit

2048Hz

Alarm output
circuit

ALIN d

Pulse width
selector circuit

Motor drive
circuit

AL-OUT

[ ]outt

[Jout2.

=§§ SAMSUNG
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KS5209 CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATING (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Voo -03~+17 \"
Power Dissipation Py 300 mwW
Operating Temperature Topr —-10~ +60 °C
Storage Temperature Tsig —55 ~+125 °C

¢ Value greater than above may damage the circuit.

ELECTRICAL CHARACTERISTICS

(Voo =1.5V, Vss =0V, Ta=25°C Fosc =32.768KHz; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
Operating Voltage \ 1.2 1.5 1.7 \
perating Yollag ® Rm =oo , Voo = 1.5V
Supply Current lda 1.0 2.0 uA
IL1 4.0 mA
Output Drive Current Rm = 2009, Vpp=1.2V
L2 4.0 mA
Alarm Output Sink Current ls 0.4 0.7 mA
- R. =1K, Vpp=1.4V
Alarm Output Drive Current lg 0.4 0.7 mA
AL-IN Switch Current la 2.0 3.0 pA
OSC Start Voltage Vosc Specify 0.9 11 \Y
OSC Stop Voltage Vstop 0.9 1.1 \%

GENERAL DESCRIPTION

The KS5209 series is a CMOS analog clock IC, driving a'stepping motor precisely once in every second. When
external 32.768KHz quartz crystal and single 1.5V battery are connected. Basically it consists of oscillator circuit,
frequency divider, output pulse former, push-pull motor driver and alarm output. It provides alarm capability which
on and off for equal time internal of 500msec. The alarm signal is made of 2048Hz, 8Hz, 1Hz.

The alarm output consists of a push-pull stage and is able to drive an external-bipolar transister. Also the KS5209
series has a AL-IN input. As long as AL-IN input is connected to Vpp, alarm output is generated. (Fig. 2). To hear
a alarm sound, buzzer (or speaker) should be connected to the alarm output. Whenever AL-IN input is connected
to Vpp, alarm sound can be heard. The two outputs of KS5209A have 0.5Hz, 1sec-width pulse waves with a 180
degrees phase shift. (Fig. 1-1). The output of KS5209E has 0.5Hz, 46.9msec-width pulse waves and KS5209F has
0.5Hz, 31.2msec-width pulse waves. (Fig. 1-2).
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KS5209 CMOS DIGITAL INTEGRATED CIRCUIT

OUT1 AND OUT2 WAVEFORMS

1) KSS209A '——1 sec+1sec-.—l:

[ IS D I D A B

2) KS5209E/F

ouT1 I_l ﬂ [_l

0ouT2 I_l r_l ﬂ
f—tsee—|—1sec—|  ——| " KS5209E=46.9msec

KS5209F = 31.2msec

ALARM OUTPUT WAVEFORM (KS5209A, E, F)
*—O.SSEC——-{——O.SSGC——J

62.5msec

ALIN _J l
TYPICAL APPLICATION CIRCUIT
1
,XE o BUZZER
LY 5
15V Ves 00 C x+al
2 6
KS5209 5~220F
ouT1 Series AL-OUT
— R ’.E S - 3 KSC1009Y
AL-IN ouT2
o0 E 8
* Quartz Crystal Parameter
Fp = 32,768Hz +56,F
CL = 10pF T *
C1 = 4pF .
CO = 2.5pF Motor
Rs = 36KQ N
Q = 35000 * No Need Capacitor in KS5209E, F
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KS5209

CMOS DIGITAL INTEGRATED CIRCUIT

PAD LOCATION

(1680 x 1370)

(]
KS5209 PAD DIAGRAM
‘Chip Size: 1680 x 1370
Pad Size : 86 x 86
Unit ooum
[]
(0,0)
Pad No. Designation
1 ol
2 SET/TIN
3 Vop
4 Vss
5 M1
6 AL-IN
7 M2
8 T-OUT
9 AL-OUT
10 (o]e}
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KS5210 CMOS DIGITAL INTEGRATED CIRCUIT

BIPOLAR STEPPING MOTOR DRIVE
ANALOG CLOCK 8 op
The KS5210 series, with alarm function, is a C-MOS in-
tegrated circuit for usein a clock with bipolar stepping
motor.
FUNCTIONS
e Qutput pulse duration: KS5210A = 0.5Hz, 1 sec
KS5210E = 0.5Hz, 46.9msec
KS5210F =0.5Hz, 31.2msec
* Low-active, AL-IN input to enable alarm output
FEATURES
* 32.768KHz crystal oscillator
¢ Single 1.5V battery operation
¢ Low power dissipation
* 8 pin dual-in-line plastic package and bare chip are available
BLOCK DIAGRAM
ol [] 2048Hz
00" Oscillator circuit 32788Hz Frequency divider circut | Alam output circuit ] aLout
| Regulator | 4Hz
Frequency divider circuit
AL—IN|:
[ Joutt
Initial reset circuit Pulse width selector circuit Motor drive circuit
[ Jour2
{3 SAMSUNG 104



KS5210 CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Voo -03~+18 \
Operating Temperature Topr -10~ +60 °C
Storage Temperature Tetg -55~ +125 °C

¢ Vaiue greater than above may result damage the circuit

ELECTRICAL CHARACTERISTICS

(Voo = 1.4V, Vgs =0V Ta=25°C Fosc =32.768KHz: unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
Operating Voltage V 1.1 1.8 \
perating Yo = R.= oo, Vop=1.4V
Supply Current lop 0.7 20 pA
I1 40 mA
Output Drive Current Rm =200Q, Vpp=1.2V
||_2 4.0 mA
Alarm Output Drive Current Io 0.2 mA
N RL= 5KQ, VDD =1.2V
Alarm Output Sink Current Is 0.5 pA
AL-IN Switch Current laL 5.0 10.0 uA
OSC Start Voltage Vosc Specify 0.9 1.1 Vv
OSC Stop Voltage Vosp 0.9 1.1 Vv
OSC Stability Vosto AVpp=100mV 0.2 1 ppm

GENERAL DESCRIPTION

The KS5210 series is a C-MOS analog clock IC, driving a stepping motor precisely once in every second. When
external 32.768KHz quartz crystal and single 1.5V battery are connected. Basically it consists of oscillator circuit,
regulator circuit, frequency divider, output pulse former, push-pull motor driver and alarm output, which makes
alarm capability on-time 1sec and then off-time 3 sec. The alarm signal is made of 2048Hz, 8Hz, 0.5Hz and 0.25Hz.

The alarm output consists of a push-pull stage and is able to drive an external bipolar transistor. Also the KS5210
series has a AL-IN input. As long as AL-IN input is connected with Vss, alarm output is generated. (Fig. 2) To hear
alarm sound, Buzzer (or speaker) must be connected to the alarm output. (pin 6) Whenever AL-IN input couples
with Vgs, alarm sound can be heard. The two outputs of KS5210A have 0.5Hz, 1 sec-width pulse waves with a 180
degrees phase shift. (Fig. 1-1) The output of KS5210E has 0.5Hz, 46.9msec-width pulse waves while KS5210F has
0.5Hz, 31.2msec-width pulse waves. (Fig. 1-2)
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KS5210 CMOS DIGITAL INTEGRATED CIRCUIT

OUT1 AND OUT2 WAVEFORMS

1) KS5210A

OUT{ = —

ouT2 = —

1sec

2sec

2) KS5210E/F

U U L

ouT2 __l l I
1sec—-—* *KS5210E = 46.9msec
KS5210F = 31.2msec

2sec

L

Fig. 1

ALARM OUTPUT WAVEFORM (KS5210A, E, F)

2048Hz

P 0000 MM

1

Fig. 2
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KS5210 CMOS DIGITAL INTEGRATED CIRCUIT

TYPICAL APPLICATION CIRCUIT

Vop ol
I_1_ Eﬂ BUZZER
L

-L \71£6~ 30pF
1.5V Xtal (]

3

r—|
[~ 8

/J7 KS5210 ou
OouT1 Series AL-OUT :
) o F™ secronr
ALIN ouT2
L 00—

*56 uF

L7

4
\———I Motor

*Quartz crystal parameter * NO NEED CAPACITOR IN KS5210E, F
Fp=32,768Hz
C.= 10pF
Ci= 4pF
Co = 2.5pF
Rs = 36K
Q =35000

Fig. 3
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CMOS DIGITAL INTEGRATED CIRCUIT

KS5210

PAD LOCATION

(1440 x 1260)
146 715 1294
1109 1108 El 1119
769 E
KS5210 PAD DIAGRAM
Chip Size: 1440 x 1260 621
597 Pad Size : 86 x 86
Unit opm
E 307
146 ]EJ 146
00) 146 1294
Pad No. Designation Pad No. Designation
1 Voo 6 AL-OUT
2 Vss 7 00
3 M1 8 Ol
4 AL-IN 9 Vee
5 M2 10
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KS5211 CMOS DIGITAL INTEGRATED CIRCUIT

BIPOLAR STEPPING MOTOR DRIVE e
8
ANALOG CLOCK
The KS5211 series with alarm function is a CMOS integrated
circuit in for use in a with bipolar stepping motor.
FUNCTIONS
* Output pulse duration: KS5211A =0.5Hz, 1 sec
KS5211E = 0.5Hz, 46.9msec
KS5211F =0.5Hz, 31.2msec
e Low-active AL-IN input to enable alarm output
FEATURES
e 32.768KHz crystal oscillator
* Single 1.5V battery operation
* Low power dissipation
® 8 pin dual-in-line plastic package and bare chip are available
* No trimmer capacitor
BLOCK DIAGRAM
2048Hz
ol [: Oscillator 32768Hz Frequency divider Alarm output
oo[ circuit circuit L —  — circuit j AL-OUT
[
Regulator 4Hz
Frequency
divider circuit
ALIN[|
| ] ouTt
Initial Reset Pulse width Motor drive X
Circuit selector circuit circuit
[ ] out2
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KS5211 CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATING (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Voo -03~+18 "
Power Dissipation Pqy 300 mwW
Operating Temperature Topr -10 ~+60 °C
Storage Temperature Tsig —-55~+125 °C

* Value greater than above may damage the circuit.

ELECTRICAL CHARACTERISTICS

(Voo =1.5V, Vgs =0V, Ta=25°C, Fosc = 32.768KHz; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
Operating Voltage Voo Rm=oo . Voo= 1.5V 1.2 1.5 1.8 \"
Supply Current lag 0.7 20 BA

IL1 4.0 mA
Output Drive Current Rm =200Q, Vpp=1.2V

L2 4.0 mA
Alarm Output Sink Current Is 0.3 mA
Alarm Output Drive Current lg Au=1K, Voo = 1.5V 0.3 mA
AL-IN Switch Current la 20 3.0 uA
OSC Start Voltage Vosc Specify 0.9 1.1 \
OSC Stop Voltage Vstop 0.9 1.1 \'
OSC Stability Osto AVpp=100mV 0.5 1 ppm
OSC Output Capacitance Cout 20 pF
OSC Input Capacitance Cin 20 pF
OSC Accuracy Oaer 07 | 2 sec/day

GENERAL DESCRIPTION

The KS5211 series is a CMOS analog clock IC, driving a stepping motor precisely once in every second when
external 32.768KHz quartz crystal and single 1.5V battery are connected. Basically it consists of oscillator circuit
_regulator circuit, frequency-divider, output pulse-former;-push-pull-motor-driver-and-atarm-output.- Which-makes —
alarm capability on-time 1 sec and off-time 3 sec. The alarm signal is made of 2048Hz, 8Hz, 0.5Hz and 0.25Hz.
The alarm output consistes of a push-pull stage and is able to drive an external-bipolar transister. And the KS5211
series has a AL-IN input. As long as AL-IN input is connected to Vss, alarm output is generated. (Fig. 2). When
buzzer (or speaker) is connected with alarm output, alarm sound can be heard. Also it can be heard if AL-IN input
couples with Vss. The two output of KS5211A has 0.5Hz, 1sec-width pulse waves with a 180 degrees phase shift.
(Fig. 1-1). The output of KS5211E has 0.5Hz, 46.9msec-width pulse waves and KS5211F has 0.5Hz, 31.2msec-width
pulse waves. (Fig. 1-2).
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KS5211 CMOS DIGITAL INTEGRATED CIRCUIT

OUT1 AND OUT2 WAVEFORMS
1) KS5211A

OuTt

N

ouT2

1590————{

2sec

2) KS5211E/F

o1 ) I
U

1sec————-‘ ’ * KS5211E = 46.9msec
2sec ] KS5211F = 31.2msec

ALARM OUTPUT WAVEFORM (KS5211A, E, F)

2048Hz
ALARM rI-l-l—-I-|-[l_J-|-[l_ﬂ-”—-l-l-l-l__.|-]-|-I_I-|-|.|_.|-”-I__—”-|-|_ﬂ-ﬂ_
1sec !

4sec l

TYPICAL APPLICATION CIRCUIT

Voo o [ BUZZER
——
Lt L
CJ Xtal
T”’V Vss [o]e]
T 1--
ouT1 K55_2" AL-OUT
Series
\_| 3 6 f-— KSC1009Y
ALIN ouT2 \
el -
* Quartz Crystal Parameter o~
Fp = 32,768Hz
CL = 10pF e
C1 = 4pF T
CO = 2.5pF
Rs = 36KQ Stepping Motor
Q = 35,000 * No Need Capacitor in KS5211E, F

{gSAMSUNG 111 /'



KS5211 CMOS DIGITAL INTEGRATED CIRCUIT

PAD LOCATION

146 715 1204 (1440 x 1260)
1109 1108 [ | 1119
760

KS5211 PAD DIAGRAM

Chip Size: 1440 x 1260 o2
597 Pad Size : 86 x 86

Unit Dopm

E] 307

146 E [s] |

(0,0) 146 1294
Pad No. Designation °  Pad No. Designation
1 Voo 6 AL-OUT
2 Vss 7 (o]0}
3 M1 8 ol
4 AL-IN 9 Vee
5 M2 10
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KS5243 CMOS DIGITAL INTEGRATED CIRCUIT

GENERAL DESCRIPTION

The KS5243 is an analog watch in CMOS metal gate process. It is
designed for 32.768 KHz crystal oscillator analog watch. Pulse width
is selected from 0.98 msec to 14.64 mséc (by MASK option). Pulse period
is selected from 1 sec to 60 sec (by MASK option). It consists of voltage
regulator for low power consumption.

FEATURES

* 32.768 KHz oscillator

¢ Voltage regulator .

* MASK option for PAD location, pulse width, pulse. period
* Fast test operation by 16 Hz or 32 Hz (metal option)

* Stop operation by reset input

* Low resistance output for bipolar stepping motor

OPTION

¢ Pulse width
0.98, 1.95, 2.93, 3.9, 4.88, 5.05, 6.83, 7.8, 8.79, 9.76, 10.74, 11.71,
12.69, 13.66, 14.64 (msec)

® Pulse period

1,2, 3, 4,5, 6, 10, 12, 15, 20, 30, 60 (sec)
(It is selected by metal option.)

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Test Condition Unit
Supply Voltage Voo -03~+50 \"
Input High Voltage Vin Vpp ~+0.3 v
Input Low Voltage Vi Vgs ~ +0.3 \"
Operating Temperature Topr -20~+70 °C
Storage Temperature © Tag —-40 ~+125 °C

* Voltage greater than above may damage the circuit

=§§ SAMSUNG
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KS5243

CMOS DIGITAL INTEGRATED CIRCUIT

OPERATING CHARACTERISTICS

(Voo =0V, Vss= —1.55V, Ta= +26°C; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
Operating Voltage Vss -18 -1.2 Vv

oo | Soor=5PF 170 | 300 | nA

CTR =15 pF
Supply Current P 16 OF
our =16 p

|DD OTR= 15 pF 280 400. nA
Voltage Between Motor Outputs Vm RL=2K0Q +1.4 Vv
Pulse Period Tm 2 120 sec

Mask Option
Pulse Width tm 0.98 14.64 | msec
Test Output Frequency Fre TE1 512 Hz
Test Debounce Time Ten TE2=Vpp 1 3 msec
Input Current After Debounce Time le Ve =Vop 1.0 uA
Reset Debounce Delay Tre 7.8 234 msec
- Reset Connected to Vpp

Input Current After Debounce Time lre 100 nA
Oscillator Start Up Vol. Vsr -1.2 \
Oscillator Start Up Time Tsr AVss=100mV 1 2 sec
Oscillator Stability Nflf 0.1 0.2 ppm

Co| 3 18 pF
Oscillator Internal Capacitance Mask Option

Coo 3 18 pF

114
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KS5243 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION

VOLTAGE REGULATOR
Negative supply voltage Vee contorled by voltage regulator is supplyed to the ascillator output and the leading

counter controlled by HIGH frequency. This improves the stability of the oscillator. This makes the total power
consumption decrease.

FREQUENCY DIVIDER

The oscillator frequency down to 1/64 Hz by a 21 bit binary counter. Vpp and Vge is supplyed to the leading 6
counter while Vpp and Vss is supplyed to the remaining 15 counter.

MOTOR DRIVE OUTPUT

The KS5243 contains two push-pull output butters for driving bipolar stepping motors. During a motor pulse width
the N channel device of one buffer are active. Between two pulse width the P channel devices of both buffers are
active. Pulse period and pulse width is selected by metal option.

RESET Vss

M1 L_I U L_l

M2 L-,— u

S e
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KS5243 CMOS DIGITAL INTEGRATED CIRCUIT

RESET

When the reset input is connected to Vpp, all divider counter is reset after debounce delay time. Debounce delay
minimum time is 7.8 msec and maximum time is 23.4 msec. When the RESET input is connected to Vss, the next
motor pulse appears after the 1/2 pulse period time.

Vss

RESET.

over 23.4 msec

MOT1

MOT2

TEST

512 Hz of a test frequency is measured on TEST PAD and can be used for testing and tuning the oscillator.
When TEST input is connected to Vpp for least 3 msec, the pulse period is changed 1/16 sec or 1/32 sec.

resr — LI LT
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KS5243 CMOS DIGITAL INTEGRATED CIRCUIT

TEST CIRCUIT

512 Hz
TE1
Vss O- f Vss
- 1.5V
_.L_ MT1
K O—] TE2 M1
Crr KS5243 MOTOR
OSC IN MT2
ol M2
1 X-tal
joo VoD -O Voo
0SC ouT
APPLICATION CIRCUIT
\
L RESET
J____— Vss REfp—C0 O—
1.5V
-
MT1
TE2 M1
Cra Z .
?_ KS5243 MOTOR
0sC IN MT2 |
ol M2 |
—
1 x-tal
oscour |°° Voo
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KS5243 CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM
TYPE A

(0,0) Y (1600 x 1450)

(1600 x 1450)

]
]

KS5243 PAD DIAGRAM
Chip Size: 1600 x 1450
Pad Size : 110x 110
Unit :pm

[o] [ve]

PAD LOCATION

pad Coordination X Y

Voo 1465 1265
M2 1245 1265
M1 380 1265
RE (TE2) 135 1265
TE1 135 835
N.C. 135 625
Vss 135 135
TE2RE) | 315 | 135

o 950 135
00 1155 135

( ): type B

KS5243 PAD DIAGRAM
‘Chip Size: 1600 x 1450
Pad Size : 110 x 110
Unit D opum

| 2 [

(]

TE1; TEST OUTPUT
TE2; TEST OPERATION INPUT
(It is tested in ‘High’ state)
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Calculator ICs

Device Function Package Page
KS6025 Basic Function 8 Digits LCD Calculator 48 FQP 121
KS6026 Basic Function 8 Digits LCD Calculator 48 FQP 129

with Internal Voitage Regulator
KS6027A 10/12 Digits Selectable Desk Top Calculator Bare Chip 143
KS6027B Basic Function 10 Digits LCD Calculator 60 FQP 151
KS6027C 10/12 Digits Basic Selectable Calculator 60 FQP 156
12 Digits Desk Top Calculator (3V operation)
KS6028 Basic Function 8 Digits LCD Calculator 48 FQP 161
with Internal Voltage Regulator
KS6029 Basic Function 10 Digits LCD Calculator 48 FQP 171
KS6041 Scientific Function 10 Digits LCD Calculator 48 FQP 181




KS6025 CMOS DIGITAL INTEGRATED CIRCUIT

BASIC FUNCTION 8 DIGITS LCD CALCULATOR

The KS6025 is a single chip CMOS LSI with 8 digits arithmetic opera-
tion, single memory extraction-of-square-root, percentage calculation
and auto power off functions, designed for FEM LCD operation with 1.5V
power supply.

FUNCTIONS

e Four standard functions (+, —, X, +).

¢ Auto constant calculations (constant: multiplicand, divisor, addend and
subtrahend).

e Square and reciprocal calculations.

¢ Make-up and make-down calculations.
e Extraction of square root.

e Percentage calculations.

FEATURES

¢ Single chip CMOS construction.

¢ Chain multiplication and division.

* Power calculations.

* Rough estimate calculations.

¢ Rollover capability.

¢ Floating decimal.

e LCD direct drive.

¢ Overflow indication: E.

e Accumulating memory: M+, M—, RM, CM, RM/CM.

« 48 FQP and bare chip are available

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

48 FQP

Characteristic Symbol Rating Unit Note
V -03~+2.1 \'
Terminal Voltage ee * 1
Vin -03~Vgs+0.3 \Y
Supply Voltage Veaa 1.1~17 \Y
Resistance for CG Rf 560+5% KQ 2
Operating Temperature Topr 0~+50 °C
Storage Temperature Tstg -55~ +125 °C
Note 1. Maximum voltage on any pin is in with respect to GND.
Note 2. Resistor value for CG is varied according to the floating capacitance on a PWB.
121
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KS6025 CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vae =15V unless otherwise specified)

Characteristic Symbol Test Conditions Min | Typ | Max | Unit | Note
Input Voltage 1 Vien Ves04 Vs
nput Voltage
p g VIL‘I 0-4 V
Input Voltage 2 Vire Voo0.4 Vil
nput Voltage
P 9 Vi 0.2 Y
: h Vin=Vae 1 A
Input Current 1 5
het Vin=0V 0.3 1 3 A
linz Vin=Vee 1 A
Input Current 2 6
P hez Vin=0V 1 A
| Vin=V 1 A
Input Current 3 e m= e S2=Vga 4
lis Vin=0V 0.3 1 3 pA
! Vin=V, 3 12 25 A
Input Current 4 e w= "ee S2=Vgg 4
lica Vin=0V 1 wA
Vo1 without load Vea0.15 \"
Output Voltage 7
Voiz lou=15pA 0.15 Vv
Voa without load 2.80 | 2.95 \"
Output Voltage 2 Vos without load 1.30 | 1.50 | 1.70 \ 8
Voc without load 0 0.20 Vv
. Fg Vae =13V while display
Display Frequency is on, Rf=560K 55 67 Hz 8
lorr display is off 0.8 /LA 9
N lois Vee =13V,
Dissipation while display is on 4.0 5.6 HA 10
Vaa=1.2V,
lop while operation 50 | 65 | uA n

Note: 3. Applies to pin K2, K6 and S2.
4. Applies to pin S1.
5. Applies to pin K2 and K6.
6. Applies to pin S2.
___ 7.AppliestoP1,P2, A2andA5. [ R
8. Applies to H1, H3, a1, a8, b1, b8, c¢1 and c8.
9. Measured by the below test circuit after power supply automatically turns off.
10. Measured by the below test circuit while “0” is being displayed after auto-clear operation and while key is not
being depressed.
11. Measured by the below test circuit while operation is being made by AC key and while key is not being depressed.
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KS6025 - CMOS DIGITAL INTEGRATED CIRCUIT

OUTPUT WAVEFORM 1

1 N
————Vo8B
| I C1 32
N voc
IR, S — =
A !

m Lo 1* KS6025 3

T | )
OUTPUT WAVEFORM 2 %
- ©
voa iER ¢ . ‘ ?
vae

s e \/OB

FUNCTIONAL DESCRICTION

- e Decimal point system
 Complete floating decimal point system.

® Integral number : 8 digits leading zero suppression. Zero shift.

e Symbols : — : negative number display.
E : error display.
M : memory display.

* Negative number indication

Antilogarithm Do+

Minus .

Error detections

System errors occur when:
1) The integral part of any calculation result exceeds 8 digits.
2) The integral part of any memory calculation result exceeds 8 digits.
In addition, the integral part of any addend or subtrahend to memory exceeds 8 digits.
3) The integral part of a make-up and make-down calculation result exceeds 8 digits.
4) The division by zero.
5) The extraction of square root of a negative number.

* Rough estimate calculation error

When the integral part of the resuit of any standard functions, percentage, square, reciprocal, or power calcula-
tions exceeding 8 digits and is equal to 16 digits or less.

Error indication

System error
“0” is indicated in the 1 digit position and “E” in th sign-digit position.
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KS6025 CMOS DIGITAL INTEGRATED CIRCUIT

Rough estimate calculation error

The high-order 8 digits calculation result is indicated together with “E.” ] ,
The decimal point is indicated in the position corresponding to a calculation result of time 1077, and no zero
shift is performed.

Error release

System error
A systam error can be release by the AC or ON/CE key.

Rough estimate calculation error

A rough estimate calculation error can be released by the AC or ON/CE key.
A calculation result is not cleared by ON/CE key but is retained.

¢ Nember entry

Numericals can be entered up to 8 digits. Numerical entries equal to 9 digits or more are ignored.

¢ Memory protection
In any error detection, the memory contents present before the detection are protected.

* Memory indication
If the memory content is a:number other then zero, “M” is indicated in the sign-digit position.

Doubler key depression
The order of the priority when two keys are being depressed simultaneously, is as follows: *

When the OFF and AC key are depressed simultaneously, the OFF key is given priority.

¢ Key bounce protection

Front edge

Down to 1 word and up to about 3 words.

Trailling edge

9 words.

1 word is 3.3ms when display frequency is fd = 100Hz.
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CMOS DIGITAL INTEGRATED CIRCUIT

KS6025
PIN ASSIGMENT
[
Pin No. Signal 1/0 Description Pin No. Signal 1/0 Description
1 St I TEST/ACL input 25 b7 0 Display output
2 s2 | 1 |apo input 26 c7 (0] Displa"y output
”ﬁf;_ 7 WVGG Power supply 27 a8 (e} Display output
74 7HV1‘ O - Display output . 28 b8 (e} Display output
5 ” 51 - ' 67 — Dlsp@y output“ i 29 c8 (e} Disﬁlay output
6 b1 | O ﬂmlﬂ(splay output 30 H2 (0] WDispIay qutput
"7 | anp | 3 | Hs O | Display output
R E O | Display output 32 ~ GND ]
9 a2 O | Display output 33 ve 0 gfgiﬁ':;’;‘:;’t“:;a'
10 b2 O | Display output 34 VA 0 g?%iﬁg;;‘ig‘:;a'
11 c2 (0] Display output 35 vB o g?%iﬁgg::;?:;al
E 12 a3 (e} Display output 36 CG out [0} z?%sé‘or terminal
13 b3 O | Display output 37 CGin ! gff’;ﬁg‘;;‘:;‘:‘;’:‘
14 c3 0 | Display output 38 K3 I | Keyinput
15 | a4 0 | Display output 39 K2 | 1| Keyinput
*76 b4 o Display output | -—ZO A2 o Stral;e;output
17| ca O | Display output 41 A3 0 | Strobe output
18 | a5 | O | Displayoutput | 42 A4 O | Strobe output
19 B | O | Displayoutput | 43 AS O | Strobe output
20 s | O | Displayoutpwt | 44 | P2 | 0 | Stobeoutput
21 a6 | O | Displayoutput | 45 3 0 | strobe output
22 b6 | O | Displayoutput | 46 1| Keyinput
23 6 | O | Displayoutput 47| ke 1| Keyinput
24 a7 O | Display output 8 | K& | 1| Keyinput
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KS6025 CMOS DIGITAL INTEGRATED CIRCUIT
DISPLAY FONTS
* Numericals font
I I I I e
O S T Y I
e Sign font
P I A O O B I
Ll I e e e =
l:ll;Jl;ll;!al;sll;lL_l l_lL.ll_JLb_leleJLJUULIL_IUI_IUUULJ

H3
J—
Hz

H1

d d
€8 b8aB ¢7 b7a7 c6 b6a6 c5 b5a5 c4 bda4 c3 b3a3 c2 b2a2 c1 biat

' AUTOPOWEROFF

Power automatically turns off after 9-11 minutes pass from the last key pressure.

e AC key

All operations except memory content are cleared by AC key.

=§§ SAMSUNG
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KS6025 CMOS DIGITAL INTEGRATED CIRCUIT
APPLICATION CIRCUIT

mi<

| —

It il
a7|ce|be[as|c5|b51a5lc4Ma4lc3[b3

24 23 22 21 20 19 18 17 16 15 14 13

b7} 25 12]as
L |
—c7 | 26 1] c2 —-
as | 27 10] bz |
bs | 28 9| a2
— Bl
c8 | 29 8fct
[GN|
\2 30 KS6025 7|5
H3| 31 6] b1
IGN|
-2- 32 5] at
-———“———vc 33 H1
0. — 4 L 15K ohm
_—VA] 34 3 |va ? M
0.1u —
T lve]as 2 s:r—] 4|33
— — D1
m cal 36 1]s s8
2 out 37 38 39 40 41 42 43 44 45 46 47 48
Ri &
< CG|K3|[K2|Ax | A3|{ A4 | As|P2| P1|Ks| K6 | Ka
66| ko[ ke [z [As] s [ s pe] pr] o]

| | _

D1: LED for constant voltage control
SB: Solar battery
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KS6025 CMOS DIGITAL INTEGRATED CIRCUIT -

PAD DIAGRAM
X (2440, 2300)
2440
[+ o (=] 2 o g o

CGOUT VB VA ve GND
2015 cGIn a7 19695
1855 K3 R 1810
105 | [38)k2 b6 E 16495
1535 A2 a6 1490
1375 A3 5 n 13295

1215 A4 KS6025 PAD DIAGRAM b5 170 .

Chip Size : 2440x2300
Pad Size :86x86

1055 A5 Unit s pm a5 10095
895 P2 c4 850
735 P1 b4 6895
575 K5 aa[1a] |53
as | [as]ke c3 3605
28 K st s2 a3 20z

n
2[5]
o
g[x]
[} n
3]
[¢) nN
a[&]
(2]
»

I
@
I
N

2300

Vea H1 al b1 (3] a2 b2 Cc2
(] =] ] [ro] []
o o Y o w0 N ] 2} o 0 -
©0) 5 8 R 8 o S84 83 9 B N g
= T E = &
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KS6026 CMOS DIGITAL INTEGRATED CIRCUIT

BASIC FUNCTION 8 DIGITS LCD
CALCULATOR WITH INTERNAL
VOLTAGE REGULATOR

The KS6026 is a single chip CMOS LS| with 8 digits
arithmetic operation, single memory, extraction-of-
square-root, percentage calculation and auto power off
functions, designed for FEM LCD operation with 1.5V
power supply.

48 FQP

FUNCTIONS

¢ Four standard functions (+, —, x, +).

e Auto constant calculations (constant: multiplicand,
divisor, addend and subtrahend).

e Square and reciprocal calculations.

e Make-up and make-down calculations.

e Extraction of square root.

¢ Percentage calculations.

FEATURES

¢ Single chip CMOS construction.

¢ Chain multiplication and division.

¢ Power calculations.

¢ Rough estimate calculations.

¢ Rollover capability.

¢ Floating decimal.

¢ LCD direct drive.

¢ Overflow indicacion: “E”.

¢ Accumulating memory: M +, M -, RM, CM, RM/CM.
« On chip supply voltage limiter by bonding option.
¢ 48 FQP and bare chip available.

ABSOLUTE MAXIMUM RATINGS

\
Characteristic A Symbol Rating Unit Note
Vea -03~21 v
Terminal Voltage 1
N Vin —-0.3~Vge+0.3 \'
C Ve 17~3 v
Solar Supply Voltage -
' Vaa (lim) 1.2~18 v
Battery Supply Voltage Vaa 11~17 v
Resistance for CG i R¢ 560 + 5% KQ 4
Operating Temperature Topr 0~ +50 °C
Storage Temperature Tstg -55~ +150 °C

Note 1. Maximum voltage on any pin is in with respect to GND.
2. Vg is solar supply voltage
3. Vga (lim) is limited voltage
4. Resistor value for CG varies according to the floating capacitance on a PWB

- ,
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KS6026 - CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vgg = 1.5V, unless otherwise specified)

Characteristic Symbol Test Condition Min Typ | Max | Unit | Note
A Vge0.4 \Y
Input Voltage 1 5
Viu 0.4 \Y
| Vin=V A
Input Current 1 ki m e - 6
'IL1 Vm = OV 03 1 3 ;I,A
Vor1 without load Vge-0.15 \Y
Output Voltage 1 7
Vorz lout = 15pA 0.15 Y
Voa without load 2.80 2.95 \"
Output Voltage 2 Vos without load 1.30 1.50 1.70 \Y 8
Voc without load 0 0.20 \"
. Vee = 1.3V while display
Display Frequency Fa is on, Rs=560Kohm 55 67 Hz 8
Lot display is off 0.8 pA 9
Dissipation lais Vae = 1.3V, while display is on 4.2 uA 10
lop Vas = 1.2V, while operation 5.6 9 uA 11

Note 5. Applies to pin K2, K6.
6. Applies to pin K2, and K®6.
7. Applies to P1, P2, A2 and A5.
8. Applies to H1, H3, a1, a8, b1, b8, c1 and c8.

9. Measured by the below test circuit after power supply automatically turns off.
10. Measured by the below test circuit while “O” is being displayed after auto-clear operation and while

key is not being depressed.

11. Measured by the below test circuit while operation is being made by AC key and while key is free from

depression.

OUTPUT WAVEFORM 1

[._I n — Voa
| ~l I — Vos

I

| — Voc

KS6026

N Cz s
OUTPUT WAVEFORM 2 %
36
— Voa 37 kA
S
:» Rf
— Voc Vaa
130
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KS6026 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION
e Decimal point system
Complete floating decimal point system.
* Integral number: 8 digits leading zero suppression. Zero shift.

e Symbols: —: negative number display.
E : error display.
M : memory display.

¢ Negative number indication

Antilogarithm: +
Minus D -

Error detections

System errors occur when:
1) The integral part of any calculation result exceeds 8 digits.
2) The integral part of any memory calculation result exceeds 8 digits.
In addition, the integral part of any addend or subtrahend to memory exceeds 8 digits.
3) The integral part of a make-up and make-down calculation result exceeds 8 digits.
4) The division by zero.
5) The extraction of square root of a negative number.
¢ Rough estimate calculation error

The integral part of the result of any one of standard for functions, percentage, square, reciprocal, and power
calculations exceeds 8 digits and is equal to 16 digits or less.

Error indication

System error
“0” is indicated in the 1 digit position and “E” in the sign-digit position.

Rough estimate calculation error

The high-order 8 digits of a calculation result is indicated together with “E”.
The decimal point is indicated in the position corresponding to a calculation result time 108, and no zero shift
is performed.

Error release

System error
A system error can be release by the AC or ON/C, CE key.

Rough estimate calculation error

A rough estimate calculation error can be released by the AC or ON/C, CE key.
A calculation result is not cleared by ON/C, CE key but is retained.

¢ Number entry

Numericals can be entered up to 8 digits. Numerical enteries equal to 9 digits or more are ignored.

I 4
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KS6026 CMOS DIGITAL INTEGRATED CIRCUIT

e Memory protection
In any error detection, the memory counters present before the error detection are protected.

e Memory indication
If the memory counters are a number other then zero, “M” is indicated in the sign-digit position.

* Doubler key depression
The order of the priority when two keys are being depressed simultaneously, is regarded as follows:

When the OFF and AC key are depressed simultaneously, the OFF key is given priority.

¢ Key bounce protection

Front edge
Down to 1 word and up to about 3 words.

Trailling edge
9 words.
1 word 3.3ms when display frequency fd = 100Hz.

DISPLAY FONTS

¢ Numericals font

¢ Sign font

Memory Error Minus

:S§ SAMSUNG
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KS6026 CMOS DIGITAL INTEGRATED CIRCUIT

¢ LCD connector

| M
L E
U

guduguubuguguuduudguduuy

L
H2 H3 c8 b8 a8 c7 b7 a7 c6 b6 a6 c5 b5 a5 c4 bd a4 c3 b3 a3 c2 b2 a2 c1 bl a1 H1

bt at

d o
c8 b8a8 7 b7a7 c6 b6a6 c5 b5a5 c4 bdas ¢c3 b3a3 c2 b2a2 ci

AUTO POWER OFF

Power automatically turns off a after 9-11 minutes pass from the last key pressure.

o AC key

All operation including memory contents are cleared by AC key.

¢ Make-up and make-down calculation

Make-up and make-down calculation are performed as followes.

ENTRY DISPLAY
A A A A
+ X A A
B B B B
% % A + AM/100 AM/100
+OR - AM/100
= A+ AM/100 OR A — AM/100

* AM: AMOUNT

"
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KS6026

CMOS DIGITAL INTEGRATED CIRCUIT

PIN ASSIGNMENT

Pin No. Signal 110 Description Pin No. Signal 110 Description
1 Vsp | Solar Battery 25 b7 o Display Output
2 Vop | Option Pin 26 c7 (¢] Display Output
3 Vaa " Power Supply 27 a8 (0] Display Output
4 H1 o Display Output 28 b8 (¢] Display Output
5 atl o Display Output 29 c8 (0] Display Output ]
6 b1 o Display Output 30 H2 (0] Display Output
7 GND 31 H3 0 Display Output |
8 [ (0] Display Output 32 GND
Capacitor
9 a2 (e} Display Output 33 vC e} Terminal for
Voltage Set-up
Capacitor
10 b2 (¢] Display Output 34 VA (0] Terminal for
Voltage Set-up
Capacitor
1 c2 (o] Display Output 35 VB (0] Terminal for
Voltage Set-up
12 al o Display Output 36 CG Out o '?:rsrLsiLOarl for CG
13 b3 o Display Output 37 CG In | ?:f%sl?; or GG
14 c3 (0] Display Output 38 K3 | Key Input
15 ad (o} Display Output 39 K2 | Key Input
16 b4 (0] Display Output 40 A2 (0] Strobe Output
17 c4 (e} Display Output 41 A3 -0 Strobe Output
18 ab (6] Display Output 42 A4 o Strobe Output
19 b5 (o] Display Output 43 A5 (0] Strobe Output
20 c5 o Display Output 44 P2 (0] Strobe Output
21 ab o Display Output 45 P1 o Strobe Output
2 b6 | O | Display Qutput | 46 K5 1| Keylnput
23 c6 (o} Display Output 47 Ké | Key Input
24 a7 (o] Display Output 48 K4 | Key Input

L)
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KS6026 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT (for use with a §olar cell)

Mmx

[

L 1
a7|c6|b6i36|c5lb5Ia5|c4|b41a4]c(3]b3
24 23 22 21 20 19 18 17 16 15 14 13

b7 {25 12| a3
—c7 |26 1] c2 —
a8 |27 10 | b2
b8 | 28 9| a2
8 |29 8| ct
H2 |30 KS6026 7 |aND|
Ha | 31 6| b1
GN
0.1p | D | 32 5| at
/%—H— vc |33 4] H
o1, == VA 3| Vaa|
T__Jvelas 2[7p
ca|36 1

Vsb
33
ouT 37 38 39 40 41 42 43 44 45 46 47 48 m "
Rf
ce.KalK2|A21A3‘A4‘As}pz‘p1|K5|K6|K4

SB: Solar battery
TP: Test pad
u P
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KS6026 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION ClRCUlT (for use with a battery)
W) i i—

1
mi<

I

— L

b
a7Ics’bﬁlaﬁ!cﬁle]aﬁicd,b4la4|c$]b3
24 23 22 21 20 19 18 17 16 15 14 13

b7 |25 12{ a3
—]c7 |26 11§ c2
a8 |27 10f b2
b8 |28 ofa2
b8 2 |
c8 J29 8fct
(] [GN|
— 2 7
(2} so KS6026 O |
H3 |31 6 b1
|GN| m
0fx | D% g
F—velas a|H1]
_r—VA 34 3 Vgl
04y —
" [ve|as 2 TP——-—T
/77 CG{36 1

OUT |37 38 39 40 41 42 43 44 45 46 47 48

: cG | Ka|K2|A2| A3 as | as|P2|P1|Ks | Ke|Ka /;L_

Vsb 33y —L ;‘— 1.5V

2
AA
vy

I

TP: Test pad
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KS6026 CMOS DIGITAL INTEGRATED CIRCUIT

INTERNAL VOLTAGE LIMITER BONDING OPTION METHOD
OPTION 1

33uF

1
»

-
(Configuration using internal voltage limiter)

OPTION 2

) 7

Vsb

(Configuration using external voltage limiter)
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KS6026

CMOS DIGITAL INTEGRATED CIRCUIT

(2440 x 2300)
2440
0 0
(2] o o o o o o
s | [s5] [s] [3] o] = [=
CGOUT VB VA vC GND H3 H2 o8 b8 a8 o7 b7
2015 | [368|cain
a7 1969.5
1855 K3 .
c6 Ei 1810
38 | K2
Kl wlzr] | o0
39 (A2
as 1490
1375 40 | A3
os[19] | 1o205
1215 11 A4 KS6026 PAD DIAGRAM
g Chip Size: 2440 x 2300 bs[18] | 1170
< — - Pad Size : 86 x 86
1055 | 42| A5 Unit D pm
w a5 1009.5
895 | | a3|P2
' ea[r0] | e
|44JP1
et D4E] 689.5
575 45/K5
a4 530
415 | | 46|ke
L c3 369.5
-
| 47 | K4
Veb Vop Vea H1  al ¢l a2 b2 c2 a3 b3@ 202
UGB M e ] e
Q o o o o w N 0 o 1] o =}
©0 g8 5 8 B 8 ¢ § g 8 g§ & ¢
pay hd = <
138

=§§ SAMSUNG



KS6027A/BIC CMOS DIGITAL INTEGRATED CIRCUIT

1012 Digits Multi Type Calculator

KS6027 is distributed to multi type calculator by the user’s bonding
option. KS6027 can drive the liquid crystal display (LCD) with single
power supply. Single power supply operation, wide operating voltage
range and low power consumption make it suitable for 1.5V solar battery
or 1.5V battery or 3V battery operated calculator.

1. KS6027A—10/12 digits selectable desk top/basic calculator (Bare Chip)
2. KS6027B—10 digits basic calculator (60 FQP)
3. KS6027C—10/12 digits basic selectable calculator (60 FQP)

12 digits desk top calculator (60 FQP)

FEATURES

¢ Complementary output buffer for direct driving of liquid crystal
display

¢ Oscillator/clock generator internal to chip

* Key board encoding internal to chip

¢ Key board debouncing internal to chip

* Wide supply voltage range (1.2V — 2.0V)

* Very lower power consumption (7uW TYP)
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KS6027A/BIC

CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(1) Absolute maximum ‘ratings

Characteristic Symbol Value Unit
Voo -03~+20 v
Terminal Voltage
Vin —03~Vpp-03 \"
Operating Temperature Topr 0~ +40 °C
Storage Temperature Tstg —-55~ +125 °C
(2) Electrical characteristics
(Voo= +1.5V (£0.2V), Vec = +3V (£ 0.4V), Vgs =0V, Ta=25°C)
Characteristic Pin Name Symbol Condition Min Typ | Max Unit
Operating Voltage — — 1.2 1.5 20 Vv
lai Vpp = 1.5V Stand-b; — 4.4 6.5
Supply Current - ® = .y )
lopr Vpp = 1.5V Operating — 7.0 15
Fais Vpp = 1.5V Stand-by 5.4 9.0 126
OSC Frequency — - KHz
Fopr Voo = 1.5V Operating 28.8 48 67.2
Frame Frequency — Fy Vpp = 1.5V Stand-by 56.3 93.8 131 Hz
K3-K10 Vin (1 — Vpp—0.4 — V
High Input Voltage i () oo o0 \
K11-K12 Viu (2) — Vec—04 - Vee
Kl Vi (1)
Low Input Voltage — Vss — 0.4 \
K3-K12 Vi (2
ngh Output Voltage K1-K8 VOH —_ VDD -0.2 _— VDD \Y
Low Output Voltage K1-K8 VoL — Vss — 0.2 v
Kl Rpat 05 1 15
Key Pull Down Res. Vour=0.3V KQ
K1-K10 Roc 10 17 28
Kl R 17
put Vou= 1.2V 145 0 195
| _Key Pull Up Res. C K1-K10_ | Rae | 0612 | 19 | Ko
K11-K14 Rous Vour=2.7V 250 400 | 550
High Output Voltage LCD, COM Vo — Vee—-0.2 — Vee v
“M” Output Voltage LCD, COM Vom — Vpp—-0.2 - Voo \"
Low Output Voltage LCD, COM VoL — Vss — 0.2 \
:gsmsuue 140



KS6027A/BIC CMOS DIGITAL INTEGRATED CIRCUIT

WAVE FORMS FOR DISPLAY

93.8 (Hz)
----- Vee: +3 (V)
COM| maed. et | peee——— e — Vpp: +1.5(V)
——————————————————— Vss: 0 (V)
| '
COM2
COM3 =
Segment @lmmy e o e Vec: +3 (V)
—Vss: 0 (V)
——————————————————— +3(V)
at-CoOMtmemy ] e +1.5 (V)
e e e it oWV
------------ -15(V)
-—-=3()
p——off { on a off on ‘_!
at-COM2mmy e +1.5(V)
—_— 0 (V)
—==15()
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KS6027A/BIC CMOS DIGITAL INTEGRATED CIRCUIT

PAD DESCRIPTION

|_l'i’AD No. Name 110 Description PAD No. Name 110 Description

1 COM1 0 Common Signal 1 36 B10 0 LCD

2 COom2 0 Common Signal 2 37 C10 0 LCD

3 COM3 0 Common Signal 3 38 A1 0 LCD

4 A0 (K) 0 LCD 39 B11 0 LCD

5 BO (K) 0 LCD 40 c11 0 LCD

6 co 0 LCD 4 A12 0 LCD

7 A1 (K) 0 LCD 42 B12 0 LCD

8 B1 (K) 0 LCD 43 VSS Solar Cell (-)

9 FDDIS | * 44 Va o
10 C1 (K) 0 LCD 45 Vs -
11 A2 (K) 0 LCD 46 Vee >
12 B2 (K) 0 LCD 47 Voo + 1.5V Power
13 Cc2 0 LCD 48 Voo Solar Cell (+)
14 A3 0 LCD 49 EXTNL | External Clock
15 B3 0 LCD 50 FODIS | Fosc Disable
16 C3 0 LCD 51 Ki 110 ON Key
17 A4 0 LCD 52 K1 0 Key Input 1
18 B4 0 LCD 53 K2 0 Key Input 2
19 C4 0 LCD 54 K3 110 Key Input 3
20 A5 0 LCD 55 K4 110 Key Input 4
21 B5 0 LCD 56 K5 110 Key Input 5
22 C5 0 LCD 57 K6 110 Key Input 6
23 A6 0 LCD 58 K7 110 Key Input 7
24 B6 0 LCD 59 K8 110 Key Input 8
25 Cc6 0 LCD 60 K9 | Key Input 9
26 A7 0 LCD 61 K10 | Key Input 10
27 B7 0 LCD 62 K11 | Key Input 11
28 Cc7 0 LCD 63 K12 | Key Input 12
29 A8 0 LCD 64 K13 No Connection
30 B8 0 LCD 65 K14 No Connection
31 C8 0 LCD
32 A9 0 LCD * Frequency Doubler Disable
33 B9 0 LCD ** Capacitor Terminal for Voltage Doublin
34 co 0 LCD P g 9
35 A10 0 LCD

{gSAMSUNG | 142



KS6027A CMOS DIGITAL INTEGRATED CIRCUIT

1. KS6027A

Desk Top 10 or 12 digits selectable LCD calculator. KS6027A is either
10 digits capacity 2-memory or 12 digits capacity 2-memory electronic
calculator on one chip CMOS/LSI.

KS6027A can drive the liquid crystal display (LCD) with single power
supply. Single power supply operation, wide operating voltage range
and low power consumption make it suitable for 1.5V solar battery oper-
ated calculator.

FUNCTION

* Display

12 digits or 10-digits (selectable with PCB option) of data, 2
digits of sign, error symbol, memory load symbol, constant
calculation mode symbol, operation symbol.

Standard 4 functions

Memory and grand total (GT) memory calculation

Automatic percentage operation with add on, discount
Square root

Constant calculation

Chain calculation

Change sign

Floating point or momentary mode (selectable with a switch)
Fixed point (“0”, “2”, “3”, “4")

Adding point mode

Registration overflow, indicating that too many digits are
entered (the most significant digits are protected).

Result overflow, indicating during calculation (most function
key are locked as it happended).

Rounding switches (rounding up, down and off)

Leading zero suppression

Trailing zero suppression

Punctuation on display; Commas for thousand.

Memory and GT memory contents indicator, turn on with non-
zero in the memory and GT memory.
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KS6027A CMOS DIGITAL INTEGRATED CIRCUIT

BASIC SPECIFICATION

1. Fixed point calculations

1) Key Display Fixed point place 2) Key Display Fixed point place
c 0. DP=3 (5/4) c 0 DP=2 (UP)
3 3. 9 9
+ 3. Na 3
7 7 X 3
= 0.429 7 7
4 4. . 7.
. 4, 2 7.2
5 4.5 3 7.23
1 4.51 4 7.234
+ 4.51 = 21.71
2 2. 5 5.
M+ 6.510 + 5.
1 1. 1 1.
. 1. A 1.
9 1.9 6 16
M+ 1.900 = 6.60
MR 8.410 7 -7
MC 8.410 . 7.
MR 0. 4 4, DP=0
= 2
3) Key  Display  Fixed point place 2. Adding point mode calculations
¢ 0. DP=0(CUD Key  Display - Key  Display
.3 g: c 0. 1 4.1
1 3.1 4 4 2 4.12
X 3.1 3 43 3 4.123
6 6. 2 432 M+ 4.12
. 6. + 4.32 MR 4.18
4 6.4 5 5. C 0.
= 19. = 437 9 9.
2 2. 1 1. 5 95.
i 2. 2 12 2 952.
5 25 X 12. - 9.52
+ 25 3 3. 3 3.
8 8. DP=2 . 3. . 3.
= 4050 37 6 36
4 4. 8 3.78 7 3.67
NE 2. 9 3.789 = 5.85
X 2. = 45.46 4 4,
7 7. 6 6. + 0.04
7. M+ 0.06 3 3.
3 73 4 4, . 3.
= 14.6 DP=F - 4. = 3.04
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KS6027A

CMOS DIGITAL INTEGRATED CIRCUIT

3. Constant calculation
1) Multiplication
Key Display

k
k
k
a
k-a

Non®»xx=*

3) Addition

non® 44+ x

5) Percentage

k k
X k
X k
a a
% k-a/100
b b
% k+b/100

Constant

Kk x
kX
k x

+k
+K
+k

k x
k x
k x

4. Add-on, discount calculations

1) Add-on

Key Display

a a

X a

b b

% a-b/100

+ a(1+b/100)

2) Division
Key
k

Won® 4

Display
k

k

k

a

alk

b

b/k

4) Subtraction

k

nwou®

oo X XX

6) Percentage

k
a
%
b
%

2) Discount

Key

k
k
k

a
100-a/k

100-b/k

Display

a
a

b

a-b/100

a(1 - b/100)

Constant

+k
+k

—k
—k
-k

+k
+k
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KS6027A CMOS DIGITAL INTEGRATED CIRCUIT

TOUCH KEY CONSTITUTION AND OPERATION

00 ’ 0l~129 : Number
.
+/- : Change Sign
+ - X + : Function
= ||V || %
M+ M- GT : Memory
MR MC
> : Shift
AC C : Clear
} oN} :Systemreset
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KS6027A CMOS DIGITAL INTEGRATED CIRCUIT

KEY CONSTITUTION AND OPERATION
1. Key Board

2. Switch

K11: Selectable with fixed point.
* K12: Rounding switches for mode select.
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CMOS DIGITAL INTEGRATED CIRCUIT

2) Common

LCD CONNECTION
1. 10 Digits Desk Top

KS6027A

o

o)
coMt

[¢]
com3
oo
o <
X

eV O [~
68 O— Z ﬁu
60 O p L

2. 12 Digits Desk Top
1) Segment
2) Common

coms
148
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KS6027A CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT
1. Select of 10 Digits

L.C.D.

'(Q 'IQ 3 5'_) 'c\_l - 9_ o © ~ ©o [Te} < el o~ - I
8 23 2 8 8 ¥ 5 25388 ¢ % g s
117 A4 a 8§ 3 Qnces—
——18 B4 NC 64 |—
10 c4 K12 63 |—
- 20
AS K11 62
—— 21 B5
B K10 61
——22 ¢c5
K9 60
123 A6
I PYR KS6027A K8 59
I DN, (SELECT OF 10 DIGITS) «7 58
1% A7 K6 57
—— 27 B7
K5 56
——28 c7
K4 55
——29 A8
4
——30 B8 K3 5
——31 c8 K2 53
1132 A9 K1 52 [—
3 @
1% 2 222 298¢ 3 gg gk g™
S <« @ O <« @ O <« @ > s 2 s 8 8
38 85 8 393 ¢ 2 €5 2 2 8 Z
.O
| [l %

C_l_—'44VA
A
LABVB

Ok

d

3

P
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KS6027A CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT
2. Select of 12 Digits

FFFFFF o 0 N~ © 0 < ) o~
»w moT Q9 o o o
|| 83223 88 ® <882 2%
17 A4 Q o O
——118 B4
1119 C4
120 A5
. 1121 B85
o
q 1122 C5
- 23 A6
- 24 86 KS6027A
7% <8 (SELECT OF 12 DIGITS)
126 A7
—— 27 B7
——]28 C7
—T129 A8
——130 B8
131 C8
| {32 A9 o
z
| | Ja3B9g 2 @ 2 -5 oo oW 8 8 k&
8% 2 555 5% 5 3 éf B
388 538935 ¢ 2 25 2 2

Ca ::gl:
.l__

ﬁgsmsune | oo




KS6027B CMOS DIGITAL INTEGRATED CIRCUIT

2. KS6027B

The KS6027B is a 60 FQP package type of KS6027A, and
is used 10 digits basic calculator. It is possible to use
1.5V solar cell as well as battery as shown the
application circuit.

FUNCTION

Display

10 digits of data, 2 digits of sign, error symbol, memory load
symbol, constant calculation mode symbol, operation symbol.
Standard 4 functions

* Memory and grand total (GT) memory calculation

Automatic percentage operation with add on, discount

Square root

Constant calculation

Change sign

Chain calculation

Registraction overflow, indicating that too many digits are entered
(the most significant digits are protected)

Result overflow, indicating during calculation (most function key
are locked as it happended).

¢ Leading zero suppression

¢ Trailing zero suppression

¢ Punctuation on display; Commas for thousand.

* Memory and GT memory contents indicator, turn on with non-
zero in the memory and GT memory.
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KS6027B CMOS DIGITAL INTEGRATED CIRCUIT

BASIC SPECIFICATION

1. Constant calculation

Hon®xx=

1) Multiplication 2) Division
Key Display Constant Key Display Constant
k k k
Kk = k
ke - k
a a a
k-a k x = alk +k
b k x b b +k
k-b k x = b/k +k
3) Addition 4) Subtraction
k k k k
+ k - k
+ k - k
a a a a
e a+k +k = a-—-k -k
b b +k b b -k
= b+k +k = b-k -k
5) Percentage 6) Percentage
k k k k
X k - k
X k - k
a a a a
% k-a/100 k x % 100-a/k +k
b b k x b +k
% k-b/100 k x % 100-b/k +k
2. Add-on, discount calculations
1) Add-on 2) Discount
Key Display Key Display
a . a a a
X a X a
% a-b/100 % ab/100
+ a(1+ b/100) - a(1 - b/100)
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KS6027B CMOS DIGITAL INTEGRATED CIRCUIT

TOUCH KEY CONSTITUTION AND OPERATION

00 , ol|l~1] o9 : Number
.
+/= : Change Sign
+ - X + : Function
= N %
M+ M- GT : Memory
MR MC
> : Shift
AC (e} : Clear
ON : System reset
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CMOS DIGITAL INTEGRATED CIRCUIT

154

[e]
COM3

JalElole

KEY CONSTITUTION AND OPERATION

KS6027B
1. Key Board

K2 O

1. Segment
5% 3
2. Common

LCD CONNECTION




KS6027B CMOS DIGITAL INTEGRATED CIRCUIT

L.C.D.
C8|B8| A8 |C7 |B7 |A7 |C6 |B6 |A6 | C5|B5 | A5 | C4 | B4 | A4
30 20 28 27 26 25 24 23 22 21 20 19 18 17 18
A9 |31 15) c3 M
‘B9 |32 14| 83
NC |33 13] A3 —
— c9 |34 12| c2
NC |35 11| B2
A12 |36 10] A2
B12 |37 KS6027B 9| c1
Vss |38 (10 DIGITS BASIC CALCULATOR) 8| NC
L] Va [39 7 fFoDIS|
a
T 1w 40 6] B1
Co ,
— —— Vece |41 5| A1
% Vad' |42 4] CO
= Vdd 43 - 3| Bo
EXT
TN 2| Ao
—11 s 1 |coms
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Kl | K1{K2 | K3 | K4|KS5|KB |K7|K8|KI[KIO|NCINC ';a? fng
X aomd

ON/OFF
o— o

* POWER ON/OFF
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KS6027C v CMOS DIGITAL INTEGRATED CIRCUIT

3. KS6027C

The KS6027C is 10/12 digits basic or 12 digits desk top (3V opera-
tion) calculator which have to use the only 3.0V power supply. However,
when you want to use bare chip, you can use 1.5V solar cell as well
as 1.5V battery.

Refer to application circuit.

FUNCTION

e Display
12 digits or 10-digits (selectable with PCB option) of data, 2 digits
of sign, error symbol, memory load symbol, constant calculation
mode symbol, operation symbol.

e Standard 4 functions

e Memory and grand total (GT) memory calculation

e Automatic percentage operation with add on, discount

e Square root

e Constant calculation

e Chain calculation

* Change sign

* Floating point or momentary mode (selectable with a switch):
Desk Top

* Fixed point (“0”, “2”, “3”, “4”). Desk Top

¢ Adding point mode: Desk Top

* Registraction overflow, indicating that too many digits are entered
(the most significant digits are protected).

* Result overflow, indicating during calculation (most function key
are locked as it happended).

* Rounding switches (rounding up, down and off)

¢ Leading zero suppression

e Trailing zero suppression

® Punctuation on display; Commas for thousand.

e Memory and GT memory contents indicator, turn on with non-zero
in the memory and GT memory.
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KS6027C

CMOS DIGITAL INTEGRATED CIRCUIT

BASIC SPECIFICATION

1. Constant calculation

1) Multiplication
Key Display

Kk
k
k
a
k-a
b
k-b

Non®xx=>

3) Addition

+K

Non®4+ 4+
T XXX

b+k

5) Percentage

k k
X k
X k
a a
% k-a/100
b b
% k-b/100

Constant

k %
Kk %
k %

+k
+k
+k

[$3
k x
k x

2. Add-on, discount calculations

1) Add-on

Key Display

a a

X a

b b

% ab/100

+ a(1+ b/100)

2) Division

Key Display
k Kk

+ K

+ k

a a

= alk

b b

= b/k

4) Subtraction

k k

- k

- k

a a

= a—-k

b b

= b~k
6) Percentage

k k

+ k

=+ K

a a

% 100-a/k
b

% 100-p/k
2) Discount

Key Display
a a

X a

b b

% ab/100
- a(1 - b/100)

Constant

+k
+kK

-k
-k
-k

+k
+k
+k
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KS6027C CMOS DIGITAL INTEGRATED CIRCUIT

TOUCH KEY CONSTITUTION AND OPERATION

00 ’ ol~t 9 : Number
.
+/= : Change Sign
+ - X + : Funcﬁon
=1Vl %
M+ M- GT : Memory
MR MC
> : Shift
AC C : Clear
ON : System reset
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KS6027C CMOS DIGITAL INTEGRATED CIRCUIT

KEY CONSTITUTION AND OPERATION

1. Key Board
KtoO—mMmm™ KI O ‘IH'
K2 O-

LCD CONNECTION

1. Segment
Y 5% 222 332832 5Ek 882 8892 353 332 98Y¥ om% 882
00 000 T [ TT? QQT
) S S
) 90 t}i%
2. Common

,

[©)
com1

COM3
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KS6027C

CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT

L.C.D.

c8

B8

A8

c7

B7

A7

cé

B6

A6

C5

B5

A5

Cc4

B4

A4

0——

30 29 28 27 26 25 24 23 22 21

20 19 18 17 16

A9 | 31 5] c3 H
B9 |32 14| B3 (—
L1 co |33 13| A3 —

A10§34 12| c2

B10 | 35 1l B2

P S KS6027C I

pory I (10112 DIGITS BASIC SELECTABLE, -
; Ves | 38 12DIGITS DESK TOP CALCULATOR) NG
é B11 | 39 7 [Foois
m
z ci1 |40 ol &1
§ W a12| 41 sl a1
a Il—;: vee | 42 4| co

Vad | 43 3] BO

EXTNL] 44 21 a0

FoDIg| 45 1 [coms

46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 ]
K1| K2 | K3| Ka | K5| K6 | K7 | K8 | K9 |K10| K11|K12| NC § E’; - L
[ & .
@ UHUPGA
NOOC
i . I | T T T app2
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KS6028 CMOS DIGITAL INTEGRATED CIRCUIT

BASIC FUNCTION LOW POWER
TYPE
8 DIGITS LCD CALCULATOR WITH
INTERNAL VOLTAGE REGULATOR
The KS6028 is a single chip CMOS LS! with 8 digits
arithmetic operation, single memory, extraction-of-
square-root, percentage calculation and auto power off
functions, designed for FEM LCD operation with 1.5V
power supply.

FUNCTIONS

® Four standard functions (+, —, X, +).

e Auto constant calculations (constant: multiplicand,
divisor, addend and subtrabend).

¢ Square and reciprocal calculations.

48 FQP

¢ Make-up and make-down calculations.
¢ Extraction of square root.
* Percentage calculations.

FEATURES

¢ Single chip CMOS construction.

¢ Chain multiplication and division.

e Power calculations.

* Rough estimate calculations.

¢ Rollover capability.

¢ Floating decimal.

e LCD direct drive (3, 1/3).

¢ Overflow indication: “E”

¢ Accumulating memory: M-, M-, RM, CM, RM/CM
¢ On-chip oscillator components

¢ On-chip supply voltage limiter by application option.
* Very low power consumption.

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Rating Unit Note
. Vea -03-21 Vv
Terminal Voltage 1
Vin -03- VGG +0.3 Vv
Vsn 11 -~ 3 V
Solar Supply Voltage -
Vaa (llm) 11~18 \"
Battery Supply Voltage Ve 1.1~1.8 v
Operating Temperature Topr 0- +50 °C
Storage Temperature Tsig —55—- +150 °C

Noté-1. 'i\;l‘aximum voltage on any pin with respect to GND.
2. Vg is solar supply voltage.
3. Ve (lim) is limited voltage.
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KS6028 CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vae = 1.5V, unless otherwise specified)

Characteristic Symbol Test Condition Min Typ | Max | Unit | Note

Viut Vae-0.4 \Y

Input Voltage 1 4
Vi 0.4 \"
| Vin=V 1 A

Input Current 1 ki W= Tee a 5
|||_1 V|N = OV 03 1 3 }LA
V without load Vgg-0.15 Vv

Output Voltage 1 ot sa 6
Vorz lout = 15pA 0.15 v
Voa without load 2.80 2.95 \

Output Voltage 2 Vos without load 1.30 150 | 1.70 Vv 7
Voc without load 0 0.20 \
Display Frequency Fqy Vae = 1.3V while display is on. 35 50 Hz

lott display is off 0.8 uA 8

Dissipation lgis Vee = 1.3V, while display is on 13 3 uA 9

lop Vae = 1.1V, while operation 25 55 pA 10

Note 4. Applies to pin K2, K6.
. Applies to pin K2, and K6.
. Applies to P1, P2, A2 and AS5.

4
5
6
7. Applies to H1, H3, at, a8, b1, b8, c1 and c8.
8
9

. Measured by the test circuit below after power supply automatically turns off.

. Measured by the test circuit below while “O” is being displayed after auto-clear operation and while

key is not being depressed.

10. Measured by the below test circuit while operated AC key and while key is free from depression.

OUTPUT WAVEFORM 1

[ L [
L

—Vos

e — ___=Voc_
T— fd=1T

77 5 :: KS6028
OUTPUT WAVEFORM 2 '
» ()
37
b —Voa
(TEST CIRCUIT)
Voo Vae
162
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KS6028 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION
* Decimal point system
Complete floating decimal point system.
* Integral number: 8 digits leading zero suppression. Zero shift.

® Symbols: —: negative number display.
E : error display.
M : memory display.

¢ Negative number indication

Antilogarithm: +
Minus HE

Error detections

System errors occur when:
1) The integral part of any calculation result exceeds 8 digits.
2) The integral part of any memory calculation result exceeds 8 digits.
In addition, the integral part of any addend or subtrahend to memory exceeds 8 digits.
3) The integral part of a make-up and make-down calculation result exceeds 8 digits.
4) The division by zero.
5) The extraction of square root of a negative number.

¢ Rough estimate calculation error

The integral part of the result of any one of standard for functions, percentage, square, reciprocal, and power
calculations exceeds 8 digits and is equal to 16 digits or less.

Error indication
System error
“0” is indicated in the 1 digit position and “E” in the sign-digit position.

Rough estimate calculation error

The high-order 8 digits of a calculation result is indicated together with “E”.
The decimal point is indicated in the position corresponding to a calculation result time 108, and no zero shift
is performed.

Error release

System error
A system error can be release by the AC or ON/CCE key.

Rough estimate calculation error

A rough estimate calculation error can be released by the AC or ON/CCE, CE key.
A calculation result is not cleared by ON/CCE or CE key but is retained.

¢ Number entry

Numericals can be entered up to 8 digits. Numerical enteries equal to 9 digits or more are ignored.
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KS6028 CMOS DIGITAL INTEGRATED CIRCUIT

e Memory protection
In any error detection, the memory counters present before the error detection are protected.

e Memory indication
If the memory counter is a number other then zero, “M” is indicated in the sign-digit position.

¢ Doubler key depression
The order of the priority when two keys are being depressed simultaneously, is as follows:

When the OFF and AC key are depressed simultaneously, the OFF key is given priority.

¢ Key bounce protection

Front edge
Down to 1 word and up to about 3 words.

Trailling edge
9 words.
1 word is 3.3ms when display frequency is fd = 100Hz.

DISPLAY FONTS

¢ Numericals font

¢ Sign font

Memory Error Minus
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KS6028 CMOS DIGITAL INTEGRATED CIRCUIT

¢ LCD connector

™
1| E
U

oo uo ooy Ul

H2 H3 ¢c8 b8 a8 c7 b7 a7 c6 b6 a6 c5 b5 a5 c4 b4 a4 c3 b3 a3 c2 b2 a2 c1 bl a1l H1

c3 b3a3 c2 b2a2 c1 bial

AUTO POWER OFF/DISABLE

After 9-11 minute from the last key pressure power is off automatically. By connecting APODIS pin to GND or Vgg,
whether an auto power off function is available is determined.

APODIS Auto-power-off state

GND disable
Vea enable
AC key

All operation including memory contents are cleared by AC key.

Make-up and make-down calculation
Make-up and make-down calculation are performed as follows.

Entry Display

A A A A
+ X A A
B B B B
% % A+ AM/100 AM/100

+OR- AM/100

= A + AM/100 OR A — AM/100
* AM: Amount
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KS6028

CMOS DIGITAL INTEGRATED CIRCUIT

PIN ASSIGNMENT

Pad No. | Pin No. | Signal | I/O Descriptiva Pad No. | Pin No. | Signal | IO Description
1 25 Ve | Solar Battery 25 1 b7 O | Display Output
2 26 Vop | Option Pin 26 2 c7 O | Display Output
3 27 Vae Power Supply 27 3 a8 O | Display Output
4 28 APODIS | | | APO Disable 28 4 b8 O | Display Output
5 29 H1 O | Display Output 29 5 c8 O | Display Output
6 30 al O | Display Output 30 6 H2 O | Display Output
7 31 b1 O | Display Output 31 7 H3 O | Display Output
8 32 c1 O | Display Output 32 8 GND

Capacitor
9 33 a2 O | Display Output 33 9 vC O | Terminal for

Voltage Set-up
Capacitor

10 34 b2 O | Display Output 34 10 VA O | Terminal for
Voltage Set-up
Capacitor

1 35 c2 O | Display Output 35 1 WB O | Terminal for
Voltage Set-up

12 36 a3 O | Display Output 36 12 EXTNL | | | External Clock

13 37 b3 | O | Display Output | 37 13 | FDIS | | nggear“giggl‘:

14 38 c3 O | Display Output 38 14 K3 | Key Input

15 39 a4 O | Display Output 39 15 K2 | Key Input

16 40 b4 O | Display Output 40 16 A2 O | Strobe Output

17 41 c4 O | Display Output 41 17 A3 O | Strobe Output

18 42 ab O | Display Output 42 18 A4 O | Strobe Output

19 43 b5 O | Display Output 43 19 A5 O | Strobe Output

20 44 c5 O | Display Output 44 20 P2 O | Strobe Output

21 45 a6 O | Display Output 45 21 P1 O | Strobe Output

22 46 b6 O | Display Output 46 22 K5 | Key Input

23 47 c6 O | Display Output 47 23 K6 | Key Input

24 48 a7 O | Display Output 48 24 K4 | Key Input
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- KS6028 CMOS DIGITAL INTEGRATED CIRCUIT
APPL'CAT'ON ClRCU'T (for use with a solar cell)

Tneilall

a7|06[b6J36IC5‘b5[ﬂ5|c4|b44l8_4]ai|})3

24 23 22 21 20 19 18 17 16 15 14 13
25 12 13

7] 26 ' 1

L

-
o

b7
7
E 27
b8 | 28
? 29
Hz | 30 KS6028
ha a1
I b
?Il— jve|ss
7 omE [VA]*
T | ve| 35

A ES

of
sb
_]3738 39 40 41 42 43 44 45 46 47 48 E
F:D|S] KaI KZ[AZI A3[ A4l ASIPZ‘ P1 IKS’ KS[ K4

- N W > OO N @ ©
X
=

167




KS6028 CMOS DIGITAL INTEGRATED CIRCUIT
APPLICATION ClRCUlT (for use with a battery)

J— HJI— 177—]—]
a7 [ o6 b6 a6 | 05|05 | 25 [o4 [b4]a4]ca [bs
24 23 22 21 20 19 18 17 16 15 14 13

mix

I

b7 a3
—c7 |26 1) c2 —
=] Ball
a8 |27 10 | b2
b8 | 28 of a2
[l il
c8 |29 8] ct
H2 |30 KS6028 7] b1
H3| 31 6| at
|GN]
o i 32 5| H1
4 |'—VC 33 4 |aPO
= 3 Vol ——
T__lvslss 2{Vop
EXTNL 36 1] Vso
37 38 30 40 41 42 43 44 45 46 47 48 33uF 15V
=DIS! Ksl K2| a2 AslAaiAesJPzJ P1 [K5TK6T Ka
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KS6028 CMOS DIGITAL INTEGRATED CIRCUIT

INTERNAL VOLTAGE LIMITER BONDING OPTION METHOD
OPTION 1

33uF

1
*

(Configuration using internal voltage limiter) !

OPTION 2

33uF SB

I A
SE

Vsb

(Configuration using external voltage limiter)
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KS6028 CMOS DIGITAL INTEGRATED CIRCUIT

(2700 x 2300)
2700
@ =3 o b= Q 1] Q
as ) =] (4] (2] [=] (o] [a] [=] [=] [=] [#]
EXTNL Vg VA Vc GND H3 H2 8 b8 a8 c7 b7
37
2015 37| Fois a7 m 1969.5

1855 m K3 c6 1810
1695 E K2 b6 @ 1649.5
1535 40 | A2 £ 1490

1375 A3 o5[20] | 505

KS6028 PAD DIAGRAM

1055 43 as unit Sem as ﬂ 1000.5
sos | | 44] P2 c4 850
735 !E P1 b4 m 689.5

575 46 | K5 a4 E 530
415 47| K8 c3 369.5

255 {48 K4 b3 | 13 202

Vb Vop VoG APODIS H1 a1l b1 el 2 b2 c2 a3
1] [2] [o] [«] [ 7] [o] [o] [to]
(0,0
0,0 o P - ) < ~ o o o o o~ o
g 8 8 8 3§ 8 8 %8 8 ;3 & ¢&
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KS6029 CMOS DIGITAL INTEGRATED CIRCUIT

BASIC FUNCTION 10 DIGITS LCD
CALCULATOR WITH INTERNAL a8 Fap
VOLTAGE REGULATOR

The KS6029 is a single chip CMOS LS| with 10 digits
arithmetic operation, single memory, extraction-of-
square-root, percentage calculation and auto power off
functions, designed for FEM LCD operation with 1.5V
power supply.

FUNCTIONS

* Four standard functions (+, —, x, +).

¢ Auto constant calculations (constant: multiplicand,
divisor, addend and subtrabend).

® Square and reciprocal calculations.

e Make-up and make-down calculations.

e Extraction of square root.

¢ Percentage calculations.

FEATURES

e Single chip CMOS construction.

¢ Chain multiplication and division.

¢ Power calculations.

* Rough estimate calculations.

* Rollover capability.

¢ Floating decimal point.

¢ LCD direct drive (4, 1/4).

¢ Overflow indication: “E”

¢ Accumulating memory: M1, M, RM, CM, RM/CM
¢ On-chip supply voltage limiter by application option.
¢ Very low power consumption.

¢ On-chip oscillator components

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Rating Unit Note
. Vee -03~21 v
Terminal Voltage 1
Vin —-0.3~Vga+0.3 \'
Ve 1.1~3 "
Solar Sepply Voltage -
Vaa (llm) 11~18 \"
Battery Supply Voltage Ve 11~18 \"
Operating Temperature Topr 0~ +50 °C
Storage Temperature Tetg -55~ +150 °C

Note 1. Maximum voltage on any pin with respect to GND.
2. Vg is solar supply voltage.
3. Vae (lim) is limited voltage.
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CMOS DIGITAL INTEGRATED CIRCUIT

KS6029

ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vag = 1.5V, unless otherwise specified)

Characteristic Symbol Test Condition Min Typ | Max | Unit | Note

Input Voltage 1 Vi Voe04 v 4
Vits 0.4 \"

Input Current 1 il Vin=Vee ! HA 5
It Vin=0V 0.3 1 3 rA

Output Voltage 1 Voni without load Vee-0.15 v 6
. Vo2 lout = 15pA 0.15 \Y
Voa without load 2.80 2.95 v

Output Voltage 2 Vos without load 1.30 150 | 1.70 v 7
Voc without load 0 0.20 \"
Display Frequency Fq Vae = 1.3V while display is on. 35 50 Hz

lott display is off 0.8 uA 8

Dissipation ldis Vae = 1.3V, while display is on 15 1 3 uA 9

lop Vee = 1.1V, while operation 3 55 uA 10

Note 4. Applies to pin K2, K6.
5. Applies to pin K2, and K6.
6. Applies to P1, P2, A2 and A5.
7. Applies to H1, H3, a1, a8, b1, b8, c1 and c8.
8. Measured by the test circuit below after power supply automatically turns off.
9. Measured by the test circuit below while “O” is being displayed after auto-clear operation and while
key is not being depressed. '
10. Measured by the below test circuit while operated AC key and while key is free of depression.

OUTPUT WAVE FORM 1

[

Vo 32
Voo L_.4_| IC—1 33
T fd=1T /75 , _l: 3f‘ ) KS6029 4 o
B B - T <135
OUTPUT WAVE FORM 2 *
vox 37
. Vaa
Voc
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KS6029 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION

* Decimal point system
Complete floating decimal point system.

* Integral number: 10 digits leading zero suppression. Zero shift.

* Symbols: —: negative number display.
E : error display.
M : memory display.

* Negative number indication

Antilogarithm: +
Minus D -

Error detections

System errors occur when:
1) The integral part of any calculation result exceeds 10 digits.
2) The integral part of any memory calculation result exceeds 10 digits.
In addition, the integral part of any addend or subtrahend to memory exceeds 10 digits.
3) The integral part of a make-up and make-down calculation result exceeds 10 digits.
4) The division by zero.
5) The extraction of square root of a negative number.

Rough estimate calculation error

The integral part of the result of any one of standard for functions, percentage, square, reciprocal and power calcu-
lations exceeds 10 digits and is equal to 20 digits or less. .

Error indication

System error

“0” is indicated in the 1 digit position and “E” in the sign-digit position.

Rough estimate calculation error

The high-order 10 digits of a calculation result is indicated together with “E”. The decimal point is indicated in
the position corresponding to a calculation result time 10~°, and no zero shift is performed.

Error release

System error
A system error can be release by the AC or ON/CCE key.

Rough estimate calculation error
A rough estimate calculation error can be released by the AC or ON/CCE, CE key. A calculation result is not cleared
by ON/CCE or CE key but is retained.

* Number entry
Numericals can be entered up to 10 digits. Numerical enteries equal to 11 digits or more are ignored.
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e Memory protection
In any error detection, the memory counters presant before the error detection are protected.

e Memory indication
If the memory contents are a number other then zero, “M” is indicated in the sign-digit position.

¢ Doubler key depression
The order of the priority when two keys are being depressed simultaneously, is regarded as follows:

When the OFF and AC key are depressed simultaneously, the OFF key is given priority.

¢ Key bounce protection

Front edge
Down to 1 word and up to about 3 words.

Trailling edge
9 words.
1 word 3.3ms when display frequency fd = 100Hz.

DISPLAY FONTS

¢ Numericals font

« Sign font

Memory Error Minus
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LCD connector

AUTO POWER OFF/DISABLE

After 9-11 minute from the last key pressure power is off automatically. By connecting APODIS pin to GND or Vgg,
whether an auto power off function is available is determined.

APODIS Auto-power-off state
GND disable
A enable

AC key

All operation including memory contents are cleared by AC key.

Make-up and make-down calculation
Make-up and make-down calculation are performed as follows.

Entry Display

A A A A
+ X A A
B B B B
% % A + AM/100 AM/100

" +O0OR- AM00

= A+ AM/100 OR A - AM/100
* AM: Amount
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PIN ASSIGNMENT

Pin No. Signal [I[e} Description Pin No. Signal 110 Description
1 Veb | Solar Battery 25 b8 (e} Display Output
2 Vop I Option Pin 26 a9 (o] Display Output
3 Vaee Power Supply 27 b9 (o] Display Output
4 APODIS | APO Disable 28 al0 (o] Display Output
5 H1 (o] Display Output 29 b10 (o] Display Output
6 H2 (o] Display Output 30 H4 o Display Output
7 NC 31 H3 (o] Display Output
8 a0 [e] Display Output 32 GND

Capacitor
9 al (o] Display Output 33 vC (¢] Terminal for
: : Voltage Set-up
Capacitor
10 b1 o Display Output 34 VA (o] Terminal for
Voltage Set-up
. Capacitor
1 NC 35 VB o Terminal for
Voltage Set-up
12 a2 (o] Display Output 36 EXTNL | External Clock
13 b2 0 | Display Output 37 FDIS || poSC and Frea.
14 ad (o} Display Output 38 K3 | Key Input
15 b3 (¢] Display Output 39 K2 | Key Input
16 a4 (o) Display Output 40 A2 o Strobe Output
17 b4 (e] Display Output 41 A3 (o} Strobe Output
18 ab (o] Display Output 42 A4 o Strobe Output
19 b5 (0] Display Output 43 A5 (o} Strobe Output
20 ab (e} Display Output 44 P2 (o} Strobe Output
21 b6 o Display Output 45 P1 o Strobe Output
22 a7 o Display Output 46 K5 | Key Input
23 . | ...b7 O-- | -Display-Output -~ |-~ 47~~~ K& |t~ Key Input
24 a8 (o} Display Output 48 K4 | Key Input
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APPLICATION CIRCUIT (for use with a solar celh
I~ [
11—

J( il

88|b7la7|b6|aﬁ]b5|a5[b4|84|b3|53|b2
24 23 22 21 20 19 18 17 16 15 14 13

WX
Mg

" b8f25 12| 22|
a9 | 26 11|ne

oo |27 10| b1 |—
at0| 28 9at]
[o10f 20 80|
e KS6029 7 E
H3| 31 8 |H2
—LG_ND 32 5 _HT
r(ﬂi{ — E 4 fapg

o= Va3 s

Ve |35 2 |Vop

37 38 39 40 41 42 43 44 45 46 47 48 E

<l§
3 . Im

o

w

®

n

gKS|K2|A2lA3|A4|A5IP2!P1|Ksl K8|K4

177




KS6029 : CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT (for use with a battery)

I ] Lo O

]

| L

o o7 oo [ o[ [ e o s o2
24 23 22 21 20 19 18 17 16 15 14 13

(- 32 —

o0 s 2] 2]
——1 a9 |26 11 INC

b9 |27 10 | b1 —
a10|28 9jal
b10|29 8|e0
H4 |30 KS6029 7 [NC
H3|31 6 |H2
———GND| 32 5 [H1
0.1 —] —
%] —vc)aa 4 papg

m 014 VA4 3 Meg J_
T—va|s 2 Vop 3F T 1SV
EXT] 1 [Veo|
NL |36 hd
37 38 30 40 41 42 43 44 45 46 47 48

D K3|K2|A2|A31A4[A5|P2!P1|K5|K6IK4
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INTERNAL VOLTAGE LIMITER BONDING OPTION METHOD
OPTION 1

33uF

1
»

(Configuration using internal voltage limiter) g

OPTION 2

33uF sB

R
S

Vsb

(Configuration using external voltage limiter)
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CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM
(2460 x 2710)
2460
2585 [22] 0
b3

2444 @ b8
2284 a9

2124 25| b9

1644 H4

1964 a10
1804 b10

o [
1)

53]
| ©
s [3]
7 (3]
oS
8[3]

B

KS6029 PAD DIAGRAM
Chip Size: 2460 x 2710
PAD Size: 86 x 86

2 [3]

8[s]
SE
&3]

b1[ o]

1765

183 | [20]H3 Unit  :pum
E at ﬂ 1603
1196 | [s0]aND 0 [7] | 1446
H2[6] | 1286
972 31| Ve H1E 1126
apopis[4] | 925
oo | [02]va Vea[3] | 713
509 33] ve Voo[2] | 535
240 EXTNL Vep E| 372
FDIS K3 K2 A2 A3 A4 A5 P2 Pl K5 K§ K4
. ) ] ] [ (o] [w] (o) (@] [a] [s] [s] [s]
|
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CMOS DIGITAL INTEGRATED CIRCUIT

SCIENTIFIC 10 DIGITS LCD CALCULATOR

KS6041 is the CMOS LS| for 10 digits display and the complete single

chip for scientific calculator with 56 programmed function.

FUNCTION

(1) Six operations.
e Four operations (+, —, X, +)
. y"
o Jy
¢ Auto-constant
e Parenthesis
¢ Percentage

(2) Memory calculation
Independent single memory (x—M, RM, M +)

(3) Four operations complex number calculation.

(4) 1 Variable function.
¢ Trigonometric and arctrigonometric function.

48 FQP

¢ Hyperbolic and archyperbolic function ¢ Square root and cube root

e Factorial
® Reciprocal and square

(5) 2 Variables function
® Polar-rectangular coordinate conversion

(6) Statistic calculation
e Number of sample (n)
® Average (X)
e Total of all data (t x)

(7) Binary, Octal, Decimal and Hexadcimal number calculation

e Time conversions
¢ Angular mode conversion

o Total of square of all data ( £ x?
e 2 kinds of the standard deviation (S,c)

e Mutual conversion and calculation of binary, Octal, Decimal, and

hexadecimal.

(8) Display conversion

Conversion and setting of floating and engineering display.

FEATURES

(1) Display
« 10 display digits plus negative code 1 digit.
« Scientific and engineering display.
* Mantissa 8 digits plus exponent 2 digits plus negative

code 2 digits.
(2) 14 kinds of special display
M Memory GRAD Gradient
- Minus () Parenthesis
E Error BIN Binary mode
2ndF 2nd Function OCT  Octal mode

Hexadecimal mode
Complex number mode
Statistic calculation mode

HYP Hyperbolic HEX
DEG Degree CPLX
RAD Radian STAT

(3) The minus sign of the mantissa is floating minus. -

(4) The arithmatic key operation has same sequenc as
mathematical equation, 6 pending operations are allowed
and ( ) are up to continuous 15 Levels.

(5) Mutual conversion and calculation in
arithmetic among binary, octal, decimal,
and hexadecimal number.

(6) One independent accumulating memory.

(7) It is possible to convert and fix the display
number system by F—E key.

(8) It is possible to specify decimal part digits
by TAB key.

(9) Direct drive for LCD (1/3 prebias, 1/4 duty)
(10) Automatic power off (about 7.5 minutes)

(11) Low power consumption
Vpp = 3.0V single power supply.

(12) The 48 pin quad flat package is used.

=§ SAMSUNG
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ELECTRICAL CHARACTERISTICS

(1) Absolute maximum ratings.

Item Symbol Rating Unit
Voo -03— +33 v
Terminal voltage
Vi -03 — Vpp-03 v
Operating temperature Topr 0— +40 | °C
Storage temperature Tstg -556 — +125 °C
(2) Electrical characteristics.
(Vop =+30V £0.2V, Vgg =0V, T.=25+ 1.5°C)
Item Pin Name | Symbol Condition Min Typ Max Unit
Operating voltage — — — 25 3 3.4 \%
- Idis Voo =3V, Stand by 20 35 A
Supply current — lopr Vpp =3V, Operation 70 120 rA
— loff VDD =3V, Off 1 3 /IA
— Fdis Vpp =3V, Stand by 30 40 50 KHz
Osc frequency N
— Fopr Vpp =3V, Operation 200 250 KHz
Frame frequency — Ff Voo =3V, Stand by 110 145 180 Hz
Auto power off — Tapo Vpp =3V 300 430 600 Sec
High input voltage |  KI8-Ki1 Vin - Voo Vo | V
Lowinputvoltage | KI8-KI1 Vi - Ves Vss v
+05
. KI8, Ki4 Vi
High output voltage | Von — _ 3”2 Voo Voo \
Low output voltage Kn Vou — Vss Vss Vss '
+0.2
Key pull down _
resistance Kt Rpd Vout=0V 27 45 63 kQ
Keypullup KIS, Ki4 ol
resistance Ki2 Rpu Vout=Vpp 27 45 63 kQ
High output voltage | LCD,COM | Vou — Y8°2 Voo Voo v
e 2/3 V, 2/3V
M” output voltage | LCD,COM | Vou — “0p | 23V . o.'zm v
cppn 1/3 Voo 1/3 Vpp
M’ output voltage LCD, COM Vom — _02 1/3 Voo | so2 \
Low output voltage LCD,COM | VoL — Vss Vss 4\.’332 v
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BASIC SPECIFICATION

(1) Number of display digits.
* 10 digits display and 14 kinds of special display.
* Engineering display
Max mantissa 10 digits plus exponent 2 digits plus each negative code digit.
¢ Normal display
Max mantissa 10 digits plus negative code one digit.
Itis possible to specify the number of 0 to 9 digits below the decimal place by assignment of decimal digit.
(2) Classification of operation mode. .
Following 6 type of operation mode are set by 2ndF key and below keys.
2ndF STAT : Statistic calculation mode set
2ndF CPLX : Complex number calculation mode set
2ndF -BIN : Binary mode set
2ndF  —-OCT : Octal mode set
2ndF -HEX : Hexadecimal mode set
2ndF -DEC : Decimal mode set

(3) Kinds of keys and classification of multi-function 42 all touch keys.

=] =] =] =
[=] 1?1 rfl'l 1“’""1 ] o]
(=] [ W] ] ) [
=1 01 [ 0 O )
i R e R s A s R A =
] 3 [ O |
e Y

=§§ SAMSUNG 183



KS6041 : CMOS DIGITAL INTEGRATED CIRCUIT

(4) The condition during calculation.
No key input is allowed and no data is displayed during calculation.

(5) Display method.
a. Set number and result of operation are displayed in right margin, minus floating.

b. Display of decimal number operation results.

Display is made according to the display format that has been set by F—E key.

¢ Floating mode
10"”< | x | <10'° : Exponent display.
107%< | x | <10-° : Exponent display.
0and 10~°< | x | =<10™ : Floating display.

¢ Engineering mode
0and 10~®< | x | <10' (all ranges); Exponent display.
F<E key also convert the display format of a displayed numerical value simultaneously with the display format
setting.
At the same time, number of digits below the decimal point of the above modes follows the display format assigned
by 2ndF and F—E keys.
Further, in the same manner as FE key, the conversion is also taken place simultaneously with the display format
setting. '
When the number of digits is specified, the displayed last digit is a rounded number, and when there is no specifi-
cation of the number of digits, the displayed last digit is a cut number.

Example:
2 + 7 = 0.285714285
TAB
2ndF FoE 3 0.286
FeE 2.857-01
TAB
2ndF FoE . 2.8571428-01

¢. Negative numbers are not displayed with the minus symbol ‘“—’ but are displayed in hexadecimal, octal, and binary
two’s complement. '

d. Display style and special display
T I I O I I Y
T I T T I I

* Special display

2ndF_ HYP _ DEG RAD _GRAD () o BIN _OCT - HEX CPLX STAT
MO OO D00 OO OO
B, LI, O, 1 O, O, O, O, O
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e. Examples of display

¢ Floating of -6000 1/x; TAB=7

|
1 A o I e

* Error display
DEG

(6) Protection
a. Memory overflow protection
If the overflow occures in the memory calculation, the data before calculation is retained.
b. Statistical overflow protection
If the overflow occures in the statistical calculation, the data before calculation is retained.

(7) The number of digits of the internal retained data.
The number of digits of the mantissa of displayed data is maximum 10 digits, but the available data for successive
calculation is the internal retained data.
The number of digits of the mantissa of internal retained data is as follows.

. Data input Maximum 10 digits.
. Arithmetic Maximum 10 digits.
Engineering function
. Statistical function
. Complex number function
Memory calculation
. Number of random Maximum 3 digits

Q"0 Q0T

Auto clear .
When the power supply is suddenly turned on, auto clear routine is executed to initialize as DEC mode, no TAB, floating

and DEG mode.
(9) Power off function.

(8

~

a. Auto power off

In about 7.5 minutes, after operation ended or pressing key, the power supply is turned off.
b. OFF

Pressing tlie key shall stop the oscillator. (Memory safe guard)
c. ON

Pressing this key shall wake the oscillator and initialize.
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OPERATION MODE
(1) Operation mode
) Mode DEC | BIN | OCT | HEX | STAT | CPLX
Operation
4 Operation +, —, X, +, = (o] (e} (o] (o] (o} (o]
Power y*, >y (0] X X X (0] X
6 -
Operation Parenthesis () (0] (0] (o] (0] X X
Constant calculation (o) o .0 (o) 0 X
Percentage calculation (¢] X X X (o] X
STAT Statistical calculation X X X X (0] X
CPLX calculation X X X X X o
CPLX :
Input a, b (0] X 1 X X X 0
Numberic input 0, 1 (o] (o] (0] (0] o o
Numeric input (2-7) (0] X (0] (o) (o) (o)
Numeric input 8, 9 (0] X X (0] (0] (0]
DATA :
setting Hex input A-F X X - X (o] X X
o, Exp (o] X X X o (o}
+/- o o (o] o [¢] o
Shift key (o] o (o] (o] o (o]
CE : (o] (o} (0] (0] (o] (e]
Memory Memory calculation (0] [o] (o] (0] (o] (o]
Display FoE, TAB 0 X X X X X
conversion
PR P-R o X X X X o
conversion R—-P
Random RND (e] X X X (0] (0]
Function 1 variable function (0] X X X (0] (o}
Augular DRG
conversion DRGp 0 X X X 0 0
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(2) The calculation is always shifted to a specified mode by mode keys.
A Mode — B Mode

B A DEC BIN OoCT HEX STAT CPLX
DEC NOP DEC DEC DEC DEC DEC
Conversion Conversion Conversion Conversion Conversion
State clear State clear
BIN BIN NOP BIN BIN BIN BIN
Conversion Conversion Conversion Conversion Conversion
State clear State clear
OCT OCT ocCT NOP oCcT ocCT OCT
Conversion Conversion Conversion Conversion Conversion
State clear State clear
HEX HEX HEX HEX NOP HEX HEX
Conversion Conversion Conversion Conversion Conversion
State clear State clear
STAT Display Display Display Display NOP Display
Clear Clear Clear Clear Clear
CPLX Display Display Display Display Display NOP
. Clear Clear Clear Clear Clear
State clear

NOP: No operation.

KEY DEFINITIONS.

(1) 2ndF
This is the key for specifying the second function.
When this key is pressed, the special display “2ndF” lights. When this key is pressed twice continuously, the second
function mode is released.

(2) DRG DRG)
a. Pressing this key shall change the mode of angle sequencially
C DEG —RAD — GRAD— and displayed it.

b. Pressing this key after 2ndF key shall change the mode of angle and shall convert the displayed data

DEG —»RAD : RAD=DEGxigg

RAD — GRAD : GRAD=RADx220

GRAD — DEG : DEG=GRADx09
(3 0—9
a. Insetting data in the mantissa section, it is set at the right margin, and data in more than 11 digits cannot be input.
b. At the data input against the exponent, last two number are efficient.

(4)e RND
a. The position first pressed has preferenced, and no input is made to data set in the exponent section.
b. When pressed as the first set number, it is regarded as 0 and e keys are pressed.
c. Random as a 2ndF
Pressing this key shall display the random numbers.
The range of random numbers is 0.000-0.999.
(5) +/- :
a. In setting data in the mantissa section, this key reverses code in the mantissa section.
Similarly, for exponent section, it reverses code in the exponent section.
b. For the operation result, this key reverses codes in the mantissa section.
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(6) +

-x =+ =()

. When the key operations are performed by these keys according to a numerical expression, a result of operation

is obtained according to mathematical priorities. Priorities discriminated are;

1) 1 Variable function )

2) Expressionin( ); (The most inner expression has priority in case of multiple parentheses)
3) v,y

4) x, +

5) +, —

7) M
a.

b.

~

oao

®

oo a

C.

. Whenever the key is operated, the calculator discrimiuates the above priorities and holds the data and operation

keys pending as required.

This pending action is possible up to 6 times and 7 or more pending become error.
( Key is accepted only immediately after CE, +, —, x, +, y3x’ x\/;,: -
When this key is accepted, the displayed data is cleared to 0.

When ( key is first accepted, the special display “( )" illuminates.
When a parenthesis expression is completed ) and=keys or when it is cleared by ON/C key, etc, or when errors are
generated, the special display “( )" goes out.

, ( keys and not accepted in all other cases.

. Ifitis within the allowable range of pending, ( can be input into any place in an expression as many times as desired.

However, if the key is pressed continuously 16 times or more, it be comes error.
From a viewpoint of numerical expression, even when the corresponding C key is not pressed, the operation is not
executed if ) key is pressed. On the other hand, when ( key is pressed and = key is pressed without pressing the
corresponding ) key, the operation is also completed according to the priority.

emory calculation (x~>M, RM, M+)
Memory register “M” used by these keys is the completely independent single memory.
Display data is added to ““M” (memory register) by M+ key.
If data overflows at this time, the proceeding data is held.
Display data is stored in ““M” by x—>M key.
Contents of “M” is displayed by MR key.
When data except for 0 is stored in “M”, the special display “M” illuminates.

This key displays a rounded value (3.141592654) of a 12 digit value (3.14159265359) according to the set display format.
A value that is used in a subsequent operation is the above 12 digit value.
The display is cleared by the following 1st numeric key and a new data is set.

(9) % Calculation

a.

When any arithmetic functions or constant mode has not been set, the displayed number is converted from a
percentage to a decimal.
Example) 61.5%
Display
6 1 . 5 % 0615

When = key is pressed after % with any arithmetic function
¢ Add-on < x
a+b % = - a+—aLb oy, VY b
100 a y" b % - a3an
* Discount axb 100
a-— = 5 g——
% a-900 axyb o = _’Wbo
* Percentage
axb % = —a—)it—)
100
azb % = -5 x100

(10) Trigonometric and arctrigonometric function (1 Variable)
(sin cos tan sin~' cos™' tan™")
These functions are calculated according to respective defined areas and accuracy show in (6), and displayed result
of operation can become operators.
(11) Hyperbolic and archyperbolic function.
(hyp — sin cos tan, archyp — sin cos tan)

Same as trigonometric function.
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(12) Exponential and logarithmic function.
(e* 10* In log)
Same as tigonometric function.

(13) Reciprocal, square, square root and cube root.
(x x2 V3
Same as trigonometric function.

(14) Factorial function (n!)
nl=nx(n-1)x(n-2)x...... x2x1.
Same as trigonometric function.

(15) ~DEG —DMS
a. These keys convert degree, minutes and second into decimal degree and decimal degree into degree minutes and
second, respectively.
b. Onthe DMS format, the integer part of display data is regarded as degree, 2 digits below the decimal point as minute
and 3rd digit and below as second.

1 59 5999
1.999999999 -DMS degree minute second

(16) Coordinate conversion(a b —rf —xy)
a. These keys convert the rectangular coordinates into the polar coordinates and the polar coordinates into the
rectangular coordinates, respectively. The angle unit that have been set by DRG key is followed.
b. Respective defined areas and accruacy are as shown in (6), however, the range of 6 obtained by R—P in degree

is as follows.
1st Quadrant 0°<6 =< 90°
2nd Quadrant 90° <6 =< 180°
3rd Quadrant -180° < 0 < -90°
4th ' Quadrant -90° <6 =< 0°

c. Input of 2 variables is performed by setting
x or r by pressing a key and
y or 0 by pressing b key.

d. The operation result of x or R is obtained in the display register or by pressing a key and y or 6 by pressing b key.

Input Data Result

R-P
(Rectangular — Polar)
P-R
(Polar — Rectangular)

(=1, 6) r=vx%+y?, f=tan~" y/x
(=X, y)x=rcos6,y=rsind

e. (R — P Conversion) ([x, y] = [r, 6]) f. (P — R Conversion) ([r, 8] — [x, y])
Key operation Display 0

X X

a

y

b

—rf

b
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(17) Binary mode (2ndF, —BIN, 0, 1)
a. Data input and output are both binary integers in maximum 10 digits.
b. A negative number is expressed in binary number of two’s complement.
c. Therange of internal operation is as shown below and if the result of operation exceed the range, it becomes error

(overflow)
Binary Number Decimal Number
Qutside the operation range — 512 < DATA
111111111 511
111111110 510
. 111111101 509
Binary . .
Positive . .
Integer 1'0 2
1 1
0 0
111111111 -1
. 1 1 1 10 -2
Binary
Positive 11111110.1 —.3
Integer : : .
(Complement) 100000000 1 -511
1000000000 -512
Outside the operation range -512=DATA

(18) Octal mode (2ndF, ~OCT, 0 — 7)
a. Data input and output are both octal integers in maximum 10 digits.
b. A negative number is expressed in octal number display of two’s complement.
c. Therange of internal operation is as shown below and if the result of operation exceed the range, it becomes error

(overflow)
Octal Number Decimal Number
Outside the operation range — 536870912 < DATA
3777777777 536870911
Binary 3777?77776 5368?0910
Positive
-Integer - ] 1
0 0
777777777 -1
e 2
Negative . .
Integer : .
(Complement) 400000000 1 5368700911
4000000000 -536870912
Outside the operation range -536870913 = DATA
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(19) Hexadecimal Mode (2ndF, -HEX, 0 — 9, A-F)
a. Data input and output are both hexadecimal integers in maximum 10 digits.
b. A negative number is expressed in hexadecimal number of two’s complement.
c. Therange of internal operation is as shown below and if the result of operation exceed the range, it becomes error

(overflow)
Hexadecimal Number Decimal Number
Outside the operation range - 1x10° < DATA
2540BE3FF 9999999999
Hexadecimal 2540!3E3FE 9999?99998
Positive
Integer 1 1
0 0
FFFFFFFFFF -1
Hexadecimal FFFFFFFFFE -2
Negative : :
Integer : :
(Complement) FDABF41C02 -9999999998
FDABF41CO01 -9999999999
Outside the operation range -1x10"°= DATA

(20) Complex number mode (2ndF, CPLX)
a. Pressing these keys shall set the complex number mode.
b. Input of 2 parts is performed by setting the real part (X; pressing a key) and the imaginary part (Y; pressing b key)
c. The operation result of the real part is obtained by pressing = or a key and the imaginary part by pressing b key.

Result

Input Data 1 Input Data 2
Item Real Imaginary Function Real Imaginary Real Imaginary
a b a b a b
Addition X1 Y1 + X2 Y2 X1+X2 Y1+Y2
Subtraction X1 Y1 - X2 Y2 X1-X2 Y1-Y2
Multiplication X1 Y1 X X2 Y2 X1X2-Y1Y2 Y1X2+X1Y2

(21) Static calculation mode (2ndF, STAT)
a. Pressing these keys shall set the statistic calculation mode.
b. Available number of data is the positive integer, such as 0 < n < 9999999999, and when the number of data exceeds
this integer, it becomes error.
e. The input range of the data are as follows 0<| data | < 1x10%°
This data exceeds the ranges, it becomes error.
d. n Ix Ix?
These keys display the number of data (sample), each sum total of x and sum total of x2
n
Ixi gy
® Average; x = i

n
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¢ The standard deviation of the sample The standard devitation of the population

Eimxp = |5C-(ExPh £ oiox? = | D=
= | - 5= ___n__ —
ERROR CONDITIONS

(1) The result of operation in exponent parts exceed+99
(2) Entering more than the calculation range (6) of each function.
(3) Dividing by zero.

(4) In statistical calculation.
a. X, s, o when n=0
b. s when n=1

(5) The number of pending operations exceeds 3
(6) The number of the parenthesis in the one level exceed 15

OPERATION RANGE AND ACCURACY.

Function AJr?ilte Operation Range Under Flow Area A':g::‘aacly
DEG 0=<|x|=<4.499999999x10" 0<|x|=<5.729577951x 10~
sin x RAD 0=<|x|=<7853981633 -
GRAD | 0=<|x|=4.999999999x10" 0<|x|=<6.366197723x10~%
DEG 0=<|x|=<4.500000008x10" —_
cOs X RAD- 0=<|x|=<7853981649 —
GARD 0=<|x |=<5.000000009x10™ -
DEG Same as sin x Same as sin x
tan x RAD Same as sin x Same as sin x
GARD | Same as sin x Same as sin x
DEG 0=|x|=<1 0<|x|=1570796326x10~%° 10 digits
sin~'x RAD 0=<|x|=1 — +1
GARD | O0s<|x|=<1 0=<|x|=<1570796326x10-%°
DEG Same as sin~'x —
cos™' x RAD Same as sin~" x —
GARD | Sameassin~"x —_
DEG 0=|x|=<9.999999999x10% Same as sin~' x
tan~'x RAD 0=<|x|=<9999999999x10%° —
GARD | 0=<|x]=<9.999999999x10% Same as sin~' x
Inx 0=<x —
log x O0=<x —
& —9999999999x10% < x < —-9.999999999x10%¥ < x <
230.2585092 —2279559243
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KS6041

CMOS DIGITAL INTEGRATED CIRCUIT

OPERATION RANGE AND ACCURACY. (Continued)

" Normal
Function Operation Range Under Flow Area Accuracy
107 —9.999999999 x 10%¥ < x < -9.999999999 x 10% < x <
99.99999999 -99.00000001
x! 0= x <69 (integer) —
1 o9 o 1.000000001 x 10®°<| x | <
X 1x 107 <| x|<9.999999999 x 10 9.999999999 x 10%
x2 0=<|x[=9.999999999 x 10 0=<|x|=83.162277660 x 10-%°
Vx| 0=<| x| =9.999999999 x 10% —
W 0=| x| =9.999999999 x 10%® —
DMS—DEG 0=<|x|=9.999999999 x 10° —
DEG—DMS 0=<|x|=9.999999999 x 10° 0<|x|=<2.777777777 x 10-%
sinh x 0=<|x|=<230.2585092 —
cosh x 0=<|x|=230.2585092 —_
tanh x 0=|x|£9.999999999 x 10%° -
sinh~' x 0=<|x|=<4.999999999 x 10%*° —_
cosh~'x 1< x <4.999999999 x 10%° -
tanh~'x 0=<| x|=9.9999999999 x 10~' —
R-P Ix], lyl =9.999999999 x 10 correspond to the under flow area
(x,) (r, 6) (x?+y?)=9.999999999 x 10% of tan x 10 digits
99 +1
P-R 0=r=9.999999999 x 10 . 0 correspond to the under flow area
¢ correspond to the operation range .
(r, 6) (x,y) - of sin x, cos x
of sin x, cos x
DEG—RAD 0=<| x|=9.999999999 x 10%° 0=<|x|=5.729577951 x 10°®
RAD—GARD 0=<|x|=1.570796326 x 10% —
GARD—DEG 0=<|x|=9.999999999 x 10% 0=<|x[|=<1.111111111x10-%
—9.999999999 x 10% <x. In |y| —9.999999999 x 10% <x. In |y|
=<230.2585092 < —227.9559243
y* i) y>0; The above — mentioned operation range
ii) y<0; x (integer) or 1/x (x=o0dd, x=0)
The above — mentioned operation range
iii) y=0; x>0
—9.999999999 x 105% Inlyl= —9.999999999 x 105% Inlyl=
230.2585092 : - 227.9559243 :
~y i) y>0; The above — mentioned operation range.
ii) y<0; x (odd) or 1/x (integer, x = 0)
The above — mentioned operation range.
iii)y=0; x>0
~DEC The following operation range after the conversion. _
0=<|x| =9999999999
~BIN The following operation range after the conversion. _
1000000000< x <1111111111,0=< x <1111111111
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KS6041

CMOS DIGITAL INTEGRATED CIRCUIT

OPERATION RANGE AND ACCURACY. (Continued)

. . Normal
Function Operation Range Under Flow Area Accuracy
-OCT The following operation range after the conversion. _
4000000000 < x <777777777,0=< x <3777777777
SHEX The following operation range after the conversion. _
FDABF41C01 < x <FFFFFFFFFF, 0 < x <2540BE3FF
X1+Y1) +, -, x, = (X2+Y2i)
i) Addition and subtraction
|X1+X2| <9.9999999999 x 10°°
Y1+Y2| <9.9999999999 x 10%°
i) Multiplication
Complex number IX1X2Y1Y2| < 9.9999999999 x 10%° 10 digits
calculation [Y1X2-X1Y2| < 9.9999999999 x 10%° +1
IX1X2], IY1,Y2], [Y1X2|, |X1Y2| < 9.9999999999 x 10%°
iii) Division
|X1X2+Y1Y2 IY1X2—X1Y2, <0.999999999 x10%°
| x224v22 | |, | Xx224Y22
1X22 +Y22|, |X2?|, [y2?], |X1X2+Y1Y2], [Y1X2-X1Y2|
IX1X2], IY1Y2], [Y1X2|, [X1Y2| < 9:9999999999 x 10°
i) Data; [x| <9.9999999999x 10
ii) |Zx| <9.9999999999x 10
iii) |Ex?] =9.9999999999x 10
iv) x; n=0
Statistical v)s; n=1n=0 10 digits
calculation +1
Ix2 — (Zx)?/n
O=< T <9.9999999999x 10
vi) o; n=0
Ix2 — (Zx)?/n
0= = =99999999999x10
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KS6041 CMOS DIGITAL INTEGRATED CIRCUIT

LCD CONNECTION

a. Segment

2ndF YF DEG HRAD | |GHH ) ]-—l BIN ] Locr H HEX HCPLXH st |

L

b. Common

| | C ] I
2ndF FYF—I | o | | mao | IGRAD] I()I IBIN] Iocr| | vex ] Jerux | LSTATI

|
A ————————160Hz (6.25ms)————
i
i
[

(_ﬂ Y crvm—Y > Y o 1 Ca Y cmraseen
0D 5 0 0 0 0D ) ) 0D bk 00
T N AT i A i AT A N A A A I N A B A I
[ e e e e e ’_\eL’.:U DS VNIVES UNIVES VRV EE
COomM3 % 15 COM4
COM2 e 14 COM1
WOVEFORM OF COM
i | | | i | i i : i E : :———vnn(sv)
i I I I
|
oM I- ! | ,LI i ' ZND
] | I ! i i | |
il I | Iy I | |
| 1, ’ |
4o U
| | | | | |
| | | | i | : |
| | l
| ] | | | | L
comsl—I i | i | |-I| i L, | L- :
i | ! X N | ' ' |
| : _I H | ¥ | i
comaH ) ! EE— I U I 1
| !
|
|

0.034 ms
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KS6041

CMOS DIGITAL INTEGRATED CIRCUIT

EXTERTAL CONNECTION

(1) Pin description

:i: Signal 110 Description :ﬁ' :': Signal 1o Description I:z:
1 Ki8 1 Key input 8 40 25 b4 (KO) (o} LCD (Key output) 16
2 FODIS [ Fosc disable 41 26 ab (KO) o LCD (Key output) 17
3 EXTNL | External clock 42 27 b5 (KO) o LCD (Key output) 18
4 KITEN | Key in test enable 43 28 aé (KO) (0] LCD (Key output) 19
5 NC 29 b6 (KO) o LCD (Key output) 20
6 Vss Vss.Power (GND) 44 30 Vss Vss Power (GND) 21
7 NC 31 Voo Voo Power (+ 3V) 22
8 Voo Voo Power (+3V) 45 32 a7 (o} LCD 23
9 NC 33 b7 (o} LCD 24

10 TST 110 | Test 1 34 a8 (0] LCD 25

11 DEN | Dump Enable 2 35 b8 (o} LCD 26

12 KI1 | Key Input 1 3 36 a9 (o} LCD 27

13 Ki2 | Key Input 2 4 37 b9 (o) LCD 28

14 COM1 o Common Signal 1 5 38 al0 (o} LCD 29

15 COM4 (o} Common Signal 4 6 39 b10 (o) LCD 30

16 a0 (KO) o LCD (Key Output) 7 40 all o LCD 31

17 bO (KO) (o} LCD (Key Output) 8 41 b11 o LCD 32

18 at (KO) o LCD (Key Output) 9 42 al2 (o} No Connection 33

19 b1 (KO) [e] LCD (Key Output) 10 43 b12 (o) No Connection 34

20 a2 (KO) 0 LCD (Key Output) 11 44 ai3 o LCD 35

21 b2 (KO) o LCD (Key Output) 12 45 b13 o LCD 36

22 a3 (KO) [¢] LCD (Key Output) 13 46 COM3 (0] Common Signal 3 37

23 b3 (KO) (o] LCD (Key Output) 14 47 COM2 (¢] Common Signal 2 38

24 a4 (KO) (o} LCD (Key Output) 15 48 Ki4 | Key Input 4 39
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KS6041 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT

(1) LCD connection

LCD

N
|
|
|

‘| |3

bs

a9
b8
a8
b7
a7
Voo
Vss
b6

36 35 34 33 32 31 30 29 28 27 26 25

b9 |37 24| a4 ’J
L— a10 |38 23| b3
b10 |39 2| a3
a1 40 21| b2
b1t a1 20| a2
at2 |42 KS6041 b I
b12 |43 18] at
a13 |a4 17| oo
b13 |45 16| a0
com3 |46 15] coma
coMmz2 | a7 14| COM1
Kis |48 13| ki2
1 2 3 4 5 6 7 8 9 10 11 12
-
JHHEHEEEEEHE
iH
(2) Key connection /J/;‘ v
b6 a6 ba a4 b3 a3 b2 a0 b0

hyp EXP m m /_\ 2nd

=§§ SAMSUNG 197




KS6041

CMOS DIGITAL INTEGRATED CIRCUIT

KEY CONNECTION

Ki8 Kl4 Ki2 Ki1
[1 |48 13 112
1
HEX tr oNiC | sTaT 8 ors
S
1st F 2nd F STAT 1st F 2nd F HEX 2nd F HEX
16— 0 H— 2nd F — OFF
17— = % — + | —DEC —1 CE n!
[ |
18— ) [ n o - CPLX
| |
T T
19— xom || =e x I ! — FeE | TAB
| |
[T i
20— mvm || s I =+ | -BN — b ~XY
| !
i
21— wm+ |l oo | oatal— x | -ocT S 11
[T [ p—— J
22— - —HEX F - —] 6 a —re
23— 3 L— 9 ——1  tan tan-!
a1 . RND 1 B N 3 c
25— 1 ——1 5 —— cos cos™!
26— 4 — 8 —] log 10 F
27— 7 —— yx ¥y B ] in ex E
28— +/- — EXP T A }F— sin sin~!
29—| -DEG | -DMs D t—] nhyp | archyp - DRG | DRG»
||
NOTE: ; | =STATISTIC MODE KEYS
. | S — -
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KS6041 CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM

a7

[28] b9
[28]at0
b10
an
b

Unit

[35] 213
[s6] b1

7] coms
com2
K14

K18 FODIS EXTNL KITEN Vgs

I@I@IEIIIDI

Vpp Vss bB(KO) aB(KO) b5(KO) a5(KO) bd(KO)

a4(ko) [ 15
b3(KO)
a3(ko) E

b2(KO) | 12

a2(KO) E|

EI at2 KS6041 PAD DIAGRAM b1(KO)

Chip Size: 4820 x 5950
b12 Pad Size : 86 x 86 alko)

Dpm

b0(KO)
AO(KO)
coms
com1 [ 5]
]
3]

Voo TST  DEN

EE
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Voice Synthesizer ICs

Device Function Package Page
KS5901 CMOS 1 Chip Voice Synthesizer (External EPROM) 64 SDIP .
KS5901A CMOS 1 Chip Voice Synthesizer (External EPROM) 60 FQP 213
KS5902XX CMOS 1 Chip Voice Synthesizer (Internal ROM) 24 DIP - 234
KS5911 CMOS 1 Chip Voice Recorder & Reproducer (External DRAM) 48 FQP 248
KS5912XX CMOS 1 Chip Voice & Sound Generator (Internal ROM) 16 DIP 260
**KS5915 CMOS 1 Chip Voice & Sound Generator (External DRAM) 60 FQP .

** Under Development




VOICE SYNTHESIZER APPLICATION GUIDE

1. CLASSIFICATION OF VOICE LSI

Direct wave coding—PCM, ADPCM, DM, ADM
——Voice Synthesizer

Analysis & Synthesis LPC: KS5901A
KS5902

PARCOR

FORMANT

— PCM
Voice Recording —— ADPCM
& Reproducing l——DM

Voice LS| — —— ADM: KS85911
**KS5915

— PCM
Natural Sound ————F———ADPCM
Generation L —— DM

—ADM : KS5912

Voice Recognition

PCM : Pulse Code Modulation.

ADPCM : Adaptive Differential Pulse Code Modulation.
DM . Delta Modulation.

ADM : Adaptive Delta Modulation.

LPC : Linear Predictive Coding.

PARCOR : Partial Auto-Correlation.

NOTE: **Under Development
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VOICE SYNTHESIZER APPLICATION GUIDE

2. VOICE SYNTHESIZER
2-1. External ROM Type: KS5901/KS5901A

A. FEATURES

¢ Voice synthesis method: LPC
¢ 640 KHz X-tal oscillation
¢ 8 KHz sampling frequency
¢ Control mode: CPU/manual mode
¢ Various synthesis speed: 0.7 — 1.55 times of normal speed
¢ Direct access to the external ROM ( x 8 Bit)
e Maximum memory size: 64 KBytes (KS5901A), 512KBytes (KS5901)
¢ Easy interface with CPU
¢ On chip 9 Bits R-2R D/A converter
¢ Single 5V power supply
¢ PKG: KS5901: 64 SDIP
KS5901A: 60 FQP

B. BLOCK DIAGRAM

PROM/MASK ROM

DATA ADDRESS
—— ROM IF
CPU
CPU SPEAKER
IIF
— SYNTHESIZER —— DAC LPF
KS52000 KS5901A
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VOICE SYNTHESIZER APPLICATION GUIDE

2-2. Internal ROM Type: KS5902

A. FEATURES

¢ Speech synthesis method: LPC

¢ 2.56 MHz X-tal oscillation

¢ 8 KHz sampling frequency

e Control mode: CPU/manual mode

e Various synthesis speed: 0.7 ~1.55 times of normal speed
e Various speech synthesis conditions

¢ 48 KBits on chip data ROM

¢ Easy interface with CPU

* On chip 9 Bits R-2R D/A converter

¢ Single 5V power supply

¢ Low power consumption by C2MOS structure
¢ PKG: 24 Dip

B. BLOCK DIAGRAM

_— MASK ROM
— e}

P
cPu SPEAKER

T \IF
1 SYNTHESIZER 1 DAC LPF l'

KS52000 KS5902
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VOICE SYNTHESIZER APPLICATION GUIDE

3. VOICE RECORDING & REPRODUCTION LSI: KS5911

A. FEATURES

¢ Speech analysis & synthesis method: ADM

* RC oscillator: 640 KHz

* Selectable bit rate: 8K, 11K, 16K, 32Kbps

¢ Control mode: Talking back mode/manual control mode
e Data memory: 64K or 256K DRAM up to 4pcs

¢ Auto silence detection (Talking back mode)

¢ Recording/Reproducing of max. 16 phrases (Manual control mode)
® Built-in DRAM refresh counter

e Built-in microphone amplifier & 10 Bits D/A converter

¢ Single 5V power supply

e Low power consumption by C2MOS structure

* PKG: 48 FQP

B. BLOCK DIAGRAM

[ l RAM x 4 pcs

- 256K or 64K 1

RAM INTERFACE 1 DIA

CONVERTER

LOW PASS
FILTER

mIC
|| AD | — ANALYZER L—| SYNTHESIZER
CONVERTER

AMP —

KS5911

SPEAKER
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VOICE SYNTHESIZER APPLICATION GUIDE

4. VOICE & SOUND GENERATOR: KS5912

A. FEATURES

¢ Sound synthesis method: ADM

¢ On-chip 64KBits mask ROM

* RC oscillator: 640 KHz

¢ Control mode: Manual control

* Variable bit rate (Mask option): 32K, 16K, 11K, 8Kbps
e Repeat function: 3 times/8 times

¢ Phrase selectable: 4 phrase

e Maximum generation time: 8 sec. (8 KHz sampling)
¢ On-chip 10 Bit D/A converter

e Single 5V power supply

¢ Low power consumption by C2MOS logic

¢ PKG: 16 Dip

B. BLOCK DIAGRAM

MASK ROM

SYNTHESIZER D/IAC LPF

KS5912

I SPEAKER
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VOICE SYNTHESIZER APPLICATION GUIDE

5. VOICE RECORDING & REPRODUCING LSI: KS5915

A. FEATURE

e Speech analysis & synthesis method: ADM
* Resonator oscillator: 640 KHz

o Selected bit rate: 11K, 16K, 24K, 32Kbps

e Control mode: CPU/manual

e Data memory: 256K or 1M DRAM up to 4pcs
¢ Recording/reproducing of max. 16 phrases

¢ Built-in DRAM refresh counter

¢ Built-in microphone amplifier & 10 bits D/A converter
o Built-in band pass filter

* Voice trigger in recording (Option)

¢ Normal mode/256K fixed mode

* PKG: 60 FQP

B. BLOCK DIAGRAM

DRAM ' ADM DIA
I\IF ANA/SYN CONVERTER
MICROPHONE A/D BAND PASS AMP
AMP CONVERTER FILTER
MiC
SPEAKER
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VOICE SYNTHESIZER APPLICATION GUIDE

6. SYNTHESIS LSI FUNCTIONS TABLE

Features KS5901/KS5901A KS5902XX KS5911 KS5912XX KS5915
Synthesis Method LPC LPC ADM ADM ADM
Operating Voltage 5V 5V 5V 5V 5V
Oscillation Frequenc 640 KHz 2.56 MHz 640 KHz 640 KHz 640 KHz

a Y (X-Tal OSC) (X-Tal OSC) (RC 0OSC) (RC OSC) (X-Tal OSC)
Sampling Frequency 8 KHz 8 KHz 8-32 KHz 8-32 KHz 16-32 KHz
Bit Rate 2.4-9.6 Kbps 2.4-9.6 Kbps 8-32 Kbps 8-32 Kbps 16-32 Kbps
Control Mode CPUManual CPUManual | Talk-Back/ Manual | CPUManual
/Auto Manual
Data Memo External ROM Internal ROM | External RAM | Internal ROM | External RAM
i 512KBytes/64KBytes 48Kbits 64K/256K x 4 64KBits 256K/1M x 4
Speech Time Max. Max. Max. Max. Max.
10 Min./4 Min. 20 Sec. 2 Min. 8 Sec. 8 Min.
D/A Converter 9 bits 9 bits 10 bits 10 bits 10 bits
PKG 64 SDIP/60 FQP 24 DIP 48 FQP 16 DIP 60 FQP
.T oy Message Message
- HA Simple
Applications AM Sound Phone Toy Phone
. AM AM
Information
209




VOICE SYNTHESIZER APPLICATION GUIDE

7. VOICE SYNTHESIS LSIs DEVELOPMENT FLOW
USER SAMSUNG ACTION

SPECIFICATION

REEL TAPE POSSIBILITY NO 3 DAY
J YES -
VOICE ANALYSIS
i LPC: 14 DAY
per 10 SEC.
ROM CODE GENERATION ADM: 7 DAY
i per 4 SEC.
APPROVAL DEMO BOARD
i
YES
MASK MAKING 7 DAY
SAMPLE MAKING
30 DAY
EVALUATION
10 DAY
RELIABILITY
APPROVAL DEMO SET e APPLICATION
MASS PRODUCTION 1 MONTH
OUT GOING

EESAMSUNG ' 210



ONNSWVS g}

Le

KS5901A APPLICATION CIRCUIT (cru moDE)

Voa _Lzomizo sz

T o+
X'Tal
(ZMHZ)-FIDH

Z 1uF

P12 XT1 XT2 RESET Vpp Vec IN4148 g
P13 P16 KSC815
P14
P15
Vss 3
p2a CPU (8748) = 3 $ 1k
P25 1N4148
s P17 4
P27 D01 2 3 P2021 22 10 1
KEY BOARD | 3300
POWER ON
A
l A + N4148 SWITCH
— — 2 104F
0.474F DO1 2 3 WE RE CE EOS BUY
INIT e POWER SAVING CIRCUIT
SR Voo
MODE
XT1 KS5901A Vss
8748T0 —— 1o Al
Other
50KQ 50KQ
I
DTO-DT7
AO—A12
ADDRESS
DATA 13 BIT
8 BIT
A0—A12
|07 PROMwuasssa) g % LOW PASS FILTER AUDIO

3
N

6V

3dIND NOILYII1ddV H3ZISIHLNAS 3DI0A
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KS5902XX APPLICATION CIRCUIT ey MODE)

1N4148 ?

/7‘;) o— 2| i 23
’—O/O—_E . i 2 x1N414B
—o0~0—{6] Kksse02 | "]

[7] e
— | B A =
»> —_{ 9 E—ﬂ ©
4}—%—@ SN
=5 o

(2.56MH2)

7 77

VOICE SYNTHESIZER

g

222pF

222pF

VR (47KQ) C

222]

LOW PASS FILTER

AUDIO

3dIND NOILVYIITddV H3ZISTIHLNAS 3DI0A




KS5901A CMOS DIGITAL INTEGRATED CIRCUIT

CMOS 1-CHIP SPEECH SINTHESIZER

The KS5901A is a CMOS speech synthesizer which is developed by
Samsung Semiconductor and Telecommunications Co., Ltd. (SST).
SST has undertaken a research & development program on an encoded
reproduction algorithm called linear predictive coding (LPC). Speech is
synthesized by processing an externally provided variable bit stream of
LPC encoded speech data, and converting the results to the audible
output with an on-chip 9 bits D/A converter.

The speech synthesis system using KS5901A is composed of the
following three chips;

KS5901A : CMOS speech synthesizer

PROM : Commercial non-volatile memory (x8 bit)
Micom/p-processor: 4/8 bits system controller (CPU mode)

With a considerable memory expansion and controller interfacing
capacity, the KS5901A performs speech synthesis operation required
for various applications. As the KS5901Ais a CMOS LSI, the power
consumption is small enough to satisfy the power specification.

FEATURES

¢ Speech synthesis method; LPC (Linear Predictive Coding)
* 640 KHz crystal oscillation
* 8 KHz sampling frequency
¢ Control mode; CPU control/manual control
* Various synthesis speed; 0.7-1.55 times of normal speed.
* Various speech synthesis conditions;
. Excitation source
Voiced speech; impulse/triangular pulse
Unvoiced speech; white Gaussian noise
. Bit allocation/frame
48 bits/frame; nonlinear transformation
96 bits/frame; linear transformation
. Frame length; 10/20msec per frame
. Repetition of the speech parameter set is possible.
. Loss faetor of the synthesis filter is controllable.
. Variable stage of the digital filter; 8/10 stage.
* Direct access to the external ROM (x 8 bit)
* Maximum memory size; 64K bytes
¢ Easy interface with CPU
. 4 bits interface bus line
. 12-kinds of command
. Monitoring the 4 kinds of status flags
. BUSY, EOS (End of speech) output
. External ROM data dump mode
. Less CPU overhead
* On chip 9 bits R-2R D/A converter
¢ Low power consumption due to the 2-phase CMOS structure
 Single +5V power supply

60 FQP
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'KS5901A CMOS DIGITAL INTEGRATED CIRCUIT

BLOCK DIAGRAM

) Interpolator
RAM /
12x10 bits
1 AO-A1S
' AOM ﬁ K-stack
Interface
External itati
Block Excitation
ROM DTO-DT7 Generator
F——\ N Parameter Booth
/| Decoding Re-encoder
ROM
Manual ——J\ ll U
switches——/
Pipeline Multiplier I
D300 l
WE CPU Parallel Adder
WE "
Interface Digital
Block "
RE Filter
4/8 bits I Loss & Delay Stack ]
CPU —
Cl
BUSY ' ' ' ' f I Multiplexer I
EOS
Timing o1
Control 92
D/A Converter
Ccx1 CX2
X -tal
640 KHz

. ) *) LPF: LOW PASS FILTER
Fig. 1 KS5901A functional block diagram

PIN CONFIGURATION

& —OToFO
2 —Oma
&—OToFc
Jp—omm
2 |—o0Toac
5 —oLooF
g—Oscs
gH—Ovss
Qp—Osc2
gp—Osc
8 F—0sco
LH—OTExc
2 —OFRL
S —Onosa
@ f=——ONoFs

proo @ 30 p—O ReP
APDO— 47 b0
o 28 |——Ocx2
o 27 [—Ocxt
»o— 26 [~—O M-START
D10~ 51 » o
| D0o——s2 : © KSS901A . I )
E050-—{ 53 (Speech synthesizer) wlom
o 22 —O0T
CEQO—{55 o oo
o 20 ——O0T3
s 19 p—O0omw
oo 18 —Q0rs
A14O-—{59 o |—oom
A18O—] 60 © —oom
10 1 /

A2 O—1 ~
At O— ™
A0 O~ @
A O—1 >
8 O— @
voo O—] @
AT O~
vss O—f @
O

¥

. 2 Pin configuration (60 FQP top view)
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KS5901A

CMOS DIGITAL INTEGRATED CIRCUIT

PIN DESCRIPTION

Pin (No.) Name Input/Output Function
Ais~Ao Used for external PROM Interface
(58-60, 1-5, 7, 9-15) | Address output Output (16 bits address line)
DT,~DT, Data input Inout Used for speech data input from external PROM
(16-23) P P (8 bit data line)
. Selects CPU or manual control mode
MODE (24) Mode switch input H: CPU control L: manual control
SR (25) System reset Input/Output | System reset. Clears internal registers. (active low)
In the manual control mode, M-START signal initiates
M-START (26) Manual start Input reading of external ROM data, starting the synthesis
operation.
CX1(27) . Input . . .
CX2 (28) Oscillator Output Pins for connecting crystal oscillator
EXC (29) Excitation Input H.: Triangular pulse
source L: Impulse
Parameter H: Without repetition
RER (30) repetition input L: With repetition
Number of H: 8-stages
NOFS (31) filter stages Input L: 10 stages
Number of bit H: 96 bits/frame
NOBA (32) allocation Input L: 48 bits/frame
H: 10 msec/frame
FRL (33) Frame length Input L: 20 msec/frame
Loss of digital H: With Loss
LODF (40) filter Input L: Without Loss
(In the manual control mode, these pins must be selected
to “H” or "L’ according to the synthesis conditions.
TEXC (34)
TDAC (41) .
TINI (42) Test Input Pins for LS| Test (normally ground)
TDAI (44)
TDFC (43) Pins for LS| test
TDFO (45) e Output (these pins should be open.)
SCa~SC In the manual control mode, the synthesis speed follows
. ° Speed select Input the “H”/*L” combination of SCO-SC3. Synthesis speed
(39, 37-35) o
is varied from 0.7 to 1.55.
DAO (46) D/A output Output 9 bits R-2R D/A converter output
APD (47) Audio power down | Output Controls the power of external audio circuit
¢2 (48) System clock Output 160 KHz system clock output

(continued)
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Pin (No.) Name Input/Output Function
Used for CPU interface.
When WE and CE are set to low, these pins are used
. for command input.

Ds~ Do (49:52) CPUinterface bus | Input/Output When RE and CE are set to low, these pins are used for
monitoring the status flags or reading external ROM data.
When CE is high, these are in tri-state.
When the synthesis operation is terminated by END1

EOS (53) End of speech Output code, EOS output is set to low level during one frame.
(10/20 msec)

ey In the CPU control mode, Busy signal is generated by

BUSY (54) Busy output Output WE/RE or Osc. enable. (active low)
Enables the KS5901A to accept command from CPU

CE (55) Chip enable Input during WE or to transmit data to CPU during RE pulse.
(active low)

RE (56) Read enable Input If RE is active, CPU can read the LSI, (active low)

WE (57) Write enable Input If WE is active, CPU can write to the LSI, (active low)

Vss (8, 38) Power Input Ground input

Voo (6) Power Input Supply voltage input (+5V)

(Tab. 1. KS5901A pin description) *)*“H” or high is 5V
“L” or Low is OV
FUNCTIONAL DESCRIPTION

CPU control mode

When MODE pin is set to “H”, the KS5901A switched into the CPU control mode in which the general micom/u-processor
can control the speech synthesizer. The KS5901A supports the 12 commands which make it possible to control the operation
and synthesis conditions. It also provides 4 kinds of status flags which represent internal status of KS5901A. Thus, this mode
provides the great flexibility for many applications of KS5901A.

I S
SR

DAO APD
1 D3-Do
DT7~DT0

WE /=

_ Al

RE KS5901A External

4/8 bits _ (Speech synthesizer) PROM
cPU CE 64K bytes
BUSY A15~A0
270 N
EOS 14

Fig. 3 System configuration in the CPU control mode

=§§ SAMSUNG 216




KS5901A CMOS DIGITAL INTEGRATED CIRCUIT

1. Commands of KS5901A
A. One nibble commands
(1) ODIS (Oscillator DISable)

This command is used to disable the internal clock oscillation of KS5901A. If the command is given, APD output and
status flag of D1 (see 8 page) are set to ““H”, and the address counter is set to 0000H, and condition values are all cleared,
and then KS5901A is turned into the reset state, as SR outputs “L’ level.

(2) OENA (Oscillator ENAble)

This command releases the ODIS state and resets status flag of D1. After this command, the KS5901A becomes power-
on transient state during about 40msec and the BUSY outputs the “L” level during that period. As APD output remains
“H” level, AENA command should be given so as to enable the external audio circuit.

(3) ADIS (Audio DISable)

If this command is given, APD output is set to “H” level. This command is used to control the power of external audio
circuit.

(4) AENA (Audio ENAble)
If this command is given, APD output is set to “‘L” level. This command is used to control the power of external audio circuit.

(5) STRT (STaRT synthesis operation)

This command is used to start the synthesis operation as reading the external ROM data from where the address counter
points. :

(6) STOP (STOP synthesis operation)

This command controls KS5901A to stop the synthesis operation. The KS5901A is changed into the stand-by state, while
it hold the address counter, the synthesis conditions, speed condition and APD state. This is used to reset “ROM data error”
and “command error” status flag.

(7) DDMP (Data DuMP mode)

This command is used to set the data dump mode. In this mode the CPU can read the contents of the external ROM
nibble by nibble. When CPU perform its 1st read operation under DDMP mode, 4 bits data (b, ~ b+) of the specified address
are fetched through data bus (D3~ Do). 2nd read operation enables higher 3 bits (b; ~bs) and LSB 1 bit of the next address
(bo) to be dumped through D, ~ D, and Dj; of data bus respectively. This operation sequence can be continued, and thus
the external PROM data can be read into CPU in this mode. It should be noticed that the initial LSB 1 bit (b0) at the specified
address is lost because it is treated as the header bit in the KS5901A. Either the speech data or the non-speech data can
be stored in the external PROM. By using this mode, the indirect addressing of speech data, i.e., label addressing method,
can be carried out. (see 10 page)

(8) NOP (No OPeration)
This command has no effect on the KS5901A except releasing the data dump mode.

(9) Extra command
The KS5901A is not influenced by this command, however the ‘“‘command error” flag is set to “H” level.

B. Two nibbles commands
(1) LDSPD (LoaD SPeeD code)
This command specifies the synthesis speed with 4 bits data followed by. (refer to Table 6)

(2) LDCONT (LoaD CONdition 1)

This command specifies the conditions such as the bit allocation per frame, the frame length, the parameter repetition
and the stages of digital filter with the successive 4 bits data. (refer to Table 4)

=§§ SAMSUNG 217




KS5901A CMOS DIGITAL INTEGRATED CIRCUIT

(3) LDCON2 (LoaD CONdition 2)

This command specifies the type of excitation source, the loss factor of the synthesis filter with the successive 4 bits data.

C. Six nibbles command
(1) LDADR (LoaD ADdResses)
The command specifies the start address of the phrase to be synthesized or the PROM data to be read by data dump mode
‘with the successive 5 nibbles data which follow the LDADR command. (refer to page 10)
D. Notice

If any command is given to the KS5901A, the command execution is started between the rising edge of the WE signal and
internal busy (IBUSY-see page 11) duration. Fig. 4 and 5 illustrate the timing diagrams associated with the command execution
and the synthesis operation.

LT e ma I

1BUSY LI I

ODIS. ADIS
AENA. STOP START
NOP

OENA ————— START

D3~D¢——<:/\

Fig. 4 Timing diagram of the execution of commands

(CE="1")
WE
Ll m J
(STRT) | l
Internal I I ﬂ
Signal Fr
’—— Start point of speech

*Tf: 10 or 20msec

Fig. 5 Timing diagram of the synthesis operation
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Mnemonic Code Format Operation IBUSY Duration

oDIs 1001 Oscillator disable, Reset. 3T max.”

OENA 1011 Oscillator enable. 3 Tmax.*

ADIS 1010 Audio power off. (APD: H) 3T max.*

AENA 0100 Audio power on. (APD: L) 3T max.*

ég{'::}':n 4 |Dowe 1000 Set data dump mode 10 T max.
STRT 0001 Start synthesis operation 3 T max.
STOP 0010 Stop synthesis operation 3 T max.
NOP 0000 No operation. 3 T max.
Extracommand | 11XX Extra commands 3 T max.
LDSPD 0101, XXXX Set speed 3 T max.
22::::: d LDCONH1 0111, XXXX Set synthesis condition 1 3 T max.
LDCON2 0110, XX00 Set synthesis condition 2 3 T max.
602:::2:: d LDADR 0011nnnnn** Set address counter (A15 ~AQ) 3 T max.

*)T: 6.25usec typ.
**)n:any 1 nibble data. Tab. 2. KS5901A Commands
Operation —BUSY Duration Caution
_ Reading status or ROM data. Status read; 3T No execution during
RE 2 nibbles, 6 nibbles mode ROM data dump; 10T IBUSY
is released.

Tab. 3 RE operation

2. Synthesis conditions and speed code

The synthesis conditions are determined according to the required quality of the synthesized speech and the memory size.
The synthesis conditions and speed are specified by LDCON1, LDCON2, and LDSPD commands as previously described.

Condition Synthesis Condition 1 Synthesis Condition 2
Data bus Data LDCON1 LDCON2
D3 L 48 bits/frame Excitation; Impulse
H 96 bits/frame Triangular pulse
D2 L 20 msec/frame Without loss effect
H 10 msec/frame With loss effect
D1 L Parameter; repetition Not used
H no repetition Always “L”
DO L Filter stages: 10 stages Not used
H 8 stages Always “L’

Tab. 4. Synthesis conditions code
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Table 5 and 6 illustrate the data bit-rates associated with the synthesis conditions, and the synthesis speed correspond-
ing to each code.

Bit Allocation Frame Legnth Parameter Repetition Bit Rate (Kbps)
48 bits/frame 20msec/frame Yes 04
48 bits/frame 20msec/frame No o
48 bits/frame 10msec/frame Yes 48
48 bits/frame 10msec/frame No o
96 bits/frame 20msec/frame Yes 48
96 bits/frame 20msec/frame No o
96 bits/frame 10msec/frame Yes 96
96 bits/frame 10msec/frame No o

Tab. 5. Synthesis conditions and bit rate

Data bus Speed Data bus Speed

HEX data rate HEX data rate
0 1.0* 8 1.4
1 0.7 9 1.5
2 0.8 A 1.55
3 0.9 B 1.0
4 1.0 C 1.0
5 1.1 D 1.0
6 1.2 E 1.0
7 1.3 F 1.0

*Original speed =1.0

3.

Tab. 6. Speed control code

Internal status flags.

If RE signal is given under the normal operation modes except data dump mode, the 4 kinds of internal status
4 bits data bus (D3-D0) of KS5901A. Table 7 shows the summary of the internal status flags. Fig. 6 illustrates the timing
associated with it’s occurances.

Data Bus Status Output Occurance (“H”) Release (“‘L’)

¢ Timing error in the interface * Slop commang

D3 Command error * Power-on reset
e Extra command « Osc. disable
* Nonexistent data * Stop command

D2 ROM data error ! . s * Power-on reset
 1st frame data are all high (““"’) « Osc. disable

D1 Osc. disable ¢ Oscillator disable state * Osc. enable

DO End of speech * Under stand-by state e Under synthesis operation
* Stop speech

Tab. 7. Summary of the status flags
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A. Command error (D3)
(1) Extra command input

JYSUR | T ) ) S I I I I
« L L

2)

1) R —
e L L]
Command I - =" I
1) Extra command input

error 2) STOP command input

2. When BUSY is activated CE

Command I
error

B. ROM data error (D2)
(CE=")

L1

WE (STRT) 1

et N

data

ROM data
error J

C. Oscillator disable (D1)
(CE="L")

oo —ILTL L | T LI T

WE

1__' (ODIS) I I (OENA)
oscillator I——-— _____
disable |

D. End of speech (D0)
(CE="1)

eJLILL N nnnnmn__Jmnmnr
WE I_J(STRT)
EOS L l.—____-—

STOP or End of speech t

Fig. 6 Timing diagrams of the internal status flags
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4. Setting the start address

There are two ways of setting the start address of the phrase under CPU control. One is Direct addressing and the another
is Indirect addressing.

A. Direct addressing
This addressing is the way to set up the start address of the phrase by directly loading the address data into the KS5901A.

* Astart address is given to the 19 bits address counter by LDADR command together with the successive 5 nibbles data,
of which the 5th nibble is dummy data. (see appendix)

Input format

LDADR 1st 2nd 3rd 4th 5th

T T 1 T 1 1 L LA L T 1
0011 3 2 1 0 7 6 5 4 11 10 9 8 15 14 13 12 X3 X2 X1 X0

L1 1 | L1 L1 L | | | | 1 | | 1
D3-+- DO D3 - - DO D3 - - DO D3 - - DO D3 - - DO D3 - - DO

Address in address counter

[ I l I

X2 X1 X0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[ | I — I — I —

A8 - - A6 A5 - - A12 A1 . . A8 A7 - - M A3 - A0

Fig. 7. ROM start address

e After loading the start address, the STRT command initiates the KS5901A to read the external ROM data and start the
synthesis operation.

¢ The address counter continues to increase during synthesis operation until END1 code of the ROM data is detected.

¢ When END1 code is detected address counting is stopped and the KS5901A returns to the stand-by state.

¢ In stand-by state, the synthesis operation of the phrase currently addressed can be activated by STRT command

¢ If END2 code is detected, the start address previously specified by LDADR command is fed to the address counter, and
the synthesis operation is repeated. The repetition is continued until the external control, such as STOP/ODIS command
or system reset, is given.

" B. Indirect addressing

In this mode, some part of speech data ROM isiused to the index area. The label must be given to each phrase to be
synthesized. The contents stored at the label address are used as the real start address. Address loading sequence of Indirect
addressing mode is as follows.
¢ Using LDADR command, CPU loads-the label address of the phrase to be synthesized to the address counter.
¢ Using DDMP command, CPU reads the start address data (3 bytes), i.e., the contents in the memory location pointed to

by the label address and the next two addresses. And save then at the temporary area in the controller.

* Using LDADR command, CPU loads the real start address to the address counter of the KS5901A.

¢ The real start address must be stored in the format shown in Fig. 8 &9. The LSB (b0) at the label address should be excluded
in storing the start address. As the KS5901A has the addressing range of A0-A15, the last byte only contains one bit address
data of A15 at the LSB (b0) and the other bits (b7 ~b1) become dummy data. (see appendix)

¢ The control procedures are explained as follows. (refer Fig. 8 & 9)
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LDADR
Real address (A6-A0) Label address

Real address (A15)

DDMP l
Memory

Voice data Real start address (A15-A0)

CPU

External ROM (x8)
Fig. 8 Setting the label address

Real address (A6-A0) ‘1 Label address

Real address (A15)

LDADR
Voice data Real start address (A15-A0)

CPU External ROM (x8)

Fig. 9 Setting the real start address.
5. BUSY output

BUSY is generated in the follows: .
A. During the execution time of the DDMP command and it’s successive RE.

BUSY is enabled during from the rising edge of the WE or RE to the rising edge after the 9th falling of $2. (10 T max.)

B. Buring the execution time of the other command or RE for status read.

BUSY is enabled during from the rising edge of the WE or RE to the rising edge after the 2nd falling of $2. (3 T max.) See
fig. 10.

C. During power-on transient state.

Power switch ON or OENA command causes the KS5901A to be in power-on transient state, of which duration is fixed by
the external capacitor connected to SR pin. In transient state, normally 40msec, KS5901A is initialized in it’s internal state,
and outputs BUSY signal. The BUSY signal due to OENA command become active at the falling edge of WE signal, while
it is normally active at the rising edge. See Fig. 11.

* BUSY signal is available only when CE is low (Fig. 10), therefore you must hold CE to low whenever you wish to check it.

* While Internal BUSY (IBUSY) signal is active, KS5901A can not accept the WE or RE signal.

* If the WE or RE signal is given during IBUSY signal, the internal status of the KS5901A may be uncertain. Besides, the
“command error” of the status flag is set.
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it ——

ausY ] | - BUSY=CE  Internal BUSY

* T=6.25usec typ.
Fig. 10. Timing diagrams of —BUSY signal

WE

for OENA _|
IBUSY _J
L

40ms J|

Fig. 11. Timing diagram of power-on transient state

6. Stop and restart operation
Speech synthesizing process is controlled by 2 kinds of code such as END1, END2.

A. Stop operation by END1 code

END1 code inserted at the last part of the speech parameter of a certain phrase controls the KS5901A to halt the increment
of address counter, and issues EOS signal during 1 frame, remaining all it’s internal condition values. At the same time status
flag-of DO(End of speech) is set to high level. Figure 12 shows the timing diagram of EOS and EOS flag.

B. Restart operation by END2 code

END2 code inserted at the last part of the speech parameter of a certain phrase generates IBUSY during about 2.5ms
and resets the address counter to the pre-loaded value by LDADER command, restarting synthesis operation from that address.
You can stop synthesis operation by loading STOP command in, it repeat operation without STRT command.
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1 end of speech

Status flag I
of EOS

EOS |
t—.— ~—1 frame

Fig. 12. Timing diagram of —EOS signal

Notes on the CPU control mode.

~N

. MODE pin must be set to ““L” level.

. BUSY pin issues the output of NAND logic of the internal busy and CE signal, therefore BUSY is not issued when CE
is high level.

. RE or WE signal is not detected during internal busy singal.

. The APD signal set to “‘H”" by the ODIS command is not changed by the OENA command (i.e., remains “H”’ level).
Therefore, if APD is used to control the power of external audio circuit, the AENA command must be beforehand with
the START command.

. In the CPU controlled mode the default values of conditions after reset operation are such as;

APD : High

Speed code : ¢H (normal speed)

COND1 code : ¢H (48 bit, 20msec, with repetition, 10 stages)
COND2 code : ¢H (impulse, without loss)

F. The internal status of the KS5901A is usually read by RE signal. If you want to dump the speech ROM data, DDMP mode

must be set previously.

G. In the DDMP mode the 100usec of time interval is needed at least between each read operation to dump ROM data.

H. While the synthesis operation is executed by the KS5901A, such commands as DDMP, START, 2 & 6 nibble one are

forbidden.

1. After the ODIS command, the time interval of about 40msec is needed so as to execute the OENA command.

@™ >

oo

m
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Manual control mode

When MODE pin is set to “L”, the KS5901A is turned into the manual control mode. In this mode, all the synthesis operation
and conditions can be controlled by the external switches.

Reset S\W -
iﬁl_ LPF - AMP _—
b

‘SR DAO

Synthesis
condition A or7bTo
pins

KS5901A

—_— External

) (Speech synthesizer) PROM
. 64Kbytes

A15-A0
. LA \

M-START
SwW

Fig. 13. System configuration the in manual control mode
1. Operation method

. MODE pin must be set to “L” level.

. Reset the KS5901A by means of depressing SR switch.

. Through 10 synthesis condition pins, the synthesis conditions of the phrase to be synthesized must be specified.
The synthesis operation is started by means of depressing M-START switch.

The synthesis operation is halted by END 1 code.

The synthesis operation is repeated by END2 code.

. When speech is halted by END1 code you may do the steps of C & D to perform the synthesis operation of the next phrase.
. If you want the first phrase, you must operate the steps of B, C, D.

IOTMTMUOm>

2. RESET operation
When Reset switch connected to SR pin is depressed or the power switch is on, the KS5901A remains the initialized state
during about 40msec due to the charging time of the external capacitor attached to SR pin. M-START input is not received
during that period.
3. START operation
In manual control mode, the chattering-preventing circuit is inserted to debounce the chatterings of the M-START pin. So,
M-START input should be continued about min. 20msec (refer to Fig. 14)

f——] 1 frame
M-START 1 1 1 1 1 1 1 1 Lec 1 1
strobe D7
v —JUU U1 T
Internal I I N
M-START = -5 §
08 5

l—— start speech I—-— stop speech

Fig. 14. Timing diagram of debouncing of the M-START signal
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4. Synthesis conditions and speed.

In manual control mode, synthesis conditions are determined according to “H/L"” combination of synthesis condition pins
as shown bellow and synthesis speed follows the ‘“H/L’ combination of SC0-SC3 as shown in Tab. 9

Pin No. Pin Name Level Synthesis Condition

L Impulse

2 EXC H Triangular pulse
L With loss effect

40 LODF H Without loss effect
L Filter stages: 10 stages

31 NCFS H 8 stages
L 48 bit/frame

32 NOBA H 96 bit/frame
L 20 msec/frame

33 FRL H 10 msec/frame

30 REP L Parameter: repetltiop.
H no repetition

Tab. 8 Synthesis conditions in the manual control mode

Pin number Speed Pin number Speed

39 37 36 35 pee: 39 37 36 35 P

L L L L 1.0* H L L L 1.4

L L L H 0.7 H L L H 15

L L H L 0.8 H L H L 1.55
L L H H 0.9 H L H H 1.0

L H L L 1.0 H H L L 1.0

L H L H 1.1 H H L H 1.0

L H H L 1.2 H H H L 1.0

L H H H 13 H H H H 1.0

*Original speed=1.0
Tab. 9 Speed table in the manual control mode
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LPC-PARAMETER EXTRACTION FLOW

Recording

Sampling (A/D)

LPC Analysis

LPC Synthesis

D/A Conversion

dissatisfy

satisfy

Data Encoding &
PROM Programming

Parameter Evaluation

dissatisfy

satisfy

END

Fig. 15 LPC-parameter extraction flow

~N
In VAX-780
System
7
Parameter
> Evaluation
System
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SYSTEM CONFIGURATION
1. CPU control mode

NC NC GND
| 1 .
N 5 A O A A A 1.1
45 44 43 42 41 40 39 38 7 36 35 34 33 32 '3
To audio . "‘(
circuit ] a5 30—
e 24 29—
e 28—
—] 49 27
s 26—
c2
— st 2
o KS5901A ”
(Speech synthesizer)
— s 28— i
To
crud —|5¢ 21—
— 55 21—
—]56 20 }— | From external
ROM data
—57 19 p— | (07:D0)
—158 18—
—{59 17
— e 16 L
1 2 3 4 5 6 7. 8 9 10 n 121 w15/
Prrrrrrprr T * C1=33pF

* C2=047,F
Toatimal O * NC: No Connection
;?m‘;d"-‘“ Voo GND * Crystal osgillator: 640 KHz

Fig. 16 System configuration in the CPU control mode

2. Manual control mode

VDD or GND according to
GND synthesis conditions
NC NIC
[ 1] R N 1 1
45 44 43 42 41 40 39 38 3 36 35 34 33 32 3 ¢
To audio ___} 46 30— U
circuit
—a 29— |
-1 ® Manual
— 49 27 start
—  swich
— 26 |———aW—0
R1
ned —f 2 |
., (KS5901A) - -‘.
(Speech synthesizer) c2
—s3 23 |—
EY
—] 54 2 Reset
L A1 of e
55 21|
56 20— From external
ROM data
© -
& (OT7:0T0)
—1ss 81—
—se 7 |-
—e0 16 L— J
12 3 4 5 6 7 8 9 10 fi 12 1B 4 1B * R1=1000
T 1T 1T 117 rprrrrT i * C1=33pF
1 T * C2=047,F
1RO ) V2 * NC: No Connection
To external * Crystal oscillator: 640 KHz
address (A15-A0) VPP GND

Fi.g 17 System configuration in the manual control mode
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AUDIO CIRCUIT

INPUT O

ABSOLUTE MAXIMUM RATINGS (t.-25°C)

Symbol Description Specifications Unit
Voo Power supply -03 ~ +60 \Y
Vin Input voltage -0.3 - Vpp+0.3 Y
Tst Storage temperature -40 ~ +125 °C
Tor Operation temperature -10 ~ +55 °C

Tab. 10 Absolute maximum ratings

ELECTRICAL CHARACTERISTICS

Symbol Characteristics Conditions Min. Typ. Max. Unit
teo Chip enable setup time Vpp =5V 200 — — nsec
tw Write enable pulse width Vpp =5V 500 _ —_ nsec
ten Chip enable hold time Voo =5V 200 — — nsec
tws Data setting time Voo =5V7 ) 500 — — nsec
twh Data hold time Vpp =5V 300 — — nsec
tas Busy setting time Vpp =5V —_ —_ 300 nsec
tr Read enable pulse width Vpp =5V 1 — — usec
trs Data settling time Vpp =5V — — 500 nsec
tan Data hold time Voo =5V — — 500 nsec
tace ROM data access time Vpp =5V — — 1.5 usec

Tab. 11 AC Characteristics
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{ 20%
Address
10%
tACC
{ 90%
Data
\ 10%
A. External ROM Interface

CE mmm————
\ 10% [
H o toH

90%
10%

w
90%

D3-DO

10% 4

WS tWH—|

Internal BUSY \

S e—— ’

| tBsy i

BUSY —'———\ e
10% /

B. Write operation

CE f—— e
5 10% _’
tcp fo——tcH ]
RE 90%
10%
iR '—*—1
90%
10% [
RS tRH

Internal BUSY

(IBUSY) | J\—

= tBsy {
BUSY

\ 10% / *) tasy: 3T or 10T max.
C: Read operation

**) BUSY=CE*IBUSY (see page127)

t8s

Fig. 18 AC. Characteristics
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Symbol Characteristics Specific Pin Condition Min. Typ. | Max. | Unit
Voo Power supply voltage Voo 3.5 5 6 \

Ibpa Operating current Voo Vpp =5V — 1.1 1.5 mA
lobs Stand-by current Voo Vpp =5V — 0.8 1.0 mA
looe Osc. disable current Voo Vpp =5V e 1.0 5.0 A
fo System clock frequency | ¢2 Vpp =5V 155 160 165 kHz
fosc Oscillator frequency CX2 Vop =5V 622 640 659 kHz
Vin “H” input voltage Except SR Voo =5V Vpp-0.8 — Voo Vv
Vi “L” input voltage Except SR Vop =5V 0 — 08 v
Vou “H” output voltage Except SR, DAO, CX2 | No load Vpp-0.4 — Voo \"
VoL “L’ output voltage Except SR, DAO, CX2 | No load 0 — 04 Vv
Vour DAO output voltage DAO No load 0 — Voo \Y
Rinn Pull up resistor CE, WE, RE 190 380 | 570 kQ
Rine Pull down resistor M-START 70 140 210 kQ
Rour DAO output impedance DAO ) 10 15 20 kQ
lona “H” output current A0-A15 Vout=Vpp-0.4 0.4 — — mA
loHs “‘H” output current D0-D3 Vout=Vpp-0.4 0.2 — — mA
loHe “H’ output current EOCS, BUSY Vout=Vpp/2 1.0 — — mA
loHp “H” output current Others Vout=Vpp-0.4 0.1 - — mA
lota “L” output current A0-A15 Vout=04V 0.2 — — mA
lote “L” output current D0-D3 Vout=0.4V 1.3 — — mA
loc “L” output current EOS, BUSY Vout=0.4V 1.0 — — mA
loo “L” output current Others Vout=0.4V 0.6 — — mA
Iin “H” input current Except M-START Vin=Vpp —_ — 1 A
I “L” input current %?%M CE Vin=GND — — 1 A

Tab. 12 D.C. characteristics
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APPENDIX

KS5901A is originally designed to have 64 pins. KS5901A is the another version to replace the 64 pin package type, named
KS5901. Therefore, the KS5901A is equal to the KS5901 except that it’s 5 pins are excluded.

KS5901 has 19 address lines which enable it to access upto 0.5 Mbytes of external PROM/EPROM. It’s internal address
counter is also 19 bits wide, and you must load 1 dummy nibble to set the start address when using the KS5901A. (see page 10)

KS5901 has two more signal named PD, TINT. PD represents the status of the internal oscillator which is the same as status
flag of D1. TINT is for test only.

The differences between the two chips are summarized as follows.

ltem Device KS5901A KS5901
Pin count 60 64
Package type QFl; DI P/ngl:m '
YN;). of address pin 16 ' 19
Addressing range 64 Khytes 0.5 Mbytes
*;aximum synthesizing time ‘ 4-5;7;in. 40 min.

Ez$2222:2§$22$32
AAAAARRRRARARA
T | | | | |
6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
DTe O—— 17 64 L -=0 A4
DTs O—— 18 63 |——=0 Ats
DT4 O—=—] 19 62 |—0O Ate
DTs O—— 20 61 |—=0 A7
DT2 O_—T 21 60 | o ne
DT1 O—— 22 59 f=——O WE
DTo O—~{ 23 KS5901 58 [=— ~ORE
MODE O——{ 24 (Speech synthesizer) 57 }—OCE
SR O-—] 25 56 |——0O BUSY
TINT O=-—] 26 55 f—=O EOS
M-START H 27 54 |- -0 Do
CX1 O—=f 28 53 f=—=OD1
CX2 O— 29 52 f=—=-OD2
EXC O—= 30 51 f—=0OD3
REP O—~ 31 50 —=—OPD
NOFS O—— 32 49 |——092
41 42 43 44

oxalL 0— g
00S O—= 8
108 O—=— 4
208 0—={g
ssh 0— 4
€0S O—— 8
INIL O—=]

240L O ——
vl O—| &

040L O-—1{ &
ova o-— &
adv O— &

vEON O g
40— ¢
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CMOS 1-CHIP SPEECH SYNTHESIZER

The KS5902XX is a CMOS one-chip speech synthesizer which pro-
duces a good quality of human voice using LPC (Linear Predictive
Coding) algorithm. It can be easily used everywhere required to pro-
duce synthesized speech with it’s simplified 1/0 design. The
KS5902XX has three operating modes. The CPU mode makes it easy
to interface with 4/8 bits microprocessor or microcontroller. In the
KEY mode it is operated by some keys attached to. In the auto mode,
it can synthesize speech automatically according to the simple opera-
tion of externally connected switches.

The KS5902XX has 48K bits mask programmable ROM which can
produce speech during about 20 sec. continuously. It can be
separated to 15 phrases. The KS5902XX also has a built-in 9 bits R-2R
D/A converter. (KS5902XX is noted to KS5902 hereinafter, as the ‘XX’
is 2 character assigned according to the mask option)

24 DIP

FEATURES
1) General Feature

¢ Speech synthesis method; LPC

e Oscillator frequency; 2.56MHz

e Sampling frequency; 8KHz

¢ Operating modes; CPU/KEY/AUTO

¢ On-Chip mask ROM; 48 Kbits

¢ Built-in interpolator

e Built-in pipelined multiplier

* Easy interface with microprocessor or microcontroller.

* Low power consumption due to power-down at the stand-
by state

¢ Built-in 9 bits R-2R D/A converter

¢ Clocked CMOS

¢ Single + 5V power supply

2) Synthesizer Feature

¢ Synthesizing speed ; variable from 0.7 ~ 1.55 times of nor-
mal speech.

e Excitation source ; voiced: impulse/triangular pulse
unvoiced: white noise

* Bit allocation ; 48/96 bits/frame

¢ Frame length ; 10/20 msec/frame

o Parameter repetition; with repeat/without repeat
¢ Loss factor ; with consideration/without

consideration
¢ Digital filter stage ; 8/10 stages
¢ Repetition of Phrase; END1/END2 code.
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CMOS DIGITAL INTEGRATED CIRCUIT

BLOCK DIAGRAM

ROM Parameter RAM PIS
DATA ROM \IF Decoding
(24 x2 K bits) | Block t::) ROM ::> 12x 10 bits| conv.
MODE 1 —— Interpolator
MODE 2 —
Ps3  — 1o
~PSO \IF
START — Block K-Stack Excitation
BUSY — Generator
SR —1 Booth Re-encoder
1 = 1
CX1
X'tal == Timing |—  Digital Pipelined Multiplier

= —  Filter
2.56MHz =1~ _ Controller |—

cx2 r

Parallel Adder

D/IA k::

Converter

Loss and Delay Stack J

Multiplexer

*) LPF: Low Pass Filter
“*) AMP: Audio Amplifier

Fig. 1 Functional block diagram

PIN CONFIGURATION

BUSY [ 1] ~ [24] Voo
START [ 2] 23] MODE1

ps3[ 3] 22| MODE2
ps2[ 4] 21] TROM2
ps1[5] 20] APE
PSO [6 | KS5902XX E SR

TINT [7] 18] DAO
TINI [8] 17] TDFO

TDAC [ 9] 16] TDAI
cx1 [10] 15] TOFC
cx2 [11] [12] 82
Vss [12f 13] TEXC

Fig. 2 KS5902 pin assignment
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CMOS DIGITAL INTEGRATED CIRCUIT

PIN DESCRIPTION

Pin No. Name 1o} Description
1 BUSY (o} BUSY Signal Output
2 START 1 Start Signal Input (internally pull-up)
3 PS3 |
4 pPS2 | _ Phrase Select Input
5 PS1 | (internally pull-down)
6 PSO |
7 TINT 110 For Test Only
8 TINI | For Test Only (normally ground)
9 TDAC | For Test Only (normally ground)
10 CX1 | Crystal Oscillator Input
11 CX2 (¢] Crystal Oscillator Output
12 Vss POWER Ground
13 TEXC | For Test Only (normally ground)
14 62 (o} System Clock Output (160KHz)
15 TDFC (o] For Test Only
16 TDAI | For Test Only (normally ground)
17 TDFO (o] For Test Only
18 DAO o D/A Converter Output
19 SR | System Reset (low active)
20 APE (o} Audio Power Enable (low active)
21 TROM2 (o} For Test Only
22 MODE 2 | Mode Select Input 1
23 MODE 1 | Mode Select Input 2
24 Voo POWER +5 Volt

OPERATING PRINCIPLES

Mode Selection

Tab. 1 KS5902XX pin description

The KS5902XX can be used in three operating modes according to the combinations of MODE 1/MODE 2 pins.

MODE 1 MODE 2 Operating Mode
H* H CPU Mode
L** KEY Mode
L H AUTO Mode
L L Not Used

* H* +5V,L**; 0V

Tab. 2 Mode selection
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KS5902XX CMOS DIGITAL INTEGRATED CIRCUIT

CPU Mode

CPU mode makes it easy to interface with microprocessor or microcontroller. It is controlled only by PS3~ PSO

& START, also can be monitored it’s status through BUSY and APE.

Voo

SR MODE 1
GPU Ps3 MODE 2 e ]
/ PSO | '
controller START DAO ! LPF |~ AMP !
BUSY | I
APE | I
L P —

KS5902 T

Fig. 3 System configuration in CPU mode

KEY Mode

KEY mode, which is the same as in it's operational principle, is characterized by its manual operation with the
switches connected to it. Also, the input debouncing circuit is inserted internally to the START pin to prevent
malfunction caused by using the KEYs.

Reset switch

e

MODE 1
Manual Ps3 MODE 2 717 Fomm q
. i
PSO | :
DAO ‘ LPF |~ amp |
controller ’__———4 START : |
1
_____ ]

KS5902

Fig. 4 System configuration in KEY mode

AUTO Model

In this mode, KS5902XX starts its oscillator circuit when anyone of PS3~ PS0 is connected to the “H” level,
and after 500 msec from that time the KS5902XX fetches phrase selection (PS3 ~ PS0) data to initiate it s synthesis
operation. KS5902XX repeats to be selected phrase as long as not all the phrase select (PS3 ~ PS0) lines connected to
the “L” level. If it is selected another phrase during one phrase is activated, it completes current phrase and then
initiates new phrase.
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Reset switch |, ?
—©O0 O0— Voo
i1
10 N
7 —
SR MODE 1

CPU/Manual :> PS3 MODE 2 _ﬁﬁL o 4
PSO ' I

|
!
DAO LPF | amP !
|
|

controller

APE

KS5902XX ‘{

Fig. 5 System configuration in AUTO mode

Phrase Selection

According to the conbinations of 4 phrase selection lines (PS3 — PS0) total 15 phrases of speech are available.
Before starting the synthesis operation, phrase selection must be specified in 4 bit code. Possible combinations
of phrase selects are as follows, and can be selected at random.

PS3 PS2 PS1 PS0 Selected Phrase
L L H #1 Phrase
L #2 Phrase
H H #3 Phrase
| h | | *
H H H H #15 Phrase

Tab. 3 Phrase selection by PS3 — PS0

If the KS5902XX receives START signal when all phrase select lines are set to “L” level in CPU, KEY mode, it
stops synthesis operation within 1 frame (10/20 msec). In AUTO mode, if all PS3 ~ PS0 are set to “L” level, it stops
synthesis operation within 0.5 frame.

Start Operation

48 Kbits on-chip mask ROM is composed of 24 bit x 2K words. Initial 15 addresses are index area which contain
synthesis conditions and start address of each phrase, the other addresses are data area which contain speech
parameter (refer fig. 6).

The start operation of KS5902XX is as follows. First, phrase is selected by P.S. Second, START signal is given
by CPU or manual operation. Third, as its first internal cycle, start address and condition data of the specified phrase
in the index area are fed to the address counter and condition latch respectively. Then, after the first internal cycle
the desired speech is synthesized with the speech parameter from data area pointed by address counter.
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not used condition start address
| |
0001 b23-b21 b0 — — — —— ——- b1t b1 — o — b0
1 1 h
LI T
0010 #2 phrase data
l 1
! . I P Index
.
0011 o Area
.
. .
L] .
.
.
Up to 15
10000 Speech parameter for #1 phrase
10001 .
. . Data
. . Area
L3 .
L] L]
Up to 2K

Fig. 6 KS5302XX memory map

Conditions

The 10 bits of b20 ~ b11 of each index address represent condition data. The conditions, described in tab. 4 are
determined when original speech is analyzed by LPC algorithm. They can affect the quality of synthesized speech
and the total data size, therefore any customer who want to use KS5902XX must determine them through
discussions with SST.

The followings are the details of the conditions, but they are not user accessable once mask programed.

| | 1 T | { I | [
b20 b19 b18 b17 b16 bi5 bi4 bI3 b12 b1
| | | | L ] A L |

~
REP

NOBA

LOSS

EXC

NOFS

FRL

SPEED code

Fig. 7 The descriptions of condition code
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Item Description Level Condition
H Without Repetition
REP Parameter Repetition - —
L With Repetition
i H 96 Bit/frame
NOBA Number Qf Bit :
Allocation L 48 Bit/frame
LOSS Loss Factor of H With Consideration
Digital Filter L Without Consideration
H Triangular Pulse
EXC Excitation Source
L Impulse
iqi H 8 Stages
NOFS Number of Digital g
filter Stage L 10 Stages
H 10 msec/frame
FRL Frame Length
L 20 msec/frame
LLLH X0.7
Speed Speed Rate HLLH X1.5
HLHL X1.55
Others X1.0 (normal speed)
Tab. 4 The descriptions of condition code
Cautions

(1) The internal status of KS5902XX, after power-on transient time or synthesizing operation is under “system reset,”
are denoted by ‘“‘stand-by status” which means the oscillator is disabled.

(2) Any access is prohibitted during BUSY signal is “H".

(3) On the power-on reset, it needs 10 msec of transient time, and during this time any access to KS5902XX is
prohibited.

(4) The unused input terminals such as TINI, TDAC, TDAI, TEXC must be connected to “L” level.

(5) The low level of the APE terminal represents that KS5902XX is under synthesis operation. This signal may be
used to control the audio power so that the low level of the APE enables audio power, otherwise disables to
save power consumption.

OPERATING METHOD

CPU Mode

(1) Mode selection; Connect the mode select (MODE 1, MODE 2) terminals to “H” level.

(2) Phrase selection; Select any one of the 15 phrases by the combinations of 4 phrase select terminals. (PS3~ PS0)

(3) Start; If CPU forces START signal under phrase selected, then KS5902 starts the synthesis operation holding
low level of APE. (refer Fig. 8)

(4) Stop; If CPU selects all phrase selects (PS3~ PS0) to “L” level and forces START signal, synthesizing operation
is halted within 1 frame (10/20 msec). (refer Fig. 9)
Otherwise, speech synthesis process is stopped automatically by END 1 code located in the last of each phrase
data. In each case KS5902XX outputs the APE terminal to it's “H” level then returns to the stand-by state. If

END 2 code is contained to the specified phrase, the phrase is repeated until the proces is halted. (refer Fig. 10)
(5) Status signal

a. BUSY; BUSY signal is generated during 60 msec typically from falling edge of the START signal. During this
time any attempt to access is blocked.
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b. APE; APE signal is generated during the system is under synthesis operation. The low level of the APE

terminal represents this status.
’__ data fetch time

Fearee ——E

tos toH
| -
tw
BUSY l ' l__
| tesy” _
[ | L
APE I
| ta1 |
r *tasy =tw + ta1 l
Fig. 8 Timing of start operation in CPU mode
Symbol Description Min Typ Max Unit
tos Data Settling Time 500 - — nsec
ton Data Holding Time 300 — — nsec
tw Start Signal Width 1.0 — — usec
tasy Busy Signal Duration — 60 - msec
tar APE Signal Delay 1 — 60 - msec
taz APE Signal Delay 2 — — 20 msec
tas APE Signal Delay 3 — 40 — msec

Tab. 5 AC characteristics of CPU mode

|—-——-T1r‘ ——4
Internal __ ﬁ [—I |

signal

|

START I [

ta2
BUSY l I
- J

*) Tfr; Frame length (10 to 20 msec according to condition)
Fig. 9 Timing of forced stop in CPU mode
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]
Il [

[ 1

Internal

signal F1 ﬂ

Internal
signal END 2

[ tas |
‘ —

End of speech

Restart
Fig. 10 Repetition of speech by END 2 code
KEY Mode

(1) Mode selection; Connect MODE 1 terminal to “H” level, and MODE 2 terminal to “L” level.
(2) Phrase selection; Select anyone of the 15 phrases by combinations of 4 phrase select terminals (PS3 ~ PS0).
(3) Start; Synthesizing operation is started by pressing start key which is externally connected to START terminal.
Built-in debouncing circuit requires 40 msec or more to prevent the chatterings of START terminal.
(4) Stop; Synthesizing operation can be stopped by one of the three case.
a. Press SR switch connected to SR terminal.
b. Select all phrase selects to “L” level, Then press start switch
c. Otherwise speech synthesis operation is stopped automatically by END 1 code located on the last of each
phrase speech data.

data fetch time
PS3 -~ PSO —————< << 1 >>>
[ tos toH |
| |
S T [
' tpos tpLy
BUSY l L_____
tasy” |
f 1
APE |
ta1 JI
* tgsy = 2.5msec + tay
Fig. 11 Timing of start operation in KEY mode
Symbol Description Min Typ Max Unit
tos Data Settling Time 500 — — nsec
ton Data Hold Time 300 — — nsec
tos Input Debounce Time 40 — — msec
touy Data Fetch Delay Time — 20 — msec
tesy Busy Signal Duration - 425 — msec
tas APE Signal Delay — 40 — msec

Tab. 6 AC characteristics of Key mode
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AUTO Mode

(1) Mode selection; Select MODE 1 terminal to “L” and MODE 2 terminal to “H"” level.

(2) Phrase select; Select anyone of the 15 phrases by combinations of 4 phrase select terminals. (PS3 ~ PS0)

(3) Start; If anyone of the phrase select is set to “H” level, then internal oscillator circuit starts to oscillate and
after 500 msec KS5902XX fetches the phrase select data to begin synthesis operation. Therefore the phrase select
terminals must be settled within 500 msec. Synthesis operation is continued unless all phrase selects are set
to “L” level. The interval repeated phrases is 560 msec. If the levels of phrase sélects are changed under synthesis
operation, the new selected phrase is synthesized after the current speech is terminated.

(4) Stop; If all the phrase select lines are set to “L” level, current speech is stopped within 1 fame (10/20 msec).

’—— data fetch time
PS3 ~ PSO
| tos |
= 1
BUSY I I__
| tesy* |
[ -1
APE
tat
*tesy = 2.5msec + tas
Fig. 12 Timing of start operation in AUTO mode
Symbol Description Min Typ Max Unit
tos Data Settling Time — 500 — msec
tasy Busy Signal Duration — 425 — msec
tas APE Signal Delay 1 —_ 40 — msec
taz APE Signal Delay 2 — 40 — msec
Tab. 7 AC characteristics of AUTO mode
Internal
USRI T N T T N T T Y O A

taz

Internal I I
signal END 1
-
—

'——l End of speech Restart }__

*F4: The frequency of internal signal F1 is 20 msec. (initial frame length)

Fig. 13 Repetition of speech in AUTO mode
Internal I_'I
signal F1 n l
PS3~PSO all “L” 111 ‘

[
l—— stop speech

Fig. 14 Stop operation in AUTO mode

‘g SAMSUNG ' 243

>
0
mi




KS5902XX CMOS DIGITAL INTEGRATED CIRCUIT

SYSTEM CONFIGURATION

+5V
(o]
(1) BUSY Voo (24)
MODE 1 (23)
(2) START : MODE 2 (22)
(3) PS3
cPU
(4) PS2 SR (19) ‘——i
(5) PS1 =c2
(6) PSO KS5902XX 32 (14— NC
(20) APE DAO (18)
TROM 2 (21) |- NC
NC— (7) TINT TDFO (17) |- NC
— ) TINI TDAI (16)
10) CX1 TDFC (15) |- NC To audio circuit
(11) Cx2 TEXC (13)
+— (12) Vss TDAC (9)
X'tal
c1
h it
(@) CPU Mode
+5V +5V
° ?
—o0— 00— (3 Ps3 Vpp (24)
—o0—0— (4) PS2 MODE 1 (23)
—o0— 06— (5) PS1 MODE 2 (22)
L—0—0— (6) PSO ‘/;
— &5 @sTART &R (19)
== C2 Reset switch
NC — (1) BUSY KS5902XX %2 (14)[—NC
NC— () TINT APE (20) To audio
— @ TNt DAO (18) cirouit
| Xtal t— (9) TDAC TROM 2 (21)}—NC :E R
== (10) CX1 TDFO (17)|~NC 3
TDAI (16)
I (1) cx2 TDFC (15|~ NC
c1 +(12) vss TEXC (13)

"

(b) KEY Mode
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o
—————— 7 NC | (1 BUSY Vop (24)
Lo | NC | @ sTART MODE 1 (23
I| F—O0"0—+—] @@ Ps3 MODE 2 (22)
| |
| | ke
: 00 + (4) PS2 T
1 ! SR(19)
| ! L
| o O t (5) PS1 w2aslne T c2 i‘. Reset switch
| |
} L —o00——+—®PSO KS5902XX APE (20) B
| | To audio circuit
| \ DAO (18)
b - 4 — (M) TINT TROM 2 (21) |- NC <
CPU/manual controller PR TDFO (1)}~ NC <Rl
+—] (9) TDAC TDAI (16)
(10) CX1 TDFC (15) LN(;
T (11) CX2 TEXC (13)
X'tal 1 (12) Vss
I
*R1=100Q
*C1=47 pF *C2=0.01 4F /-L
*NC: No Connection
*Crystal oscillator =2.56 MHz
(c) AUTO Mode
Fig. 15 Application circuit examples
APPLICATION CIRCUIT (KEY MODE) Vec (6V)
1N4148

\J I/(
START [1] 24 A643G
A o—{2] 3
Ps3 $—0—0—{ 3| 22 IN4148
PS2 +—0—0—{ 4| 21
PS1 +—0—0—{ 5 | 20}
I210 uF
pPso L—o— 00— 6 9] 10 u
€] KS5902XX 41, 50KQ 50KQ 50K
A 78] W1 W
— 05 ] il s Lu 15 RO
- N o N 3
| 5] % & 31000 S T8 ] ¢
4TpF 10 5] o 77
X2 - 11 14 |-RESET
| X'tal = [o]
(2.56MHz)
m 77
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ELECTRICAL CHARACTERISTICS

(1) Absolute maximum ratings

Description Symbol Specifications Unit
Power Supply Voo -03~7.0 \"
Input Voltage Vin -03~Vpp+03 \"
Operation Temperature Topr ~10~55 °C
Storage Temperature Tstg -55~120 °C
(2) D.C. characteristics (Voo =5V, Ta=25°C)

Characteristics Symbol Specific Pin Condition Min Typ | Max | Unit
Operating Current lopa Voo — 1.0 1.5 mA
Stand-by Current loos Voo — 1.0 5.0 uA
System Clock Frequency Fo 2 155 160 | 165 | KHz
Oscillator Frequency Fosc CX2 2.48 256 | 263 | MHz
“H” Input Voltage Vi Except SR Vpo =5V Vop—0.8 | — Voo Y
“L” Input Voltage Vi Except SR Voo =5V 0 - 0.8 \%
“H” Output Voltage Vou Except DAO No Load Vpp - 0.4 — Voo Y
“L” Output Voltage VoL Except DAO No Load 0 — 0.4 Vv
DAO Output Voltage Vour DAO No Load 0 — Voo \
Pull Up Resistor Rinn START, MODE 1/2 - 800 | — KQ
Pull Down Resistor Rine PS3 ~PS0 — 300 — KQ
DAO Output Impedance Rour DAO 10 15 20 KQ
“H” Output Current lon BUSY, APE, 2 Vout=Vpp—0.4 -0.3 — — mA
“L” Output Current lou BUSY, APE, 2 Vou = 0.4V 0.8 — - mA

246



KS5902XX 'CMOS DIGITAL INTEGRATED CIRCUIT

SPEECH PARAMETER ENCODING

KS5902XX is a speech synthesizer based on LPC (Linear Predictive Coding) algorithm. LPC is a coding techni-
que in which speech signal is converted to frequency domain and, extracting it's characteristic parameters. This
method can save memory size over 20 times compared with time domain analysis method, therefore it can store
more speech data on limitted memory area. KS5902XX performs speech synthesizing operation with LPC coded
speech parameter.

To synthesize speech using KS5902XX, at first it requires the analysis process of recorded voice signal. LPC
analysis extracts 12 parameters for each defined interval (frame). The extracted parameters, which represent the
characteristics of each frame, have special distribution characteristics. The extracted data can be shrinked more
compactly in the quantization process to store them on memory using this distribution characteristics. Several
factors are considered to encode them such as frame length, bit allocation, repetition of parameters, etc. Such
factors can have influence on the amount of memory size, and on the quality of synthesized speech by causing
distortions in extracted parameters. There is a trade-off between memory size and quality of synthesized speech.

To synthesize speech using KS5902XX, as described above, speech parameters must be acquired by analyzing
original speech and encoding them. Then SST produces a piece of mask which contains speech parameters of
the acquired data. And KS5902XX is fabricated with this new mask plus remaining masks through a series of
processes. Thus the customized KS5902XX which contains the desired speech data is aquired. SST have set up
the KS5902XX development system for such processes to prepare speech parameters.

Any customer who wants to build speech synthesizing system using KS5902XX must determine the conditions
for speech analysis through discussions on the memory size and the quality of the synthesized speech. SST
then prepare the speech data using the development system. The speech data are evaluated on the KS5902XX
evaluation Kit, and if they are not satisfied to the customer’s demand the analysis-evaluation procedure is repeated
until they.meet the customer’s need. The flow of speech parameter encoding is shown below.

Request
LPC Analysis Data Encoding Evaluation
from customer Yes
No
Customized ' Producing
f——1 Test Fabrication
KS5902 mask

Fig. 16 Speech parameter coding flow
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VOICE RECORDING & REPRODUCING LSI

KS5911 is a CMOS LS for voice (sound) recording & reproduc-
ing LSI, using the ADM (Adaptive Delta Modulation) algorithm.

KS5911 ¢n be used two kinds of modes, that is, manual mode
and auto mode with the way of recording/reproducing.

It can be used 64K or 256K DRAM, until maximum 4pcs.

In the manual mode, using 4 input pin, the sound recording/
reproducing of maximum 16 phrases can be performed and
start/stop input is activated by external key.

In the auto mode, input voice signal is automatically recorded
and recording stop with silence detection and recorded voice sig-
nal is reproduced automatically.

KS5911 can be used 4 kinds of bits rate (8K, 11K, 16K, 32K BPS).

48 FQP

FEATURES

* Voice recording & reproducing LS| using ADM algorithm.

¢ Auto-talking back function with auto mode.

* 64K DRAM or 256K DRAM can be used selectively 1 pcs-4 pcs.

¢ Capable of recording & reproducing of max. 16 phrases.

* Selective 4 kinds of bits rate (8K, 11K, 16K, 32K bps).

¢ Built-in in DRAM refresh circuit.

o Built-in microphone amplifier.

¢ Built-in 10 bits D/A converter.

* Built-in voltage follower for D/A converter buffering.

* Built-in RC oscillator (640 KHz-1 MH2).

* +5V single power.

e Clocked CMOS for low power consumption.

¢ 48 pin QFP package.

* In case of long time recording/reproducing without phrase selection,
using EXT/RIPPLE pin, memory extension is possible.
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FUNCTIONAL BLOCK DIAGRAM

MICout ADI DAO
c2 —— Vssa
AMP (2) ——1 Vsss
BUFFER — Voo
c1
MICin COMPA -
AMP (1) RATOR
VREF
ADM
ANALYSIS/SYNTHESIS
A0-A8 }— ‘
-RAS — START
- CAS1 —-CAS4 |— STOP
_WE b— SYSTEM —ACL
256K DRAM CONTROL BPSO BPS1
M1 INTERFACE PHRO — PHR
M2 — RIPPLE
™ !
Dout
MODE SELECTION SYSTEM -1 R
CLOCK
GENERATION R
“"1 ouT
REC EXT AUTO TEST -CLOCK
Figure 1. KS5911 Functional Block Diagram
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PIN DESCRIPTION

. . Pull .
Pin Name Pin No. 1o Up/Down Function
-ACL 1 | UP Reset Input Pin. Use CAP. (1uF)
At manual mode.
REC 2 ! DOWN H; Recording mode L; Reproducing mode.
M1 3 | — Programming terminal for the number of outer DRAMs.
M2 4 | — Pin Pin
No. M1 | M2 No. M1 | M2
1pcs L 3pcs H L
2pcs H 4pcs H
7 N.C.
PHRO 5 | DOWN Programming terminal for the phrase selection.
PHR1 6 | DOWN Phrase No. | PHRO | PHR1 PHR2 | PHR3
0 L L L L
PHR2 8 | DOWN 1 L L L H
PHR3 9 I DOWN ) ) ) ) ’
15 H H H H
BPSO. 10 | DOWN Programming terminal for bit rate selection.
BPS1 11 | DOWN Bit Rate |BPSO0|BPS1| Bit Rate |BPS0|BPS1
8KBits/sec| L L [ 16KBits/sec| H L
11KBits/sec| L H | 32KBits/sec| H H
Data input pin. Connect this pin to data output
Din 12 ! uP pins of DRAMS.
RIPPLE 13 o _ At. EXT: H, when ma>.(imum address overflow occurs,
this pin generates a ripple clock.
- CAS1 14 (o] — Column address strobe output.
— CAS2 15 (o] — Used from CAS1 to that required corresponding
— CAS3 16 o — to the number of external DRAMs.
— CAS4 17 (o} —

(to be continued)
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KS5911

CMOS DIGITAL INTEGRATED CIRCUIT

PIN DESCRIPTION (Continued)

Pin Name | Pin No. 1o Pull Function
Up/Down
- CLOCK 18 (e} — Only test.
D 19 o _ Data output pin. Connect this to data input pins
out of external DRAMs.
A8 20 o —
A7 21 (o} —
A6 22 (e} —
::’ gi 8 _ Address output pin to DRAMs
A8 is not needed when 64K bit DRAMs are used.
A3 25 o —
A2 26 o —
A1 27 (e} -
A0 28 (0] —
Voo 29 Power —_ +5V (Typ.)
ADI 30 I _ Voice (or Signal) input pin.
The center of input signal level must be 1/2 Vpp
Synthesized voice output pin.
DAO 31 0 - The center of output level is 1/2 Voo
Vssa 32 Power — System ground.
Output pin of built-in AMP (1).
MiCour 33 o - The center of output level is 1/2 Vpo
C2 34 | — Input pin of built-in AMP (2).
Output pin of built-in AMP (2).
¢ 35 0 - The center of output level is 1/2 Vpp
MIC 36 | _ Input pin of built-in AMP (1).
N Connect to microphone through capacitor.
v a7 1o _ For connecting capacitor which stabilized the
REF reference voltage for the built-in AMP.
Vssa38 Power - Ground
OoV.
STOP 39 | DOWN Manual stop input pin.
TEST 40 | DOWN Only test.
START 4 | DOWN Manual start input pin.
At EXT =H: When address overflow occurs, RIPPLE
EXT 42 I — pin generates a ripple clock.
At EXT =L: KS5911 is manual mode.

(to be continued)
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KS5911 CMOS DIGITAL INTEGRATED CIRCUIT

PIN DESCRIPTION (Continued)

. Pull .
Pin Name Pin No. 110 Up/Down Function
Low address strobe output.
—RAS 45 o - Connect this to-RAS pins of outer DRAMs.
Input for the selection of the types of external
256K 46 ! — DRAMSs.
256K = H: 256K DRAM type. 256K = L: 64K DRAM type.
Rour 47 0 — Pins for RC oscillator
Attach variable resistor between Royr and Ry
Rin 48 | — Generating clock frequency: 640KHz-1MHz.
. Y ‘L’=VSSB
Table 1. KS5911 pin description ‘H’ = Voo

MIC|n C1 C2 MiICouytr Vssg DAO ADI  Vpp A0 Al A2 A3

I T

36 35 34 33 32 31 30 29 28 27 26 25
Veeg ——— 37 24— A4
Vssa —1 38 23— A5
STOP ——— 39 22 F—— A6
TEST —— 40 21— A7
START —— 41 20 A8
EXT — 42 KS5911 19 Dout
AUTO ——1 43 18 —— - CLOCK
~WE — 44 17— -CAS4
—RAS —{ 45 . 16 p——— - CAS3
256K —— 46 15 }—— - CAS2
Rour —— a7 O 14}—— -cas1
RiN —— 48 13 |— RIPPLE
1 2 3 4 5 6 7 8 9 10 1 12

BN

-ACL REC M1 M2 PHRO PHR1 PHR2 PHR3 BPSO BPS1 Dy

Figure 2. KS5911 Pin configuration (48 QFP, Top view).
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KS5911 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION

Manual Mode (EXT =‘L’, TEST=‘L’)

Phrase Selection

Using 4 input terminals of PHRO — PHR3, the sound recording/reproducing of maximum 16 phrases can be
performed.

Before starting the sound recording/reproducing, phrases must be specified and can be selected at random.

Pin
Phrase No. PHRO PHR1 PHR2 PHR3
No. 0 L L L L
No. 1
No. 14 H " " i
No. 15 H H H H

Table 2. Selection of phrases

Selection of bit rate
KS5911 can use 4 kinds of bits rate as shown in Table 4. (8K, 11K, 16K, 32K) which are selected by BPSO and
BPS1 since a bit rate is independently specified for sound recording/reproducing, it is possible to change reproduced

voice slow/fast to speak.

Pin BPSO BPS1 Using time Using time
Bit Rate (64K) (256K)
8KBPS L L about 8 sec. about 32 sec.
11KBPS L H about 6 sec. about 24 sec.
16KBPS H L about 4 sec. about 16 sec.
32KBPS H H about 2 sec. about 8 sec.

*In case of fx =640 KHz.
*Initial 1Kbits are used index area.

Table 3. Selection of bit rate
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KS5911 CMOS DIGITAL INTEGRATED CIRCUIT

Recording procedure

(1) Before recording, KS5911 must be reset by-ACL pin.

(2) REC pin must be H state.

(3) Select bit-rate, phrase number.

(4) When START pin is activated, the contents of address counter are added successively and recording is started.

(5) Then STOP pin is activated or the contents of address counter are reached the maximum address of memory,
the recording is stopped.

(6) Repeat from 2), then another phrases are recorded.

(7) Changes of bit-rate and phrase number during recording are ignored.

Reproducing procedure

(1) REC pin must be set to L.

(2) Select bit-rate and phrase number.

(3) If START pin is activated, the start and stop address are readed from index area of memory and reproduced
from start address to stop address.

(4) If current address is equal to stop address, reproducing is stopped.

(5) Repeat from 2), then another phrases are reproduced.

(6) Changes of bit-rate and phrase number during reproducing are ignored.

Auto mode .

— If AUTO pin is set to “H”, KS5911 is auto-tolking back mode.

— Auto mode is independent of REC pin state.

— In the auto mode, KS5911 is automatically recording mode and internal system reset signal is created. There-
fore, recording is started.

— In the auto mode, sound information is accumulated to DRAM like manual operation mode.

— When sound stops, namely, silence is detected internally, KS5911 stops automatically recording and reproduces
sound stored at the memory.

— If ADI input signal swings within 2.5 +0.3125V about 0.5sec, KS5911 set to the reproducing mode automatically.

Reset function

The status during reset operation
Low level to — ACL pin causes the reset to KS5911 and almost internal operations such as recording/reproduc-
ing stop, but the refresh counter doesn’t stop so that the data stored in DRAM are protected.

The status after reset operation

— Internal address counter is preset to 00400 (H).

— In the recording mode, if recorded address reaches to the maximum address, start input is not given in order
to protect DRAM data. The function of RAM-data protection is released by reset so that KS5911 can record newly.

Precautions

— During recording/reproducing operation, pins of M1, M2 and 256K must not be changed.

— System reset doesn’t stop the oscillation for the reason of keeping the data in DRAMs.

— The conditions of phrase, bit-rate and recording/reproducing mode settled before start signal is inputed to KS5911
and in the middle of recording/reproducing, conditions of phrase or bit rate must not be changed.

— During recording, start input is not accepted.

— Resistor for RC oscillator must be attached closet to R, Rour pin.

— Output clock (fx) from Royr is 640 KHz.
If resistor value is small, the frequency is high and resistor value is large the frequency is low.

— If frequency (fx) is high, output voice quality is good because of high bitrate, but frequency is low, output voice
quality is bad because of low bitrate.

— At recording mode, built-in mute circuit operates in order to protect bowling effect.
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KS5911 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT
Manual Operation Mode Auto Mode

Auto Mode

i: +5V
LoV

50KQ  50KQ

(o]
1uF =
+
e e 1uF AD Voo
e o—AF— 4K Moooa
A2 A8
| r I A3 ® D
36 35 34 33 32 31 30 29 28 27 26 25 A4 R Dour
Z 58 58283838 z982 A5 RAS
o © 5838 <5 <« < << A6 WE
0.1uF = e Vss CAS
137 veer A4 24 H A0 Voo |
+H A1 A7
38 Vssa + A5 23 v A2 A8
0-513- 39 STOP A6 22 A3 § DiIN
as % pour
40 TEST A7 21 A5 RAS
. A6 WE
OO0 041 START A8 20 Vss  CASH—
42 EXT Dout 19 + A0 Vee e
KS5911 v A1 A7
NC—]43 AUTO —CLOCK 18§—NC o111 A2 A8
44 - _CAS4 17 A3 B DN
4 -WE A4 R Dour
45 —RAS -CAS3 16 A5 RAS
A6 WE
O—j46 256K - CAS2 15 Vss casH-
§ { 47- RouT —CAS1 14— n 22 Vﬁ? =
o 148 Ry RIPPLE 13}~NC I A8
o - A3 & Dw
28 -4 EE 8285 A4 R Dour
I x 2 a oa a2 a 0 o d A5 RAS
12 4 5 6 7 8 9 10 11 12 A6 WE
HEZS | | oo £ dododid m—
[) o
ﬁ? 2999 T?T????T
T
\v4 o

*At this diagram, if AUTO (N.C.) set to H, KS5911 is auto-mode.
Figure 3. Application circuit in the manual operation mode
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KS5911

CMOS DIGITAL INTEGRATED CIRCUIT

Auto Mode

i:+5V
HE\Y)

50KQ

50KQ

50KQ

SPEAKER

- Q
1pF =
T
MIC 1uF 1uF T
;)—"I F— |
| | 1
36 35 34 33 32 31 30 29 28 27 26 25 !
2 - a5 825 8 2 = (‘\tl z 1
c® 8 3388 &= |
0.14F s
I— 37 Vger A4 up————— 4 Ao vee
38 Vssa A5 23
NC —] 39 sToP A6 22 -1 A
NC —] 40 TEST A7 21
L—3A2 A8
NC —] 41 START A8 20
42 EXT Dout 19
KS5911 A3 DN
O—143 AUTO _CLOCK 18—NC 8
=]
=
44 —-WE —CAS4 17— NC
A4 Dout
45 —RAS —cas3 16[—NC
—-CAS2 15— —
O—146 256K NC A5 A
g{ 47 Rout —CAS1 14
(v}
@ 148 Ry RIPPLE 13 |—NC A6 WE
-}
o o r N 0 o
<8 £ o £F T2 2 ¢z
I 2 =2 a a a o o o Vss cash
1.2 3 5 6 7 8 9 10 11 12 ;
[ I I |
Qo O 0O 0 0 O O
z Zz zZ Zz Z2 zZz Zz

O—%_Eo
-y

*The type and number of memory are used 64K DRAM or 256K DRAM and used maximum 4pcs.
Figure 4. Application circuit in the auto mode
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KS5911

CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Description Symbol Specifications Unit
Power Supply Voo -03~6.0 \"
lnput Voltage Vin —-03~Vpp +0.3 \'
Storage Temperature Ter -30~90 C
Table 4. Absolute maximum ratings
Recommended Operation Conditions
Description Symbol Specifications Unit
Power Supply Voo 45~55 \"
Input Voltage Vin 0 ~Vpp \"
Operating Temperature Tor -10~50 °C
Oscillation Frequency Fx (fx) 640 ~ 1000 KHz
Table 5. Recommended operation conditions
DC Characteristics (Vop =5V, Ta=25°C, fx =640 KHz)
Description Symbol Specific Pin Condition Min | Typ | Max | Unit
- REC, STOP, START
‘H’ Input Current lin AUTO, TEST, BPS0O Vin=Vop 12 18 uA
BPS1, PHRO—PHR3
‘L’ Input Current 1 Iy Dy Vin = Vsss 90 150 uA
‘L Input Current 2 lia —ACL Vin = Vssp 800 1100 p,A
‘H’ Input Voltage 1 Vis EXT, D - 3 v
e All input pin
H’ Input Voltage 2 Vinz except EXT, D —_ 43 \
‘L’ Input Voltage 1 Vi EXT, Die — 0.5 \"
. All input pin
L’ Input Voltage 2 Vi except EXT, D — 0.3 \
‘H’ Output Current low Output pin Vour = 2.4V 15 3.3 mA
‘L’ Output Current lov Output pin Vour =0.8V 1.0 2.2 mA
eWithout the
external loads at
Stand-by Current lss Vssa all out pins. 1 15 mA
*No signal is
input
Table 6. DC characteristics
257
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KS5911 CMOS DIGITAL INTEGRATED CIRCUIT

AC CHARACTERISTIC

In the Case of Recording

Description Symbol Min Typ Max Unit
Low Address Set-up Time Tasr 150 — —
Low Address Holding Time Tran — — — ns
— RAS Pulse Width Tras — 4.58 - us
Column Address Set-up Time Tasc 150 — —
Column Address Holding Time Tean 500 — — ns
— CAS Pulse Width Teoas —_ 3.05 —_ us
— WE Pulse Width Twee — 3.05 — us
Data Output Set-up Time Tows 500 — —_
Data Output Holding Time Town 500 — — ns

Table 7. AC characteristics (1)

P tRAs
RAS _———! /
N
J— _ tcas
CAS1— CAS4
f——tasR—— {=—traH tasc ——tcaH
A0—A8 ; ROW ADDRESS COLUMN ADDRESS
| 4 -
—— web
WE T f
| o -
f tows towH
! 1L
Dourt * VALID

Figure 8. AC Timming Diagrams (1)
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KS5911

CMOS DIGITAL INTEGRATED CIRCUIT

In the Case of Reproducing

Description Symbol Min Typ Max Unit
Data Input Set-up Time tocs 500 — —
ns
Data Input Holding Time tocH 0 — —
. l tRAS
= —{ y
- tcas
CAS1— CAS4 /———
\
tAsa—i ’—lRAH tASC—"[ oAy
X\
AO—A8 ROW ADDRESS X COLUMN ADDRESS K
tocs —i tocH
\
Din { VALID }——
Figure 7. AC Timing Diagrams (2)
Analog Characteristics
Description Symbol Specific Pin Condition Min Typ | Max Unit
Vint MIC\ AMP (1) + AMP (2) 125
Input Voltage Range Vinz MICiy AMP (1) 125 mVy,
Vina Cc2 AMP (2) 250
Va1 MICi\-MICour 46
. ¥ Vin= 6mVp.p
Voltage Gain Va2 MIC\-C1 fin =100 Hz — 10 KHz 26 db
Vas C2-MICour 20
R C1 1.2
Output Resistance oum — KQ
Rourz MiCour 1.2
Input Voltage Range Ving ADI — 1.25 3.75 Vv
Output Resistance Routs DAO — 0.9 KQ
Table 9. Analog characteristics
259
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KS5912XX CMOS DIGITAL INTEGRATED CIRCUIT

CMOS 1-CHIP SPEECH SYNTHESIZER

KS5912XX is a one chip voice/sound reproducing LSI using CVSD
(Continuously Variable Slope Delta modulation) algorithm.

This LS! is capable of reproducing voice/sound up to 8 seconds,
seperating 4 phrases.

KS5912XX consists of voice reproducing logic, 64 Kbits ROM to
contain encoding data, 10 bits D/A converter, control logic, RC oscillator
for cost effect.

This LSI can be used for various applications required for voice and
sound reproducing (especially, TOY industry), having simple control
method and external circuit.

Voice and sound encoding data that have been edited by ADM tooling
system are programmed into internal ROM by changing one mask during
the device fabrication.

16 DIP

FEATURES

* Single chip voice & sound generation LS| by ADM method
* On-chip 64 Kbits mask ROM

¢ Simple manual control

¢ Repetition function: 3 times/8 timesl/infinite

¢ Selectable phrase: 4 phrase

¢ Maximum generation time: 8 sec (8 KHz sampling)

e Variable bit rate (make option): 32kbps/16kbps/11kbps/8kbpsss
* 660 KHz RC Oscillation

¢ On-chip 10 bits D/A converter

* Single 5V power supply

* Low power consumption by CMOS logic

¢ 16 DIP type

ELECTRICAL CHARACTERISTICS
1) Absolute Rating

Description Symbol Specifications Unit
Power Supply Voo -03~6.0 Vv
Input Voltage Vin : —0.3~Vpp+0.3 \
Storage Temperature Tsr —-55~120
Operation Temperature Tor -10~55
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KS5912XX CMOS DIGITAL INTEGRATED CIRCUIT

2) DC Characteristics

Characteristics Symbol Test Conditions Min Typ Max Unit
Power Supply Voltage Voo 35 5 5.5 v
Operation Current Iopa Vpp =5V — 600 900 uA
Stand-by Current loos VDD =5V 100 150 [LA

. . VDD = 5V
Oscillation Frequency fosc R = 240KQ 660 kHz
DAO Output Voltage Vour NO load 1.25 — 3.75 v
Pull Up Resistor Rinn MODE(1, 2 300 KQ

PS0, 1
¢ 300 KQ

Pull Down Resistor Rint START
- ACL 17 KQ

INTERNAL BLOCK DIAGRAM

r LSB DECODER
MODE1 }—— MODE 32K EITS C -
= 7
- 3 |ed 8
MODE2 SEL 18 16
32K BITS
7
LT
| 5
1
pso | PHR "
ASE |1 ADDRESS
COUNTER 12
Pstl— seL 12
ADM
OSCiN 2
TIMM CONDITION
we |2 LATCH 10
OSCout [
CONTROLLER DAC DAO
START
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KS5912XX CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION

PHRASE SELECTION

Before starting the sound reproducing, phrase must be specified by selection of PS0 and PS1

PS1 PSO0 Selected Phrase
L L #1 Phrase
L H #2 Phrase
H L #3 Phrase
H H #4 Phrase

Operating Mode Selection
KS5912XX can be performed 3 kinds of mode by using 2 input terminals of mode 1 & mode 2

H: +5V
L. oV
Mode 2 Mode 1 Operating Mode
H H Normal Mode
L H REP3 Mode (3 times repetition mode)
H L REP8 Mode (8 times repetition mode)
L L Not Used

Normal Mode

(1) Normal mode shall be specified by using 2 input terminals of mode 1 and mode 2 (M1:H, M2:H)

(2) The phrase shall be selected by PSO and PS1 switch.

(3) Sound reproduces by start input (“H” state).

(4) When the ACL terminal becomes “L” level under reproducing, the internal state of KS5912 is initialized and
is become stand-by mode. N

N
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KS5912XX CMOS DIGITAL INTEGRATED CIRCUIT

PHRASE
SELECTION

START

15.6ms

INTERNAL
OSCILLATION D'SABIX ENABLE )( DISABLE
77777777
DAO REPRODUCING
11272477 yh 25V

Figure 1. Timming Diagram at Normal Mode

REP3/REP8 Mode

1) REP3/REP8 model shall be specified by using 2 input terminal of mode 1 and mode 2 (M1:H, M2:L/M1:L, M2:H).
2) The phrase shall be selected by PSO and PS1 switch.

3) The sound of selected phrase repeats 3 times or 8 times by mode selection.

4) Change of phrase or start input is ignored under reproducing.

5) Reproducing can be stopped by ACL input (“L").

PHRASE
SELECTION

START

15.6ms

|
|

INTERNAL
OSCILLATION DISABLE X

ENABLE X DISABLE
|

DAO REPRODUCING REPRODUCING REPRODUCING

816ms ‘-——' 816ms

Figure 2. Timming Diagram at REP3 Mode
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KS5912XX CMOS DIGITAL INTEGRATED CIRCUIT

Infinite Mode

When start signal keeps “H” state continuously, the sound reproduces continuously irrespective of mode (normal,
REP3/REPS).

PHRASE
SELECTION
START ‘

1
|
|

INTERNAL '
OSCILLATION

|
|
|
|

N j—*f/_//// g g g Y YA,

f—

15.6ms 15.6ms 15.6ms 15.6ms 15.6ms 15.6ms 15.6ms
REP3
oo ereene—1/ /1 VU T A
816ms ——— —— 816ms —— ——— |—— —— 816ms ——

15.6ms

Figure 3. Timming Diagram at Infinite Mode

Start Operation

KS5912XX mask ROM is consist of 16 bits x 4K and index area is stored start address and bit rate for phrase
1,2,3 and 4.

KS5912XX stops internal oscillation for power dissipation at stand-by.

After selection of phrase and start signal, it starts internal oscillation and reproduces sound by information of
index area.

Start signal debouncing time for protection of chattering by SW., etc. is 15.6ms. When start signal activates “H”,
sound reproducing is repeated continuously.
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KS5912XX

CMOS DIGITAL INTEGRATED CIRCUIT

PIN CONFIGURATIONS

1) Pin Assignments

pst ——— 1] 6] Voo
PSO —{2] 15— TesT2
RDUMP ———— 3 | 14} ———TesT1
MODE2 ——E E»————— SYSCLK
KS5912XX
MODE1 ———E E—-DARQ
oscouT ——-E E— START
OSCIN -&{ [10}———acL
s

2) Pin Descriptions

(KS5912XX Pin Assignments)

Pin No. Name I[e] Descriptions
1 PS1 ! Phrase selection pins
2 PSO | (pull-down)
3 RDUMP (¢] Internal status output pin for test
4 MODE2 ] MODE selection pin 2 (pull-up)
5 MODE1 I MODE selection pin 1 (pull-up)
6 OSCOuT (0] 660 KHz, RC oscillator OUTPUT pin
7 OSCIN | 660 KHz, RC oscillator INPUT pin
8 Vss - GROUND
9 DAO (o} 10 bit D/A converter output
10 -ACL | System reset pin (Low Active)
1" START | Start signal input pin (pull-down)
12 DAR9 110 TEST pin Normally N.C.
13 SYSCLK (o] System clock output pin (128 KHz)
14 TEST1 110 TEST pin (Normally Ground)
15 TEST2 110 TEST pin (Normally Ground)
16 Voo — +5 Volt

ﬂg SAMSUNG
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KS5912XX CMOS DIGITAL INTEGRATED CIRCUIT

TYPICAL APPLICATION CIRCUIT
NORMAL MODE

+5V +5V

Q Q
0 ~— Ips Voo
5 PSO TEST2
NC ——| RoUMP TEST1
o o MODE2 SYSCLK| NC
oo MODE1 KS5912xX DARS | NG
Y od 0scouT START ————o_:M[I_O——
/EE/ZEJK
OSCIN ACL _I—l
Vss paof— © To.w |-sw
[
.. _ S0Ka 50K 50K
14F
222pF 222pF 222pF

IR
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Melody ICs

Device Function Package Page
KS5310 Simple Melody with Watch Bare Chip 269
KS5313 Simple Melody IC 8/16 DIP 273
KS5381 Multi Melody IC 16/20 DIP 277
KS5814 Sky-Lark’s or Cricker's Sound IC 14 DIP 286
Miscellaneous ICs
Device Function Package Page
KS5116 Functions 6 Digits UP/DOWN Counter Circuit Bare Chip 289
for Triplexed LCD
KS5815 Centigrade/Fatirenhert Clinical Thermometer 60 FQP 295




KS5310 CMOS DIGITAL INTEGRATED CIRCUIT

SIMPLE MELODY WITH WATCH

The KS5310 series is a CMOS LSl chip which electronically plays a prear-
ranged melody.

FUNCTIONS

* Tempo: 16 kinds (presto-largo)

* Sound range: 2.5 octave

e High start input

* Melody stop input

* Selection of automatic stop or repeat of the melody

FEATURES

¢ One chip CMOS construction

* Plays a melody consisting of 64 notes

o Starts from the head of melody

¢ Very low stand-by current

* Designed to use with CMOS digital watch circuit
¢ 32,768Hz operating frequency

¢ 1.5V operation

osc[ |
[J OSCILATING FREQUENCY TEMPO RHYTHM
CIRCUIT DIVIDER GENERATOR GENERATOR
FREQUENCY MAIN MELODY| Jump
DOUBLER ROM CONTROL
FREQUENCY FREQUENCY CONTROL
GENERATOR ROM ROM
E’ ENV
RPT
[_* (S:\(I)VINT‘?:OL ENVELOPE J OUTPUT _:]OUTPUT
wr[ | cmcur CIRCUIT CIRCUIT
Enable
Fig. 1
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KS5310

CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (T.=25°C)

Characteristic Symbol Value Unit
Supply Voltage Vss +03~-20 Vv
Input Voltage Vin Vss+0.3~Vpp—-0.7 \
Operating Temperature Topr -20~+70 °C
Storage Temperature Tsta -55~ +125 °C
ELECTRICAL CHARACTERISTICS
(Ta=25°C, Vss =—1.5V, Vpp =0V unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max Unit
Operating Voltage IVssl i.2 1.5 2 v
Stand-by Current lst Without Load 0.1 0.3 A
Operating Current lop Without Load 20 30 A
Input Low Voltage Vi Vss Vss Vss +0.1 \'
Input ngh Voltage Vi Vpp —-0.1 Voo Voo \
Input Low Current [ ViL=Vss 0.05 A
lnput ngh Current IIH Vi =VDD 1.5 15 MA
Output High Current | Vss= - 1.2V 30 A

(Output Terminal) OH Von= -0.7V
Output Low Voltage Voo Without Load Vss Vss Vss +0.1 \'
Output High Voltage Vou Without Load Vpp-0.1 Voo Voo
OUTPUT TIMING
1) RPT=Vss (OPEN) 2) RPT=Vpp
VDD

MT—r

Melody Output

JRp—

Ve

vss

e atune

VDD
Melody Output

Vss

Fig. 2

[— atune

=

Length of a tune=20-30 sec

| VbD
Vss
r VoD

Vss

atune _-I
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KS5310 CMOS DIGITAL INTEGRATED CIRCUIT

APPLICATION CIRCUIT
32,768Hz
vss osc|
oot [N] o e
RDC =1200 $ Lisv |
-T- |
KS5310 Series RPT |- -4
} out
from Switches of
Voo Ms Watch Circuit
*Currently available types
KS5310A: Oh! Susanna
Fig. 3
PAD DIAGRAM
140 1330 1550 1760 2000 2210 (2550, 2430)
2 | [] O 0O 00 d 2290
osc T2 T VoD TC NC
1820 D
NC []] veo
NC
KS5310 Series PAD DIAGRAM
Chip Size : 2550x2430
Pad Size : 120x120
Unit :oum
NC
[]]as0
MT MS Vss RPT out NC
w0 O O O O Ofw
0.0) 140 360 610 1830 2100 2410
Fig. 4
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KS5310

CMOS DIGITAL INTEGRATED CIRCUIT

CUSTOM ORDER

more information including ORDER spec.

CUSTOM ORDER SPEC

1.
2.
3.

Request Date:

Development Term:

Melody

a. Song name:

b. Melody Time:

c. Tempo:

d. Octave Range:

e. Repeated Syllable: (Yes/No)

. Function

a. Melody Start Input (Active High/Active Floating)
b. Melody Start Signal (Level Hold/One Shot)

c. Repeat Input (RPT)

d. Repeat Interval

e. Melody Stop Input:

f. Output Pad:

g. Application Set

. Others.

Changing the contents of melody ICs are possible by reprogramming the maskable ROM. Please free to contact us for
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KS5313 : CMOS DIGITAL INTEGRATED CIRCUIT

SIMPLE MELODY IC 8P

The KS5313 series is a CMOS LS chip which electronically plays a prear-
ranged melody.

FUNCTIONS

e Tempo: 16 kinds

¢ Sound range: 2.5 octave 16 DIP

* Selection of melody start switch (Active high switch or active floating
switch)

 Selection of melody start signal (Level hold or one shot trigger)

 Selection of automatic stop or repeat of the melody

* Melody stop input

* Level Hold mode/one shot mode user option: 16 Dip

¢ Level Hold mode only: 8 Dip.

FEATURES

¢ One chip CMOS construction

* Plays a melody consisting of 64 notes
¢ Starts from the head of melody

* Very low stand-by current

¢ 33KHz operating frequency

* 1.5V operation

osct [” OSCILATING FREQUENCY TEMPO RHYTHM
RATOR
oscz[_ CIRCUIT DIVIDER GENERATOR GENERATO
FREQUENCY MAIN MELODY JUMP
DOUBLER ROM CONTROL
FREQUENCY FREQUENCY CONTROL
GENERATOR ROM ROM
Ms [:r
M H  swiren [ Jenv. our
MT2 E_ CONTROL.
I: CIRCUIT
os| H ENVELOPE OUTPUT
CIRCUIT CIRCUIT ”':]OUTPUT
RPT E_
Enable
Fig. 1
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KS5313 CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Voo 03~-20 \
Input Voltage Vin Vss +0.3~Vpp-0.7 \
Operating Temperature Topr -20~+70 °C
Storage Temperature Tstg -55~+125 °C

ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vgs =—-1.5V, Vpp =0V unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max Unit

Operating Voltage [Vssl 1.2 1.5 2 Y
Input High Voltage Vin Vpp -0.1 Voo \
Input Low Voltage Vi Vss Vss+0.1 \"
Strand-by Current lst Without Load 0.1 0.3 pA
Operating Current lop Without Load 20 30 uA
Input High Current [m Viu=Vop 15 15 uA
lnput Low Current e ViL=Vsgs 0.05 ILA
Output 0 Current loo Vss=-1.2V, Voy=-07V, 15 sA
Env=Vss
Output 3, 4 Current lo @4 Vpp =0V, Vgs =—-1.5V +1.8 mA
Output Low Voltage Voo Without Load Vss Vgs +0.1 \'
Output High Voltage " | Vou | Without Load Vpp=0.1 Voo v
Operating Frequency Fosc 30 33 36 KHz
TEST CIRCUIT
1) OUT 3 AND OUT 4 DRIVE CURRENT 2) OUT 0 CURRENT TEST CIRCUIT
TEST CIRCUIT
—Josct
om ouro |———(@)——
KS5313 Series Qa 2
S
=1
o
>
ouT4
PG: Pulse Generator (1020Hz) Vvss

Fig. 2 Fig. 3
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KS5313 CMOS DIGITAL INTEGRATED CIRCUIT

TIMING
1) MELODY START INPUT 2) MELODY START SIGNAL
a) MT1 (Active High Input) a) Level Hold Mode
Floating
VoD One Shot Vss
floating

MT1 | _ VoD
Vss Floating
MT1 Vss

or

MT2 vss MT2 ———I I—-——— VoD
Floating

Mel
elody Start start stop
atune
Melody Output P \/ D D
4 Vss
b) MT2 (Active Floating Input) b) One Shot Mode
Floating ¢

MT1 Vss One Shot VoD

MT2 e——— VDD

Floating
Vss J-L VoD
MT1

Melody Start ves

Start Stop

Melody Output

3) REPEAT INPUT

a) Normal Mode Floating 4) MELODY STOP
RPT Vss

VoD Vbb

Floating | I
MT1 Vss MSs vss

or
VDD
Floating

MT2
Vvss VDD
Melody Output Melody Time Wﬂm
—W Voo Vss

Vss Melody Stop

b) Repeat Mode

PRT VoD

VoD
Floating I
MT1 Vss

or

MT2 VDD
| Floating

Vss

a tune——v’——a tune a‘ ,
NI||IIllllMl|H||||I!IIIIIIII#IHIIIIIIINIIIIIIHIIIIIIHIIIIIIH v
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KS5313 CMOS DIGITAL INTEGRATED CIRCUIT

‘APPLICATION CIRCUIT
1) ONE SHOT & LEVEL HOLD MODE
Electrocoil
1‘|5:/ Transducer
L |
33 100KQ
=120Q Piezoelectric
Transducer
) —4
KSA733Y (0,G) D
[6] [5] [1] 12 11 10 )

* Currently available types
KS5313N: MINUET (BACH)
KS5313Q: Home Sweet Home
KS5313S: Big Ben
KS5313T: For Elise

~ KS5313P: Cuchoo’s Waltz
KS5313R: Oh! Susanna

T1 Vop Ta OUTg ENV Vss OUT4 OUT3

KS5313 Series

T2 0sC2 0scC1 MT1 MT2 os MS RPT

ERIRE 4 5 s [7] [

1.8MQ

2) LEVEL HOLD MODE

AA

-

PIEZO
KSA733Y (0,G) <7

u

Cq _L :
3.3y S R _|_
|

*C4 and Ry are

Vpp OUTg ENV Vss necessary only when employ
ENVELOPE circuit.

Otherwise, ENVELOPE terminal

must be connected to Vss.
KS5313 Series

0sc2 0oscCi1 MTI RPT
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KS5381 CMOS DIGITAL IC

MULTI MELODY IC

The KS5381 is a CMOS melody IC, the circuit is com-
posed of 512 word ROM, address counter, tempo &
rhythm generator, address control circuit, envelope sig-
nal generator, switch control circuit, RC oscillator and
tone generator. Since the KS5381 includes envelope cir-
cuit, it can generate good melody sound without any
external component for envelope circuit.

The KS5381 can select 8 melodies in serial select
mode and 7 pieces of melody in binary select mode.

The KS5381 can easily connect with the SST standard
watch. 20 SOP

FUNCTION

e Tempo: 16 kinds

¢ Sound Range: 3 octave (G4—G7)

¢ Play one melody, auto stop

¢ Play all melodies serially

¢ Melody stop function

e Serial/binary select mode: bare chip, 20 DIP
® Serial select mode: 16 DIP

FEATURES

* One chip CMOS construction

¢ Max. 8 melodies, 512 word ROM
* Internal envelope circuit

¢ Piezo direct drive

¢ Very low stand-by current

¢ 33 KHz operating frequency

¢ 1.5V or 3.0V operation

BLOCK DIAGRAM

16 DIP

osc R[_H FREQUENCY TEMPO & RHYTHM
osc INC 50 , | 1 Vo2
osc c[H ATOR DIVIDER GENERATOR [ ] Voor
[ | Vss
TONE - moq
M7} swiTcH OUTPUT &
wrol H GENERATOR ENVELOPE [ | MO2
mMs([_ | conTRoL CIRCUIT
MTIN L] MG,
71} circurr
T:[_} ADDRESS ADDRESS ROM P RO
AS1{_}{ conTroL o Hro2
As2(CH cirecuit ‘ ) R [—{_JRDs
ASgC— COUNTER 10 bit x 512 note =5120 bit T __:] ADg

Fig. 1.
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KS5381 CMOS DIGITAL IC

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristics Symbol Value Unit

Supply Voltage 1 Vss ~ Vpp1 ~03~4.0

Supply Voltage 1 Vss ~ Vb2 -03~4.0 v
Input Voltage 1 Ving Vss—0.3 ~Vpp1 +0.3

Input Voltage 2 Vinz Vss = 0.3 ~Vpp2 + 0.3 v
Output Voltage 1 Vour Vss—0.3 ~Vpp1 +0.3

Output Voltage 2 Vourz Vss—0.3 ~Vpp2+ 0.3 v
Storage Temperature Tetg -55~+125 °C
Operation Temperature Topr -20~+70 °C

ELECTRICAL CHARACTERISTICS

1.5V Battery Operation (Ta=25°C, Vss=0V, Voo, Vopz = 1.55V)

i Value
Characteristics Symbol Condition Unit
Min Typ Max
Vop1 1.25 1.55 33
Operation Voltage - Vv
Vbp2 1.25 1.55 3.3
lin Vin=1.55V 0.2 1 10
Switch Input Current uA
liLs Vin=0V 0.05
IIHZ V|N = 155V 2 10 100
Test Input Current A
he2 Vin=0V 0.05
Viu 1.25
Input Voltage Vv
Vi 0.3
Standby Current loo Without load 0.1 0.5 uA
__ | Vou=1.0V 200
Output Current MO,, MO, o o uA
lots VoL =0.5V 200
RO, Vou=0.7V t1 17
RO, Vo =0.7V t2 30
RO3 Vou=0.7V t3 50
RO4 VOH = 07V ‘4 75
*1 Output Resistor of MO, ROs Von=0.7V t5 110 KQ
R05 VOH = 07V t6 170
RO, Vou=0.7V t7 260
ROs Vo =0.7V t8 450
lowz VoL =0.5V 2 rA
Switch Chartering Time Tew F=32768 Hz 62.5 mS

11. See Fig. 4 (t1 ~18)
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KS5381 CMOS DIGITAL IC

BATTERY OPERATION (Ta=25°C, Vss =0V, Vo1 = 1.5V, Vopz = 3.0V)

. Value
Characteristics Symbol Condition . Unit
Min Typ Max
’ Vo1 1.26 15 2.4
Operation Voltage v
Vop2 24 3.0 3.3
. ||H1 Vm = 3.0V 1 6 60
Switch Input Current rA
liLs Vin=0V | 0.1
IIHZ V|N = 30V 5 60 300
Test Input Current A
li2 Vin=0V 0.1
Viu 24
Input Voltage v
Vie 0.3
Standby Current lop Without load 0.2 1 kA
_ | =2. 400
Output Current MO,, MO, ot Vou =25V pA
|o|_1 VOL = 05V 400
R01 VOH=2.1V “ 17
ROz VOH = 21 V t2 30
RO; Von=2.1V 13 50
RO, Vou=2.1V t4 75
Output Resistor of MO, ROs Vou=2.1V t5 110 KQ
ROG VoH = 21V 16 170
RO, Vou=2.1V t7 260
ROB VOH = 21V (8 450
loL2 VoL=0.5V 2 pA
Switch Chartering Time TeH F =32768 Hz 62.5 mS
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KS5381 CMOS DIGITAL IC

MELODY SELECT

1. Binary Select Mode
The KS5381 can repeat a melody which select from 7 melodies.
(see Table 1 and Fig. 2)

2. Serial Select Mode
While AS;, AS,, AS, pins are low level or open, that is, melody select counter is reset, the first melody start
by pushing the switches (MT;, MT,) at the same time. The next simultaneous pushing of the switches (MT;, MT>)
will change the melody to the next one. If the switch MT, and MT, are pushed continuously, the 8 melodies
will repeat by itself.

The total number of melody can be selected at will within 8 by mask option.

3* 3+ 3* 3* 3+ 3 3*

YV YDy

1* Advanced by serial select mode
Fig. 2. The Sequence of Melody  2* Selected by mask option
) 3* Selected by binary select mode

# 1. Home Sweet Home
Serial Selection No. 1-No. 8 L L L # 2. Oh! Susanna
No. 2 L L H # 3. Whispering Hope
# 4. Dreaming of Home and Mother
No.3 L H L # 5. Oh! My darling Clementine
No. 4 L H H # 6. Beautiful Dreamer
Binary Selection No. 5 H L L # 7. Red River Valley
No. 6 H L H
No. 7 H H L
No. 8 H H H

Table 1. Serial and Binary Selection (H: Vpp, L: Vss (open))

=§§ SAMSUNG 280



KS5381 CMOS DIGITAL IC

MELODY OPERATING

There are two method to start the melody. One is pushing the MT; and MT, at the same time. The other’is to
supply DC or watch alarm signal at “MTIN” pin.

1. Switch Operation

When the switch MT; and MT, are pushed at the same time, the melody start. The switch MT;, MT,, MS is used
for melody stop. Continuous and simuitaneous pushing of switch MT; and MT. will repeat the same melody in bi-
nary select mode and change the 8 melodies serially in serial select mode. Fig. 2 shows operation of these switches.

The melody keep on sounding until the switch MS is on. While MT; and MT; switches are on, the melody is off
as long as MS switch is on. The same melody will restart (binary select opt.) or the next melody will start (serial
selection opt.) in 0.75 sec after the MS switch returns to off.

S
MT,
MT, A I
[VTc Y—
MELODY STOP BY MT2
START
MT4, MT2: ON MT1 or MT2: ON MT4, MT2: OFF

Fig. 3.

2. Alarm Signal Operation

* On-Hour and Switch Conformation Ct.ime
The KS5381 has a 0.75 sec timer circuit to prevent the melody from starting by DC or AC signal. The melody
does not start by chime sound of the KS5910 or signal below 0.75 sec.

e Melody Start
The signals to start melody are the DC or AC signal which is over 0.75 sec. The signals under 0.75 sec will make
the KS5381 melody stand-by mode.

¢ Melody Stop

The melody does not stop until it plays the end of the melody even if alarm signal stopped. Though the alarm
signal is longer than the melody signal, the melody does not repeat. If the melody is needed to be stopped in the
midway, it can be done using either switch MT; or MT,.

¢ Melody Sound
The output frequency of the melody is 400-1500 Hz (musical interval) with signal of 50% duty.
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KS5381 CMOS DIGITAL IC

ENVELOPE FUNCTION

The KS5381 has an envelope circuit for high tone quality without any external component. The envelope circuit
make the melody output decrease exponencially. (as shown in Fig. 4.) The transistor for amplification would be
NPN type and has proper h¢ in order to keep this waveform.

CURRENT

1

061 b—~——

037 f————+—-———

022 f————+ F———— A

014 f—-~-—f————~ F—-= -

L e e B e e ~
13 i i I S N J,t—‘"
(UL s ) S NS SO S E— b TIME

Fig. 4

RC OSCILLATOR

The KS5381 oscillator is composed of 3 inverters, a resistor and a capacitor. The frequency of the oscillator is
determined by a external capacitor and a resistor. The frequency of the oscillator vary by applying voltage and
temperature, therefore it is right to use trimmer resistor for getting precise 32768 Hz.
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KS5381 CMOS DIGITAL IC

PAD DIAGRAM

215 450 1449 1684 1919 (2330, 2000)
1814 Z’ E] El
1536 1642
1407
KS5381
Chip Size: 2330 x 2000 90
PAD Size: 90 x 90
Unit T um
&t [o] |72
617 625
| [ [1] |50
A & |

00) 165 226 461 696 931 1166 1572 1758 2165
Fig. 5

PAD DESCRIPTION

No. Pin Name Description No. Pin Name Description
1 MO, Direct Piezo Driver 13 MT, Start & Stop Input
2 MO; Direct Piezo Driver 14 MS Melody Stop
3 AS, Melody Selection 15 MTIN Trigger Signal Input
4 AS, Melody Selection 16 T, Test Input
5 AS; Melody Selection 17 T4 Test Input
6 OSC R Oscillation 18 RDg Test Terminal
7 OSC IN Oscillation & Ext. Input 19 RD, Test Terminal
8 osc C Oscillation 20 RD, Test Terminal
9 Voot 1.5V-3.0V Power Supply 21 RD, Test Terminal
10 Vpo1, Vooz 1.5V-3.0V Power Supply 22 Vss OV Power Supply
1 Vob2 1.5V-3.0V Power Supply 23 MO, ENV. Melody Output
12 MT, Start & Stop Input 24

* Puli-down resistor is incorporated into MTy, MT,, MS, MTIN, T; and T..
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KS5381

CMOS DIGITAL IC

APPLICATION CIRCUIT

1. Combination with Watch
1) Ag0 Battery (1.55V)

L.C.D.
PIEZO PIEZO
] Hion
O
' MO, MO, MTIN ALB SEGMENTS
OSC IN 00 CAP
ksc1623v | mo, > *':Ji'l' l
71—-
-T-_ 01 IKO —]_
KS5381 0.3uF
Series KS5190
Vbp1 ’ _L_ Vop
J 1.55V =
Vss Vbp2 F
MT2 MT; S/ Vss D s
SWq SW»
* X-tal: 32768 Hz
. # 5-35pF
2) Lithium Battery (3.0V)
PIEZO L.C.D.
PIEZO
o
joe =
T O
Moz WO, T ALB SEGMENTS
03C IN * 00
#
KsC16230 |
16: MO, ;E\ O
KS5381 o WATCH
Series LSI
Vo1 \\:Dm
Vpp2 DD2
Vss 01:‘['. T.L‘a.ov
MT, My 9 CZ Vss SW, SW
SWy SWa
* X-tal: 32768 Hz
# 5-35pF
Cy(Cap): 0.1uF
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KS5381 CMOS DIGITAL IC

2. PACKAGE APPLICATION CIRCUIT
1) 16 DIP type

Vce

KSB564Y

Gsp

KSD261Y

Rosc =
PIEZO sp 270KQ 47pF
RD; Vss MO, 0, OSCR OSCIN OSCC *Rosc = 320KQ
at 3.0V operating
KS5381 Series
RD2 RDg Voo

LJLJUULJLLJLH

STOP START

2) 20 DIP type & Voo (159
Vee
KSD261Y
KSBS64Y
[]sp
Rosc =
s 270KQ  47pF
EDH
ov 20 18 17 1e
Vss MO MO; ‘MO, ASy AS3 OSCR OSCIN 0OScC
KS5381 Series
RD4 Dy RDg T1 MT DD
STOP  START l
Vee (1.5V)
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KS5814

CMOS DIGITAL INTEGRATED CIRCUIT

SKY-LARK’S OR CRICKET’S SOUND IC

The KS5814 is a CMOS LS| chip which generates either Sky-lark’s sound
or Cricket’s sound.

The RC oscillator frequency is used to generate acoustic pulses for the
sounds.

The sound is initiated by AL-IN, and continued as long as AL-IN is
connected to Vss.

If the AL-IN switch is open, the oscillater will be stopped, thus all
operation will be stopped.

14 DIP

FUNCTIONS
* Selectable either Sky-lark’s sound or Cricket’s sound by SLCT input
ALCIN SLCT SOUND
L H SKY-LARK’S SOUND
B L L CRICKET’S SOUND
H — No operation

FEATURES

* Single Chip CMOS construction.

* RC oscillator.

* Speaker drive by using a PNP transistor.

e Single battery (1.5V) operation.

* Low power dissipation.

* 14 pins dual-in-line plastic package.

BLOCK DIAGRAM AT(%WZ s Voo
r--———-=—-=-=-=-=-——-—-- P e a
|
: J '

10 | !
oscC1 O————I—— |
1 SOUND

osc2 0-1;—?—- OSCILLATOR SELECT MODE |

oscs 02— v 340

|

I

|

! I
ot ] | s
™ o FREQUENCY 4 0 03
TC 0—'-— GENERATOR ROM |

|

: ‘—————ol 50 04

: |

I _J L7

| PRESET DATA PRESETFUL ouT L "oour

| GENERATOR DOWNCOUNTER CIRCUIT |

| |

l I

' 1

b e e e e e e e e - e - e e e e —— —
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KS5814

CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (T.=25°C)

Characteristics Symbol Value Unit
Supply Voltage Voo -03~ +3.0 \
Input Voltage Vin Vgs—0.83 ~ Vpp+0.3 Vv
Operating Temperature Topr -10~ +55 °C
Storage Temperature Tstg -55~ +125 °C
*Value grater than this may result in damage to the circuit.
ELECTRICAL CHARACTERISTICS
(Vss =0V, Vop =1.5V, T, =25°C; unless otherwise specified)
Characteristics Symbol Test Conditions Min Typ Max Unit
Operating Voltage Voo 1.2 1.5 1.8 \"
Stanby-by Current l 0.1 0.3
y‘ y S L S Without Load T — e
Operating Current lop 100 250 400 uA
Input Low Voltage Vi 0.2 Vv
— B T
Input High Voltage Vin Vpp-04 \Y
Switch Input Current lsw Vin=Vss 60 100 wA
Alarm Sink Current los Rm=1KQ, Vpp=1.2V 0.4 0.7 mA
Oscillation Frequency Fosc T 200 210 220 KHz

APPLICATION CIRCUIT

vl

] KSAB43Y
[ SPEAKER

—o/o—E SLer

[ 7]

[o] [-]

15V ==
Vss| 13
o1 osc3 ‘zi—lf——
33pF
02 KS5814 EI——~—M~—
osc2 43K
o3 10
0SCt F—Aam——om
04 % |2
ouT T E

*Notes: 01, 02, 03, 04, T1 and

TC are pins for test
purpose only.
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KS5814 CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM

KS5814 PAD DIAGRAM [:l—:l
Chip Size : 1800x1570
PAD Size : 98x98
Unit Dpm §

00) ——X
1800
COORDINATES OF PAD
(Unit: um)
Coordinates Coordinates
Pad No. Name of Pad Pad No. Name of Pad
X Y X Y
1 SLCT 1671 800 8 T 129 642
2 ALIN 1446 1441 9 Te 129 129
3 01 1043 1441 10 OSC, 464 129
4 02 -522 1441 11 0OSC, 1029 129
5 03 334 1441 12 0SCs; 1379 129
6 04 129 1307 13 Vss 1671 523
7 ouT 129 830 14 Voo 1671 720
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KS5116 ' CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONS 6 DIGITS UP/DOWN COUNTER
CIRCUIT FOR TRIPLEXED LCD

The KS5116 is a silicon-gate CMOS LS for 6 digits LCD display up/down
counter.

It operates on single 1.5V battery and the circuit time base is a 16KHz
internal RC oscillator.

FUNCTIONS

e Count up, from zero to any setting number

e Count down, from any setting number to zero
¢ User selectable up/down mode

e Alarm function

¢ Output pulse for any external mechanism

e | CD, alarm test

FEATURES

* Single chip CMOS construction.
¢ Built-in RC oscillator

¢ Built-in voltage doubler

« 6 digits triplexed LCD drive

e 4 Switch operation

¢ Low power consumption

¢ Single 1.5V battery operation.

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage (Vopi — Vss) Vst -03~+20 Y
Supply Voltage (Vooz — Vss) Vos2 -03~+40 v
Operating Temperature Topr —20 ~ +60 °C
Storage Temperature Tetg -30 ~+125 °C

* Voltage greater than above may result in damage to the circuit.
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KS5116 CMOS DIGITAL INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (1.=25°C, Voo = 1.5V, Ves=0V; unless otherwise specified)

Characteristic Symbol Test Condition Min Typ Max Unit
Operating Voltage Voor 12 15 18 v
Voo2 24 3.0 3.6 \
Supply Current lop Without Load 9 18 A
Input High Voltage Vin Vpp—0.3 Voo \"
Input Low Voltage Vi Vss Ves +0.3 \
Switch Activation Current lsw Vin=Vop 0.1 15 5 BA
Alarm Drive Current oo Ve =05V 05 2 mA
laou Vea = 0.5V 50 A
Oscillator Frequency Fosc 25 32 40 KHz
DC-DC Conversion Frequency Fcon C1=C2=0.1uF 800 1,024 1,250 Hz
LCD Frequency Fq 33 43 53 Hz
Switch Debounce Time ty 25 mSEC
Switch Periode Time t 35 mSEC

FUNCTIONAL DESCRIPTION
1. LOCK MODE

When power is on or AC switch is depressed, the state is in lock mode. Where D switch is blocked and S switch
is enable. The depression of S switch in the lock mode will select setting mode.

2. SETTING MODE

If S switch is depressed in the lock mode, the state becomes setting mode. The D switch is used to advance
the function. The flag is off.
 Digit 5,6 flashing mode
Digit 5,6 will flash at a 1Hz rate when S switch is depressed in the lock mode. If D switch is depressed, the counter
of digit 5,6 will advance. Whenever D switch is depressed, the counter of digit 5,6 will advance.

¢ Digit 3,4 flashing mode
The next depression of S switch will select digit 3,4 flashing mode. In digit 3,4 flashing mode, digit 3,4 flashes
at a 1Hz rate. The operation by using D switch is same as digit 5,6 flashing mode.

* Digit 1,2 flashing mode
The next depression of S switch will select digit 1,2 flashing mode. In digit 1,2 flashing mode, digit 1,2 flashes
at a 1Hz rate. The operation by using D switch is same as digit 5,6 flashing mode.

3. ALL FLASHING MODE
The next depression of S switch will select all flashing mode. All digit flashes at a 1Hz rate with flag up or down.
User can select up or down mode

4. NORMAL MODE

The next depression of S switch will select normal mode. If user selects up mode in the all flashing mode, all
of digits display 000000. If user selects down mode the digits display setting number in the Setting mode. The
next depression of S switch will select digit 5, 6 flashing mode. If D switch is depressed. The counter is counted
up or down by state of flag being up or down.
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KS5116 CMOS DIGITAL INTEGRATED CIRCUIT

5. COUNTING MODE

The depression of D switch in normal mode will enter counting mode. It counter is matched to setting number
in up mode or down mode, alarm sound and outputs pulse output.

6. ALL CLEAR OPERATION

The depression of AC switch will select lock mode in every mode.

7. LAMP TEST

The depression of S, D and AC switch at a same time will display all digit segment and cause -alarm sound
with flag (up or down).

8. ALARM MODE

The depression of D and S switch is blocked in alarm mode. After the counter is matched to setting number

in up mode or down mode.
* Switch can recognize minimum 30 times per second

t1=25msec
t2 =35msec
LCD FORMAT
- - v & N ©o o e ¥ w o ©  ©
O O S5 o 1L <« uw < uw <« v <« uw << w < o o
(il i rrririri

5

Lt
4t

G

i0,
&
L
D
L8
)
A
)
oA

%
ohe
It
e
1
0
i

o

25 24 23 | 22 21 20 19

COM1 U D3 | F1 A5 | F6 | A6 | D4
com2 D D2 | G1 Bt | G2 | B2 | G3 | B3| G4 | B4 | G5 | B5 | G6 | B6 | D5

COM3 D1 E1 C1 E2 | C2 | E3 | C3 | E4 | C4 | E5 | C5 | E6 | C6 | D6
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KS5116 CMOS DIGITAL INTEGRATED CIRCUIT

COMMON SIGNAL

| 43H |
comt ' 3He i
Vop, = — = = ]
Vopr — — —
Ves - - - — —
COM2
Vopz =~ ~ '_| '—I
o L L
Vs — = —
COM3

- T
L] L

SETTING AND DISPLAY SEQUENCE

LOCK MODE
— UP (DOWN) AC
000000
S
1 UP
000000 5 00000 1
s D
L] . upP L COUNTING
s\iz
0 00030 0=D 000002 MODE
s s b
SETTING — . up
MODE 0 0-0 0-5 6 D 000003
s D
uP
. ALARM MODE
=0 0=3 4 56 |- 123458
s
ALL FLASHING | FUP DOWNje
MODE S1.2.8.4.5 8%

2"'"’<: Flashing at a 1Hz rate.

NS
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KS5116 CMOS DIGITAL INTEGRATED CIRCUIT

ALARM OUTPUT WAVEFORM

)
11 1 1 11
T T e L

OUTPUT WAVEFORM

ouT

555555

APPLICATION CIRCUIT

Comml | | o

N

COM3

CcOoM1
com2
Voo KS5116
:[_02: 0.05uF
Vss
-[-_—— Co . ALPUL
C1: 0.05uF
T 1 y
U AC S
il I ! {
W
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KS5116

CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM

(2700 x 1870)

[~] []

[=] [o] [2] [

KS5116

Chip Size: 2700 x 1870um?

Pad Size : 100 x 100

Unit

Lpm

=] [=] [ =] [=] [=] (2] [=] (] (] [#] (2] [2] (=] [d]

[=]

[¢] [2]
(0,0) X
PAD LOCATION

Coordinates Coordinates Coordinates

Pad No. | Pad Name Pad No. | Pad Name Pad No. | Pad Name

X Y X Y X Y

1 COM2 184 | 1412 12 Ts 2007 | 186 23 FsGsEs 1830 | 1685
2 COM1 184 | 1252 13 T, 2189 | 186 24 A4B4Cy 1670 | 1685
3 Vopz 184 | 1092 14 Ty 2499 | 186 25 F.G4Es 1510 | 1685
4 Vss 184 | 932 15 Vop1 2517 | 468 26 A3B;C; 1350 | 1685
5 co 184 | 772 16 AL-PUL | 2517 | 678 27 F3G3Es 1190 | 1685
6 Cl 184 | 612 17 AL-OUT | 2517 | 902 28 A2B.C; 1030 | 1685
7 0SsC 364 | 184 18 COM3 2516 | 1398 29 F2G2E2 870 | 1685
8 U/Dsw 630 | 185 19 D,DsDe¢ | 2470 | 1685 30 A:B,C, 710 | 1685
9 AC 1006 | 185 20 AgBsCs | 2310 | 1685 31 F1G4E, 550 | 1685
10 D 1320 | 185 21 FeGsEs 2150 | 1685 32 D;D,Dy 390 | 1685
11 S 1696 | 185 22 AsBsCs 1990 | 1685 33 u/D 230 | 1685
294
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KS5815 CMOS DIGITAL INTEGRATED CIRCUIT

CENTIGRADE/FAHRENHEIT CLINICAL
THERMOMETER

The KS5815 is a CMOS digital CLINICAL THERMOMETER IC for
measuring body temperature in centigrade of fahrenheit mode by its
bonding option. It also provides alarm and automatic power off function.
It was designed to interface directly to 3.5 digits and 4 flags.

FUNCTIONS

¢ Bonding option for centigrade/fahrenheit measurement
* Alarm to indicate temperature measuring time

* Highest temperature hold function

¢ Automatic power off function (10 minutes)

* 1 switch input operation

FEATURES

* Single chip CMOS construction

* Drives 3.5 digits and 4 flags of duplexed LCD display

* On chip capacitive voltage doubler

* Single 1.5V battery operation

¢ Measurement accuracy : +0.1°C (+0.3°F)
Measurementrange : +32.0 ~ +43.0°C (+90.0 ~ +110.0°F)
Resolution : 0.1°C (0.1°F)
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KS5815

CMOS DIGITAL INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS

f Symbol

Characteristic Rating Unit

Supply Voltage (Vopi — Vss) Vps1 -0.1~+3.0 Vv
Supply Voltage (Vopz — Vss) Vbs2 -0.2~+4.0 v
Operating Temperature Topr -10~ +60 °C
Storage temperature Tstg -40~ +125 °C

* Voltage greater than above may damage the circuit.

ELECTRICAL CHARACTERISTICS

(Vss=0V, Vop1 = 1.5V, Vo= 3.0V, T.=25°C, Unless otherwise noticed)

Characteristic Symbol Test Condition Min Typ Max Unit

Operating Voltage Vop1 1.25 1.50 1.80 \"
Operating Voltage Vop2 —_ 3.00 — \
Current Consumption |Isupi| — — 100 A
Current Censumption |Isup2| Power off — — 0.1 A
Output Current loht Voh1=1.3V — — —-600 A
(COM1, COM2) Voo, loi1 Vol1=0.3V 60.0 — -

' Output current _
(COM1, COM2) Voos loh2 Voh2=2.7V — — —-40.0 pA
Output Current loh3 Voh3=2.7V — — -20.0 A
(Segment, COM3) lol3 VoI3=0.3V 20.0 — —
Qutput Current
(Alarm) loh4 Voh4=1.3V — — -80.0 rA
Input Current lih1 Vih1=15V 0.1 1.0 10.0 JA
(W) Il Vil1 =0.0V — — 0.1
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KS5815 CMOS DIGITAL INTEGRATED CIRCUIT

FUNCTIONAL DESCRIPTION
* BONDING OPTION

The centigrade or fahrenheit mode is selected by bonding option. If the pad MS is left open, the all circuits are used as
the centigrade mode. On the other hand, to use as the fahrenheit mode, MS should be connected with Vpp.

* ALARM FUNCTION

Once thg switch is pressed, after 1, 2, 3 and 5 minutes, the corresponding alarm of each minute is generated to notice
the end point each measuring time. The output waveforms are shown below at the alarm out terminal. And, at this time,
alarm tone of 4094Hz frequency is modulated by frequency corresponding to each minute.

1 MIN
1 MIN e e - ——
2 MIN
2MN — — 4 e e _—
3 MIN
3 MIN ————
2Hz

e 111 1
—F

e HIGHEST TEMPERATURE HOLD FUNCTION

To read out the measured temperature value displayed on LCD, the CLINICAL THERMOMETER should be taken
out of body. At this time, the displayed value can be changed by this reason. So, once the temperature measured,
the LS| has the highest temperature hold function which prevents the change of measured temperature value on
LCD. Also, the displayed highest temperature measured value will be kept until power off.

¢ AUTOMATIC POWER OFF FUNCTION

Automatic power off function is executed after 10 minutes passed from the time of SW pressure to power on,
except when the pad, APOD, is connected with Vpp.

e SWITCH OPERATION

If the switch SW is depressed during power off condition, then temperature measuring operation is activated
to power on state and LCD begins to display the present temperature or LO/HI condition at 1Hz rate. Conversely,
if SW is depressed during power on condition, the all operations stops in power off state and the all fonts on LCD
are removed.
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KS5815 CMOS DIGITAL INTEGRATED CIRCUIT

LCD FORMAT

PP l
JH B

L] (2] [3] T4 [s] [6] [7] [8] [of [wof [n] [te] [18] [wa] [18] [6] [17] [18]

Ccom1 BCt| E2 | D2 | C2 | A3 | E3 | D3 | C3 P E4 | D4 | C4

COM2| A2 | F2 | G2 | B2 | M | F3 | G3 | B3 F4 | G4 | B4

CM C F |COM3

DISPLAY FONTS

* NOMERICAL FONTS

e CHARACTER FONTS
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KS5815 CMOS DIGITAL INTEGRATED CIRCUIT

CENTIGRADE MODE (MS=OPEN)
N
S __9°c b o a1 2”129
ol P =, 2
A \
POWER OFF STATE Temperature less 32°C 36.5°C
than 32°C
Depréss Sw p e
\|\_|ﬁ/
= - o [ B I
1 1- © (= P
R
Temperature 430°C
FAHRENHEIT MODE (MS=Vopo) more than 43°C
<\ V7.
=) “_0 ) 1m0, Zt Tt Zo
1 oS a0 F I M
L=
POWER OFF STATE Temperature less 90°F 976°F
than 90°F
Depress SW p ire
Ve S (O
> i ~ )t (_o (0 [o)
- = Flash of 1 Hz rate ,/l (S F [ | F|
’// " \\ s
Temperature 110.0°F
APPLICATION CIRCUIT more than 110°F
CIRCUIT DIAGRAM
LCD
coms SEGMENTS comi comz| ~ THERMISTOR
vss
. Rth MWy
FO o—| SW RP =43KQ
OR1 Rre
=] Rref
é Rc
@ OR2 oc2
%
:‘;E—_ DC1 ocC1
T Jocz 450pF  Rs
r——1|L VoD1
15V
Kl AL
Piezolectric ‘E l%
Transducer DD_[
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PAD ASSIGNMENT
Pad No. Signal I/0 Description Pad No. Signal 1/0 Description
1 FOUT (o] OSC. Test Output 21 P (0] Display Output
2 TSTH | Test Input 22 E4F4 o Display Output
3 TST2 | Test Input 23 D4G4 o Display Output
4 TST3 | Test Input 24 C4B4 [e] Display Output
5 TST4 1 Test Input 25 CM (0] Display Output
6 TST5 | Test Input 26 | J) | g »A)[_)isipl_a}yﬁ)_utput ]
Capacitor terminal for .
7 OC1 oscillator 27 | F (0] Display Output
Capacitor terminal for .
8 0ocC2 oscillator 28 CcOomM3 o Display Output
Resistor terminal for R %ﬁ R A—V*
9 Rre oscillator 29 Vss Power Supply
10 R Resistor terminal for 30 ”;W | Switch terminal for
| th oscillator Power ON/OFF
11 COM1 | O | Display Output 31 OR1 Resistor terminal for
oscillator
12 com2 o Display Output 32 TSTC (0] Capacitor test output
13 BCIA2 | O | Display Output 33 OR2 Resistor terminal for
oscillator
14 E2F2 (0] Display Output 34 MS | °F/°C Mode select input
play Outp N : put |
15 | D262 | O | Display Output 3 | APOD | | m‘g&m""er off disable
16 ’—Cz—B?-’—O—a Display Output 36 Vo2 Power Supplyi
X Capacitor terminal for
17 A3A4 (0] Display Output 37 DC1 doubler
. Capacitor terminal for
18 E3F3 o} Display Output 38 DC2 doubler .
19 D3G3 (o) Display Output 39 Voo Power Supply
20 C383 | O | Display Output 40 AL 0 | Alarm Output ‘
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KS5815 CMOS DIGITAL INTEGRATED CIRCUIT

PAD DIAGRAM

2050
2210
2370
2530

(3100 x 2260)

comz| i | 2034

D2 G2

OM3
rj 290
L
£ 1| as0
| E—
c D 610
om| ||
(7| es0
P
E4lFs D 1250
P 1410
caBs| || 1570
DalG3a 7 1730
E3Fa 1890
A3 A4
E2F2 |
BC1 A2 D 2690

C2B2

1971 [_J Vss
- comt D 1874
1803 sw
L]

Rth T’ 1714

1635 i OR1

Rre D 1554
1465 DTSTC
oc2 rj 1382
1300 | [ Jore KS5815 PAD DIAGRAM
- Chip ;lze: 3100x2260 oct D 1222
1130 DMS Pad size: 98x98
Unit: um
962 D APOD 1575 i_] o77

802 VDD2 TST4
642 DC1 -
482 || DC2 ~

L TST2 461

322 VoD1
TSTH 289

162 || AL

805

L[]

FOUT | R
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NOTES










PACKAGE DIMENSIONS

8 DIP Unit: mm 14 DIP Unit: mm
0~10°
8.95 0~10° I 19.15
9.45 [ _19.65 _——
L1 L1 | 6.00 / 7.37
6.09 7.37 o 6.60 7.87
T O | 1.52
203 0.20 ;
152 G50
I4.05 - T Tast
4.55 81
o VHu agugs ﬁﬁlﬂ 431
2.54 | 1342
D Conas 0% | 555
0.36 0.51 056 43 051
056 1.02 1.02
16 DIP Unit: mm 18 DIP Unit: mm
0~10°
o 22.73
1915 0~10 s
23.24
O oo OOo@CoQOQan ]
6.09 7.37 D of |69 737
o 6.60 787 6.60 7.87
|58 N R N N [ S U O i
1.02 |—_ 0 [ 6 5 D 6 [ O Oy | \L
155 "| 0.20 7 1.02
152 050 ﬁ_J - 8%8 /
3.81 ’
LL 431
3.81
292 | (431
343 :
W - e T s
TYP ]
2.54 0.36
TYP I'_ 4‘ 0.56 ———%
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PACKAGE DIMENSIONS

20 DIP Unit: mm 22 DIP Unit: mm
26.36 0~10° 26.36 0~10°
_ =8 26.87 \
e ] e oo oo oo
6.09 7.37
A o kall) 7 o ol [k
1. 52 0.20 1.02 7
1——‘1—55 0.20
0.30
3.81
431
[ JJLL 3 81
3.43 292
2.54 0.36 0.51 2. 54 0.36
TYP L' “l 056 1.02 0.56 343 151
1.02
24 DIP Unit: mm 28 DIP Unit: mm
31.37 0~10° 36.06
32.13 i 36.57 ,\\/
OO omacd _K/é‘! - oOoOOOnOOOnooon ’
13.72 14.99 13.72 14.99
D O O Il [z { 15.49 b O ‘ O |l ha22 15.49
)
o = \L L g g
1.02 L_‘ j 1.02 0.20
1.52 0.20 152 .
0.30 0.30
457
\ 4.57
R PR
2.54 036 | 292 £2.92
P - e 056 | 343 (51 —Jf"‘ L— ~—“——° 36 343 51
1.02 TYP 102
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PACKAGE DIMENSIONS

40 DIP

Unit: mm

42 DIP

Unit: mm

48 FQP Unit: mm
14.73
15.74
g
14.73 % % 9.75
15.74 % % 10.25
==o ==
|
R L
T 2
;5 25
@TI T
1.654J 015 J 215
MAX

60 FQP Unit: mm
13.74
14.24
RRRRRGHE
== o=
13.74 % % 19.78
1424 == —— [20.29
T
} — 3 4% 0.10
IEE | 2 0.20
1.65 0.05—_( T
2.15 0.15
2.89 1.98
340 [ 248
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PACKAGE DIMENSIONS

60 FQP Unit: mm
}__ 13.74
IR
= =
13.74 % ’ % 19.78
1424) = — |2029
— =
T,
e o
[ ass ”
2.15 0.20
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SALES OFFICES/IMANUFACTURER’S REPRESENTATIVES

1. US.A

SALES OFFICES
CALIFORNIA

201 East Sandpoint -
Suite 220 Santa Ana 92707
714-662-3406

2700 Augustine Drive
Suite 198 Santa Clara 95054
408-727-7433 o

MASSACHUSETTS

20 Burlington Mall Road
Suite 205 Burlington 01803
617-273-4888

ILLINOIS

901 Warrenville Rd.
Suite 120 Lisle, 60532-1359
312-852-2011

TEXAS

15851 Dallas Parkway
Suite 745

Dallas 75248-3307
214-239-0754

NORTH CAROLINA

3200 Nothline Ave

Suite 501G

Forum VI Greensboro, 27408
919-294-5141

ALABAMA

EMA

1200 Jordan Lane, Suite 4
Jordan Center

Huntsville 35805
205-536-3044

" ARIZONA

HAAS & ASSOC., INC.

7505 East Main
Suite 300
Scottsdale 85252
602-994-3813

CALIFORNIA
SYN PAC

Santa Clara 95054
408-988-6988

1801 Parkcourt Place

Suite 103D Santa Ana 92701
714-835-4711
QUEST-REP, INC.

San Diego, CA.
619-546-1933

CANADA
145 The West Mall

Etobicoke, Ontario M9C 1C2
416-622-7558

3945 Freedom Circle Suite 650

WESTAR REP COMPANY

TERRIER ELECTRONICS

MANUFACTURER’S REPRESENTATIVES

COLORADO

ELECTRODYNE

2620 S. Parker Road
Suite 110 Aurora 80014
303-695-8903

CONNECTICUT

PHOENIX SALES

257 Main Street
Torrington, 06790
203-476-7709

GEORGIA

EMA

6695 Peachtree Industrial Boulevard
Suite 101 Atlanta 30360
404-448-1215

FLORIDA
MICRO ELECTRONIC COMPONENTS
989 Woodgade Dr

Palm Harbor, 33563
813-784-8561

ILLINOIS

IRI

8430 Gross Pointe Road
Skokie 60076
312-967-8430
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SALES OFFICES/IMANUFACTURER’S REPRESENTATIVES

INDIANA

STB & ASSOCIATES

3003 E. 96th Street
Suite 102 Indianapolis 46240
317-844-9227

MICHIGAN

C.B. JENSEN & ASSOC.

2145 Crooks Road
Troy 48084
313-643-0506

MARYLAND

809 Hammonds Ferry
Lithicum 21090
301-789-9360

MASSACHUSETTS
Contact local sales office

MINNESOTA
COMSTRAND INC
2852 Anthong Lane South
Minneapolis, 55418
612-788-9234

NEW JERSEY

NECCO

2460 Lemoine Avenue
Ft. Lee 07024
201-4611-2789

NEW MEXICO
Contact local sales office

NORTH CAROLINA
Contact local sales office

OREGON

EARL & BROWN

7719 S. W. Capitol Highway
Portland 97219
503-245-2283

NEW YORK
NECCO

2460 Lemoine Avenue
Ft. Lee 07024
201-4611-2789

ADVANCED TECHNOLOGY SALES

OHIO

J.N. BAILEY & ASSOCIATES

13071 Old Dayton Road
New Lebanon 45345
513-687-1325

1667 Devonshire Drive
Brunswick™44212
216-273-3798

. 2679 Indianola Avenue

Columbus 43202 -
614-262-7274

PENNSYLVANIA

RIVCO JANUARY, INC.

78 South Trooper Road
Norristown 19403
215-631-1414

SOUTH CAROLINA

EMA

210 W. Stone Avenue
Greenville, 29609
803-233-4637

TEXAS

VIELOCK ASSOCIATES

720 E. Park Boulevard
Suite 102 Plano 75074
214-881-1940

UTAH

ELECTRODYNE

2480 South Main Street
Suite 109 Salt Lake City 84115
801-486-3801

WISCONSIN

631 Mayfair
Milwaukee 53226
414-259-0965

WASHINGTON

EARL & BROWN

2447-A 152nd Avenue, N.E.
Redmond 98052
206-885-5064

n
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SALES OFFICES/IMANUFACTURER’S REPRESENTATIVES

EUROPE

AUSTRIA

SATRON HANDELSGES. GmbH
Hoffmeistergasse 8-10/1/15

A-1120 Wien

Tel: 0043-222-87 30 20

Tix: 047-753 11 85 1

Fax: 0043-222-83 35 83

BELGIUM
C&S ELECTRONICS INTERNATIONAL

Leuvensesteenweg 186
B-1940 Sint-Stevens-Woluwe
Tel: 0032-2-7 25 09 00

Tix: 046-2 58 20

Fax: 0032-2-7 25 08 13

FINLAND

INSTRUMENTARIUM ELEKTRONIIKKA

P.O. Box 64, Vitikka 1
SF-02631 Espoo
Helsinki

Tel: 00358-0-5 28 43 20
Tix: 057-12 44 26

Fax: 00358-0-502 10 73

FRANCE
ASIA MOS (OMNITECH)

Batiment Evolic 1

165, Boulevard de Valmy
F-92705 Colombes

Tel: 0033-1-47 60 12 47
Tlx: 042-61 38 90

Fax: 0033-1-47 60 15 82

MICRORAM (SCAIB)
6, Rue le Corbusier

Silic 424

F-94583 Rungis Cedex
Tel: 0033-1-46 86 81 70
Tix: 042-20 69 52

Fax: 0033-1-45 60 55 49

GERMANY

ASTRONIC GmbH
Grunwalder Weg 30
D-8024 Deisenhofen
Tel: (49) 0-89-61 30 303
TIx: 5 21 61 87

Fax: (49) 0-89-61 31 66 8

ING. THEO HENSKES GmbH
Laatzener Str. 19

Postfach 72 12 26

D-3000 Hannover 72

Tel: (49) 0-511-86 50 75

Tix: 92 35 09

Fax: (49) 0-511-87 60 04

MICROCOMPUTERS SYSTEMS

COMPONENTS VERTRIEBS GmbH

IndustriestraBe 16
Postfach 1380
D-7513 Stutensee 3
Tel: (49) 0-7249-70 75
Tix: 17 72 49 11

Fax: (49) 0-7249 79 93

MICRONETICS GmbH
Weil der Stadter Str. 45
D-7253 Renningen 1

Tel: (49) 0-7159-60 19

Tix: 72 47 08

Fax: (49) 0-715 9 51 19

SILCOM ELECTRONICS
VERTRIEBS GmbH
Neusser Str. 336-338

D-4050 Monchengladbach

Tel: (49) 0-2161-6 07 52

Tix: 85 21 89

Fax: (49) 0-2161-65 16 38

TERMOTROL GmbH
Pilotystr. 4

D-8000 Miinchen 22

Tel: (49) 0-89-23 03 52 52
Tix: 17 89 84 53

Fax: (49) 0-89-23 03 52 98

ITALY

DIS. EL SPA

Via Ala di Stura /1/18
1-10148 Torino

Tel: 0039-1-12 20 15 22-25
Tix: 043-21 51 18

Fax: 0039-1-12 16 59 15

MOXEL S.R.L.

Via C. Frova, 34

1-20092 Cinisello Balsamo
Tel: 0039-2-61 29 05 21
Tix: 043-35 20 45

Fax: 0039-2-6 17 25 82

NETHERLANDS

ADVANTEC

(MALCHUS BV HANDELMLWJ.)
Fokkerstraat 511-513

Postbus 48

NL-3125 BD Schiedam

Tel: 0031-10-4 27 77 77

Tix: 044-2 15 98

Fax: 0031-10-4 15 48 67
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SALES OFFICES/MANUFACTURER’S REPRESENTATIVES

EUROPE
NORWAY SWITZERLAND
SEMI DEVICES A/S PANATEL AG

THV. Meyersgt. 9
N-0555 Oslo 5

Tel: 0047-2-37 07 77
Tix: 056-7 91 91
Fax: 0047-2-38 00 94

PORTUGAL

R. Casimiro Freire 9A
P-1900 Lisboa

Tel: 00351-1-89 66 10
Tix: 0404-1 40 28
Fax: 00351-1-80 95 17

SPAIN

SEMITRONIC S.A.

C/Maria Lombillo, 14
E-28027 Madrid

Tel: 0034-1-320 21 60/61
Fax: 0034-1-320 21 98

Ronda General Mitre
240 Bjs.

E-08006 Barcelona
Tel: 0034-3-2 17 23 40
Tix: 0529 77 87

Fax: 0034-3-2 17 65 98

SWEDEN

MIKO KOMPONENT AB
Segersbyvagen 3

P.O. Box 2001

S-14502 Norsborg
Tel:-0046-753-89 08 0

Tix: 054-150 23

Fax: 0046-753-75 34 0

NIPOSOM-J. NABAIS LTD.

SEMICONDUCTORES S.A.

Grundstr. 20
CH-6343 ROTKREUZ
Tel: 0041-42 64 30 30
Tix: 045-86 87 63
Fax: 0041-42 64 30 35

UK

KORD

403 London RD, Camberley, Surrey,
GU15 3JJ, UK.

Tel: 0276-685741

Fax: 0276-691334

BYTECH

3 The Western Centre, Western Rd,
Bracknell, Berks, RG12 1RW, U.K.
Tel: 0344-424222

Fax: 0344-420400

EIRE

NELTRONICS

John F. Kennedy Rd, Raas Rd,
Dublin 12, Eire
Tel: 01-503560
Fax: 01-552789
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SALES OFFICESIMANUFACTURER’S REPRESENTATIVES

ASIA
HONG KONG JAPAN
AV. CONCEPT ADO ELECTRONIC INDUSTRIAL CO., LTD.

Hunghom Commercial Centre,
Room 708, Tower A. 7/F

37-39, Ma Tau Wai Road
Hunghom, Kowloon, Hong Kong
Tel: 3-629325—6, 3-347722—3
Tix: 52362 ADVCC HX

Fax: 852-3-7234718

PROTECH

FLAT 3 10/F WING SHING IND., BLDG.
26 NGFONG ST, SANPOKONG
KOWLOON, Hong Kong

Tel: 3-255106

Tix: 38396 PTTLD HX

Fax: 852-3-7988459

TRIATOMIC

1004 President Commercial Centre,

602-608, Nathan Road, Kawloon, Hong Kong
Tel: 3-880151—2 3-886184—5

Tix: 36631 TRIAT HX

Fax: 852-3-884026

MATSUDA

6/F CHUNG PAK Commercial BLDG.
2 Cho Yuen St. Yau Tong Bay
Kowloon, Hong Kong

Tel: 3-7276383

TIx: 42349 MAZDA HX

Fax: 852-3-7989661

JERS

Flat C-1, 13th Floor, Hoi Bun Industrial Bldg.
6 Wing Yip Street, Kwun Tong, Kowloon,
Hong Kong

Tel: 3-418311—8

Tix: 55450 JERSE HX

Fax: 852-3-7598599

SOLARBRITE ENTERPRISE CO.

Room 903, KWANGTUNG PROVINCIAL BANK BLDG.,
589-591, NATHAN ROAD, KOWLOON, HK

Tel: 3-7701010

Tix: 52543 SECL HX

Fax: 3-7700559

TAIWAN

YOSUN INDUSTRIAL CORP.
MIN SHENG COMMERCIAL BUILDING
10F, No. 481, MIN-SHENG EAST RD.,
TAIPE!, TAIWAN, R.O.C.

Tel: 501-0700 (10 LINES)

Tix: 26777 YOSUNIND

Fax: (02) 503-1278

KENTOP ELECTROICS CO., LTD.
5F-3, 21st CENTURY BLDG.

NO. 207, TUN-HWA N. RD., TAIPEI

Tel: (02) 716-1754, 716-1757

Fax: (02) 717-3014

7th FL., SASAGE BLDG. 46 SOTOKANDA
2-CHOME CHIYODA-KU, TOKYO 101, JAPAN
Tel: 03-257-1618

Fax: 03-257-1579

INTERCOMPO INC.

IHI BLDG. 1-6-7, SHIBUYA, SHIBUYA-KU:
TOKYO 150 JAPAN

Tel: 03-406-5612

Fax: 03-409-4834

C. ITOH TECHNOSCIENCE CO., LTD.
A A BLDG. 2:9-16 KITA AOYAMA, MINATO-KU
TOKYO 107 JAPAN

Tel: 03-256-2211

Fax: 03-256-7696

RIKEI CO

SHINJUKU NOMURA BLDG. 1-26-2 NISHI-
SHINJUKU, SHINJUKU-KU, TOKYO 163 JAPAN
Tel: 03-345-1411

Fax: 03-344-3949

TOMEN ELECTRONICS CORP.
1-1, USCHISAIWAI-CHO 2 CHOME
CHIYODA-KU TOKYO, 100

Tel: 03-506-3473

Fax: 03-506-3497

DIA SEMICON SYSTEMS INC.

WACORE 64 1-37-8 SANGENJAYA
SETAGAYA-KU TOKYO 154 JAPAN
Tel: 03-487-0386
Fax: 03-487-8088

SINGAPORE

SINTAI HANG TRADING PTE LTD.

NO. 1, GOLDHILL PLAZA 02-07,
SINGAPORE 1130

Tel: 253-7711

Tix: 33294 GOGOCO

Fax: 65-253 0610

INDIA

MURUGAPPA ELECTRONICS LTD.
PARRY HOUSE’ 3rd floor 43 Moore Street
MADRAS 600 001 India

Tel: 21019/31003

Tix: 041-8797 HIL IN

PARRRY HOUSE’ 3rd floor 43 Moore Street
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SALES OFFICES/IMANUFACTURER’S REPRESENTATIVES

. KOREA

NAEWAE ELECTRIC CO., LTD.

Room 403, 22Dong Sumin Bldg,
#16-1, Hangangro-2ka, Yongsanku.
Seoul Korea.

Tel: 701-7341~5

Fax: 717-7246

SAMSUNG

LIGHT-ELECTRONICS CO., LTD.

149-Jang Sa Dong
Jongroku, Seoul Korea

Tel: 744-2110, 269-6187/8
Fax: 744-4803

SEGYUNG ELECTRONICS

182-2 Jang Sa Dong
Jongroku, Seoul Korea
Tel: 701-6811~6
Fax: 701-6785

NEW CASTLE
SEMICONDUCTOR CO., LTD.

123-1, Joo Kyo Dong
Joongku, Seoul Korea
Tel: 274-3220, 3458

HANKOOK SEMICONDUCTOR

1131-9 Kurodong, Kuroku,
Seoul Korea

Tel: 868-0277~9

Fax: 868-4604
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SAMSUNG

Electronics
Semiconductor Business

HEAD OFFICE:

9/10FL. SAMSUNG MAIN BLDG.
250, 2-KA, TAEPYUNG-RO,
CHUNG-KU, SEOUL, KOREA
C.P.O. BOX 8233

BUCHEON PLANT:

82-3, DODANG-DONG,
BUCHEON, KYUNGKI-DO, KOREA
C.P.O. BOX 5779 SEOUL 100

KIHEUNG PLANT:

SAN #24 NONGSUH-RI, KIHEUNG-MYUN
YONGIN-GUN, KYUNGKI-DO, KOREA"
C.P.0. BOX 37 SUWON

GUMI BRANCH:
259, GONDAN-DONG, GUMI,
KYUNGSANGBUK-DO, KOREA

SAMSUNG SEMICONDUCTOR INC.:
3725 NORTH FIRST STREET
SANJOSE, CA 95134-1708, USA

HONG KONG BRANCH:
24/F Tower | Admiralty Centre
18 Harcourt Road

Hong Kong

TAIWAN OFFICE:
RM B, 4FL, NO 581
TUN-HWA S, RD, TAIPEI, TAIWAN

SAMSUNG JAPAN CO.:
SUDACHO VERDE BLDG. 2-3,
KANDASUDACHO CHIYODA-KU,
TOKYO, 101, JAPAN

TELEX: KORSST K27970
TEL: (SEOUL) 751-2114
FAX: 753-0967

TELEX: KORSEM K28390
TEL: (SEOUL) 741-0066, 662-0066
FAX: 741-4273

TELEX: KORSST K23813

‘TEL: (SEQUL) 741-0620/7

FAX: 741-0628

TELEX: SSTGUMI K54371
TEL: (GUMI) 2-2570
FAX: (GUMI) 52-7942

TEL: (408) 434-5400
TELEX: 339544
FAX: (408) 434-5650

Tel: 5-8626900
Tix: 80303 SSTC HX
Fax: 5-8661343

TEL: (2) 706-6025/7
FAX: (2) 706-6028

TEL: (03) 258-9506
TELEX: 2225206 SECJPNJ
FAX: (03) 258-9696

SAMSUNG SEMICONDUCTOR EUROPE GMBH:

MERGENTHALER ALLEE 38-40
D-6236 ESGHBORN, W/G.

SAMSUNG (U.K.) LTD.:
6 FL. VICTORIA HOUSE SOUTHAMPTON
ROW W.C. 1 LONDON. ENGLAND

TEL: 0-6196-90090
FAX: 0-6196-900989
TLX: 4072678 SSED

TELEX: 297987 STARS LG
TEL: 831-6951/5
FAX: (01) 430-0096
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