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PRODUCT INDEX 

Device Function Package Page 

KSV3100A 8 Bit AID Converter + 10 Bit D/A Converter 40 DIP 27 
*KSV3110 8 Bit AID Converter + 10 Bit D/A Converter 40 DIP 37 
* KSV3208 8 Bit AID Converter (20 MSPS) 28 DIP 48 

: **KAD0206 6 Bit AID Converter (20 MSPS) 32S0lC/30 SDIP 56 
KAD0808109 8 Bit up-Compatible AID Converter (8 CH) 28 DIP 61 

*KAD0816/17 8 Bit up-Compatible AID Converter (16 CH) 40 DIP 72 
KAD0820 8 Bit up-Compatible AID Converter 20 DIP 82 
KS7126 3 1/2 Digit AID Converter 40 DIP/60 FOP 90 

*KDA3310 10 Bit D/A Converter (25 MSPS) 28 CERDIP 105 
*KDA0406 Tripple 6 Bit D/A Converter (20 MSPS) 28S0lC/28 SDIP 115 
KDA0800108 8 Bit D/A Converter 16 DIP 121 
KS25C02 8 Bit CMOS Successive Approximation Register 16 DIP 127 
KS25C03 8 Bit CMOS Successive Approximation Register 16 DIP 127 
KS25C04 12 Bit CMOS Successive Approximation Register 16 DIP 127 

*: New Product 
**: Under Development 
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PRODUCT GUIDE 

1. FUNCTION GUIDE 

Function Device Package 

AID + D/A KSV3100A 40 DIP 
Converter· *KSV3110 40 DIP 

AID * KSV3200 26 DIP 
Converter **KAD0206 30 SDIP 

32 SOIC 

KAD0808/9 28 DIP 

*KAD0817 40 DIP 

KAD0820 20 DIP 

DMM AID KS7126 40 DIP/60 FOP 

**KAD7000 480FP 

**KAD7001 800FP 

D/A *KDA3310 28 CERDIP 
Converter *KDA0406 28 SOIC 

28 SDIP 

KDA0800/08 16 DIP 

S.A.R. KS25002/03 16 DIP 

KS25C04 24 SDiP 

• New Product 
* * Under Development 

c8SAMSUNG 
Electronics 

Feature 

High speed 8 bit AID + 10 bit D/A 

Enhanced version of KSV3100A 

High speed 8 bit AID converter 

High speed 6 bit AID converter 

8 bit up·interface AID with 8 channel 

8 bit up·interface AID with 16 channel 

8 bit up·interface AID converter 

3 1/2 digit AID converter 

2000·3000 CNT converter 

3200 CNT converter 

High speed 10 bit D/A 

High speed tri pple 6 bit D/A converter 

8 bit D/A converter 

6 bit CMOS S.A.R. 

12 bit CMOS S.A.R . 

Application 

Image processing 
video graph ics 

General purpose 

DMM 

Image processing 
video graphics 

General purpose 

SAR of AID 
converter 
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PRODUCT GUIDE 

2. CROSS REFERENCE GUIDE 

Application SAMSUNG N.S. TI Intersil Other Remark 

AID + D/A Converter KSV3100A UVC3101 
UVC3100 

*KSV3110 UVC3130 Not 
Pin to Pin 

High Speed AID * KSV3208 CXA1096 Not 
(8 bit) Pin to Pin 

**KAD0206 MB40576 Not 
(6 bit) Pin to Pin 

8 bit AID Converter KAD0808/9 A DC0808/9 ADC0808/9 

*KAD0817 ADC0817 ADC0817 

KAD0820 ADC0820 

3·1/2 Digit AID KS7126 ICL 7126 TSC 7126 

High Speed D/A * KDA331 0 TDC1016 Not 
(10 bit) Pin to Pin 

*KDA0406 
(6 bit) 

8 bit D/A KDA0800108 DAC0800108 AD1408. MC1408 

S.A.R. KS25C02/03 DM25C02/03 

KS25C04 DM2504 

* New Product 
* * Under Development 
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What is Data Converter? 

Introduction to AID, D/A Converter 

1. Preface 

Digital and analog signal processing correspond to two fundamental, yet distinctly different, modes of informa
tion handling. In the analog case, the signals are handled in a nonquantized, continuously variable manner; in digi
tal processing, they are quantized in binary bits, that is, in 1's and O's. In many cases, it is necessary to interface 
these two fundamental means of signal processing and to convert the data from digital to analog or vice versa. 
This is accomplished by the use of digital-to-analog (D/A) and analog-to-digital (AID) converter circuits. 

In their natural state, all variables (such as current, voltage, pressure, distance, time) appear in analog form. However, 
for signal transmission and computation purposes, they are often handled in a digital manner. Therefore, the AID 
and DIA converter can be considered to be a class of coding and decodig devices, respectively. The input to a 
DIA converter is a digital word of a prescribed number of bits, and the output is an analog voltage level uniquely 
corresponding to the input word. Conversely, the analog input applied to the AID converter results in a digital word 
of a prescribed number of bits. 

2_ AID Converter 

Analog-to-digital converters, also called ADC's or encoders, employ a variety of different circuit techniques to 
implement the conversion function. The function of an AID converter is to convert any analog quantity such as 
a voltage, or a current into a digital word. Figure 1 shows the very simplistic block diagram of an AID converter circuit. 

Va 

ANALOG 
INPUT 

AID 
CONVERTER 

b1 

b2 

bn·1 

bn 

Fig_ 1 SymbOlic Block Diagram of AID Converter 

DIGITAL 
OUTPUTS 

The AID converter encodes an analog input into a digital output of predetermined bit length. The analog input 
voltage Va of figure 1 is approximated as a binary fraction of a full-scale output voltage Vfs. Thus, the output of 
the converter corresponds to an n-bit digital word 0 given as 

Va b1 b2 bn 
Vfs = 2' + 22 + ...... + 2n 

where b1, b2; ... , bn are the binary bit coefficients having a value of either a 1 or a o. 
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What is Data Converter? 

1) Successive-Approximation AID Converters 

Of the various AID conversion techniques available, the choice depends on the resolution and speed required. 
By far, the most popular AID conversion technique in general use for moderate to high speed applicatioons is 

the successive-approximation type AID. This method falls into a class of techniques known as feedback type AID 
converters. In the successive-approximation converter, the DAC is controlled in an optimum manner to compleie 
a conversion in just n-step, where n is the resolution of the converter in bits. 

The operation of this converter is analogous to weighing an unknown on a laboratory balance scale using stan-
dard weights in a binary sequence such as 1, 1/2, 1/4, 1/8, ...... , 1/2n-'. The correct procedure is to begin with the 
largest standard weight and proceed in order down to the smallest one. 

The largest weight is placed on the balance pan first; if it does not tip, the weight is left on and the next largest 
weight is added. The same procedure is used for the next largest weight and so on down to the smallest. After 
the n'th standard weight has been tried and a decision made, the weighing is finished. ihe total of the standard 
weights remaining on the balance is the closest possible approximation to the unknown. 

ANALOG 
INPUT 

A 
DIA CONVERTER 

]III• DIGITAL 

OUTPUT 

DATA 

SUCCESSIVE 
APPROXIMATION 
REGISTER 

Fig. 2 Functional Block Diagram of Successive-Approximation AID Converter. 

In the successive-approximation AID converter illustrated in Figure 2, a successive-approximation register (SAR) 
controls the DIA converter by implementing the weighting logic just described. The SAR first turns on the MSB 
of the DAC and the comparator tests this output against the analog input. A decision is made by the comparator 
to leave the bit on or turn it off after which bit 2 is turned on and a second comparision made. After n-comparisions 
the digital output of the SAR indicates all those bits which remain on and produces the desired digital code. The 
clock circuit controls the timing of the SAR. Fig. 3 shows the D/A converter output during a typical conversion. 

The conversion efficiency of this technique means that high resolution conversions can be made in very short 
times. For example, it is possible to perform a 10 bit conversion in 1 (-tsec. or less and a 12 bit conversion in 
2 (-tsec. or less. Of course the speed of the internal Circuitry, in particular the D/A and comparator, are critical for 
high speed performance. 

c8SAMSUNG 
Electronics 
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What is Data Converter? 

3/4FS 

ANALOG 
INPUT 

1I2FS 

CLOCK PERIOD: 

OUTPUT CODE: 1 0 1 1 0 1 1 1 

4 8 

Fig. 3 DIA Output for 8·Bit Successive·Approximation Conversion 

2) The Flash (Parallel) AID Converter 

For ultra·fast conversions required in video signal processing, image processing and radar applications where 
up to 8 bits or the more high bits resolution is required, a different technique is employed; it is known as the flash 
(also parallel) method and is illustrated in figure 4. 

INPUT 

DECODER 

Fig. 4 Functional Block Diagram of Flash AID Converter 

!----()DIGITAL 
I-_-Q0UTPUT 

This circuit employs 2n -1 analog comparators to directly implement the quantizer transfer function of an AID 
converter. 

The comparator trip·points are spaced a LSB apart by' the series resistor chain and voltage reference. For a given 
analog input voltage all comparators biased below the voltage turn on and all those biased above it remain off. 
Since all comparators change state simultaneously, the quantization process is a one·step operation. 

A second step is required, however, since the logic output of the comparators is not in binary form. 
Therefore an ultra·fast decoder circuit is employed to make the logic conversion to binary. The flash technique 

reaches the ultimate in high speed because only two sequential operations are required to make the conversion. 

c8SAMSUNG 
Electronics 
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What is Data Converter? 

3) Subranging (Hall·f1ash) AID Converter 

The limitation of the flash method, however, is in the large number of comparators required for even moderate 
resolutions. A 4·bit converter, for example, requires only 15 comparators, but an 8·bit converter needs 255. For this 
reason it is common practice to implement an 8·bit AID with two 4-bit stage as show~ in figure 5. 

ANALOG 
INPUT 

3 4 8: BIT 

DIGITAL OUTPUT 

Fig. 5 Functional Block Diagram of Subranging AID Converter 

The result of the first 4·bit conversion is converted back to analog by means of an ultra·fast 4·bit D/A and then 
subtracted from the analog input. The resulting residue is then converted by the second 4-bit converter, and 
the two sets of data are accumulated in the a-bit output register. 

4) Integrating AID Converter (Dual-slope AID converter) 

Integrating AID converters perform the AID conversion in an indirect manner. The analog input is first convert
ed to a timing pulse whose duration is proportional to the analog voltage Va. The duration of the timing pulse 
is then measured in a digital format by counting the number of cycles of a stable reference frequency (the clock 
signal) between the beginning and the end of the timing pulse. Because of this basic principle of operation, such 
converters are often called indirect or pulse-width-modulating converters. 

The dual-slope-type AID converter is one of the most popular types of integrating AID converters. Figure 6 
shows the functional block diagram of a dual-slope converter. 

INPUT 
Of--~~-<O 

~~~T~\~--------I 

c:S \L ------ ---, 
I 

DIGITAL OUTPUT 

Fig. 6 Functional Block Diagram of Dual·Slope AID Converter. 
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What is Data Converter? 

Conversion begins when the unknown input voltage is switched to the integrator input; at the same time the 
counter begins to count clock pulses and counts up to overflow. At this point the control circuit switches the in
tegrator to the negative reference voltage which is integrated until the output is back to zero. Clock pulses are 
counted during this time until the comparator detects the zero crOSSing and turns them off. Figure 7 shows the 
integrator output waveform for dual·slope AID converter. 

INTEGRATOR 
OUTPUT 
VOLTAGE 

FULL·SCALE 
/CONVERSION 

/ 

I 

HALF·SCALE 
/ CONVERSION 

t----T1---+----T2-------j 

(FIXED TIM E) (MEASURED TIME) 

Fig. 7 Integrator Output Waveform lor Dual·Slop AID Converter 

The counter output is then the converted digiJal word. Where T1 is a fixed time and T2 is a time proportional 
to the input voltage. The times are related as follows: 

T2=T1~ 
VREF 

The digital output word therefore represents the ratio of the input voltage to the reference. Dual-slope conver· 
tion has several important features. First, convertion accuracy is independent of the stability of the clock and in· 
tegrating capacitor so long as they are constant during the conversion period. Accuracy depends only on the reference 
accuracy and the integrator circuit linearity. Second, the noise rejection of the converter can be infinite if T1 is 
set to equal the period of the noise. To reject 60Hz power noise therefore requires that T1 be 16.667 msec. 

c8SAMSUNG 
Electronics 

19 

I 

II 



What is Data Converter? 

3. D/A Converter 
The digital-to analog conversion circuits, which are also called D/A converters, or DACs, can be considered as 

decoding devices that accept digitally coded signals and provide analog outputs in the form of circuits or voltages. 
In this manner, they provide an interface between the digital signals of the computer systems and continuous sig
nals of the analog world. They are employed in a variety of applications from CRT display systems and voice syn
thesizers to automatic test systems, digital controlled attenuators, and process control actuators. In addition, they 
are key components inside most AID converters. 

Figure 8 shows the functional block diagram of a basic D/A converter system. The input to the D/A converter 
is a digital word, made up a stream of binary bits comprised of 1's and O's. The output analog quantity A, which 
can be a voltage or current, is related to the input as 

(b1 b2 ' bni 
A=KVREF ~2'+22 + ... +2"") 

where K is a scale factor, VAEF is a reference voltage, n is the total number of bits, and b1, b2, ... bn are the bit 
coefficient, which are quantized to be a 1 or a O. 

DIA 
CONVERTER 

ANALOG OUTPUT 

Fig. 8 Functional Block Diagram of a Basic D/A Converter 

As a function of the input binary word which determines the bit coefficients, the output exhibits 2" discrete vol
tage levels ranging from zero to a maximum value of 

2"-1 
(Vo)max = VAEF~ 

with a minimum step change /::, Vogiven as 

/::,Vo- VAEF 
- 2" 

The transfer function of an ideal 3-bit DIA converter is shown in figure 9. 

ANALOG 
OUTPUT 
(FS) 

1.0 

INPUT CODE 

Fig. 9 Transfer Function of Ideal 3·bit D/A Converter 
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What is Data Converter? 

1) Current Scaling D/A Converter 

A. Weighted Current Source D/A Converter 

The most popular D/A converter design in use today is the weighted current sources circuit illustrated in figure 
10. An array of switched transistor current sources is used with binary weighted currents. 

The binary weighting is achieved by using emitter resistors with binary related values of R, 2R, 4R, ... 2n·'R. The 
resulting collector currents are then added together at the current summing line. 

The current sources are switched on or off from standard TTL input by means of the control diodes connected 
to each emitter. When the TTL input is high the current source is on; when the input is low it is off, with the current 
flowing through the control diode. Fast switching speed is achieved because there is direct control of the transis· 
tor current, and the current source never go into saturation. 

To interface with standard TTL levels, the current sources are biased to a base voltage of + 1.2V. The emitter 
currents are regulated to constant values by means of the control amplifier and a precision voltage reference cir· 
cuit together with a bipolar transistor. 

The summed output currents from all current source that are on go to an operational amplifier summing junc
tion; the amplifier converts this output current into an output voltage. In some D/A converters the output current 
is used to directly drive a resistor load for maximum speed, but the positive output voltage in this case is limited 
to about + 1 volt. 

+vs 

>-...... --oVOUT 

Fig. 10 Weighted Current Source D/A Converter 
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What is Data Converter? 

B. R-2R Ladder D/A Converter 

A second popular technique for D/A convertion is the R-2R ladder method. As shown in figure 11, the network 
consists of series resistor of value R and shunt resistors of value 2R. The bottom of each shunt resistor has a 
singlepole dubie-throw electronic switch which connects the resistor to either ground or the output current sum
ming line. 

liri R R R 

11 12 13 In 

VREF 

VOUT 

Fig_ 11 R-2R Ladder D/A Converter 

The operation of the R-2R ladder network is based on the binary division of current as it flows down the ladder. 
Examination of the ladder configuration reveals that at point a looking to the right, one measures a resistance 
of 2R; therefore the reference input to the ladder has a resistance of R. At the reference input the current splits 
into two equal parts since it sees equal resistances in either direction. Likewise, the current flowing down the 
ladder to the right continues to divide into two equal parts at each resis.tor junction. 

The result is binary weighted currents flowing down each shunt resistor in the ladder. The digitally controlled 
switches direct the currents to either the summing line or ground. Assuming all bits are on as shown in the dia
gram, the output current is 

VAEF 
10uT=R (1/2+1/4+1/8 ...... +1/2n) 

which is a binary series. The sum of all currents is then 

I - VAEF (1 _ 2- n) 
OUT- R 

where the 2 term physically represents the portion of the input current flowing through the 2R terminating resistor 
to ground at the far right. 

As in the previous circuit, the output current summing line goes to an operational amplifier which converts cur
rent to voltage. 

VOUT= - Rf louT 

The advantage of the R-2R ladder technique is that only two values of resistors are required, with the resultant 
ease of matching or trimming and excellent temperature tracking. In addition, for high speed applications relative
ly low resistor values can be used. Excellent results can be obtained for high resolution D/A converters by using 
la.ser-trimmed thin film resistor networks. 
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What is Data Converter? 

2) Voltage-Scaling DJA Converter 

Voltage-scaling DJA converters produce an analog output voltage by selectively "tapping" a voltage-divider resistor 
string connected between the reference voltage and ground. For n-bit converter circuit, the resistor string is made 
up of 2 identical segments connected in series, and it is used as a potentiometer where the voltage levels between 
the resistor segments are sampled by means of binary switches. For this reason, these types of converters are 
also called potentiometric DJA converters. Figure 12 shows the conceptual diagram of a3-bit DJA converteroperat
ing on the voltage-scaling principle. The resistor string is comprised of eight identical resistor, connected between 
VREF and ground. The voltage drop across each resistor section is equal to 1 LSB of output voltage change, or 
VREFJ2". The output is sampled by means of a decoding switch matrix, and is sensed by a high-impedance buffer 
amplifier or voltage follower. 

With reference to figure 12, the operation of the switch matrix which decodes the input logic signal into an ana
log voltage can be described as follows. The analog switches marked A, B, and C are driven by the input logic 
lines corresponding to the input bits b1, b2 and b3, where b1 corresponds to the MSB and b3 corresponds to the 
LSB. The switches designated A, Band C are driven by the complements of the input logic levels. 

R 
OVREF 

VOUT 

Fig. 12 3-Bit DJA Converter Example Using Voltage-Scaling Principle 

The voltage-scaling D/A converter finds its widest application as a building block in MOS AID conversion sys
tems, where it is used as the D/A converter subsection of a successive-approximation-type AID converter. 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

HIGH-SPEED AlD-D/A CONVERTER 
Samsung KSV3100A, VLSI circuit in CI (Collector Implanted) technology, 
consists of a high-speed flash-type 8-bit AiD converter and a high-speed 
low-glitch 10-bit D/A converter designed as an R-2R network with 
switched current sources. Also, the various auxiliary circuits, as reference 
voltOlge sources, pre-amplifier, input clamping circuit and feed-in output 
amplifier are integrated on the single chip. 

KSV3100A has been developed for use in all applications which call for 
a high-speed A/D-O/A converter. 

For instance, this VLSI circuit can be used to advantage to decode 
television signals in Pay-TV converters or for MAC converters used in 
direct satellite broadcast. 

Other promising applications can be seen in industrial electronics, e.g. 
in conjunction with signal processing. 

Although KSV3100A was initially designed as high-speed codecs for the 
video range, it can be used with equal benefits for lower frequencies, 
even down to zero. 

BLOCK DIAGRAM 

Keyed 
Clamping 

KSV3100A 

Fig. 1 

40 DIP 

The auxiliary circuits contained on-chip provide versatile potential applications needing a minimum of external components. 
For example, an impedance converter is connected upstream olthe AiD converter to provide a high-impedance signal input, 
in spite of the high input capacitance of the AID converter. The reference voltage for the AiD converter is generated on-chip, 
but both the ground of the circuit and the reference voltage are fed to pins, so that an external filter capacitor may be connected. 

Further, the input is equipped with switches which optionally provide operation with keyed clamping or peak clamping or 
without clamping. Also the D/A converter's reference voltage is generated on-chip, and a gated amplifier is arranged at the 
output of the O/A converter so that an external analog signal can be fed-in instead of the signal delivered by the D/A converter. 

Separate clock inputs are provided for the AID converter and the D/A converter thus enabling the application of time 
compression procedures. 

All inputs and outputs are TTL compatible. 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

PIN DESCRIPTION 

PinNa. Description PinNa. Description 

1 No Connection 21 Analog Input AiD Converter 
2 Analog Output DIA Converter 22 Clamping Level Input 
3 -5V Supply DIA Converter-Analog 23 Clamping Pulse Input 
4 Digital Input Bit 9 (MSB) 24 Analog Ground AID Converter 
5 Digital I nput Bit 8 25 Reference Voltage AID Converter 
6 Digital Input Bit 7 26 +5V Supply AID Converter-Digital 
7 Digital Input Bit 6 27 Digital Output Bit 7 (MSB) 
8 Digital Input Bit 5 28 Digital Output Bit 6 
9 Digital Input Bit 4 29 Digital Output Bit 5 

10 Digital Input Bit 3 30 Digital Output Bit 4 
11 Digital Input Bit 2 31 Digital Output Bit 3 
12 Digital Input Bit1 32 Digital Output Bit 2 
13 Digital Input Bit 0 (LSB) 33 Digital Output Bit 1 
14 + 5V Supply D/A Converter·Analog-Digital 34 Digital Output Bit 0 (LSB) 
15 Clock Input D/A Converter 35 Digital Ground AiD Converter 
16 GND D/A Conv. & Clock AiD Converter 36 +5V Supply AiD Converter-Analog 
17 -5V Supply AID Converter-Analog 37 GND of Ref. Voltage AiD Converter 
18 Clock Input AiD Converter 38 External Analog Input 
19 +5V Supply AiD Converter 39 Output Signal Switchover Input 
20 Peak Clamping Enable Input 40 No Connection 

TEST CIRCUIT 

D/AOUT 

EXT. SIGNAL 

VAGND 

,.t, DGND 

::::~~~--~--------~U-______ -1pr-~~-----------+~----~~~MDIN +5V 
39K O.47,F 

KSV3100A L---_c~ KEY PULSE 

-5V~+5V 
910 1K 560 

Fig. 2 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Symbol Value Unit 

Positive Supply Voltage Vee 6 V 
Negative Supply Voltage VEE -6 V 
Input Voltages (Digital) V, -0.5 - Vee +0.5 V 
Input Voltages (Analog) V, -0.5 - Vee +0.5 V 
Output Current Pin 2 10 ±10 rnA 
Ambient Operating Temperature Range Ta 0-+70 °C 
Storage Temperature Range Tstg -40 - +125 °C 

RECOMMENDED OPERATING CONDITIONS 

Characteristics Symbol Min Typ Max Unit 

Positive Supply Voltage . Vee 4.75 5 5.25 V 
Negative Supply Voltage VEe -4.75 -5 -5.25 V 

AID Converter 
Analog Input Voltage V, 0 - 2 V 
Input Frequency, Analog Input f, - - fci2 -
Clock Amplitude V'BH 2.0 - Vee V 

V'BL 0 - 0.8 V 
Conversion Rate f'B 0 - 20 MSPS' 
Clock High Time (See Fig. 3) tH 15 - - ns 
Clock Low Time (See Fig; 3) tL 35 - - ns 
AID Output Voltage VOH 2.4 - Vee V 

VOL 0 - 0.4 V 
Clamping Level V22 -1 - +2 V 
Clamping Pulse V23H 2.0 - Vee V 

V23L 0 - 0.8 V 

-Activation of Peak Clamping 
Resistor of 20 to 60KO - from Pin 20 to + 5V -

D/A Converter 
Clock Amplitude V'5H 2.0 - Vee V 

V'5L 0 - 0.8 V 
Conversion Rate f'5 0 - 20· MSPS' 
Digital Input Voltage V,H 2.0 - Vee V 

V,L 0 - 0.8 V 
Analog Input Voltage at Pin 38 V38 -1 - +3 V 
Output Signal Switch Over Input 

for the D/A Converter Out V39 0 - 0.8 V 
for the Ext. Signal (from Pin 38) Out V39 2 - Vee V 

• MSPS (Mega Sample Per Second) 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Vcc =5V, VEE = -5V, f'5=20MHz, f'8=20MHz, Ta=25°C) 

Characteristic Symbol Min Typ Max Unit 

Current Consumption Icc - 90 120 mA 
lEE - -80 -110 mA 

Power Dissipation PTOT - - 1.2 W 

Total Transfer Time AID-DIA trOT See Fig. 3 -
AID Converter 

Input Current Pin 21 I, - 2 - {LA 

Input Capacitance Pin 21 C, - 10 - pF 

Input Impedance Pin 21 

at f= 1KHz Z, - 20 - Mfl 

at f=10MHz Z, - 100 - Kfl 

3dB Bandwidth of the Input Amp. - - 50 - MHz 

Keyed Clamping Active Level V23 2.0 - Vee V 

On Resistance of the Clamping Switch 
RON - 300 - Ohm 

Between Pin 21 and 22 

Input Current of the Clamping Level 
b - 150 - {LA 

Input Pin 22 (V2o =3V, V22 =2V) 

Aperture Delay ( ® in Fig. 3) tAO - - 10 ns 

Digital Output Delay (@in Fig. 3) tov - 25 - ns 

Transfer Time (®in Fig. 3) tw One clock period -
Differential Non-Linearity - See "Ordering Information" -
Absolute Non-Linearity - - 1 - % 

Number of Bits - - 8 - -
Code of the Digital Output Signal - Binary -
Output CODE at the Input 

with V2, =OV - 00000000 -
with V2, = V"" - 11111111 -

Internal Reference Voltage V25 1.8 2.0 2.2 V 

D/A Converter 

Output Impedance Pin 2 Zo - 15 - fl 

Input Current Pin 38 (V3S = 2V) lID - 0.6 - mA 

Internal Reference Voltage Vref 1.8 2.0 2.2 V 

Input Resister Hold Time ((Din Fig. 3) t'H 6.0 - - ns 

Input Resister Setup Time ( ® in Fig. 3) t'H 20 - - ns 

Differential Non-Linearity - See "Ordering Information" -
Absol ute Non-Li nearity - - 1 - % 

Number of Bits - - 10 - -
Code of the Digital Input Signal - Binary -
Output Signal at the Input . 

with 00000 00000 V2 - 0 - V 
with 1 1 1 1 1 1 1 1 1 1 V2 - 2 - V 

Settling Time ts - 50 - ns 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

ORDERING INFORMATION 
KSV3100A has four kind of version according to the accuracy bit (so called 'Precision') of D/A Converter, and their marking 
specifications are as follow; 

D/A Converter AID Converter 
Device Package Temperature Range 

Accurary Bit Diff. Nonlinearity Diff. Nonlinearity 

KSV3100ACN·10 10 bit ± 1/2 LSB 

KSV3100ACN·9 9 bit ±1 LSB 
40 DIP 0- +'70·C ± 1/2 LSB 

KSV3100ACN·8 8 bit ±2 LSB 

KSV3100ACN·7 7 but ±4 LSB 

• The accuracy of AJD Converter can be guaranteed as '8 bit' (differential nonlinearity = ± 1/2 LSB) regardless of the 
D/A Converter's accuracy. 

TIMING DIAGRAM 

Clock ADC 

Analog 
Input 

Data Out 

Clock DAC 

Data In 

Analog Output 
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Fig. 3 

AID 
Converter 

DIA 
Converter 

o Sample 
® Aperture Delay 
® Digital Output Delay 
@ Data Valid (after Sample 0) 
® Transfer Time AID 
® Total Transfer Time A/D· 

D/A with Common Clock 
(j) Input Register Hold Time 
® Input Register Setup Time 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

INNER CONFIGURATION OF THE CONNECTION PINS 
The following figures schematically show the circuitry at the various pins. 

+5V +5V 

x 
x 

_____ -+---5V 

Fig. 4: Pin 2, Output -----+--l--~-o 

-5V 
20D---_'lM.--...-f' 

Fig. 5: Pins 4 to 13, 15, 18, 23 and 39, Inputs 

x 

x 

Fig. 6: Pins 20 and 22, Inputs Fig. 7: Pin 21, Input 

+5V 
+5V 

----~--~~+_~-O 
---4--~----~-+--u 

-5V 
--------------~- ______________ -* __ -5V 

Fig. 8: Pin 25, Reference Voltage Pin Fig. 9: Pins 27 to 34, Outputs 
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KSV3100A 

x 

LINEAR INTEGRATED CIRCUIT 

Fig. 10: Pin 3B, Input 
x = protection diode 

DESCRIPTION OF THE CONNECTIONS AND THE SIGNALS 

Pin No. Description 

Pin 1 No Connection 

Pin2 Analog Output D/A Converter , 
This pin whose diagram is shown in Fig. 4, is the output for the processed analog signal 
either originating from the D/A converter or from the external analog:input pin 3B. 

Pin3 -5 Volt Supply D/A Converter, Analog 
This pin gets the negative supply for the analog part of the D/A converter. 

Pin 4 to 13 Digital Inputs Bit 9 to Bit 0 
This diagram of these pins is shown in Fig. 5. They are the inputs of the D/A converter and 
not-used inputs should be connected to the ground. 

Pin 14 +5 Volt Supply D/A Converter, Digital 
This pin gets the positive supply for the digital part of the D/A converter. 

Pin 15 Clock Input D/A Converter 
This pin whose diagram is shown in Fig. 5 must be supplied with the clock signal for the 
D/A converter. 

Pin 16 Ground D/A Converter and Clock AID Converter 
This pin serves as ground pin for the D/A converter and for the clock of the AID converter. 

Pin 17 -5 Volt Supply AID Converter, Analog 
This pin is the negative supply pin for the analog part of the AID converter. 

Pin 1B Clock Input AID Converter 
The diagram of this pin is shown in Fig. 5. Pin 1B is supplied with the clock of the AID 
converter. 

Pin 19 +5 Volt Supply AID Converter 
Via this pin the AID converter gets its positive supply. 

Pin 20 Peak Clamping Enable Input 
Via pin 20 whose diagram is shown in Fig. 6, the peak clamping facility can be enabled. 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

DESCRIPTION OF THE CONNECTIONS AND THE SIGNALS (Continued) 

Pin No. Description 

Pin 21 Analog Input AID Converter 
Fig. 7 is the diagram of this input. To pin 21 is applied the analog signal to be converted 
into digital. 

Pin 22 Clamping Level Input 
Via this pin whose diagram is shown in Fig. 6, the input of the AID converter is supplied 
with the desired clamping level. 

Pin 23 Clamping Pulse Input 
Fig. 5 is the diagram of this input. Pin 23 must be supplied with the key pulse if keyed 
clamping is required. 

Pin 24 Analog Ground AID Converter 
This pin serves as ground pin for the analog part of the AID converter. 

Pin25 Reference Voltage AID Converter 
This pin whose diagram is shown in Fig. 8, is intended for connecting a decoupling 
capacitor to the AID converter's reference voltage, the other end of this capacitor to pin 37. 

Pin 26 +5 Volt Supply AID Converter, Digital 
This pin is the positive supply pin for the digital part of the AID converter. 

Pin 27 to 34 Digital Outputs Bit 7 to Bit 0 
Fig. 9 shows the diagram of these outputs which supply the digitized analog signal in 
parallel 8-bit code. 

Pin 35 Digital Ground AID Converter 
This pin is the ground connection for the digital part of the AID converter. 

Pin 36 +5 Volt Supply AID Converter, Analog 
This pin is the positive supply pin for the analog part of the AID converter. 

Pin 37 Ground of Reference Voltage AID Converter 
To this pin must be connected the ground end of the decoupling which is at pin 25. 

Pin 38 External Analog Input 
The diagram of this input is shown in Fig. 10. Pin 38 serves for feeding an external analog 
signal into the output amplifier of the KSV3100A instead of the D/A-converted signal 
originating from pin 4 to 13. 

Pin 39 Output Signal Switchover Input 
This pin whose diagram is shown in Fig. 5, is intended for enabling the external analog 
signal fed to pin 38. 

Pin 40 No Connection 
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KSV3100A 

APPENDIX: APPLICATION CIRCUITS 

Keyed 
Clamping 

------~21~~----~~~ 
DC Coupled IN 
Video Signal 

Fig. 11: Operation without clamping of the input signal' 

LINEAR INTEGRATED CIRCUIT 

KSV3100A 

Pin 20 (peak clamping enable input) should be opened, while pin 23 (clamping pulse input) remains at OV. The input 
signal is applied to the analog input, pin 21, without coupling capacitor such that it lies between 0 and + 2V. 

0.47~ 
+ 

Video Signal 

Keyed 
Clamping 

}on -5V 

KSV3100A 

Fig. 12: Operation with peak clamping 
The input signal is clamped automatically to the negative peak value. Pin 20 is connected to + 5V via a 39KO resistor, 
and pin 22 (clamping level input) is connected, as desired, to zero or a voltage between -1 and + 2V. The input 
signal is fed to pin 21 by way of a coupling capacitor, and no key pulse (clamping pulse) is needed. 
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KSV3100A LINEAR INTEGRATED CIRCUIT 

0.47~ 

lr 
.fideo Signal 

Keyed 
Clamping 

______ J 

(

60 .. +
SV 

..---- 1K 

910 

.. -SV 

KSV3100A 

Fig. 13: Operation with keyed clamping 
The input signal is applied to pin 21 through a coupling capacitor. Pin 20 must not be connected. While the input 
signal is at the desired clamping level, an high-level is applied at the clamping pulse input, pin 23. By this means 
the clamping switch in the KSV3100A connects the input with the clamping level at pin 22 and recharges the coupling 
capacitor accordingly. The clamping level can be set to zero or, by means of an external voltage devider, to any 
desired value between -1 and +2V. 
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KSV3110 

HIGH·SPEED AlD·D/A CONVERTER 
(20MHz 8 bits AID + 10 bits D/A) 
KSV3110 consist of high speed low glitch 10 bit DAC 
and high speed flash 8 bit ADC with the various aux
iliary circuits (reference voltage source, pre buffer amp, 
input clamp circuit and feed-in output amp). 

KSV3110 is suitable for video application, capable of 
converting an analog signal with full power frequency 
components upto 6MHz into 8 bit digital signal. 

All digital input and output are TTL compatible. 

FEATURES 
• Ii bit AID + 10 bit D/A resolution 
• TTL digital interface 
• Internal input buffer amp 
• Internal clamp circuit (Peak, Keyed) 
• 20MSPS conversion rate 
• Internal reference voltage (2V) 
• Internal feed-in Amp 
• Few external components for application 
• Easy and simple video application 

APPLICATION 
- '-I 

• Medical image process.ing'. 
• Data acquisition system . 
• Radar data conversion 
• Video data conversion 

BLOCK DIAGRAM 

Keyed 
Clamping 
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Fig. 1 

PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

40 DIP 

KSV3110 
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PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

PIN DESCRIPTION 

PinNa. Description PinNa. Description 

1 Analog Output D/A Converter 21 Analog Input AID Converter 
2 - 5V Supply D/A-Analog 22 Clamping level Input 
3 - 5V Supply D/A Converter-Digital 23 Clamping Pulse Input 
4 Digital Input Bit 9. (MSB) 24 Analog Ground AID Converter 
5 Digital Input Bit 8 25 Reference Voltage AID Converter 
6 Digital Input Bit 7 26 +5V Supply AID Converter-Digital 
7 Digital Input Bit 6 27 Digital Output Bit 7 (MSB) 
8 Digital Input Bit 5 28 Digital Output Bit 6 
9 Digital Input Bit 4 29 Digital Output Bit 5 

10 Digital Input Bit 3 30 Digital Output Bit 4 
11 Digital Input Bit 2 31 Digital Output Bit 3 
12 Digital Input Bit 1 32 Digital Output Bit 2 
13 Digital Input Bit 0 (lSB) 33 Digital Output Bit 1 
14 + 5V Supply D/A Converter-Analog-Digital 34 Digital Output Bit 0 (LSB) 
15 Clock Input D/A Converter-Analog 35 Digital Ground AID Converter 
16 GND D/A Conv. & Clock AID Converter 36 +5V Supply AID Converter-Analog 
17 -5V Supply AID Converter-Analog 37 GND of Ref. Voltage AID Converter 
18 Clock Input AID Converter-Analog 38 External Analog Input 
19 +5V Supply AID Converter 39 Output Signal Switchover Input 
20 Peak Clamping Enable Input 40 + 5V Supply D/A-Analog 

EVALUATION CIRCUIT 

OIA ouT-<:J---------dT1"'C"""Jr-:;4010 b------c + 5V 

-5v~-----~]1 

EXT. SIGNAL 

[[}--------c +5V 

D/AIN 
~AGND 

,+, DGND 

D/ACLOCK I---::>-------~]I 

AID CLOCK 

,f1---+.:.u-------+--If-----<L.....J AID IN 

KSV3110 KEY PULSE 

-5V~+5V 
910 1K 560 

Fig. 2 

c8SAMSUNG 
Electronics 

38 



PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Symbol Value Unit 

Positive Supply Voltage Vcc -0.5 to + 6 V 
Negative Supply Voltage VEE +0.5 to -6 V 
Input Voltages (digital) VOl -0.5 to +5.5 V 
Input Voltages (analog) VAi -0.5 to +5.5 V 
Digital Output Applied Voltage VDO -0.5 to +5.5 V 
Digital Output Forced Current IDo -2.0 to +6.0 mA 
Digital Output Short .Time tSHORT 1 sec 
Analog Output Applied Voltage VAO -0.5 to +5.5 V 
Analog Output Forced Current lAO . -10 to +0.5 mA 
Ambient Operating Temperature TA -25 to +85 degree 
Storage Temperature Range Tstg -40 to + 125 degree 

I 
I 

NOTE: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within 
specified operating conditions. I 

2. Functional operation under any of these conditions is NOT implied. 
3. Applied voltage must be current limited to specified range. 
4. Current is specified as positive when flowing into the device. 

, 

I 

OPERATING CONDITIONS 

Characteristics Symbol Min Typ Max Unit 

Positive Supply Voltage Vcc 4.75 5.0 5.25 V 
Negative Supply Voltage VEE -4.75 -5.0 -5.25 V 

AID Converter 
Clock High Time (1) tCKH1 15 ns 

Clock Low Time (1) tCKl1 25 ns 

Clamping Pulse High Time tClPH 1 1"5 

Clamping Pulse Low Time tClPl 1 1"5 

Digital Input High Voltage (1) Vn"" 2.0 V 

Digital Irput Low VollI,oa iii VOIL1 0.8 V 

Digital Outout Mlgh Current 100H -400 I"A 

Dioitol Output Low Current IDOL 2.4 mA 

Peak Clamping Resistance R20 20 39 60 Kohm 

Analog Input Voltage VAi 0 Vref V 

Clamping Level V22 -1 2 V 

D/A Converter 
Clock High Time (2) tCKH2 20 ns 

Clock Low Time (2) tCKL2 20 ns 

(Continue) 
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PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

OPERATING CONDITIONS (C6ntinUed) 

Characteristics • Symbol Min Typ Max Unit 

Switch Over Pulse High Time t39H 1 1'5 
Switch Over Pulse Low Time t39L 1 1'5 
Digital Input High Voltage (2) VOIH2 2.0 V 
Digital Input Low Voltage (2) VOIL2 0.8 V 
Digital Input Set-up Time tSET 15 ns 
Digital Input Hold Time tHOLD 12 ns 
External Analog Input Voltage V3fJ -1 3 V 
Ambient Temperature TA 0 70 degree 

ELECTRICAL CHARACTERISTICS (within specified operation condition) 

Characteristics Symbol Condition Min Typ Max Unit 

Positive Su pply Current lee Vee = Max 105 140 mA 
Negative Supply Current lEE VEE = Max -95 -130 mA 

AID Converter 
Analog Input Bias Current lAIN VAI=2.0V. VEE=Max 5 I'A 
Analog Input Capacitance CAIN 5 pF 
Analog Input Resistance RAIN FAIN = 100KHz 100 Kohm 
Total String Resistance RSTRING R(pin 25-pin 37) 350 450 550 ohm 
Reference Voltage VREF Vpln 25 1.8 2.2 V 
Clock High Current leKH' VeK=2.4V. Vee = Max 50 I'A 
Clock Low Current leKL1 VeK =O.4V. Vee = Max -800 I'A 
Clamping Pulse High Current leLPH VeLP=2.4V. Vee = Max 8 50 I'A 
~:~:ttl:9 Pulse Low Current leLPL VeLP = O.4V. Vee = Max -500 I'A 

~g~ a Ul!J~' '-I;"h Voltage VOOH looH = O.4mA Vee = Min 2.4 V 
Digital Output Low Vo,,~ .. _ 11\ VOOL1 looL=1.6mA Vee = Min 0.5 V 
Digital Output Low Voltage (2) '1 -"'" '} looL=2.4mA Vee = Min 0.7 V 
Maximum Conversion Rate FAS \/"". VEE = Min 20 MSPS 
Aperture Delay Time tAP Vee. VEE = Min -10 0 ns 
Digital Output Delay to Vee. VEE=Min 1<; 20 ns 
Clamp Level Sink Current 122 Peak: off. Keyed: off 0 ISO I'A 
Peak Clamp Level Difference 6 VPEAK V22 V2, -250 -100 0 my 
Keyed Clamp Level Difference 6VKEy V22 V2, -60 mV 
Peak Clamp Charge Resistance RPEAK 6 V2,/6122• V2, < V22 150 ohm 
Keyed Clamp Charge Resistance RKEy 6V2,/6b2. V2,<V22 150 ohm 
Keyed Clamp Discharge Current IKEy V2,>V22 100 I'A 
Static Diff. Non Linearity SDNL1 F'N = 1KHz CK= 1MHz 0.2 % 
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PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristics Symbol Condition Min Typ Max Unit 

Dynamic Diff. Non Linearity DDNL A'N = 1.02MHz CK = 10MHz 0.3 % 
A'N = 6.001SMHz 

CK=25MHz (37.5% DUTY) 0.6 % 
Dynamic Integral Non Linearity DINL A'N=1.02MHz CK=10MHz O.S % 
Full Power Input Band Width BW 6 MHz 
Full Code Offset Error EFuLL (Full Code Input) - VREF 0 +100 +200 mV 
Zero Code Offset Error EzERo (Zero Code Input) - VREF -100 +40 + 100 mV 
Signal to Noise Ratio SNR A'N=1.02MHz CK=10MHz 42 dB 
(RMS SignaliRMS Noise) A'N = 1.02MHz CK = 20MHz 35 dB 

A'N = 3.601 MHz 

I 

II 
CK = 25MHz (37.5% DUTY) 30 34 dB 

Differential Gain Error DG A'N = 3.579545M Hz 
CK = 14.31SMHz -1 3 % 

Differential Phase Error DP A'N = 3.579545M Hz 
CK= 14.31SMHz -2 2 degree 

D/A Converter 
Digital Input High Current 10lH2 Vee = Max, V01H2 =2.4V 50 p.A 
Digital Input Low Current IOIH2 Vee=Max, VOIl2 =O.4V -500 p.A 
External Input Bias Current 138 Vee = Max, V38= 3V 10 p.A 
External Input Capacitance C38 5 pF 
External Input Equ. Resistance R3B F38 = 10KHz 1 Mohm 
External Amp. Offset Error EOFFSET V38= -1V -100 100 mV 
External Amp. Gain Error EGAIN [(V11V3S) -1J*100 -5 5 % 
Max. Data Conversion Rate Foe 20 MSPS 
Analog Output Delay to 25 ns 
Settling Time tSET settle to 0.2% 40 ns 
Rising Time tR 10% to 90% 50 ns 
Falling Tirne tF 90% to 10% 35 ns 
Glitch Amplitude GA SO mV 
Glitch Duration Go 7 ns 
Glitch Energy GE 250 pV·sec 
Static Diff. Non Linearity SDNL2 KSV3110-10 0.05 % 

KSV3110·9 0.1 % 
KSV3110-B 0.2 % 

Static Integral Non Linearity SINL 1 % 
Full Scale Output Voltage VFULL Vee=typ, VEE=tyP 1.B 2.2 V 
Zero Scale Output Voltage VZERO Vee = typ, VEE = typ -60 +60 mV 

c8SAMSUNG 
Electronics 

41 



PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

MARKING SPECIFICATIONS (Ordering Information) 
KSV3110 has three kind of version according to the accuracy bit (so called 'precision') of D/A Converter, and 
their marking specifications are as follow: 

DIA Converter AID Converter 
Marking Spec. 

Accuracy Bit 

KSV3110·10 10 BIT 

KSV3110·9 9 BIT 

KSV3110·8 8 BIT 

TIMING DIAGRAM 

Clock ADC 

Analog 
input 

Data Out 

Clock DAC 

Data In 

Analog Output 

c8SAMSUNG 
Electronics 

Difl. Nonlinearity Difl. Nonlinearity 
Package Temp. Range 

0.05% 

0.1% 

0.2% 

,....-_.-.Jr _____ I 

Fig. 3 

0.2% 

AID 
Converter 

.40 DIP 0- + 70°C 

CD Sample 
CD Aperture Delay 
® Digital Output Delay 
o Data Valid (after Sample CD) 

D/A ® Transfer Time AID 
Converter ® Total Transfer Time AID. 

DIA with Common Clock 
CD Input Register Hold Time 
® Input Register Setup Time 

42 



PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

PACKAGE LAYOUT 

I 

I 

AID OUT I 
I 

Fig. 4 

DESCRIPTION OF THE CONNECTION AND THE SIGNALS 

Pin No. Description 

Pin 1 Analog Output D/A Converter 
This pin whose diagram is shown in Fig. 7, is the output for the processed analog 
signal either originating from the D/A converter or from the external analog input 
pin 38. 

Pin 2 - 5 Volt Supply D/A Converter, Analog 
This pin gets the negative supply for the analog part of the D/A converter 

Pin 3 - 5 Volt Supply D/A Converter, Digital 
This pin gets the negative supply for the digital part of the D/A converter. 

Pin 4 to 13 Digital Inputs Bit 9 to Bit 0 
This diagram of these pins is shown in Fig. 5. They are the inputs of the D/A 
converter and not·used inputs should be connected to the ground. 

Pin 14 + 5 Volt Supply D/A Converter, Digital 
This pin gets the positive supply for the digital part of the D/A converter. 

Pin 15 Clock Input D/A Converter 
This pin whose diagram is shown in Fig. 5 must be supplied with the clock signal 
for the D/A converter. 

Pin 16 Ground D/A Converter and Clock AID Converter 
This pin serves as ground pin for the D/A converter and for the clock of the AID 
converter. 
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PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

DESCRIPTION OF THE CONNECTION AND THE SIGNALS (Continued) 

Pin No. Description 

Pin 17 - 5 Volt Supply AID Converter, Analog 
This pin is the negative supply pin for the analog part of the AID Converter. 

Pin 18 Clock Input AID Converter 
The diagram of this pin is shown in Fig. 5 Pin 18 is supplied with the clock of the 
AID converter. 

Pin 19 + 5 Volt Supply AID Converter 
Via this pin the AID converter gets its positive supply. 

Pin 20 Peak Clamping Enable Input 
Via pin 20 whose diagram is shown in Fig. 6, the peak clamping facility can be 
enabled. 

Pin 21 Analog Input AID Converter 
Fig. 7 is the diagram of this input. To pin 21 is applied the analog signal to be 
converted into digital. 

Pin 22 Clamping Level Input 
Via this pin whose diagram is shown in Fig. 6, the input of the AID converter is 
supplied with the desired clamping level. 

Pin 23 Clamping Pulse Input 
Pin 23 must be supplied with the key pulse if keyed clamping is required. 

Pin 24 Analog Ground AID Converter 
This pin serves as ground pin for the analog part of the AID converter. 

Pin 25 Reference Voltage AID Converter 
This pin whose diagram is shown in Fig. 8, is intended for connecting a 
decoupling capacitor to the AID converter'S reference voltage, the other end of this 
capacitor to pin 37. 

Pin 26 + 5 Volt Supply AID Converter, Digital 
This pin is the positive supply pin for the digital part of the AID converter. 

Pin 27 to 34 Digital Outputs Bit 7 to Bit 0 
Fig. 9 shows the diagram of these outputs which supply the digitized analog 
signal in parallel 8·bit code. 

Pin 35 Digital Ground AID Converter 
This pin is the ground connection for the digital part of the AID converter. 

Pin 36 + 5 Volt Supply AID Converter, Analog 
This pin is the positive supply pin for the analog part of the AID converter. 

Pin 37 Ground of Reference Voltage AID Converter 
To this pin must be connected the ground end of the decoupling which is at pin 25. 

Pin 38 Extemal Analog "I nput 
The diagram of this input is shown in Fig. 10. Pin 38 serves for feeding an external 
analo\fsignal into the output amplifier of the KSV3110 instead of the D/A·converted 
signal originating from pin 4 to 13. 

Pin 39 Output Signal Switchover Input 
This pin whose diagram is shown in Fig. 5, is intended for enabling the external 
analog signal fed to pin 38. 

Pin 40 + 5 Volt Supply Converter, Analog 
This pin is the negative supply pin for the analog parts of the DIA converter. 
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PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

INNER CONFIGURATION OF THE CONNECTION PINS 
The following figures schematically show the circuitry at the various pins. 

+5V 

220---1--.----*--+--+--*---' 

'---+-__ +-_ Clamping 
Pin 21 x I 

i 

x 

_*--_____ +--__ -5V 

Fig. 5: Pins 4 to 13, 15, 18, 23 and 39, Inputs 

Fig. 6: Pins 20 and 22, Inputs 

+5V +5V 

Fig. 7: Pin 1, Output x 

---+--4_ ___ -1--0 

______ .......... _-5V 

Fig. 8: Pin 25, Reference Voltage Pin 
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KSV3110 

+5V 

x 

__________________ ~---5V 

Fig. 9: Pins 27 to 34, Outputs 

PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

x 

Fig. 10: Pin 38, Input 
x = protection diode 

RECOMMENDED APPLICATION CIRCUIT 

Keyed 
Clamping 

-5V 

Fig. 11: Operation with peak clamping 

KSV3110 

The input signal is clamped automatically to the negative peak value. Pin 20 is connected to + 5V via a 39KO resistor, 
and pin 22 (clamping level input) is connected, as desired, to zero or a voltage between - 1 and + 2V. The input 
signal is fed to pin 21 by way of a coupling capacitor, and no key pulse (clamping pulse) is needed. 
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PRELIMINARY 
KSV3110 LINEAR INTEGRATED CIRCUIT 

DC Coupled 
Video Signal 

Keyed 
Clamping 

KSV3110 

Fig. 12: Operation without clamping of the input signal 

lideo Signal 

Pin 20 (peak clamping enable input) should be opened, while pin 23 (clamping pulse input) remains at OV. The input 
signal is applied to the analog input, pin 21, without coupling capacitor such that it lies between 0 and + 2V. 

l-k+ 5V 

560 

1K 

I 910 
10n 

-5V 

JLJL 
KSV3110 

Fig. 13: Operation with keyed clamping 
The input signal is applied to pin 21 through a coupling capacitor. Pin 20 must not be connected. While the input 
signal is at the desired clamping level, an high-level is applied at the clamping pulse input, pin 23. By this means 
the clamping switch in the KSV3110 connects the input with the clamping level at pin 22 and recharges the coupling 
capacitor accordingly. The clamping level can be set to zero or, by means of an external voltage devider, to any 
desired value between - 1 and + 2V. 
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PRELIMINARY 
KSV3208 LINEAR INTEGRATED CIRCUIT 

HIGH·SPEED AID CONVERTER 
Samsung KSV3208, VLSI circuit in CI (Collector Implanted) technology, 
consists of a high-speed flash-type 8-bit AID converter_ Also, the various 
auxiliary circuits, as reference voltage sources, pre-amplifier, input 
clamping circuits are integrated on the single chip. 

KSV3208 has been developed for use in all applications which call for 
a high-speed AID converter. 

For instance, this VLSI circuit can be used to advantage to decode 
television signals in Pay-TV converters or for MAC converters used in 
direct satellite broadcast. 

Other promising applications can be seen in industrial electronics, e.g. 
in conjunction with signal processing. 

Although KSV3208 was initially designed as high-speed converter for 
video frequency range, it can be used with equal benefits for lower 
frequencies, even down to zero. 

28 DIP 

ORDERING INFORMATION 

BLOCK DIAGRAM 

IN 

Keyed 
Clamping I 

I 
___ 1 

Voltage 
Reference 

Flash 
AID 
Converter 
B Bits 

Clock 

KSV3208 

ECL 

22r_---{ r_--------------------~17r_--------------------------~ 

Fig. 1 

The auxiliary circuits contained on-chip provide versatile potential applications needing a minimum of external 
components. For example, an impedance converter is connected upstream of the AID converter to provide a high
impedance signal input in spite of the high input capacitance of the AID converter. The reference voltage for the 
AID converter is generated on-chip, but both the ground of the circuit and the reference voltage are fed to pins, 
so that an external filter capacitor may be connected. 

Further, the input is equipped with switches which optionally provide operation with keyed clamping of peak 
clamping or without clamping. 

All inputs and.outputs are TIL compatible. 
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PRELIMINARY 
KSV3208 LINEAR INTEGRATED CIRCUIT 

PIN DESCRIPTION 

Pin No. Description 

1 GND of Reference Resistor String 
2 + 5V Supply of ECl logic Part, Digital 
3 GND of ECl to TTL Translator Part, Digital 
4 Digital Output Bit 0 (lSB) 
5 Digital Output Bit 1 
6 Digital Output Bit 2 
7 Digital Output Bit 3 
8 Digital Output Bit 4 
9 Digital Output Bit 5 

10 Digital Output Bit 6 
11 Digital Output Bit 7 (MSB) 
12 + 5V Supply of TTL Output Part, Digital 
13 No Connection 
14 GND of ECl logic Part, Digital 
15 GND of Input Stage, Analog 
16 + VAEF, Reference Voltage Point of Resistor String 
17 Clock Input 
18 No Connection 
19 + 5V Supply of Input Stage, Analog 
20 - 5V Input Stage, Analog 
21 Clamping Pulse Input 
22 Clamping level Input 
23 Analog Signal Input 
24 Peak Clamp Enable Input 
25 No Connection 
26 No Connection 
21 GND of ECl Clock Part, Digital 
28 - 5V Supply of ECl logic Part, Digital 

RECOMMENDED OPERATING CIRCUIT 

+5V 

DO 

01 

VAGNO 

02 

OUT 
03 

04 

rh OGNO 
05 

06 

07 

+5V 

NC 
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PRELIMINARY 
KSV3208 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Symbol Value Unit 

Positive Supply Voltage Vee -0.5 to +6 V 
Negative Supply Voltage VEE -0.5 to +6 V 
Digital Input Voltage VOl -0.5 to 5.5 V 
Analog Input Voltage VAl -0.5 to 5.5 V 
Digital Output Applied Voltage VDO -0.5 to 5.5 V 
Digital Output Forced Current 100 -2.0 to 6.0 V 
Single Digital Output 

tshort 1 sec 
Short Time Duration 

Ambient Operating Temperature TA -25 to +85 °C 
Storage Temperature Tstg -40 to + 125 °C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within 
specified operating conditions. 

2. Functional operation under any of these conditions is not implied. 
3. Applied voltage must be current limited to specified range. 
4. Current is specified as positive when flowing into the device. 

RECOMMENDED OPERATING CONDITIONS 

Characteristics Symbol Min Typ Max Unit 

Positive Supply Voltage Vee 4.75 5 5.25 V 
Negative Supply Voltage VEE -4.75 -5 -5.25 V 
Analog Input Voltage VAl 0 - Vref V 

Analog Input Frequency f, - - fekl2 -
Digital Input High Voltage VDlH1 2.0 - - V 
Digital Input Low Voltage VDIL1 0 - 0.8 V 
Conversion Rate f17 0 - 20 MSPS' 
Clock High Time 1 (See Fig. 3) teKHl 15 - - ns 
Clock Low Time 1 (See Fig. 3) teKLl 25 - - ns 

Clamping Level V22 -1 - +2 V 
Clamping Pulse High Time teLPH 1 - - p's 
Clamping Pulse Low Time teLPL 1 - - p's 
Digital Output High Current IDOH - - -400 p.A 
Digital Output Low Current IDOL - - 3 mA 
Resistance for Peak Clamping Rpin20 20 39 60 KO 
Ambient Temperature Ta 0 - 70 °C 

• MSPS (Mega Sample Per Second) 

ELECTRICAL CHARACTERISTICS (Vee = +5V, VEE= -5V, f17 =20MHz, Ta=25°C) 

Characteristics Symbol Condition Min Typ Max Unit 

Positive Supply Current Icc Vee= Max - 100 120 mA 

Negative Supply Current lEE VEE = Max - -76 -100 mA 

Analog Input Bias Current lAIN VAI=2.0V, VEE=Max - - 5 p.A 

Analog Input Capacitance CAIN - 5 - pF 
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PRELIMINARY 
KSV3208 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (VCc= +5V, VEE=-5V, f17 =20MHz, Ta=25°C) 

Characteristics 

Analog Input Equ. Resistance 

Total String Resistance 

Reference Voltage 

Clock High Current 

Clock Low Current 

Clamping Pulse High Current 

Clamping Pulse Low Current 

Digital Output High Voltage 

Digital Output Low Voltage 

Maximum Conversion Rate 

Aperture Delay Time 

Digital Output Delay 

Clamp Level Sink Current 

Clamping Level Source Current 

Peak Clamp Level Difference 

Keyed Clamp Level Difference 

Peak Clamp Charge Resistance 

Keyed Clamp Charge Resistance 

Keyed Clamp Discharge Current 

Static Differential Non Linearity 

Dynamic Differential Non Linearity 

Full Power Input Bandwidth 

Full Code Offset Error 

Zero Code Offset Error 

Signal to Noise Ratio 

(RMS SignaliRMS Noise) 

Differential Gain Error 

Differential Phase Error 

TIMING DIAGRAM 

Clock ADC 

Analog 
Input 

Data Out 
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Symbol 

RAIN 

Rstring 

Vref 

ICKH' 

IcKl, 

IClPH 

IClPl 

VOOH 

VOOl 

FAS 

tAP 

to 

122sNK 

122soR 

6 VPeak 

6 VKeyed 

Rpeak 

RKey 

IKey 

SDNL 

DDNL 

BW 

EFul1 

Ezero 

SNR 

DG 

DP 

Fig. 3 

Condition Min Typ Max 

FAIN = 100KHz 100 

R(Pin 16- pin 1) 120 200 300 

Vpin 16 1.8 2.0 2.2 

Vcc=Max, VcK =204V 50 

Vcc= Max, VcK=Oo4V -800 

Vcc=Max, VclP =204V 50 

Vcc = Max, VelP = Oo4V -500 

Vec=Min,looH=Oo4mA 204 

Vce=Min,lool=3mA 004 

Vec = Min, VEE = Min 20 

Vcc=Min, VEE=Min -10 0 

Vcc=Min, VEE=Min 15 20 

Peak: off, Keyed: off 0 150 

Peak or Keyed: on -250 0 

V22 - V2, -250 -100 0 

V22 - V21 -60 0 

6 V2,/612" V2, < V22 150 

6V2,/612" V2,<V22 150 

V21 > V22 100 

A'N=1KHz, CK=1MHz 0.2 

A'N=1.02MHz, CK=10MHz 0.3 

A'N=6.0018MHz, CK=25MHz 0.6 

6 

(Full Code Input) - (V,etl 0 +200 

(Zero Code Input) - (V37) -100 + 100 

A'N = 1.013M Hz, CK = 25M Hz 40 

A'N = 3.601 MHz, CK = 25MHz 36 39 

A'N = 3.58649MHz, CK = 14.318MHz -2 2 

A'N = 3.58649MHz, CK = 14.318MHz -2 2 

CD Sample 
® Aperture Delay 
CD Digital Output Delay 
<D Data Valid (after Sample CD) 
® Transfer Time AID 

Unit 

Kn 

ohm 

V 

p.A 

p.A 

p.A 

p.A 

V 

V 

MSPS 

ns 

ns 

p.A 

p.A ..... 

mV 

mV 

ohm 

ohm 

p.A 

% 

% 

% 

MHz 

mV 

mV 

dB 

dB 

% 

°C 
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PRELIMINARY 
KSV3208 LINEAR INTEGRATED CIRCUIT 

INNER CONFIGURATION OF THE CONNECTION PINS 
The following figures schematically show the circuitry at the various pins. 

---~-~~-+5V 

x 

--~~-~~-o 

------......... --5v 

Fig. 4: Pin 4 to 11, Outputs 

----~~-----,~--+5V 

x 

~ _______ ____< ____ 5V 

Fig. 6: Pin 17, 21 Input 

-----~~---+5V 

PIN 23 C>---r---+--I 

~-~-~-+--O 

--+-----+-----01-~---5V 

Fig. 8: Pin 23, Input 
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___ ~~_--:-_+5V 

x· 

______ ---<_-5V 

Fig. 5: Pin 16, Reference Voltage 

-------T-----,r--------.~+5V 

22 o---+~--4----4-+_---~ 
L-+-___ +--_~~nA~:ING 

--T-~---+_-O 

x 

-+--+-----"--~"------<~--5V 

Fig. 7 Pins 22 and 24, Inputs 

x: Protection Diode 
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PRELIMINARY 
KSV3208 LINEAR INTEGRATED CIRCUIT 

DESCRIPTION OF THE CONNECTIONS AND THE SIGNALS 

Pin No. Description 

Pin 1 GN D of Reference Resistor String 
This pin must be connected to the ground of the decoupling capacitor 
whitch is at pin 16. 

Pin 2 + 5 Volt Supply of ECl logic Part, Digital 
This pin is the positive supply pin for the ECl logic part. 

I 

. Pin 3 Digital Ground of ECl. to TTL Translator Part . 
This pin is the digital ground connection for the TTL output stage 
where ECl level is translated to TTL level. 

Pin 4 to Pin 11 Digital Outputs Bit 0 to Bit 7. 
Fig. 4 shows the diagram of there outputs which supply the digitized 
analog signal in parallel 8·bit code. 

Pin 12 +5 Volt Supply off TTL Output Part, Digital 

. I 

I 
This pin is the digital positive supply pin for the TTL output stage 
where Eel level is translated to TTL level. 

Pin 14 Digital GND of ECl logic Part 
This pin serves as the digitai' ground for the ECl logic part. 

" 
Pin 15 Analog GND of Input Stage 

This pin serves as the analog ground for the input stage; 
buffer amp, bandgap reference, clamp block. 

Pin 16 + VREF, Reference Voltage Point of Resistor String 
This pin whose diagram is shown is Fig. 5, is intended for connecting a 
decoupling capacitor to the AID converter's reference voltage. The other end 
of this capacitor is connected to pin 1. (GND of Reference Resistor String). 

Pin 17 Clock Input 
The diagram of this pin is shown in Fig. 6. 
Pin 17 is supplied with the clock of AID converter. 

Pin 19 + 5 Volt Supply of Input Stage, Analog 
This pin is the analog positive supply pin for the input stage; 
bandgap reference. 

Pin 20 - 5 Volt Supply of Input Stage, Analog 
This pin is the analog negative supply pin for the input stage; 
buffer amp, bandgap reference, clamp block. 

Pin 21 Clamping Pulse Input 
Fig. 6 is diagram of this pin. Pin 21 must be supplied with the key pulse 
i(keyed clamping is required. 

Pin 22 Clamping level Input 
Via this pin whose diagram is shown is Fig. 7, the input of the AID 
converter is supplied with the desired clamping level. 

Pin 23 Analog Signal Input 
Fig. 8 is the diagram of this input. To pin 23 is applied the analog signal 
to be converted into digital. 

Pin 24 Peak Clamp Enable Input 
Via pin 24 whose diagram is shown in Fig. 7, the peak clamping facilities 
can be enable. 

Pin 27 Digital GND of ECl Clock Part 
This pin serves as the digital ground for the ECl clock block. 

Pin 28 - 5 Volt Supply of ECl logic Part, Digital " ., 

This pin is the digital negative supply for the ECl logic part. 
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KSV3208 

APPENDIX: APPLICATION CIRCUITS 

DC COUPLED 
Video Signal 

Keyed 
Clamping 

Fig. 9: Operation Without clamping of the input signal 

PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

Voltage 
Reference 

Flash 
AID 
Converter 
8 Bits 

ECl 

Pin 24 (peak clamping enable input) should be opened, while pin 21 (clamping pulse input) remains at OV. 
The input signal is applied to the analog input, pin 23, without coupling capacitor such that it lies between 
a and +2V 

0.47" 

Keyed 

r-t-_c_l_amPing 

+ 23~------~----~ 
Video Signal IN 

39K 

560 

t-----~1K 

110n 910 

Fig. 10: Operation with peak clamping 

+5V 

-5V 

Voltage 
Reference 

Flash 
AID 
Converter 
8 Bits 

ECl 

The input signal is clamped automatically to the negative peak value. Pin 24 is connected to + 5V via a 
39Kohm resistor and pin 22 (clamping level input) is connected, as desired, to zero or a voltage betgween 
-1 and + 2V. The input signal is fed to pin 23 by way of a coupling capacitor, and no key pulse (clamping 
pulse) is needed. 

c8SAMSUNG 
Electronics 

54 



KSV3208 

Keyed 
Clamping 

Fig. 11: Operation with keyed clamping 

-5V 

PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

Voltage 
Reference 

Flash 
AID 
Converter 
8 Bits 

The input signal is applied to pin 23 through a coupling capacitor. Pin 24 must not be connected. While 
the input signal is at the desired clamping level, an high·level is applied at the clamping pulse input, pin 
21. By this means the clamping switch in the KSV3208 connects the input with the clamping level at pin 
22 and recharges the coupling capacitor accordingly. The clamping level can be set to zero or, by means 
of an external voltage devider, to any desired value between -1 and + 2V. 
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PRELIMINARY 
KAD0206 LINEAR INTEGRATED CIRCUIT 

HIGH SPEED AID CONVERTER 

The KAD0206 is a monolithic 6 bit flash type ADC in 
which 21'm bipolar process is applied. Signal transfor
mation up to 20 MSPS is available in the device and it 
is also ideal for converting wide band analog signal into 
digital signal. 
The device has three different clamping functions. Also 
the range of optional extemal circuit can be easily modi
fied into input dynamic range. Each clamping stages 
supplements keyed clamping function and peak clamp
ing function which can be selected according to its use. 
Since the device has a large input resistance and small 
analog input capacitance, the input signal can be direct
ly processed without buffer. Moreover, in order to sim
plify the application circuit, two different bandgap 
reference are provided for the top and the bottom of 
resistor string. Output data enable function quarentees 
easy applications of this data converter. 

FEATURES 
• Resolution: 6 Bit 
• Linearity error: under :t 1/2 LSB 
• Maximum conversion rate: 20 MSPS 
• Input full power bandwidth: 6 MHz 
• Analog input dynamiC range: 2.65V - 5.0V 
• Clamp range: 2.65V - 3.75V 
• Clock, enable, key pulse: TIL, CMOS compatible 

BLOCK DIAGRAM 

30 SDIP 

• Data output level: TIL 
• Single power supply: 5:t 0.25V 
• Low power dissipation: 300 mW (typ.) 
• Data out enable: Active high or open 
• Keyed clamp pulse input: Active high 
• Pipe line delay: 0 clock 
• Built·in 3.7SV, 2.75V bandgap reference circuit 
• Package: 30 SDIP 32 SOIC 

PEAK KEY LEVEL PEAK KEY LEVEL PEAK KEY LEVEL 

Y CLAMP o~~f::::JY c~_MP1---,1 Lo-I f_, 1r--MP Y----,I I. U) 
RCLAMP 0 J 
B CLAMP 0 

1 

---0 AVec 
---0 AGND 

V-TOP~ ~ 
~ 

R 

-TOPo---~~~------~ 
Dl(MSB) 

D2 
R 

03 

ENCODER LATCH ECUTTL 
D4 

D5 

R-BOITOMO-~~~1-~+---~~ D6(LSB) 

Rl2 
---0 DVcc(ITL) 

- BOITOM 0---1 ---oovcc 
---ODGND 

INPUT CLOCK ENABLE 
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KAD0206 

TIMING DIAGRAM 

ANALOG 

INPUT 

PIN CONFIGURATION 

R·BOnOM 
10 

VREF·BOnOM 2 

TVee 3 

DISABLE 

D6(LSB) 5 

D5 6 

D4 

D3 8 
KAD0206 

D2 

D1(MSB) 10 

CLOCK 11 

AGND 12 

AVec 13 

DVee 14 

AIN 15 

(TOP VIEW) 

30 SDIP 
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PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

II 
--+~----1/fC-------1 I 

X DATAN+1 >C 
---~~--

R·BonOM 32 DGND 

30 DGND 
VREF·BOnOM 31 R·TOP 

29 R·TOP 
TYee 30 VREF·TOP 

28 VREF·TOP 
N.C. 29 N.C. 

27 KEYED PULSE(Y) 
DISABLE KEYED PULSE(Y) 

26 PEAK(Y) D6(LSB) 27 PEAK(Y) 

25 CLAMP OUT(y) 
D5 CLAMP OUT(Y) 

24 CLAMP LI'VEL(Y) KAD0206 CLAMP LEVEL(Y) 

23 KEYED PULSE(R) KEYED PULSE(R) 

22 PEAK(R) 
23 PEAK(R) 

21 CLAMP OUT(R) CLAMP OUT(R) 

20 CLAMP LEVEL(R) CLAMP LEVEL(R) 

19 KEYED PULSE(B) KEYED PULSE(B) 

18 PEAK(B) 

17 CLAMP OUT(B) 0 PEAK(B) 

CLAMP OUT(B) 

16 CLAMP LEVEL(B) CLAMP LEVEL(B) 

(TOP VIEW) 

32 sOle 
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PRELIMINARY 
KAD0206 liNEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristics Symbol Value Unit 

Supply Voltage VCCA, VCCD - 0.5 to 6.0 V 
Supply Difference VCCA-VCCD -0.5 to 0.5 V 
Digital Input Voltage VDIN - 0.5 to 6.0 V 

, Reference Voltage, Difference VRT - VAB - i.St:01.5 v 
Reference Voltage VRT, VRS 2,5 to 6.5 V 
Digital Output Current (Low) 10L 6 mA 
Digital Output Current (High) 10H 2 mA 
Ambient Operating Temperature Range T. - 25- 95 °C 
Storage Temperature Range Tst9 - 55 -125 °C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within 
specified operating conditions. 

2. Functional operation under any of these conditions is not implied. 
3. Applied voltage must be current limited to specified range. 
4. Current is specified as positive when flowing into the device. 

RECOMMENDED OPERATING CONDITIONS 

Characteristics Symbol Min Typ Max Unit 

Supply Voltage VCCA, VCCD 4.75 5.0 5.25 V 

Supply Difference VCCA - VCCD -0.05 0 0.05 V 

Reference Voltage Difference VAT - VAB 0.8 1.0 1.2 V 

Analog Input Voltage VAIN VAB - VAT V 

Top Reference Voltage VAT 3.45 3.75 5.25 V 

Bottom Reference Voltage VAB 2.65 2.75 4.45 V 
r----

Clock High Time tPWH 25 ns 

Clock Low Time tPWL 25 ns 

Digital Input Voltage, Low V'L O.B V 

Digital Input Voltage, High V,H 2.0 V 

Clamp Level Range Vclamp 2,65 3.75 V 

Peak Clamp Enable Resistor Rpeak 2 3 5 Kohm 

Ambient Operating Temperature Range T. 0 70 °C 

Digital Output Current, Low 10L 4 mA 

Digital Output Current, High 10H -0.4 mA 
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PRELIMINARY 
KAD0206 LINEAR INTEGRATED CIRCUIT 

D.C. ELECTRICAL CHARACTERISTICS WITHIN SPECIFIED CONDITION 

Characteristics Symbol Test Condition Min Typ Max Unit 

Supply Current Icco+ ICCA Vcc=Max 60 80 rnA 

Reference Current IREF VAT -VAB =1V 5 8 rnA 

Reference Resistor RAEF Ta=25·C 140 200 260 ohm I 

Analog Input Equivalent Resistor RAIN VAIN = VAT 100 Kohm 

An,!log Input Capacitance CAIN VAIN = VAT 30 60 pF 

Analog Input Current lAIN Vcc=Max, VAIN = VAT 40 70 I'A 

Digital Input Current, Low I'L Vee = Max, V, = 0.4V -100 -400 I'A 

Digital Input Current, High I'H Vce = Max, V, = 2.4V 100 200 I'A 

Digital Maximum Input Current 1'M Vee = Max, V, = 5.25V 500 I'A 

I 

II 
I 

I 

Output Voltage, High VOH Vee=Min,loH=Max 2.7 V 

Output Voltage, Low VOL Vee=Min,loL=Max 0.4 V I 

Clamp Level Input Current 1 leLAMP(1) VLEVEL=3.0V, Key='H' 10 30 I'A 

Clamp Level Input Current 2 leLAMP(2) V LEVEL = 3.0V, Key = 'L' 20 40 I'A 

Keyed Clamp Out Level Difference 6 VeLAMP VLEVEL=3.0V, Key='H' -100 0 100 mV I 
Bottom Bandgap Reference Voltage VBTM Ta=25·C 2.65 2.75 2.85 V 

Top Bandgap Reference Voltage VTOP Ta=25·C 3.65 3.75 3.85 V 

Reference Voltage Variation 6(VT-VB) Ta=O·C -70·C 28 mV 

A.C. ELECTRICAL CHARACTERISTICS WITHIN SPECIFIED CONDITION 

Characteristics Symbol Test Condition Min Typ Max Unit 

Maximum Conversion Rate Ie Vee= Min 20 MSPS 

Sampling Time Offset tsm Vee = Min 20 ns 

Digital Output Delay to Vee= Min 20 ns 

PERFORMANCE CHARACTERISTICS WITHIN SPECIFIED CONDITION 

Characteristics Symbol Test Condition Min Typ Max Unit 

Differential Linearity Error ELo Vee=Typ ±0.8 % 

Integral Linearity Error ELI Vee=Typ ±0.8 % 

Full-Power Input Bandwidth BW fe = Max 6 MHz 

Top Offset Error EaT VAIN = VAT 50 mV 

Bottom Offset Error EOB VAIN = VAB -50 mV 

Differential Gain DP fe=4 fsc 2 ·C 

Differential Phase DG fe=4 fsc 2 % 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

8·BIT JlP·COMPATIBLE AID CONVERTERS 
WITH 8·CHANNEL MULTIPLEXER 

The KADOBOB/KADOB09 Analog to Digital converter is a monolithic 
CMOS device with an B·bit resolution, B·channel input multiplexer and 
microprocessor compatible control logic. It uses successive 
approximation as the conversion technique. 

The design of the KADOBOB/KADOB09 has been optimized by 
incorporating the most desirable aspects of several AID conversion 
techniques. The KADOBOB/KAD0809 offers high speed, high accuracy, 
minimal temperature dependence, excellent long·term accuracy and 
repeatability, and consumes minimal power. 

FEATURES 
• Total unadjusted error-:!: 112 LSB or :!: 1 LSB 
• Resolution-a·bits 
• Conversion time-1001'S 
• No missing codes 
• Latched TRI·STATE output 
• Easy interface to all microprocessors, or operates "stand alone" 
• Single supply-5 Voe 
• a·channel multiplexer with latched control logic 
• Outputs meet TTL voltage level specifications 

28 DIP 

• OV to 5V analog input voltage range with ORDERING INFORMATION 
single 5V supply 

• No zero or full·scale adjust required 
• Standard 2a·pin DIP package . 

Device Package Temperature Range 

KAD08081N 
28 DIP - 40·C - + 85·C 

BLOCK DIAGRAM 
KAD08091N 

Ditt. Nonlinearity 

:!: 1/2 LSB 

:!:1 LSB 
, 
I 

i-+-------{) END OF CONVERSION 
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ADDRESS 
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ANALOG /----1-1 
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LATCH AND 
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1 1'---------'1 
L __________ ...J 

LATCH 
BUFFER 

(EOC) 

vee GND REF( +) REF( _) 

OUTPUT (OE) 
ENABLE 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Note 1 & 2) 

Characteristic Symbol Value Unit 

Supply Voltage (Note 3) Vee 6.5 V 
Voltage at Any Pin Except Control Inputs V, - 0.3V - (Vee + 0.3V) V 
Voltage at Control Inputs V, -0.3V - + 15V V 
Package Dissipation at Ta = 25°C Po 875 mW 
Operating Temperature Topr - 40°C - + 85°C °C 
Storage Temperature Range T51g - 65°C - + 125°C °C 

ELECTRICAL CHARACTERISTICS 
Converter Specifications: Vee = 5 Voe= V,e"+I, V,e"_1 = GND, T, = T,= 20ns and felK = 640KHz unless otherwise 
stated. 

Characteristic Symbol Test Conditions Min Typ Max Unit 

KAD0808 
Total Unadjusted Error 25°C - - ± 1/2 LSB 
(Note 5) -40°C - 85°C - - ±3/4 LSB 

KAD0809 O°C - 70°C - - ±1 LSB 
Total Unadjusted Error 

+11 LSB (Note 5) -40°C - 85°C - - - 4 

Input Resistance Rref From Ref( +) to Ref( - ) 1.0 2.5 - Kn 

Analog Input Voltage Range Vin (Note 4) V(+) or V(-) GND-0.10 - Vee+ 0.1O V 

Comparator Input Current 100 fe = 640KHz, (Note 6) -2 ±0.5 2 ".A 

Analog Multiplexer 

OFF Channel Leakage Current 10FFI+1 
Vee =5V, V,N =5V, 

- 10 200 nA 
Ta=25°C 

OFF Channel Leakage Current 10FFI-1 
Vee =5V, V,N=O, -200 -10 - nA 
Ta=25°C 

Control Inputs 

Logical "1" Input Voltage V,H Vee- 1.5 - Vee V 

Logical "0" Input Voltage V'l - 1.5 ' V 

Supply Current Icc f elK = 640KHz - 0.3 3.0 rnA 

Logical "1" Output Voltage VOH 10= -360".A Vee- O.4 - V 

Logical "0" Output Voltage VOL 10= 1.6mA - 0.45 V 

Logical "0" Output Voltage EOC VOUTIOI 10= 1.2mA - 0.45 V 
-

Vo=5V - - 3 ".A TRI-STATE Output Current lOUT 
Vo=O -3 - - ".A 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
Timing Specifications Vee =V"fl+I=5V, V,efl_I=GND, t,=tf=20ns and Ta=25°C unless otherwise noted. 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Minimum Start Pulse Width tws (Figure 5) - 100 200 ns 

Minimum ALE Pulse Width tWAlE (Figure 5) - 100 200 ns 

Minimum Address Set·Up Time ts (Figure 5) - 25 50 ns 

Minimum Address Hold Time th (Figure 5) - 25 50 ns 

Analog MUX Delay Time 
td Rs = on (Figure 5) - 1 2.5 I'S From ALE 

OE Control to Q Logic State tH1 , tHO Cl = 50pF, Rl = 10K (Figure 8) - 125 250 ns 

OE Control to Hi·Z t ' H, tOH Cl = 10pF, Rl = 10K (Figure 8) - 125 250 ns 

Conversion Time teoN fe = 640KHz, (Figure 5) 90 100 116 I'S 

Clock Frequency felK 10 640 1280 KHz 

Input Capacitance C'N At Control Inputs - 10 15 pF 
r---
TRI·STA TE Output Capacitance COUT At TRI-STATE Outputs - 10 15 pF 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 
Note 2: All voltages are measured with respect to GND, unless otherwise specified. 
Note 3: A zener diode exists, Internally, from Vee to GND and has a typical breakdown voltage of 7 VDe. 
Note 4: Two on·chip diodes are tied to each analog input which will forward 'conduct for analog input voltages 

one diode drop below ground or one diode drop greater than the Vee supply. The spec allows 100mV 
forward bias of either diode. This means that as long as the analog V,N does not exceed the supply voltage 
by more than 100mV, the output code will be correct. To achieve an absolute OVDe to 5VDe input voltage 
range will therefore require a minimum supply voltage 4.900 VDe over temperature variations, initial 
tolerance and loading. 

Note 5: Total unadjusted error includes offset, full·scale, linearity, and multiplexer errors. See Figure 3. None of those 
AIDs requires a zero or full-scale adjust. However, if an all zero code is desired for an analog input other 
than O.OV, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages 
can be adjusted to achieve this. See Figure 13. 

Nole 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current 
varies directly with clock frequency and has little temperature dependence (Figure 6). 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

FUNCTIONAL DESCRIPTION 
Multiplexer. The device contains an a·channel single· 
ended analog signal multiplexer. A particular input 
channel is selected by using the address decoder. 
Table 1 shows the. input states for the address lines 
to select any channel. The address is latched into 
the decoder on the low-to-high transition of the address 

latch enable signal. 

CONVERTER CHARACTERISTICS 

The Converter 

Selected 
Analog Channel 

INO 
IN1 
IN2 
IN3 
IN4 
IN5 
IN6 
IN7 

Address Line 

C B A 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 

The heart of this single chip data acquisition system is its a-bit analog-to-digital converter. The converter is designed 
to give fast, accurate, and repeatable conversipns over a wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the successive approximation register, and the comparator. The 
converter's digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen over the conventional R/2R ladder because of its 
inherent monotonicity, which guarantees no missing digital codes. Monotonicity is particularly important in closed 
loop feedback control systems. A non-monotonic relationship can cause oscillations that will be catastrophic for 
the system. Additionally, the 256R network does not cause load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder network in Figure 1 are not the same value as the remainder 
of the network. The difference in these resistors causes the output characteristic to be symmetrical with the zero 
and full-scale pOints of the transfer curve. The first output transition occurs when the analog signal has reached 
+ 112 LSB and succeeding output transitions occur every 1 LSB later up to full-scale. 

The successive approximation register (SAR) performs a iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n-bit converter. Figure 2 shows a typical example of a 3-bit 
converter. In the KADOBOa, KADOa09 the approximation technique is extended to a bits using the 256R network. 

CONTROLS FROM S.A.R. 

REF(+) 
~---~/\~---"' 

: 256R . 
R 

R 

1/2~~ 
REF(-) 

Fig. 1 Resistor Ladder and Switch Tree 

TO 
COMPARATOR 
INPUT 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

FUNCTIONAL DESCRIPTION (Continued) 

The AID converter's successive approximation register (SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of the start conversion pulse. A conversion in process 
will be interrupted by receipt of a new start conversion pulse. Continuous conversion may be accomplished by 
tying the end·of-conversion (EOC) output to the SC input. If used in this mode, an external start conversion pulse 
should be applied after power up. End-of-conversion will go low between 0 and 8 clock pulses after the rising edge 
of start conversion. 

The most important section of the AID converter is the comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized comparator provides the most effective method of satisfying all 
the converter requirements. 

The chopper-stabilized comparator converts the DC input signal into an AC signal. This signal is then fed throught 
a high gain AC amplifier and has the DC level restored. This technique limits the drift component of the amplifier 
since the drift is a DC component which is not passed by the AC amplifier. This makes the entire AID converter 
extremely insensitive to temperature, long term drift and input offset errors. 

Figure 4 shows a typical error curve for the KAD0808. 

111 111 INFINITE RESOLUTION 
PERFECT CONVERTER I--FULL·SCALE 

110 
w 
0 101 0 
() 

I- 100 
:::l 
a. 
I- 011 :::l 
0 
0 010 ;;: 

110 +112 LSB 

w TOTAL Ji 
0 101 

UNADJUSTED _ 
0 ERROR : () 

I- 100 :::l 
a. 
I- 011 :::l 
0 
0 010 -112 LSB ;;: 

QUANTIZATION 

.J ERROR = 112 LSB 

._r NONLINEARITY = 112 LSB 

001 001 ERROR 

000 VIN 
018 118 218 318 418 518 618 718 

ZERO ERROR = -114 LSB 
000 ' VIN 

018 118 218 318 418 518 618 718 

VIN AS FRAOTION OF FULL·SCALE VIN AS FRACTION OF FULL·SCALE 

Fig. 2 3·Bit AID Transfer Curve Fig. 3 3·Bit AID Absolute Accuracy Curve 

REFERENCE LINE 

QUAN~~Z~~~ ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1IIIII11II 1111111111111111111111:: 1IIIIII111I1IIIIIIIIIIIIIIIIII :11111 
INPUT ov FULL 

VOLTAGE SCALE 

Fig. 4 Typical Error Curve 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

PIN CONFIGURATION 
Dual-In-Line Package 

2- 5 8 
OUTPUT 
ENABLE 
CLOCK 

Vee 

REF(+) 

GND 

2- 7 

TIMING DIAGRAM 

CLOCK 

START 50% r-' 50% 

~ 

ALE 50% r~ 
----' tWALE 

r-=~LE ADDRESS 

ADDRESS 5 

ANALOG 
INPUT 

COMPARATOR 
INPUT 

(INTERNAL MODE) 

OUTPUT 
ENABLE 

EOC 

0% 

ts I-

50% 

- th 

51/~-j 
LSB 

- k-j 

I--- tEoe J 

KAD0808 
KAD0809 

TOP VIEW 

, 

,. .. 

• 
\ 

STABLE : 
: 
\ 

~ 
teoN 

IN2 

IN1 

INa 

ADD A 

ADD B 

ADD C 

ALE 

2-' MSB 

2- 2 

2- 3 

2-' 

2- 6 LSB 

REF(-) 

2- 6 

y:-

X 
/ L 

150
% 

OUTPUT --------------2~~~!:.------------------_{'_ ____ .J}_ 
Fig. 5 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 

1.5 r---,---..,------,---71 

0.5 f---+---+-------,-r---i-:T'--l 

.:!; 

~ 
~ -0.5 f---;;or:;.,-Lhf-L--j----j-----j 

°OL---,L.25--~2.5--~3.7~5--~ 
VIN (V) 

Fig. 6 Comparator l,N VS V,N (Vee = VREF = SV) Fig. 7 Multiplexer RON vs V,N (Vee = VREF = SV) 

TRI·STATE TEST CIRCUITS AND TIMING DIAGRAMS 

OUTPUT 
ENABLE 

Vee 

Vee Vee 
o 

10K 

"H, GL= WpF 

Vee 
OUTPUT 
ENABLE 

GND--~~~-----

VOH~% 
OUTPUT ~ 

GND---------~== 

10K, GL = 10pF 

GND----¥~-----

vce~'OH 
OUTPUT 

VOL 10% 

Fig. 8 
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IH1, GL = 50pF 

"Ir-__ _ 
90% 

50% 

10% 

IH11r= 

___ ~!50% 

IHO, CL = 50pF 

IHO\I 

\: ... 50_'"_, __ 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

APPLICATIONS INFORMATION 

OPERATION 

1.0 Ratiometric Conversion 
The KAD0808, KAD0809 is designed as a complete Data Acquisition System (DAS) for ratiometric conversion 
systems. In ratiometric systems, the physical variable being measured is expressed as a percentage of full·scale 
which is not necessarily related to an absolute standard. The voltage input to the KAD0808 is expressed by the 
equation. 

V,N Dx 
Vis - Vz = Dmax-Dmln 
V,N = Input voltage into the KAD0808 
V's = Full-scale voltage 

Vz = Zero voltage 
Dx = Data pOint being measured 
Dmax = Maximum data limit 
Dmin = Minimum data limit 

A good example of a ratiometric transducer is a potentiometer used as a position sensor. The position of the wiper 
is directly proportional to the output voltage which is a ratio of the full-scale voltage across it. Since the data is 
represented as a proportion of full-scale, reference requirements are greatly reduced, eliminating a large source 
of error and cost for many applications. A major advantage of the KAD0808. KAD0809 is that the input voltage 
range is equal to the supply range so the transducers can be connected directly across the supply and thier 
outputs connected directly into the multiplexer inputs, (Figure 9). 

Ratiometric transducers such as potentiometers, strain gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, many types of measurements must be referred to an 
absolute standard such as voltage or current. This means a system reference must be used which relates the full
scale voltage to the standard volt. For example, if Vee = VREF = 5.12V, then the full-scale range is divided into 256 
standard steps; The smallest standard step is a LSB which is then 20mV. 

2.0 Resistor Ladder Limitations 
The voltages from the resistor ladder are compared to the selected into 8 times in a conversion. These voltages 
are coupled to the comparator via an analog switch tree which is referenced to the supply. The voltages at the 
top, center and bottom of the ladder must be controlled to maintain proper operation. 

The top of the ladder, Ref( + ), should not be more positive than the supply, and the bottom of the ladder, Ref( - ), 
should not be more negative than ground. The center of the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from N-channel switches to P-channel switches. These limitations 
are automatically satisfied in ratiometric systems and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a separate supply .and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if a 5.12V is used, the supply should be adjusted to the 
same voltage within 0.1V. 

,----.,---...... ---'---1 Vee 

REF(+) MSB 

~---'--+-----I--__ ~ In7 

QOUT 

Fig_ 9 Ratiometric Conversion System 
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Q OUT = J6.tL = ..Y!!i. 
VREF Vee 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

APPLICATIONS INFORMATION (Continued) 

The KAD0808 needs less than a milliamp of supply current so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system is shown which generates the supply from the reference. 
The buffer shown can be an op amp of sufficient drive to supply the milliamp of supply current and the desired 
bus drive, or if a capacitive bus is driven by the outputs a large capacitor will supply the transient supply current 
as seen in Figure 12. The KA301A is overcompensated to insure stability when loaded by the 1OI-'F output capacitor. 

The top and bottom ladder voltages cannot exceed Vee and ground, respectively, but they can be symmetrically 
less than Vee and greater than ground. The center of the ladder voltage should always be near the center of the 
supply. Sensitivity of the cOlwerter can be increased, (i.e., size of the LSB steps decreased) by using a symmetrical 
reference system. In Figure 13, a 2.5V reference is symmetrically centered about Ved2 since the same current flows 
in identical resistors. This system with a 2.5V reference allows the LSB bit to be half the size of a 5V reference system. 

Vee 
MSB 

REF(+) 
DIGITAL OUTPUT 

V,N t Oour REFERENCED 
In7 TO GROUND 

InO 

REF(-) LSB Y'N 
GND Oour= VREF 

KADOBOB 
4.5V :sVee = VREF:s5.5V 

Fig. 10 Ground Referenced Conversion System Using Trimmed Supply 

Vee 
MSB 

REF(+) 
DIGITAL OUTPUT 

VINt 

Oour REFERENCED 
In7 TO GROUND 

InO 

REF(-) LSB 
Y,N 

GND Oour= VREF 

KADOB08 4.5V :sVee = VREF :s5.5V 

Fig. 11 Ground Referenced Conversion System with Reference Generating Vee Supply 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

10-15VDe 

1K 

R1 

Vee LM329B~CR:-2----t 

10T >---'-~--REF( +) 

R3 

Fig. 12 Typical Reference and Supply Circuit 

5V 

.r--MJv.-____ -l Vee 

3.75V 

2.5V REFERENCE 

Fig. 13 Symmetrically Centered Reference 

3.0 Converter Equations 
The transition between adjacent codes Nand N + 1 is givn by: 

N 1 
Y,N = I (VREF(+J - VREF(-I) [256 + 5121 ± VruE! + VREF(-J 

The center of an output code N is given by: 

N 
V'N{(VREF(+J- VREF(-J)[2561 ± VruE! + VREF(-J 

The output code N for an arbitrary input are the integers within the range: 

N Y'N - VREF(-\ = V V x 256 ± Absolute Accuracy 
REF(+J - REF(-J 

Where: Y'N = Voltage at comparator input 
VREF(+J = Voltage at Ref( +) 
VREF(-J = Voltage at Ref( -) 
VTUE = Total unadjusted error voltage (typically VREF(+J';- 512) 
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KAD0808/KAD0809 CMOS INTEGRATED CIRCUIT 

4.0 Analog Comparator Inputs 
The dynamic comparator input current is caused by the pariodic switching of on·chip stray capacitances. These 
are connected alternately to the output of the resistor ladder/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies directly with clock frequency and with V,N as shown in 
Figure 6. 

If no filter capacitors are used at the analog inputs and the signal source impedances are low, the comparator 
input current should not introduced converter errors, as the transient created by the capacitance discharge will 
die out before the comparator output is strobed. 

If input filter capacitors are desired for noise reduction and signal conditioning they will tend to average o4,t the 
dynamic comparator input current. I will then take on the characteristics of a DC bias current whose effect can 
be predicted conventionally. 

TYPICAL APPLICATION 

ADDRESS 
DECODE 

(AD4-AD15)' 

5V SUPPLY <? 
~ 

GROUND 

ClK OE 

VREFI +) EOC 

VREFI-) 
2- 1 

START 2- 2 

ALE 2- 3 

2-+ 

A KAD0808 2- 5 

8 KAD0809 2- 6 

C 2- 7 

2- 8 

Vee 1n7 
GND 

INTERRUPT 

f----~--- INTERRUPT 

DB? MS8 

D86 

D85 

D84 

D83 

D82 

D81 

D80 
lS8 

VINS} 

V,N1 

0-5V 
ANALOG INPUT 
RANGE 

• Address latches needed for 8085 and SC/MP interfacing the KADOB08 to a microprocessor 

MICROPROCESSOR INTERFACE TABLE 

Processor Read Write Interrupt (Comment) 

8080 MEMR MEMW INTR (Thru RST Circuit) 
8085 RD WR INTR (Thru RST Circuit) 
Z-80 RD WR INT (Thru RST Circuit, Mode 0) 
SC/MP NRDS NWDS SA (Thru Sense A) 
6800 VMAo P 2oR/W VMAo ¢ oRIW IROA or IROS (Thru PIA) 
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KAD0816/KAD0817 

8·BIT fLP·COMPATIBLE 
AID CONVERTERS WITH 
16·CHANNEL MULTIPLEXER 

The KAD0816/KAD0817 Analog to Digital 
Converter is a Monolithic 

Silicon gate CMOS Device with 8-bit resolution. It is 
16-channel input multiplexer and microprocessor com
patible logic. It uses successive approximation as the 
conversion technique which includes 256R potentiom
eter divider with switch tree and charge balancing com
parator with high input im pedance and successive 
approximation register etc. 
It also confirms monotonicity and no missing codes. 
The 16-channel multiplexer can directly access any of 
16-analog signal based on address combination. The sin-
gle 5 volts supply and low power consumption enable 

CMOS INTEGRATED CIRCUIT 

40 DIP 

KAD0816. KAD0817 especially to be useful for a wide ORDERING INFORMATION 
variety of applications_ 

FEATURES 
• Total unadjusted error: ± 112 LSB for KAD0816 and 

± 1 LSB for KAD0817 
• Resolution: 8 Bits 
• 100its conVersiOn lime 
• Monotonicity and no missing codes 
• Easy interface with microprocessors, or operates 

'Stand Alone' 
o Latched tri·state outputs 
• Output meets TIL level 
• Latched address inputs 
• Single 5 volts supply 
• Low power consumption 
• Designed to be interchangeable with National 

Semiconductor ADC0816, ADC0817 and 
Texas Instruments ADC0816, ADC0817 

BLOCK DIAGRAM 
COMPARATOR INIQ----------, 

MULTIPLEXERQ---------, 
OUT:,.n.--'r----.., 

16 ANALOG 
INPUTS 

4-BIT j: 
ADDRESS}; 

ADDRESS LATCH 
ENABLE 

16 CHANNELS 
MULTIPLEXING 

ANALOG 
SWITCHES 

E~o~~~g~v-~------~ 
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Device Package Temperature Range Diff_ Nonlinearity 

KAD08161N ±112 LSB 
40 DIP -40·C -+85·C 

KAD08171N ± 1LSB 

START CLOCK 

r- ..... --....... .t---o END OF CONVERSION 
(INTERRUPT) 

OUTPUT 
ENABLE 

}
8-BIT 
OUTPUTS 
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KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vee -0.3-7.0 V 
Voltage at Any Pin Except Control Inputs V, - 0.3 -(Vee + 0.3) V 
Voltage at Control Inputs V, -0.3 -+ 15 V 
Package Dissipation at Ta = 25·C Po 875 mW 
Operating Temperature Range TOPT -40 -+85 ·C 
Storage Temperature Range T51g -65-+125 ·C 

ELECTRICAL CHARACTERISTICS 
(Converter Specifications: V cc = 5 V DC = V rell +1, V rell _I = G ND, T, = T, = 20ns and feLK = 640KHz, unless otherwise stated) II 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Vee 4.5 5 5.5 V 

KAD0816 25·C ± 1/2 LSB 
Total Unadjusted Error -40·C to 85·C ±3/4 LSB 

KAD0817 O·C to 70·C ±1 LSB 
Total Unadjusted Error -40·C to 85·C ± 1.25 LSB 

Input Resistance Rref From V,efl+1 to V,efi-I 1 4.5 KO 

Analog Input Voltage Range Y,N 
GND Vee 

Voe -0.1 +0.1 

Comparator Input Current Ion Clock = 640KHz -2 2 p.A 

Off Channel Leakage 10ff Clock = 640KHz -2 
00 200 nA 

Control Inputs High Level V,H Vee=5V 
Vee 

V -1.5 

Control Inputs Low Level V'L Vee=5V 1.5 V 

Supply Current lee Vee=5V 0.3 3.0 mA 

Logical "1" Output VOH 150ueco = 360p.A Vee = 5V 4.6 V 
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KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Timing Specifications: Vee = Vre'I+) = 5V, Vre'I_)=GND, tr=t,=20ns and Ta=25°C, unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Logical "0" Output VOL Is;o' = 1.6mA Vee = 5V 0.45 V 

Min. Start Pulse Width Tws (Figure Timing Diagram) 100 200 ns 

Min. Ale Pulse Width Tware (Figure Timing Diagram) 100 200 ns 

Min. Address Set-Up Time Ts (Figure Timing Diagram) 25 50 ns 

Min. Address Hold Time Th (Figure Timing Diagram) 25 50 ns 

Analog Mux. 
Td (Figure Timing Diagram) 1 2.5 fls Delay Time From Ale 

Output Enable Time Ten 
(Figure Timing Diagram) 

125 250 ns 
CL=50pF RL= 10K 

Output Disable Time Tdis 
(Figure Timing Diagram) 

125 250 ns 
CL = 10pF RL = 10K 

Conversion Time Teon (Figure Timing Diagram) 90 100 116 flS 

Clock Rate Fcrr 10 640 1280 KHz 

Input Capacitance Gin At control input 10 15 pF 

Tri-State Output Capacitance Cout At digital output 10 15 pF 

Analog Multiplexer on 
Roo 

(Any Selected Channel) 
1.5 3 K{J 

Resistance Ta=25°C, RL= 10K 

On Resistance Between 
L,Roo 

(Any Selected Channel) 
75 {J 

Any 2 Channels RL=10K 
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KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

FUNCTIONAL DESCRIPTION 

Multiplexer 
The analog multiplexer selects 1 of 16 single-ended input channels as determined by the address decoder. Ad
dress latch enable control loads the address code into the decoder on a low to high transition. Table 1 shows 
the input states for the address line and the expansion control line to select any channel. 

TABLE 1 

Address 

Exp. 0 

H L 
H L 
H L 
H L 
H L 
H L 
H L 
H L 
H H 
H H 
H H 
H H 
H H 
H H 
H H 
H H 
L X 

Exp: Expansio n Control 

X: Don't Care 

Converter 

C 

L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
X 

Inputs 

Address Latch Enable Selected Analog Channel 

B A 

L L Low to High INa 
L H Low to High IN1 
H L Low to High IN2 
H H Low to High IN3 
L L Low to High IN4 
L H Low to High IN5 
H L Low to High IN6 
H H Low to High IN? 
L L Low to High INa 
L H Low to High IN9 
H L Low to High IN10 
H H Low to High IN11 
L L Low to High IN12 
L H Low to High IN13 
H L Low to High IN14 
H H Low to High IN15 
X X All Channels Off 

The converter is designed to give fast, accurate, and repeatable conversions over a wide range of temperatures. 
The converter is partitioned into three major sections: 256R ladder network, the successive approximation register, 
and the comparator. 
The 256R ladder can confirm its inherent monotonicity and no missing codes. The S.A.R. performs a iterations 
to approximate analog input during 64 clocks. The a clocks is required to determine one bit. The S.A.R. is reset on 
the positive edge of start pulse and conversion is proceed on the falling edge of the start one and it can be inter
rupted by receipt of a new start pulse. Continuous conversion may be accomplished by tying the EOC (end of con
version) to start. 
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. KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

PIN CONFIGURATION DUAL-iN-PACKAGE 

KAD0816 
KAD0817 

37 EXPANSION CONTROL 

MULTIPLEXEROUT 15 

21 OUTPUT ENABLE '-1. _____ .."...... 

TIMING DIAGRAM 
TOP ViEW 

CLOCK 

50% 
,--; 

50% 
START ~ ~ 

50% r~ 
ALE 

. ADORES 

---'~WALE 
S -I--~LE ADDRESS 

• 

50% 

ANALOG 
INPUT 

COMPARATOR 
INPUT 

(INTERNAL MODE) 

OUTPUT 
ENABLE 

EOC 

ts -

V 
-l\ 

I-

I-

• 
50% 

\ 
th 

STABLE ~ 
:S1/~ -1 
LSB 

X 
\ 

, 
td~ 

f--- tEOC .1 
tCON 

TRI·STATE 

~ 

-

-/50% 

I 

OUTPUTS 
----------~--------------------------
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KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 

15r-----,-----,------r----~ 

O.51-----+------+----,r+-+~~__l 

~ 
.! 

~ 
~-M~~~~~--4------r----_1 

~ 
J 
a 
0 

~ 

2.5 
V.IV) 

3.75 °OL-----,~.~~---72.5~--~3.=~-----: 
v ... (V) 

Fig. 1 Comparator liN VS VIN (Vee = VREF = 5V) Fig. 2 Multiplexer RON vs VIN (Vee=VREF=5V) 

TRI·STATE TEST CIRCUITS AND TIMING DIAGRAMS 

OUTPUT 
ENABLE 

Vee 

I-~--~'--o 

Vee Vee 
o 

10K 

10K 

Vee 
OUTPUT 
ENABLE 

GND--~T~----------

~
'H' 

VOH . 90% 

OUTPUT 

GND------ ----== 

IOH, CL = 10pF 

GND----T~----------

vee=5CoH 

OUTPUT 

VOL 10% 

Fig. 3 
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KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

APPLICATIONS INFORMATION 
OPERATION 
1.0 Ratiometric Conversion 
The KAD0816, KAD0817 is designed as a complete Data Acquisition System (DAS) for ratiometric conversion sys· 
tems. In ratiometric systems, the physical variable being measured is expressed as a percentage of full·scale which 
is not necessarily related to an absolute standard. The voltage input to the KAD0816 is expressed by the equation. 

_~ Dx 
Vfs - Vz Dmax - Dmin 
V,N = Input voltage into the KAD0816 
V's = Full·scale voltage 

Vz = Zero voltage 
Dx= Data pOint being measured 
Dmax = Maximum data limit 
Dmln = Minimum data limit 

A good example of a ratiometric transducer is a potentiometer used as a position sensor. The position of the wiper 
is directly proportional to the output voltage which is a ratio of the full·scale voltage across it. Since the data is 
represented as a proportion of full·scale, reference requirements are greatly reduced, eliminating a large source 
of error and cost for many applications. A major advantage of the KAD0816, KAD0817 is that the input voltage range 
is equal to the supply range so the transducers can be connected directly across the supply and their outputs 
connected directly into the multiplexer inputs, (Figure 4). 

Ratiometric transducers such as potentiometers, strain gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, many types of measurements must be referred to an 
absolute standard such as voltage or current. This means a system reference must be used which relates the full· 
scale voltage to the standard volt. For example, if Vee = VREF = 5.12V, then the full-scale range is divided into 256 
standard steps. The smallest standard step is 1 LSB which is then 20mV. 

2.0 Resistor Ladder Limitations 
The voltages from the resistor ladder are compared to the selected input 8 times in a conversion. These voltages 
are coupled to the comparator via an analog switch tree which is referenced to the supply. The voltages at the 
top, center and bottom of the ladder must be controlled to maintain proper operation. 

I 

The top of the ladder, REF( +), should not be more positive than the supply, and the bottom of the ladder, REF( -), 
should not be more negative than ground, the center of the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from N-channel switches to P-channel switches. These limitations 
are automatically satisfied in ratiometric systems and can be easily met in-ground referenced systems. 

The KAD0816 needs less than a milliamp of supply current so developing the supply from the reference is readily 
accomplished. In figure 6 a ground references system is shown which generates the supply from the reference. 
The buffer shown can be an OP Amp of sufficient drive to supply the milliamp of supply current and the desired 
bus drive, or if a capacitive bus is driven by the outputs a large capacitor will supply the transient supply current 
as seen in figure 7. The KA301 is overcompensated to insure stability when loaded by the 1O"F output capacitor. 

The top and bottom ladder voltages cannot exceed Vee and ground, rE'.10ectively, but they can be symmetrically 
less than Vee and greater than ground. The center of the ladder voltage should always be near the center of the 
supply, (Le., size of the LSB steps) by using a symmetrical reference system. In figure 8, A 2.5V reference is sym
metrically cantered about Vee/2 since the same current allows the LSB to be half the size of the LSB in a 5V refer
ence system. 

vee 
REF(+) 

~-----+--__ +-___ -lln15 . 

Fig. 4 Ratiometric Conversion System 
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KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

APPLICATIONS INFORMATION (Continued) 

The KAD0816 needs less than a milliamp of supply current so developing the supply from the reference is readily 
accomplished. In Figure 6 a ground references system is shown which generates the supply from the reference. 
The buffer shown can be an op amp of sufficient drive to supply the milliamp of supply current and the desired 
bus drive, or if a capacitive bus is driven by the outputs a large capacitor will supply the transient supply current 
as seen in Figure 7. The KA301 is ove~compensated to insure stability when loaded by the 10!,F output capacitor. 

The top and bottom ladder voltages cannot exceed Vee and ground, respectively, but they can be symmetrically 
less than Vee and greater than ground. The center of the ladder voltage should always be near the center of the 
supply. Sensitivity of the converter can be increased, (I.e., size of the LSB steps decreased) by using a symmetrical 
reference system. In Figure 8, a 2.5V reference is symmetrically centered about Ved2 since the same current flows 
in identical resistors. This system with a 2.5V reference allows the LSB bit to be half the size of a 5V reference system. 

vee 
MSB 

REF(+) 
DIGITAL OUTPUT 

VINt 
QOUT REFERENCED 

In15 TO GROUND 

InO 
REF(-) LSB VIN 
GND QOUT = VREF 

KAD0808 4.5V :5. Vee = VREF:5.5.25V 

Fig. 5 Ground Referenced Conversion System Using Trimmed Supply 

~----4--;Vee 

MSB 

1-----------,---1 REF(+) QOUT 

In15 

InO 

REF(-) LSB 

~----------~~GND 

DIGITAL OUTPUT 
REFERENCED 
TO GROUND 

QOUT=~ 
VREF 

KAD0808 4.5V :5. Vee = VREF:5.5.25V 

Fig. 6 Ground Referenced Conversion System with Refe,rence Generating Vee Supply 

c8SAMSUNG 
Electronics 

79 

I 

I 
I 



KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

10-15VDC 

VCC 

>-----1'"~'--- REF( +) 

Fig. 7 Typical Reference and Supply Circuit 

5V 

r----.-----.~--_-+----___l REF( +) MSB 3.75V 

<----+--+-----Iln15 

QOUT 

1-----1lnO 

'------------<~--~-+----___l REF( -) 
2.5V REFERENCE LSB 

'--fVIIlr--.---l GN D 

KAD0816,17 

Fig. 8 Symmetrically Centered Reference 
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KAD0816/KAD0817 CMOS INTEGRATED CIRCUIT 

TYPICAL APPLICATION 

READ 

ADDRESS 
DECODE 
(AD4·AD15) 

500KHz 

5.000V 

O.OOOV 

WRITE ---;;LY-------I 

ADD 

ADl 

AD2 

AD3 

CLK 

VREF(+I 

VREF(_) 

START 

ALE 

A 

B 

C 

0 

EXPAND 

Vee 

GND 

COMMON OUT 

COMPARATOR 
IN 

OE 

EOC 

2-' 

2-' 

2~3 

2-' 

2-' 

2- 6 

2- 7 

2- 8 

IN15 

INO 

Fig. 9 KAD0816/KAD0817 

MICROPROCESSOR INTERFACE TABLE 

Processor Read Write 

8080 MEMR MEMW 
8085 RD WR 
2-80 RD WR 
SC/MP NRDS NWDS 
6800 VMA,I!f 2, R/W VMA, 02, RIW 
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INTERRUPT 

INTERRUPT 

DB? 

DB6 
MSB 

DB5 

DB4 

DB3 

DB2 

DBl 
LSB 

DBO 

VIN16 

• 
O·5V • ANALOG 
INPUT RANGE 

• 
VINl 

Interrupt (Comment) 

INTR (Thru RST Circuit) 
INTR (Thru RST Circuit) 
INT (Thru RST Circuit, Mode 0) 
SA (Thru Sense A) 
IROA or IROB (Thru PIA) 
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PRELIMINARY 
KAD0820AlB· CMOS INTEGRATED CIRCUIT 

8·BIT HIGH SPEED JLP·COMPATIBLE AID 
CONVERTER WITH TRACK/HOLD FUNCTION 

By using a half-flash conversion technique, the 8-bit 
KAD0820A/B CMOS AID offers a 1.51's conversion time 
and dissipates only 75mW of power. The half-flash 
technique consists of 32 comparators, a most 
significant 4-bit ADC and a least significant 4-bit ADC. 

The input to the KAD0820A/B is tracked and held by the 
input sampling circuitry eliminating the need for an 
external sample-and-hold for signals moving at less than 
100mV/I's. 

For ease of interface to microprocessors, the 
KAD0820A/B has been designed to appear as a memory 
location or I/O port without the need for external 
interfacing logic. 

FEATURES 
• Built·in track·and·hold function 
• No missing codes 
• No external clocking 
• Single supply + 5Voc 
• Easy interface to all microprocessors, or operates 

stand·alone 
• Latched TRI·STATE output 
• Logic inputs and outputs meet both CMOS and TTL 

voltage level specifications 

20 DIP 

• Operates ratiometrically or with any reference ORDERING INFORMATION 
value equal to or less than Vec 

• OV to 5V analog input voltage range with single 
5V supply 

• No zero or full·scale adjust required 

Device Package Temperature Range 

KAD0820AIN 
20 DIP -40°C-+85°C 

• Overflow output available for cascading KAD0820BIN 
• 0.3" standard width 20·pin DIP 

BLOCK DIAGRAMS 
VREF(+) 4.BIT OFL OFL 

FLASH DB7 
ADC DB6 

(4 MSBs) DBS 
VREF(-I DB4 

OUTPUT 
LATCH 

4·BIT DAC AND 
TRI·STATE 
BUFFERS 

DB3 VREF(+) 4-BIT 
16 FLASfl DB2 

ADC DB1 
VREF( _ I 

(4 LSBs) 
DBD 

OINT 

MODE WR/RDY CS RD 
Fig. 1 
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PRELIMINARY 
KAD0820AlB CMOS INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Note 1 & 2) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 10 V 
Package Dissipation at Ta = 25°C Po 875 mW 
Logic Control Inputs V, -0.2 - Vee+0.2 V 
Voltage at Other Inputs and Output V, -0.2 - Vee+0.2 V 
Operating Temperature Range Topr -40- +85 °C 
Storage Temperature Range TSig -65-+150 °C 

ELECTRICAL CHARACTERISTICS 
The following specifications apply for RD mode (pin 7 = 0), Vee = + 5V, VREFI+J = + 5V, and VREFI-J = GND, Ta= 25°C II 
unless otherwise specified. . 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Resolution - 8 8 Bits 

Total Unadjusted Error 
INL 

KAD0820A ± 112 ± 112 LSB 
(Note 3) KAD0820B 

-
±1 ±1 LSB 

Reference 
RREF 1.4 2.3 5.3 KO 

Resistance 

Maximum VREFI+I 
VREF1 + Jmax - Vee Vee V 

Input Voltage 

Minimum VREFI-I 
VREF(-lmin - GND GND V 

Input Voltage 

Minimum VREFI+I 
VREF(+)min - VREFI-J VREFI-J V 

Input Voltage 

Maximum VREFI-J 
VAEF(-lmax - VREFI+I VREFI+J V 

Input Voltage 

Y'N Input 
Y,N GND-0.1 - Vee+0.1 V 

Voltage 

Maximum Analog 
CS=Vee 

IL V,N=Vee - 0.3 3 /LA Input Leakage Current 
V,N=GND -0.3 -3 /LA 

Power Supply 
Is Vee=5V±5% - ±1116 ±114 LSB 

Sensitivity 
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PRELIMINARY 
KAD0820AlB CMOS INTEGRATED CIRCUIT 

DC ELECTRICAL CHARACTERISTICS 
The following specifications apply for Vee = 5V, Ta = 25°C unless otherwise specified. 

Characteristic . Symbol Test Conditions Min Typ Max 

CS, WR, RD 2.0 - Vee 
logical "1" Input Voltage V, Nil) Vce =5.25V 

Mode 3.5 - Vee 

CS, WR, RD 0 - 0.8 
logical "0" Input Voltage V,NIO) Vee=4.75V 

Mode 0 1.5 -
V,N(1) = 5V; CS, RD - 0.1 1 

logical "1" Input Current I'Nll) V,N(1) = 5V; WR - 0.1 1 
V,Nll) = 5V; Mode - 50 170 

logical "0" Input Current V,NIO) 
V,NIO) = OV; CS, RD, WR, - 0.1 1 
Mode 

Vee = 4. 75V, lOUT = - 3S0p.A; - 2.4 2.8 

logical "1" Output Voltage VOUTll) 
DBO - DB7, OFl, INT 
Vee=4.75V, lOUT = -10p.A; - 4.5 4.S 
DBO - DB7, OFl, INT 

logical "0" Output Voltage VOUTIO) 
Vee = 4. 75V, louT = 1.8mA; - 0.34 0.4 
DBO - DB7, OFl, INT, ROY 

VOUT = 5V; DBO - DB7, ROY - 0.1 1 
TRI-STATE Output Current louT VOUT = OV; DBO - DB7, ROY - -0.1 -1 

Output Source Current IsouReE 
VOUT = OV; DBO - DB7, OFL -7.2 -12 -
INT -5.3 -9 -

Output Sink Current ISINK 
VOUT = 5V; DBO - DB7, OFL, 

8.4 14 -
INT, ROY 

Supply Current Icc CS=WR=RD=O - 7.5 13 

AC ELECTRICAL CHARACTERISTICS The following specifications apply for Vee = 5V, 
t r =t,=20ns, VREFI+)=5V, VREFI-)=GND and Ta=25°C unless otherwise specified. 

Characteristic Symbol Test Conditions Min Typ Max 

Conversion Time for RD Mode teAo Pin 7 = 0, (Figure 2) - 1.S 2.5 

Units 

V 

V 

V 

V 

p.A 
p.A 
p.A 

p.A 

V 

V 

V 

p.A 
p.A 

mA 
rnA 

-rnA 

rnA 

Unit 

p.s 

Access Time (Delay from Falling 
tReeo Pin 7 = 0, (Figure 2) - teAo +20 teAo+ 50 ns 

Edge of RD to Output Valid) 

Conversion Time for 
tCWR-AO 

Pin 7 = Vee; tWR = SOOns, 
1.52 

WR·RD Mode tAD = SOOns; (Figures 3a and 3b) - - p's 

Min Pin 7 = Vee; (Figures 3a and 3b) - - SOO ns 
Write Time tWA 

Max (Note 4) See Graph - 50 - p.s 

Read Time Min tRO 
Pin 7= Vee; (Figures 3a and 3b) 

- - SOO ns 
(Note 4) See Graph 
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PRELIMINARY 
KAD0820AlB CMOS INTEGRATED CIRCUIT 

AC ELECTRICAL CHARACTERISTICS (Continued) The following specifications apply for 
Vee=5V, t r =tf =20ns, VAEF1 +)=5V, VAEF(_)=OV and Ta=25°C unless otherwise specified. 

Characteristic Symbol Test Conditions Min Typ Max 

Pin 7=Vcc, IAD<II; 
Access Time (Delay from Falling 

tAcc. 
(Figure 3a) 

Edge of RD to Outpul Valid) CL= 15pF - 190 280 

CL= 100pF - 210 320 

Access Time (Delay from Falling 
Pin 7 = Vce, IAD>tl; (Figure 3b) 

tACC2 CL= 15pF - 70 120 
Edge of RD 10 Output Valid) 

CL = 100pF 90 150 -

Internal Comparison Time II 
Pin 7 = Vcc; (Figure 3b and 4) - 800 1300 
CL=50pF 

TRI·STATE Control (Delay from 
!,H, IOH RL= 1K, CL= 10pF - 100 200 

Rising Edge of RD to Hi·Z State) 

Delay frorn Rising Edge of 
Pin 7=Vec, CL=50pF 

WR 10 Failing Edge of INT tlNTL tAD> II; (Figure 3b) tl 
tRD<t,; (Figure 3a) - tAD+ 200 tAD + 290 

Delay from Rising Edge of 
tlNTH 

(Figure 2, 3a and 3b) - 125 225 
RD to Rising Edge of INT CL=50pF 

Delay from Rising Edge of 
IINTHWA (Figure 4), CL = 50pF - 175 270 

WR to Rising Edge of INT 

Delay from CS to RDY tADy (Figure 2), CL=50pF, Pin 7=0 - 50 100 

Delay from INT to Output Valid 110 (Figure 4) - 20 50 

Delay from RD 10 INT tAl 
Pin 7 = Vee, IAD< II - 200 290 
(Figure 3a) 

Delay from End of Conversion 
tp 

(Figure 2, 3a, 3b and 4) - - 500 
to Next Conversion (Nole 4) See Graph 

Slew Rate, Tracking - 0.1 -
Analog Input Capacitance CVIN - 45 -
Logic Output Capacilance COUT - 5 -
Logic Inpul Capacitance CIN - 5 -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

VIps 

pF 

pF 

pF 

Note 1: Absolute Maximum Ratings are those values beyond which the life of Ihe device may be impaired. 
Note 2: All voltages are measured with respect to GND, unless otherwise specified. 
Note 3: Total unadjusted error includes offset, full·scale, and linearity errors. 
Note 4: Accuracy may degrade if tWA or tAO is shorter than the minimum value specified. See Accuracy vs tWA and 

Accuracy vs tAP graphs. 
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KAD0820AlB 

TRI·STATE TEST CIRCUITS AND 
TIMING DIAGRAMS 

Vee I'H 

1-;----;----0 DATA OUTPUT 

1K 

10H 

Vee Vee 

DATA OUTPUT 

TIMING DIAGRAMS 

PRELIMINARY 
CMOS INTEGRATED CIRCUIT 

Vee 

RD 

GND 

DATA
VOH ~ 

OUTPUT . "

GND -------= 
fr=20ns CL=10pF 

Vee 

GND 

Vee 
DATA 
OUTPUT 

~ 
VOL ~/O 

tr = 20ns 

CSI 

',~----

ROY --+---.., 

tNT ----1----"'\ 

------
DBO- DB? 

Fig. 2 RD Mode (Pin 7 is Low) 

AD ------I--------c:~----~·-~ 

INT ----+----.....,.1 

- ------------
DBO-DB? 

t1H, tOI-! ~-
Fig. 3b WR·RD Mode (Pin 7 is High and tRD>t,) 
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WR 

RD 

tNT ----+---hI 

DBO-DB? 

tACC1 

Fig. 3a WR·RD Mode (Pin 7 is High and tRD<t,) 

CSLOW-------~--------

RDLOW----------------

WR 

tNT ___ -t~ 

I;:::: 1'0 

DBO - DB? ________ ...J)>-------tDA TA VAll Dr-
Fig. 4 WR·RD Mode (Pin 7 is High) 
Stand·Alone Operation 
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PRELIMINARY 
KAD0820AlB CMOS INTEGRATED CIRCUIT 

TYPICAL APPLICATIONS 

es Vee 
20 

5V 

RD 

RDY 

INT 

;;r;47"F 

DBO 

en DB1 
~ DB2 III 
a. 

DB3 "-
14 

DB4 
15 

DB5 
16 

DB6 
17 

DB7 
18 

OFL 

I 

VREF( +) 
12 

I05v 
I 

II VAEFI-I 11 
10.1"F 

GND 10 

I 

8·Bit Resolution Configuration 

r-
es 13. Cs Vee fo5V 
WR 6 WR V,N 

F-t> ~ RD -BO 
2 DBO MODE ho B1 3 DB1 VREF( +) 

~ 82 4 DB2 
JO.1 ~ 83 5 DB3 

"- 84 14 DB4 
B5 15 DB5 VREFI_1 11 
B6 16 DB6 ~0.1 B7 17 DB7 
B8 1K 
OFL 18 OFL GND~ 

...... f--~ 5K 

1K 

~3 Cs Vee fo5V 
.6 WR V,N 

~ RD -
2 DBO MODE ~5V 
3 DB1 VREih) 

12 

4 DB2 

10.1"F 5 DB3 
14 DB4 

~7l 15 DB5 VAEFI _) 11 
16 DB6 

17 DB7 
18 OFL GND~ 

9·Bit Resolution Configuration 
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KAD0820AlB 

TYPICAL APPLICATIONS (Continued) 

25K 

Telecom AID Converter 

1.2ps 
VIN .., r

(OV TO 5V)U 

6 

10 GND WR 

13 CS 

11 VREF(-) 

KAD0820A 

+5V 

Vee • 
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12 VREF(+) 

2 LSB 12 

11 

10 

5 9 

15 8 

16 

17 6 

18 MSB 5 

AM 
CH1 

AM 
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KDA0800 

4 

PRELIMINARY 
CMOS INTEGRATED CIRCUIT 

Multiple Input Channels 

1-'1.=..3 ---4-- 15V 
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1-=---"--1-- -15V 

+15V 

-15V 
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KS7126 CMOS INTEGRATED CIRCUIT 

3 1/2 DIGIT AID CONVERTER 

The single chip CMOS KS7126 incorporates all the active devices for a 
3 1/2 digit analog-to-digital converter to directly drive an LCD display. The 
internal oscillator, voltage reference and display segmentlbackplane 
drivers simplify system integration, reduce board space requirements 
and lower total cost. A low cost, high resolution-0.05%-indicating meter 
requires only a display, four resistors, four capacitors and 9V battery. 

The KS7126 dual slope conversion technique rejects interference signal 
when the integration time is set to a multiple of the interference sighal 
period. This is especially useful in industrial measurement environments 
where 50, 60 and 40Hz line frequency signals are present. With an auto
zero error less than 101'V, zero drift less than 1I'VloC, input bias current 
of 10pA max and rollover error of less than one count, the KS7126 brings 
exceptional value to the portable battery powered field. 

In addition, the differential input and reference allows the measurement 
on load cells, strain gauges and other bridge type transducers. The low 
power KS7126 can be used as a plug-in replacement for existing 7106 
based systems by changing only the values of seven passive com
ponents. 

40 DIP 

60 FOP 

FEATURES ORDERING INFORMATION 
• Long Battery Life: 800 Hours Typical 
• Auto-Zero Cycle Device Package Temperature Range 

• Guaranteed Zero Reading With Zero Input 
• Low Noise: 151'Vp-p 

KS7126CN 
40 DIP 

0- +70°C 
60 FQP 

• High Resolution (0.05%) and Wide Dynamic Range (72dB) 
• Low Input Leakage Current: 1pA Typical, 10pA Maximum 
• Direct LCD Display Drive-No External Components 
• Precision Null Detection With True Polarity at Zero 
• High Impedance Differential Input 
• Convenient 9V Battery Operation With Low 

Power Dissipation: 500l'W Typical, 900l'W Maximum 
• Internal Clock Circuit 
• Drop-In Replacement for TSC7126, ICL7126 

TYPICAL APPLICATIONS 
• Thermometry • Digital Scales 
• Bridge Readouts (Strain Gauges, Load Cells, Null Detectors) • LVDT Indicators 
• Digital Meters • Purtable Instrumentation 

- Voltage/CurrentlOhms/Power • Power Supply Readouts 
-pH • Process Monitors 
- Capacitancellnductance • Photometers 
- Fluid/flow RatelViscosity/Level 
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KS7126 CMOS INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Cha~acteristic Symbol Value Unit 

Supply Voltage Vee 15 V 
Analog Input Voltage (Either Input) (1) V"' Vee-VEE V 
Reference Input Voltage (Either Input) VAEF Vee-VEE V 
Clock Input Vel Test-Vee V 
Power Dissipation Pd 800 mW 
Lead Temperature (Soldering, 60 Sec)1 TI 

I 

300 °C 
OPElrating Temperature ·1 Topr 0-+70 °C 
Storage Temperature Tstg -65-+160 °C II 

ELECTRICAL CHARACTERISTICS 
I 

Characteristic Symbol Test Conditons Min Typ Max Unit 

Zero Input Reading - V,N=O.OV 
-000.0 +000.0 +000.0 

Digital 
Full scale = 200.0mV Reading 

Zero Rading Drift - Y'N = 0, O'C<Ta<70'C 0.2 1 p.V/'C 

Ratiometric Reading Y'N = VAEF 999 999 1000 Digital 
-

VAEF =100mV 1000 Reading 

Linearity (Max. deviation from 
NL 

Full scale = 200mV -1 +0.2 +1 Counts 
straight line fit) or full scale = 2,000V 

Rollover Error 
(Difference in reading for equal 

- - Y'N = + Y,N = 200.0mV -1 +0.2 +1 Counts 
positive and negative reading 
near full scale) 

Noise (Pk-Pk value not exceed 
EN V,N=OV - - 15 p.V 

95% of time) 

Leakage Current @ Input Il V,N=OV 1 10 pA 

Common Mode Rejection Ratio CMRR 
VeM = +1V, V,N=OV - 50 - p.VN 
Full scale = 200.0mV 

Scale Factor Temperature 
- Y'N = 199.0mV - 1 5 ppm/'C 

Coefficient 0<Ta<70'C (Ext. Ref. 0 ppm/'C) 

Temp. Coeff. of Analog Common 
VeTl 

250K!l between common and - 80 ppm/oC 
(with respect to positive supply) positive supply -

Analog Common Voltage 
Ve 

250K!l between common and 
2.4 2.8 3.2 V 

(with respect to positive supply) positive supply 

Pk-Pk Segment Drive Voltage 
Vso Vee to VEE =9V 4 5 6 V 

(Note 5) 

Pk-Pk Backplane Drive Voltage 
VBO Vee to VEE =9V 4 5 6 V 

(Note 5) 

Power Supply Current Is V,N=OV, Vee to VEE =9V - 55 100 p.A 
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KS7126 CMOS INTEGRATED CIRCUIT 

Notes 

1) Input voltage may exceed the supply voltage provided the input current is limited to ± 100pA 
2) Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 
3) Unless otherwise noted, specifications apply Ta = 25°C, !cLOCK =16KHz and are tested in the circuit of Figure 1. 
4) Refer to "Differential Input" discussion on page 7. 
5) Backplane drive is in phase with segment drive for 'off' segment, 180 out of phase for 'on' segment. Frequency is 20 times 

conversion rate. Average DC component is less than 50mV. 
6) During auto-zero phase, current is 10 - 20pA higher, 48KHz oscillator, Figure 2, increases current by 8pA (Typ.) 

TYPICAL OPERATING CIRCUITS 

IN 

30 

KS7126 

10 

21 

20 

Figure 1: KS7126 Clock Frequency 16 KHz (1 reading/sec.) 
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Figure 2: KS7126 Clock Frequency 48 KHz (3 readings/sec.) 
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KS7126 

PIN CONFIGURATION 

I 
1', 

~ 
la's 

~ 
lOa's 

L 
1000's--

o 

KS7126 

NORMAL TYPE 

INT 

BUFF 

NC 

NC 

NC 

NC 

COMMON 

v- NC 
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OSC, 1 0 

CREF+ 7 

CREF- 8 

c'gifrJig~ 9 

KS7126RV 

__ 10's 

I 
100's 

L 
I 

100's 

~ 

REVERSE TYPE 

NC SUB G3 

NC 

V+ D, C, 

FLAT TYPE 

l 
I 

I's 

-I 
10's 

1 
100's 

J 
--1000's 
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KS7126 CMOS INTEGRATED CIRCUIT 

PIN DESCRIPTION 

40·Pin DIP 50·Pin 
Pin Number Flat Package Name Description 

Normal (Reverse) Pin Number 

1 (40) 13 v+ Positive power supply 

2 (39) 14 D, Activates the D section of the units display 

3 (38) 15 C, Activates the C section of the units display 

4 (37) 16 B, Activates the B section of the units display 

5 (36) 17 A, Activates the A section of the units display 

6 (35) 18 F, Activates the F section of the units display 

7 (34) 19 G, Activates the G section of the units display 

8 (33) 20 E, Activates the E section of the units display 

9 (32) 21 D2 Activates the D section of the tens display 

10 (31) 25 C2 Activates the C section of the tens display 

11 (30) 26 B2 Activates the B section of the tens display 

12 (29) 27 A2 Activates the A section of the tens display 

13 (28) 28 F2 Activates the F section of the tens display 

14 (27) 29 E2 Activates the E section of the tens display 

15 (26) 30 D3 Activates the D section of the hundreds display 

16 (25) 31 B3 Activates the B section of the hundreds display 

17 (24) 32 F3 Activates the F section of the hundreds display 

18 (23) 33 E3 Activates the E section of the hundreds display 

19 (22) 34 AB. Activates both halves of the 1 in the thousands display 

20 (21) 35 POL Activates the negative polarity display 

21 (20) 36 BP Backplane drive output 

22 (19) 37 G3 Activates the G section of the hundreds display 

23 (18) 40 A3 Activates the A section of the hundreds display 

24 (17) 41 C3 Activates the C section of the hundreds display 

25 (16) 43 G2 Activates the E section of the tens display 

26 (15) 45 V- Negative power supply voltage 

The integrating capacitor should be selected to give the 
jmaximum voltage swing that ensures component tolerance 
build up will not allow the integrator output to saturate. When 

27 (14) 46 V'NT analog'common is used as a reference and the convension rate 
is 3 reading per second, a 0.047,.,F capacitor may be used. 
The capacitor must have a low dielectric constant to prevent 
roll·over errors. 
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KS7126 CMOS INTEGRATED CIRCUIT 

PIN DESCRIPTION (Continued) 

40-Pin DIP SO-Pin 
Pin Number Flat Package Name Description 

Normal (Reverse) Pin Number 

28 (13) 47 VBUFF 
Integration resistor connection_ Use a 180K'1J' for a 200mV , full-scale range and a 1.8MOI for 2V full-scale range. 

The size of the auto-zero capacitor influences the system 
29 (12) 49 CAZ noise. Use a 0.33/LF capacitor for a 200mV full-scale, and a 

0.033/LF capacitor for a 2V full-scale. 

30 (11) 51 V,N _ The low input is connected to this pin. 

31 (10) 55 V ,N + The high input signal is connected to this pin. 

This pin is primarily used to set the analog common-mode 

ANALOG 
voltage for battery operation or in systems where the input 

32 (9) 57 
COMMON 

signal is referenced to the power supply. 
See paragraph on ANALOG COMMON for more details. It 

I 

I 

I 
I 

also acts as a reference voltage source. 

33 (8) 58 CREF See pin 34 

A 0.1/LF capacitor is used in most applications. If a large 

34 (7) 59 CREF + 
common mode voltage exists (for example the V,N pin is not 
at analog common), and a 200mV scale is used, a 1.0/LF is 
recommended and will hold the rollover error to 0.5 count. 

35 (6) 60 VREF - See pin 36. 

The analog input required toi generate a full-scale output (1,999 

36 (5) 1 VREF + 
counts). Place 100mV between pins 35 and 36 for 199.9mV 
full-scale. Place 1.000volt between pins 35 and 36 for 2V full-
,scale. See paragraph on REFERENCE VOLTAGE. 

Lamp test. When pulled high (to Vee) all segments will be 

37 (4) 3 TEST 
turned ON and the display should read-1888. It may also be 
used as a negative supply for externally generated decimal 
points. See paragraph under TEST for additional information. 

38 (3) 4 OSC3 See pin 40. 

39 (2) 6 OSC2 See pin 40. 

Pin 40, 39, 38 make up the oscillator section. For a 48KHz 

40 (1) 10 OSC, 
clock (3 readings per second) connect pin 40 to the junction of 
a 180KO' resistor an a 50pF capacitor. The 180KO resistor is 
tied to pin 39 and the 50pF capacitor is tied to pin 38. 
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KS7126 CMOS INTEGRATED CIRCUIT 

DETAILED DESCRIPTION 
ANALOG SECTION 

Fig. 3 shows the Block Diagram of the Analog Section for the KS7126. Each measurement cycle is divided into three phases. 
They are (1) Auto-zero (A-Z), (2) Signal integrate (INT) and (3) De-Integrate (DE). 

10 DIGITAL SECTION 

Fig. 3 Analog Section of KS7126 

1. Auto-zero phase 
During auto-zero three things happen. First, input high and low are disconnected from the pins and internally shorted to 

analog COMMON. Second, the reference capacitor is charged to the reference voltage. Third, a feedback loop is closed 
around the system to charge the auto-zero capacitor CAZ to compensate for offset voltages in the buffer amplifier. integra
tor, and comparator. Since the comparator is included in the loop, the A-Z accuracy is limited only by the noise of the sys
tem. In any case, the offset referred to the input is less than 101'V. 

2. Signal integrate phase 
During signal integrate, the auto-zero loop is opened, the internal short is removed, and the internal input high and low 

are connected to the external pins. The converter then integrates the differential voltage between IN + and IN - for a fixed 
time. This differential voltage can be within a wide common mode range; within one Volt of either supply. If, on the other hand, 
the input signal has no return with respect to the converter power supply, IN - can be tied to analog COMMON to estab-

lish the correct common mode voltage. At the end of this phase, the polarity of the integrated signal is determined. 

3. De-integrate phase 
The final phase is de-integrate, or reference integrate. Input low is internally connected to analog COMMON and input high 

is connected across the previously charged reference capacitor. Circuitry within the chip ensures that the capacitor will be 
connected with the correct polarity to cause the integrator output to return to zero. The time required forthe output to return 
to zero is proportional to the input signal. Specifically the digital reading displayed is 1000( ~ ) 

VAEF 

Differential Input 
The input can accept differential voltages anywhere within the common mode range of the input amplifier; or specifically 

from 0.5 Volts below the positive supply to 1.0 Volt above the negative supply. In this range the system has a CMRR of 86dB 
typical. However, since the integrator also swings with the common ij10de voltage, care must be exercised to assure the in
tegrator output does not saturate. A worst case condition would be a large positive common-mode voltage with a near full
scale negative differential input Voltage. The negative input signal drives the integrator positive when most of its SWing has 
been used up by the positive common mode voltage. For these critical applications the integrator swing can be reduced to 
less than the recommended 2V full scale swing with little loss of accuracy. The integrator output can swing within 0.3 Volts 
of either supply without loss of linearity. 
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KS7126 CMOS INTEGRATED CIRCUIT 

Differential Reference 
The reference voltage can be generated anywhere within the power supply voltage of the converter. The main source of 

common mode error is a roll-over voltage caused by the reference capacitor losing or gaining charge to stray capacity on 
its modes. If there is a large common mode voltage, the reference capacitor can gain charge (increase voltage) when called 
up to de-integrate a positive Signal but lose charge (decrease voltage) when called up to de-integrate a negative input signal. 
This difference in reference for (+) or (-) input voltage will give a roll-over error However, by selecting the reference capaci
tor large enough in com parisian to the stray capacitance, this error can be held to less than 0.5 count for the worst case condition 
(See component Value Section) 

Vee 

REF + vee 27KO 
6.8 VOLT 

REF - ZENER KS7126 

KS7126 j REF+ 1.2 REFERENCE 

REF-

COMMON 

Fig. 4: Using an External Reference 

vee 
1- --l 
I I 

Vee 

I I 
I I 
I I 

: " [ TO LCD 
I ..,::>o--i-- DECIMAL 
L "'J ! POINT 

KS7126 
BP 21 

--TGND 
TEST J---+----...J 

37 

'---------0 ~~~~LANE 
Figure 5: Simple Inverter for Fixed Decimal Point 

Analog Common 

Vee 
BP 

" { DECIMAL 
TO LLO 

KS7126 
POINT 

DECIMAL 

SELECT -
POINT 

TEST I 
L __ 

37 

Figure 6: Exclusive-oR Gate for Decimal Point 

This pin is included primarily to set the common mode voltage for battery operation or for any system where the input sig
nals are floating with respect to the power supply. The COMMON pin sets a voltage that is approximately 2.8 Volts more negative 
than the positive supply. This is selected to give a minimum end-of-life battery voltage of about 6V. However, the analog 
COMMON has some of the attributes of a reference voltage. When the total supply voltage is large enough to cause the zener 
to regulate «7V), the COMMON voltage will have a low voltage coefficient (0.001%/%), low output impedance (=150), and 
a temperature coefficient typically less than 80 ppm/aC. 

The limitations of the on-chip reference should be also recognized, however. The reference temperature coefficient (TC) 
can cause some degradation in performance. Temperature changes of 2 to Bac, typical for instruments, can give a scale factor 
error of a count or more. Also the common voltage will have a poor voltage coefficient when the total supply voltage is less 
than that which will cause the zener to regulate «7V). These problems are eliminated if an external reference is used, as 
shown in Fig. 4. 

Analog COMMON is also used as the input low return during auto·zero and de·integrate. If IN - is different from analog 
COMMON, a common mode voltage exists in the system and is taken care of by the excellent CMRR of the converter. However, 
in some appl1cations IN - will be set at a fixed known voltage (power supply common for installce). In this application, analog 
COMMON should be tied to the same point, thus removing the common mode voltage from the converter. The same holds 
true for the reference voltage. If reference can be conveniently referenced to analog COMMON, it should be since this removes 
the common mode voltage from the reference system. 
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KS7126 CMOS INTEGRATED CIRCUIT 

Within the IC, analog COMMON is tied to an N channel FET that can sink 100pA or more of current to hold the voltage 
2.8·volts below the positive supply (when a load is trying to pull the common line positive). However, there is only 1pA of source 
current, so COMMON may easily be tied to a more negative voltage thus overriding the internal reference. 

Test 
The TEST pin serves two functions. It is coupled to the internally generated digital supply through a 5000 resistor. Thus 

it can be used as the negative supply for externally generated segment drivers such as decimal pOints or any other presen
tation the user may want to include on the LCD display Fig. 5 and Fig. 6 show such an application. No more than a 1mA load 
should be applied. 

The second'function is a "lamp test". When TEST is pulled high (to Vee) all segments will be turned on and the display 
should read -- 1888. The TEST pin will sink about 10mA under these conditions. 

CAUTION: In the lamp test mode, the segments have a constant D-C voltage (no square wave) and may burn the LCD 
display if left in this mode for extended periods. 

DIGITAL SECTION 
Fig. 7 shows the digital section for the KS7126. An internal digital ground is generated from a 6 volt zener diode and a large 

P channel source follower. This supply is made stiff to absorb the relative large capacitive current when the back plane (BP) 
voltage is switched. The BP frequency is the clock frequency divided by 800. For three readings/second this is a 60Hz square 
wave with a nominal amplitude of 5 volts. The segments are driven at the same frequency and amplitude and are in phase 
with BP when OFF, but out of phase when ON. In all cases negligible DC voltage exists across the segments. The polarity 
indication is "ON" for negative analog inputs. If IN - and IN + are reversed, this indication can be reversed also, if desired. 

____________________________________ -r ____ 4+~H4--++~H+--~~++--~O_~BA~C,KP~NE 

------~--------~----------~--~-----+------~--~vee 

-4----+----~~~--_+--------------~------~~~~TEST 

*Three Inverters. 
aile Inverter shown for clarity. 

------+--~---O VEE 

OSC1 OSC2 OSC3 

Fig. 7: Digital Section 
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KS7126 CMOS iNTEGRATED CIRCUIT 

System Timing 
Fig. 8 shows the clocking arrangement used in the KS7126. Three basic clocking arrangements can be used. 

1. An external oscillator connected to pin 40 
2. A crystal between pins 39 and 40. 
3. An R-C oscillator using all three pins 

EXTERNAL 
OSCILLA1OR 

Fig. 8: Clock Circuits TEST 

The oscillator frequency is divided by four before it clocks the decade counts. It is then futher divided to form the three 
convert - cycle phases. These are signal integrate (1000 counts), reference de-integrate (0 to 2000 counts) and auto - zero 
(1000 to 3000 counts). For signals less than full scale, auto - zero gets the unused portion of reference de-integrate. This 
makes a complete measure cycle of 4,000 (1,600 clock pulses) independent of input voltage. For three readings/second, an 
oscillator frequency of 48 KHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal integrate cycle should be a multiple of 60Hz. Oscillator frequency 
of 60KHz, 48KHz, 33lJ.,KHz, etc. should be selected. For 50Hz rejection, oscillator frequencies of 66l/3KHz, 50KHz, 40KHz, 
etc. would be suitable. Note that 40KHz (2.5 readings/second) will reject both 50 and 60Hi (also 400 and 440Hz) 

COMPONENT VALUE SELECTION 

1. Integrating Resistor 
Both the buffer amplifier and the integrator have a class A output stage with 6 pA of quiescent current. They can supply -1 pA 

of drive current with negligible non-linearity. The integrating resistor should be large enough to remain in this very linear region 
over the input voltage range, but small enough that undue leakage requirements are not placed on the PC board. For 2 Volt 
full scale, 1.8MO is near optimum and similarly 180KO for a 200.0mV scale. 

2. Integrating Capacitor 
The integrating capacitor should be selected to give the maximum voltage swing that ensures tolerance build-up will not 

saturate the integral swing (approx. 0.3 Volt from either supply). When the analog COMMON is used as a reference, a nomi
nal ±2 Volt full scale integrator swing is fine.For three readings/second (48KHz clock) nominal values for C'NT are 0.047/4F, 
for l/sec (16KHz) O.IS/4F of course, it different oscillator frequencies are used, these values should be changed in inverse 
proportion to maintain the same output swing. 

The integrating capacitor should have low dielectric absorption to prevent roll-over errors. While other types may be ade
quate for this application, pol1'propylene capacitors give undetectable errors at reasonable cost. At three readings/sec., a 
7500 resistor should be placed in series with the integrating capacitor, to compensate for comparator delay. 

3. Auto·Zero Capacitor 
The size of the auto-zero capacitor has some influence on the noise of the system. For 200mV full scale where noise is 

very important, a 0.32/4F capacitor is recommended. On the 2 Volt scale, a 0.033/4F capacitor increases the speed of recov
ery from overload and is adequate for noise on this scale. 

4. Reference Capacitor 
A 0.1~ capacitor gives good results in most applications. However, where a large common mode voltage exists (i.e. the 

REF- pin is not analog COMMON) and a 200mV scale is used, a large value is required to prevent roll-over error. Gener
ally 1.0/4F will hold the roll-over error to 0.5 count in this instance. 

5. Oscillator Components 
For all r'il\1ges of frequency a 50pF capacitor is recommended and the resistor is selected from the approximate equa

tion f z0,45For 48KHz clock (3 readings/second) R=18KO 
RC 
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KS7126 CMOS INTEGRATED CIRCUIT 

TYPICAL APPLICATIONS 

Vee 
----------------~--~--------------------------------, 

OSC, 

KS7126 

CREF
ANALOG COMMON 

(OR COMMON) 
VIN+ 

V,,~ -

21 

Scale factor adjust 
(Vref=100mV for AC to RMS) 

Figure 9: AC to DC Converter with KS7126. Test is Used a$ a Common 
Mode Reference' Level to Ensure Compatibility with Most Op·Amps. 

2.2MO 

To pin 1 

*~ 40 1==1 
..i':' Set Vre! =100.0mV 

40 1==1 18CKO 
Set Vref=1.000V 

KS7126 

5~;F / 

[J------lr~V·J~~~~r_~-ovcc 
250KO 240KO 

.01,," 1MIl 

IN 
0.022 

1.8MIl 

'A~ 7500. :: 0047eF 
[]----~~~------------__oVEE 

. 8 } 10 DISPLAY 

21 Fi--1O BACKlpLANE 

KS7126 

50~F 
\ J.. 

1= Po 1""1 
10KO 11 Mil I 

I=f 0.1,," 1MIl 

Fi. 
, 

"i'" 

~~ ~ 180KIl 
...it . * .. 

F 
} 10 DISPLAY ~ 

F 
21 f= I-- 10 BACKPLANE 

ACjlN 

+5V 

V ~ 68 

+ 
IN 

.-
I 

-5V 

Figure 11: KS7126 with Zener Diode Reference. 

Figure 10: Recommended Values for2.000V Full-Scale, 
Three Readings Per Second. 
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KS7126 

Vee 

240KO 

+ 
KS7126 

f----:co"'""'~4---==.0'-'1!:::.pF----+__o IN. 

= 9V 

Figure 12: KS7126 Using the Internal Reference. 200.0mV 
Full-Scale, Three Readings Per Second, Floating Supply 
Voltage (9V Battery). 

To pin 1 
Vec--~------------o 

KS7126 

·Values depend on clock frqeucny. See figure 10, 12, 15. 

Figure 14:. KS7126 Measuring Ratiometric Values of Quad 
Load Cell. The Resistor Values Within theBridge are 
Determined by the Desired Sensitivity. 
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CMOS INTEGRATED CIRCUIT 

Vee __ ~m~p~in~1~ ________ -, 

40 

KS7126 

O--IW'Ir-----+ Set Vref=100.0mV 

50pF /. 
100KO +5V 

.. ~ 20KO 27KO 
0.1,.. 1.2V. 1MO 

tJ.------4 .01pF 
rt---4--~--~~---OIN 

+ 

O.33lF 

} TO DISPLAY-= 

___ .::2~1 1-1"--- TO BACK PLANE 

Figure 13: KS7126 Operated From Single +5V 

Supply. An External Reference Must Be Used. 

40 

KS1726 

560KO 
To pin 1 

Vee 

1-----J'1AJ'V---4 Set Vrel =10Q.OmV 

50pF 20KO ~OKO 27KO 

1e---~~~~~~~~--oVec 

TSC9491CJ 

180Kn 

~ __ ~0~.1~5"~F _______ -oVEE 

TO BACK PLANE 

Figure 15: KS7126 with an External Band-Gap 
Reference (1.2V Typ) IN- is tied to Common. 
Values Shown are for One Reading Per Second. 
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KS7126 CMOS INTEGRATED CIRCUIT 

To pin 1 
Vee--------------------------, 

40 

D---~I--'-------' Scale factor adjust 

SOpF 100KIl/ 
1MIl 

KS7126 D---+------~-+-t-\-I ••••• "~ 

} 10 DISPLAY 

____ 2..:11--'---- 10 BACK PLANE 

Silicon NPN 
MPS 3704 or 
similar 

ORangE 

U Range 

Figure 16: KS7126 Used as a Digital Centigrade 
Thermometer. A Silicon Diode-Connected Transistor Has 
a Temperature Coefficient of About 2mV/oC. 

Figure 17: Circuit for Developing Underrange and Overrange 
Signals from KS7126 Outputs. 

To pin 1 
vee 

40 560KIl 
II 

""SOpF 
Set Vref 1,OODV 

.( 
V ee 

::=0.1,&' 2S0KIl 240KIl 

.01,&' 1MIl i 
K S7126 T I N 

0.022eF~~ L~!~ 1.BMIl 
0.15eF 

V EE 

} 10 DISPLAY 

21 10 BACK PLANE 

. Figure 18: Recommended Component Values for 2.00V Full-Scale, One Reading Per Second. 

*Values depend on clock frequency. See Figure 10, 12,15 
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KDA3310 

HIGH SPEED D/A CONVERTER 
10 BIT 25 MSPS 
The KDA3310 is a bipolar monolithic digital-to-analog 
converter, which has single + 5V supply and all the dig
ital input stage is operated at the level of TTL or CMOS 
LOGIC and CML internally, with a conversion rate of 
25MSPS. . 

The device has a built in input data register and oper
ates without an external deglitcher. A digital qata is first 
sync into a clock signal and then converted into an ana
log signal. 
Moreover video controls, sync and blank, are included 
for an easy video signal output in RS343A standard ra
tio form. The dynamic range of analog output is 1.0V 
and the full-scaled output can be modulated by the size 
of base voltage entering the pin 6. 

FEATURE 
• Single + 5V supply 
• 8, 9, 10 bit linearity 
• TTL interface 
• 25 MSPS conversion rate 
• Voltage output 
• Low glitch energy 

BLOCK DIAGRAM 

CLOCK 

INVERSE 

SYNC 

PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

28 CERDIP 

ORDERING INFORMATION 

Marking INL DNL 

KDA3310-10 ±1 LSB ± 1/2 LSB 

KDA3310-9 ± 1 LSB ±1 LSB 

KDA3310-8 ±2 LSB ±2 LSB 

CK 

TTUECL 
DIGITAL 
INPUT 
BUFFER 

------------ --'1 

BLANK 
0-

TTUECL 
DIGITAL 
INPUT 
BUFFER 

REFERENCE VOLTAGE 
o------------------------------~ 

-'SAMSUNG qs EI . ectromcs 

! 

2ND 
REGISTER 

Fig_ 1 
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

PIN DESCRIPTION 

Pin No. Description 

1 No Connection 
2 No Connection 
3 Blank Signal Input 
4 Sync Signal Input 
5 Inverse Signal Input 
6 Reference Voltage Input 
7 OP Amp. Compensation Capacitor 
8 Analog Output 
9 Analog Ground 

10 Analog Supply'+ 5V' 
11 No Connection 
12 Substrate Ground 
13 No Connection 
14 No Connection 
15 Digital Ground 
16 No Connection 
17 Digital Supply + 5V 
18 Clock Input 
19 Digital Input Bit 0 (MSB) 
20 Digital Input Bit 1 
21 Digital Input Bit 2 
22 Digital Input Bit 3 
23 Digital Input Bit 4 
24 Digital Input Bit 5 
25 Digital Input Bit 6 
26 Digital Input Bit 7 
27 Digital Input Bit 8 
28 Digital Input Bit 9 (LSB) 

RECOMMENDED OPERATING CIRCUIT 

1K 

L1 

19 D1/MSB1 . 
__ 20 D2 

21 D3 
22 D4 
23 D5 
24 D6 
25 D7 
26 D8 

SW 

27 D9- KDA3310 
28 D10(LSO) AOUTP8'-----+-D/AOUT 

~ INVERSE 

Vz 

3 SYNC 

Rv 18 ~t~~~ 
,...cc.4.7'-'-K=--_____ -=1'-:--6~BIAS REF 

R2 
S.2K 

DGND 15 

DIGITAL GROUND--__ ._~ ____ ++---------~ll.-

Fig. 2 
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristics Symbol Value Unit 

Digital Supply Voltage DVcc -0.5 to +6.0 V 
Analog Supply Voltage AVcc -0.5 to +6.0 V 
Digital Input Voltage V,N -0.5 to +6.0 V 
Reference Voltage Input VAEF 2.5 to 5.5 V 
Clock Input Voltage VCK -0.5 to 6.0 V 
Output Compliance Voltage Voc 3.0 to 6.0 V 
Ambient Operating Temp. TA - 25.0 to 85.0 °C 
Storage Temperature TSTG - 55.0 to + 125.0 °C 
Soldering Temperature (5 sec) TsoL 260 °C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within 
specified operating conditions. 

2. Functional operation under any of these conditions is not implied. 
3. Applied voltage must be current limited to specified range. 
4. Current is specified as positive when flowing into the device. 

RECOMMENDED OPERATING CONDITIONS 

Characteristics Symbol Min Typ Max Unit 

Analog Supply Voltage AVcc 4.75 5.0 5.25 V 
Digital Supply Voltage DVcc 4.75 5.0 5.25 V 
Output Dynamic Range VOYN 3.5 - Vcc V 
Digital Input Low Voltage V,L - - 0.8 V 
Digital Input High Voltage V,H 2.0 - - V 
Clock High Time VCKH 20 - - ns 
Clock Low Time VCKL 20 - - ns 
Input Set·up Time ts 12 - - ns 
Input Hold Time tH 12 - - ns 
OP Amp COmpersation Capacitor CCOMP 1.0 - - 11'F 
Operating Ambient Temperature TA 0 - 70 °C 
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (DVec = AVec = 5.0V, Ta=25°C) 

Characteristics Symbol Test Condition 

Supply Current Icc DVee=AVce=Max 

Digital Input High Current I'H DVee= AVec = Max, Y'N = 2AV 

Digital Input Low Current I'L DVcc =AVce= Max, V,N=OAV 

Output Resistance ROUT Between AVec and AOUT 

Analog Output Delay Time tD Vee=Min, V,el=4V, RL= 00 

Rising Time tR Vee=Min, V,e,=4V, RL=oo 

Falling Time tF Vee=Min, V",,=4V, RL= co 

Settling Time tSET Vce=Min, V,e,=4V, RL=oo 

Blank Level V8LANK Vee=Typ, V",,=4V, RL= 00 

Synk Level VSyNe Vce=Typ, V,e,=4V, RL=oo 

Zero Code Output Voltage VZERO Vee=Typ, V",,=4V, RL=co 

Full Scale Ouput Voltage VFS Vee=Typ, V",,=4V, RL=co 

Output Offset Voltage VOFS Vee=Max, RL= 00 

Differential Linearity Error DLE Vee = Typ, V",,=4V, RL=co 

Integral Linearity Error ILE Vee=Typ, V",,=4V, RL=co 

Glitch Energy GE 

Differential Phase DP FeK = 4 fsc (NTSC) 

Differential Gain DG FCK = 4 fsc (NTSC) 

Max. Conversion Rate FeK V",,=4V, RL= 00 

TIMING DIAGRAM 

CLOCK 

tPWL 

--------~r_----~~ r_~----~ 
DATA DATA N-1 

OUTPUT __________ -r 

Fig. 3 
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Min 

90 

80 

71 

380 

3.95 

0.95 

-0.5 

-1 

25 

Typ Max Unit 

120 150 mA 

100 200 p.A 

-200 -500 p.A 

90 100 ohm 

25 ns 

10 ns 

10 ns 

40 ns 

81 91 mV 

432 480 mV 

4.0 4.05 V 

1.0 1.05 V 

±15 ±25 mV 

+0.5 LSB 

+1 LSB 

200 PV·sec 

2 °C 

2 % 

MSPS 
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

INPUT/OUTPUT EQUIVALENT CIRCUIT 

DVcc o-------1>--~-----, DVcc o------<l>-~~-----, 

CONTROL CTL 
DATA 

REF 
I 

I 

I 
Fig. 4 Pin 19·26, Digital Input 

AVec 

Fig. 5 Pin 3, 4, 5 & Pin 18, Control Signal & Clock Input 

OR = 120 ohm 

I 

I 

2R 

D/Aol 

Fig. 6 Pin 6, 8, Refere,nce Voltage and Analog Output 
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

TEST CIRCUIT 
+~.~~ ---;-1r--~r---~----------~---'--

33pF 
L1 

10 
19 
20 
21 

BINARY 22 
DIGITAL INPUTS 23 

24 
25 
26 
27 
28 

18 

12 

L2 

r-------------~17 
AVec 
D1(MSB) 
D2 
D3 

D4 
D5 
D6 
D7 
DB 
D9 
D10(LSB) 

INVERSE 
SYNC 

BLANK 

CLOCK 

BIAS REF. 

COMP 

AGND 
SUBSTRATE 

0 ,.... 
C') 
C') 
c:( 
C 
lI:: 

DVee RL 80 ohm 

SW 

OfAoUT 

AOuTt-=--------{IQ 

DGND 1-1",5 __ _ 

GROUNO-----~~------------~---

APPLICATION CIRCUIT 
+5.0V , ~ 
Vee 33"F + ~ IC4 

Vz 

1K 

4.7K 

R2 
0.2K 

Fig. 7 

L1 

10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

18 

AVec 
01(MSB) 

02 
03 
04 
05 
06 
07 
08 
09 0 .,.. 
010(LSB) 

C') 
C') 

c:( 
INVERSE C 

SYNC 
lI:: 

BLANK 
CLOCK 

BIAS REF. 

COMP 

AGNO 
SUBSTRATE 

17 
OVee 

AOUT 8 

15 
DGNOJ----

RL 80 ohm 

SW 

OfAoUT 

GROUNO-----------~~------------~-
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

ANALOG OUTPUT WAVEFORM 

mV 

50001----..... ----------- ---- - ____ "!C?f3~~L_IrJ!:l~!~_~~~~~ _____ _ 

4000 I-------~LL.,..:..:..:::.: 
39191-----------.L..--.---_._....J 

BLANK LEVEL 

SYNC LEVEL 
3486 -'----'-

Fig. 9 Without Inverse Signal Input 

mV 

5qOO 

40001-__ -J 
NORMAL 
WHITE LEVEL 

3919 ---------------

3486 - - --- ------- ----------1----'-

Fig. 10 With Inverse Signal Input 
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

INPUT CODING vs. OUTPUT LEVEL 

Without Video Control Signal (SYNC = BLAN K = Low) 

Inverse Data Input Output Level [mV] Descriptions 

0 111 ...... 111 5000 
0 000 ...... 000 4000 When V,e.=4.0V, 

1 111 ...... 111 4000 Standard Swing is 1Vp.p 

1 000 ...... 000 5000 

With Video Control Signal 

Inverse Sync Blank Data Output Level [mV] Descriptions 

0 0 0 111 ...... 111 5000 Normal White 
0 0 0 000 ...... 000 4000 Normal Black 

0 0 1 XXX ...... XXX 3919 Blank Level 

0 1 X XXX ...... XXX 3486 Sync Level 

1 0 0 111 ...... 111 4000 Inverse Normal White 
1 0 0 000 ...... 000 5000 Inverse Normal Black 

X 0 1 XXX ...... XXX 3919 Blank Level 

X 1 X XXX ...... XXX 3487 Sync Level 

Notes: 1. Logic "high" is +2.0V<V'H< +5.0V at TTL input level. 
2. Logic "low" is +O.OV<V,H < +0.8V at TTL input level. 
3. X = "don't care." 
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PRELIMINARY 
KDA3310 LINEAR INTEGRATED CIRCUIT 

OPERATION 

1. General Information 

KDA3310 is operated by + 5.0V single supply. All the digital inputs is composed of TTL-to·CML input buffer circuit 
to transform the TTL signal into CML level which is needed internally. 

Data through input buffer, upper 6 bits is separated into 63 segmented signals at decoder circuit and lower 4 bits 
is passed through 67 internal registers directly. At the internal register all the data, which is triggered at the falling 
edge of clock pulse signal, is latched simultaneously. . 

Latched data is transferred to the output current·switch, and their current switch is operatd by current source of 
data states. Analog output voltage is generated by the voltage drop across the resistor network. 

Output voltage swing is determined by the applied voltage to external reference voltage pin 6. In the case of 
not using video control signals such as sync and blank and when RL = open and V (pin 6) = 4V, output amplitude 
is 1 V pop SWing, when RL = 85 and V (pin 6) = 3V, output becomes 1 Vpop swing. Moreover, KDA3310 has sync, blank. 
inverse function of video control signal. 

2. Power Supply 

The KDA3310 can be operated from a single + 5.0V power supply. In order to prevent digital ground noise from 
disturbing the analog circuitry, digital and analog sections are separated. Current from the current sources are 
switched accordingly and combined in the resistor network to give an analog output voltage. Digital current path 
is applied in input buffer stage, decorder circuit and register block. 

3. Input Stage 

The input stage transforms the TTL mode input signal into required CML level. With low inverse signal, data input 
signal is actillated in low logic state. Therefore output level is reduced. In high logic state control input becomes 
reverse result occurs. 

4. Image Control Signal 

Unlike data signal, control signal is activated in high logic state. Without control signal, analog output is deter· 
mined according to the input data. If blank signal is present, all data signals are "set" and also blank output level 
is obtained by blank current switch. 
However, sync signal ignores both data and blank signals which are set to activate additional current switch. As 
a result sync level is achieved. Only gray scale signal is influence by inverse signal and negative blank and sync 
level is resulted. 

5. Base Voltage Circuit and 
Analog Output Circuit 

The ZA33100 acquires built·in oscillator. The standard input voltage is normally 4.0V and by modulating this vol· 
tage can vary the swing width of output level. The internal operational amplifier of ZA33100 is frequency stabilized 
by an compansation capacitor of pin 7. 1.01'F tantalum capacitor is recommended for optimum perfonmance. The 
analog output voltage appears proportionally with the input .data. 
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KDA3310 

GRAPHICS PLOT (V.EF YS AVQUT) 

ROl1T =85D 

5.500 

.3000/dl v 

;:;;;" k::::: 
~ ~ 1./ r-- f'" V V 1= l'~~.-

~ ~~~ V 
/I',~r/ /' '--

t-E-f--I R'¥' -
~ 1'[ - 8 '"'" 

P 
0 2.50 
2.500 

VREF .3000fdiv (V) 
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PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

GRAPHICS PLOT (VREF YS AVo", WITH BLANK, SYNC) 
",,":850 

5.500 

I 

~ V 

~"C V'/ / 'j 

'" ""V / 
r-V L'O~r}'Y / 

/ OJ-</( ¥ 

~ 
- R, 

V I,s-~*" 8 

V .}' 4 -

3 

O~ ~ I-

AmIT 

.3000fdiv 

SYNC 

BLANK 

2.50 

2.500 5.500 

VflEF .3000fdiv (V) 
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KDA0406 

HIGH SPEED TRIPPLE D/A 
CONVERTER 
6 BITS TRIPPLE, 20 MSPS 
The KDA0406 is a monolithic 6 bit tripple DAC which 
applies 21'm bipolar process. Decoding method and R-2R 
collector split method are combined to realize the 
device. In the device operating on a Single + 5V, Signal 
transformation upto 20MSPS (Mega Sample Per Second) 
is possible. This DAC is designed for Video Application 
and has output dynamic range of 4 to 5V. 
In order to have less input data lines and package pins, 
six pins provide input data to three DAC according to 
whether clock is enabled. Where clock is unenabled, 
its internal register holds the input data of previous con· 
dition so the analog output in previous condition is 
maintained. 
All the data input and input signals of clock and con
trol are controlled by the TTL CMOS level. Since there 
is a built-in register, the input data can be used by trans
forming into analog signal, after being synchronized into 
a clock signal, without additional deglitch circuit. 
Moreover the built-in generating circuit for reference vol
tage provides easy application of the device. 

FEATURES 
• Resolution: 6 Bit 
• Linearity error: less than ± 112 LSB 
• Maximum conversion rate: 20 MSPS 
• Analog output dynamic range: 4 - SV 
o Data,clock enable input: TTL, CMOS level compatible 
• Single power supply: S ± 0.2SV 
• Low power dissipation: 300 mW (typ.) 

BLOCK DIAGRAM 
ENABlE-A 0------, 

d!SAMSUNG 
•• Electronics 

PRELIMINARY 
LINEAR INTEGRATED CIRCUIT 

28 SDIP 

28 sop· 

II 
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PRELIMINARY 
KDA0406 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Symbol Value Unit 

Supply Voltage VCCA, VCCD -0.5 to 6.0 V 
Supply Difference VCCA - VCCD -0.5 to 0.5 V 
Digital Input Voltage VD'N -0.5 to 6.0 V 
Reference Voltage Input VR'N 3.0 to 6.0 V 
Analog Output Voltage Vour 3.0 to 6.0 V 
Ambient Operating Temperature Range Ta -25 -95 °C 
Storage Temperature Range T"9 -55 -125 °C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within 
specified operating conditions. 

2. Functional operation under any of these conditions is not impiled. 
3. Applied voltage must be current limited to specified range. 
4. Current is specified as positive when flowing into the device. 

RECOMMENDED OPERATING CONDITIONS 

Characteristics Symbol Min Typ Max Unit 

Supply Voltage VCCA, VCCD 4.75 5.00 5.25 V 

Supply Difference VCCA - VCCD -0.05 0 0.05 V 

Clock High Time tPWH 25 ns 

Clock Low Time tPWL 25 ns 

Input Data Set·up Time ts 15 ns 

Input Data Hold Time tH 15 ns 

Digital Input Voltage, Low V'L 0.8 V 

Digital Input Voltage, High V'H 2:0 V 

Reference Voltage Input VR'N 3.8 4.0 4.2 V 

Compensation Capacitor CCOMP 1 I'F 

Ambient Operating Temperature Range Ta 0 70 °C 
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PRELIMINARY 
KDA0406 LINEAR INTEGRATED CIRCUIT 

D.C. ELECTRICAL CHARACTERISTICS WITHIN SPECIFIED CONDITION 

Characteristics Symbol Test Conditions Min Typ Max Unit 

Supply Current ICCD + IccA Vce=Max 60 BO mA 

Reference Output Voltage VROUT Vce=Typ 3.B 4.0 4.2 V 

Reference Output Voltage Variation VROT 0°C-70°C 28 mV 

Reference Input Current IRIN Vee=Max 10 p.A 

Digital Input Current, Low I'L Vee = Max, V, = O.4V -400 p.A 

Digital Input Current, High I'H Vee = Max, V, = 2.4V 200 p.A 

Output Resistance RouT VeeA to AouT 190 240 290 ohm 

A.C. ELECTRICAL CHARACTERISTICS WITHIN SPECIFIED CONDITION II 
Characteristics Symbol Test Conditions Min Typ Max Unit 

'Maximum Conversion Rate fe Vee=Min 20 MSPS 

Analog Output Delay to Vee=Min 20 ns 

Settli ng Time tSET Vee = Min 40 ns 

Rise Time (10%->90%) tr Vee = Typ 10 ns 

PERFORMANCE CHARACTERISTICS WITHIN SPECIFIED CONDITION 

Characteristics Symbol Test Conditions Min Typ Max Unit 

Integral Linearity Error ELI Vee = Typ ±O.B % 

Differential Linearity Error ELO Vee = Typ ±O.B % 

Zero Scale Output Voltage Vozs Vee = Typ, VRIN = 4.0V 3.9 4.0 4.1 V 

Full Scale Output Voltage VOFS Vee = Max Vee -15 Vee Vee + 15 mV 

Zero Scale Channel Variation 6. VeH Vee = Typ, VRIN = 4.0V 30 mV 

Differential Phase DP fe=4 fsc 2 'C 

Differential Gain DG fe=4 fsc 2 % 

117 



PRELIMINARY 
KDA0406 LINEAR INTEGRATED CIRCUIT 

TIMING DIAGRAM 

-ts I tH-

DATA n-1 
W 

n+1 n 
\ \ 

I----tPWH tPWL 

If If 
CLOCK ~ 

j ±1/2 LSB 

"\ 

I 

OUTPUT 
I ± 112 LSB 

tD tSET I 

PIN CONFIGURATION 

N.C. 28 ENA- B N.C. ENA-B 

CK-R 27 CK-B CK-R CK-B 

ENA -R 26 OVcc ENA-R OVCC 

CK.-Y 25 N.C. CK-Y N.C. 

ENA -Y 24 COMP ENA-Y COMP 

06(LSB) 23 VROUT 06(LSB) VROUT 

05 22 VAIN 05 VRIN 

04 
KDA0406 

21 B-OUT 04 B-OUT 

D3 20 R_ OUT D3 R-OUT 

D2 19 Y- OUT D2 V-OUT 

D1(MSB) 11 18 SUBSTRATE D1(MSB) SUBSTRATE 

N.C. 17 AGND N.C. AGND 

N.C. 13 0 16 N.C. N.C. N.C. 

OGND 14 15 AVec DGND AVec 

(TOP VIEW) (TOP VIEW) 
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PRELIMINARY 
KDA0406 LINEAR INTEGRATED CIRCUIT 

KDA0406 D.C. TEST CIRCUIT 

DGND 
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PRELIMINARY 
KDA0406 LINEAR INTEGRATED CIRCUIT 

KDA0406 A.C. TEST CIRCUIT 

DGND 
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KDA0800/KDA0801/KDA0802 LINEAR INTEGRATED CIRCUIT 

8·BIT D/A CONVERTER 
The KDA0800 series are monolithic 8-bit high-speed current-output 

digital-to-analog converters (DAC) featuring typical settling times of 
100ns_ When used as a multiplying DAC, monotonic performance over 
a 40 to 1 reference current range is possible_ The KDA0800 series also 
features high compliance complementary current outputs to allow 
differential output voltages of 20 Vp_p with simple resistor loads_ The 
reference-to-full-scale current matching of better than ± 1 LSB eliminates 
the need for full-scale trims in most applications while the nonlinearities 
of better than ± 0.1 % over temperature minimizes system error 
accuml,Jlations. 

The noise immune inputs of the KDA0800 series will accept TTL levels 
with the logic threshold pin, VLC, potential allow direct interface to all 
logic families. The performance and characteristics of the device are 
essentially unchanged over the full ± 4.5V to ± 18V power supply range; 
power dissipation is only 33mW with ± 5V supplies and is independent 
of the logic input states. 

16 DIP 

FEATURES ORDERING INFORMATION 
o Fast settling output time: 100ns 
• Full scale error: ± 1 LSB 
o Nonlinearity over temperature: ± 0_1 % 
• Full scale current drift: ± 10 ppm/DC 
• High output compliance: -10V to + 18V 
• Complementary current outputs 
• Interface directly with TTL, CMOS, PMOS 

and others 
• 2 quadrant wide range multiplying capability 
• Wide power supply range: ± 4.5V to ± 18V 
• Low power consumption: 33mW at ± 5V 
• Low cost 
• Standard 16 DIP package 

BLOCK DIAGRAM 
v+ VLC 81 MS8 82 

COMP v-

=8SAMSUNG 
Electronics 

Device Package Temperature Range 

KDA0800CN 

KDA0801CN 16 DIP 0;.. + 70°C 

KDA0802CN 

83 84 85 86 87 88 LS8 

Nonlinearity 

±0.19%FS 

±0.39%FS 

±0.1%FS 
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KDA0800/KDA0801/KDA0802 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vcc ± 18V or 36V V 
Power Dissipation PD 500, mW 
Reference Input Differential Voltage (V14 to V15) Y,N V_ - V+ V 
Reference Input Common-Mode Range (V14, V15) Y,N V_ - V+ V 
Reference Input Current Iref 5 rnA 
Logic Inputs Y,N V_ - V_+36V V 
Operating Temperature Topr DoC _ + 70°C °C 
Storage Temperature T"g -65°C - + 150·C °C 

ELECTRICAL CHARACTERISTICS. 
(Vs = ± 15V, I,ef = 2m A, T min::sTa::sT max unless otherwise specified. Output characteristics refer to both lOUT and lOUT') 

KDA0800 
Characteristic Symbol Test Conditions Unit 

Min Typ Max 

Resolution 8 8 8 Bits 

Monotonicity 8 8 8 Bits 

KDAOB02 ±0.1 
Nonlinearity KDAOBOO - - ±0.19 %FS 

KDAOB01 ±0.39 

Settling Time ts 
To ± 1/2 LSB, all bits switched - 100 150 ns 
"ON" or "OFF", Ta=25°C 

Propagation Delay 
Each Bit tPLH, tpHL Ta=25°C - 35 60 ns 
All Bits Switched - 35 60 ns 

Full Scale Tempco TCI Fs ±10 ±50 ppm/oC 

Output Voltage Compliance Voc 
Full scale current change 

-10 - 1B V 
<112 LSB, RouT >20Mn Typ 

Full Scale Current IFs4 
V,., = 10V, R14=5Kn 

1.94 1.99 2.04 rnA 
R15=5Kn, Ta=25°C 

Full Scale Symmetry IFss IFs4 -I Fs2 - ±1 ±8.0 !LA 

Zero Scale Current Izs - 0.2 2.0 !LA 

Output Current Range IFsR 
V- = -5V 0 2.0 2.1 rnA 
V - = - BV to - 1BV 0 2.0 4.2 rnA 

Logic Input Levels 
Logic "0" V,L VLC=OV 2.0 - O.B V 
Logic "1" V,H - V 

Logic Input Current VLC=OV 
Logic "0" I,L -10V::sV ,N ::s +O.BV - -2.0 -10 !LA 
Logic "1" I'H 2V::sV ,N ::s+1BV - 0.002 10 !LA 

Logic Input Swing V's V - = -15V -10 - 1B V 

Logic Threshold Range VTHR Vs=±15V -10 - 13.5 V 

Reference Bias Current 1'5 - -1.0 -3.0 !LA 

Reference Input Slew Rate dlldt 4.0 8.0 - mA/f.Ls 

Power Supply Sensitivity PSSIFs + 4.5V <V + < 18V - 0.0001 0.01 %1% 
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KDA0800/KDA0801/KDA0802 CMOS INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic Symbol 

PSSIFS -

1+ 
1-

Power Supply Current 1+ 
1-

1+ 
1-

Power Dissipation PD 

TYPICAL APPLICATIONS 

Ire! 
+ Vref -- +Vref 

MS6 LS6 
618283646566678B 

Test Conditions 

- 4.5V::;V - ::;18V 
l,el=1mA 

Vs = ±5V, Iml=1mA 

Vs=5V, -15V, l,el=2mA 

Vs= ±15V, Iml=2mA 

±5V,I,el=1mA 
5V, - 15V, I,el = 2mA 
± 15V, Irel = 2mA 

10 

I - +V,el 255 
FS= Rml x 256 

10 + r;:; = IFS for all 
logic states 

KDA0800 

Min Typ 

- 0.0001 

- 2.3 
- -4.3 

- 2.4 
- -6.4 

- 2.5 
- -6.5 

- 33 
- 108 
- 135 

For fixed reference, TTL operation, 

+v 

10 typical values are: 
V,el=10V 
Rml =5KO 
R15 == R,el 
Cc = 0.011'F 
VLC=OV (Ground) 

Fig. 1 Basic Positive Reference Operation 

+ Iref =2mA r--____ "" 

KDAOBOO 
14 

KDAOBOO 
R15 

Max 

0.01 

3.8 
-5.8 

3.8 
-7.8 

3.8 
-7.8 

48 
136 
174 

10 

- Vref (}-o-W'r-r.15:..-___ ....1~=':5! 10 

_ - V,el 255 Note: Rrel sets IFS: R15 is 
IFS = ~ x 256 for bias current cancellation 

Fig. 2 Recommended Full Scale Adjustment Circuit Fig. 3 Basic Negative Reference Operation 
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%1% 

mA 
mA 

mA 
mA 

mA 
mA 

mW 
mW 
mW 
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KDA0800/KDA0801/KDA0802 LINEAR INTEGRATED CIRCUIT 

TYPICAL APPLICATIONS (Continued) 

MSB LSB 
B1B2B3B4B5868788 Eo 

+l re f::: 2mA 

B1 B2 B3 B4 B5 B6 B7 B8 10 mA i; mA 

Full Scale 1 1 1 1 1 1 1 1 1.992 0.000 
Full Scale - LSB 1 1 1 1 1 1 1 0 1.984 0.008 
Half Scale + LSB 1 0 0 0 0 0 0 1 1.008 0.984 

Half Scale 1 0 0 0 0 0 0 0 1.000 0.992 
Half Scale - LSB 0 1 1 1 1 1 1 1 0.992 1.000 
Zero Scale + LSB 0 0 0 0 0 0 0 1 0.008 1.984 
Zero Scale 0 0 0 0 0 0 0 0 0.000 1.992 

Fig. 4 Basic Unipolar Negative Operation 

10K 

'kd Irel ::: 2mAO-- 14 KDA0800 0 
- 10K 
10 2Eo 

B1 B2 B3 B4 B5 B6 B7 B8 

POS. Full Scale 1 1 1 1 1 1 1 1 
POS. Full Scale - LSB 1 1 1 1 1 1 1 0 

Zero Scale + LSB 1 0 0 0 0 0 0 1 
Zero Scale 1 0 0 0 0 0 0 0 
Zero Scale - LSB 0 1 1 1 1 1 1 1 

Neg. Full Scale + LSB 0 0 0 0 0 0 0 1 
Neg. Full Scale 0 0 0 0 0 0 0 0 

Fig. 5 Basic Diploar Output Operation 
RL'5K 

5K 
104 

5K 
KDA0800 

Eo 

-9.920 
-9.840 
-0.080 
0.000 

+0.080 
+9.920 
+ 10.000 

Eo Eo 

-9.960 0.000 
-9.920 -0.040 
-5.040 -4.920 

-5.000 -4.960 
-4.960 -5.000 
-0.040 -9.920 
0.000 -9.960 

Eo 

+ 10.000 
+9.920 
+0.160 
+0.080 
0.000 

-9.840 
-9.920 

If RL=Rc within ±0.05%, output is symmetrical 
about ground 

B1 B2 B3 B4 B5 B6 B7 B8 Eo 

Pos. Full Scale 1 1 1 1 1 1 1 1 +9.920 
Pos. Full Scale - LSB 1 1 1 1 1 1 1 0 +9.840 

( + ) Zero Scale 1 0 0 0 0 0 0 0 +0.040 
( - ) Zero Scale 0 1 1 1 1 1 1 1 -0.040 

Neg. Full Scale + LSB 0 0 0 0 0 0 0 1 -9.840 
Neg. Full Scale 0 0 0 0 0 0 0 0 -9.920 

Fig. 6 Symmetrical Offset Binary Operation 
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KDA0800/KDA0801/KDA0802 

TYPICAL APPLICATIONS (Continued) 

AL 

KDA0800 

For complementary output 
(operation as negative logic DAC), connect 
inverting input of op amp to T;;" (pin 2), 
connect 10 (pin 4) to ground. 

Fig. 7 Positive Low Impedance Output Operation 

VTH = VLe + 1.4V 
15V CMOS, HTL, HNIL 

VTH = 7.6V I 

~~.+OlT~V i 12VjTO~ 15V fi:15V I~ 
i 10K 9~K I 
I VLe VLel 
I 02V I 
iZEN'EA O.2K Jo.1.Fl 

------l----- __ ~-----.L----
5VeMos I 10VeMos I 1.0KELL 
VTH = 2.5V I VTH = 5V I VTH = - 1.29V 

KDA0800 : ~10V I 
I I 

VLe I 6.2Kn I 

I VLe I 
I co I 
Il§ J O.1"F I 
1M I 
I . I 1Kn 

I I 
Do not exceed negative logic input range of DAC . 

. Fig. 9 Interfacing with Various Logic Families 

(a) I,.,~peak negative swing of I'N 

Vref 

KDA0800 

LINEAR INTEGRATED CIRCUIT 

KDA0800 

For complementary output 
(operation as a negative logic DAC) connect 
non·inverting input of op am to 10 (pin 2); 
connect 10 (pin 2); connect lo(pin 4) to ground. 

Fig. 8 Negative Low Impedance Output Operation 

NO CAP 

..f1.. 

Typical values: R'N = 5K, + V'N = 10V 

Fig. 10 Pulsed Reference Operation 

(b) + V,., must be above peak positive swing of V'N 

Rref 

O-4'I(\!'r----1 14 

KDA0800 

o--II(I(or-----1 15 
1.--------' Aoe,= A,s 

HIGH INPUT 
IMPEDANCE 

Fig. 11. Accommodating Bipdlar References 
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KDA0800/KDA0801/KDA0802 CMOS INTEGRATED CIRCUIT 

TYPICAL APPLICATIONS (Continued) 

R15 

FOR TURN "ON", VL=2.7V VL 
FOR TURN "OFF", VL = 0.7V 

KDAOBOO 

J:M .. 1..,1;...3 __ ...,..... __ ...,.....J 

Fig. 12 Settling Time Measurement 

5V 

--,---O.4V 

Your L-ov 
o 1 x PROBE rOY 

.....L--O.4V 

-15V 
TO D.U.T. 

r5V STOP 
OV ......J CONVERSION 

FREE RUN 

5V o---..-----'''l 

KS25C02 D j...:---------------------, 

o GND 
,--....... --"-1 010203 04Q5 0607 

LSB o----i 

B·BIT DIGITAL 
WORD 

3 4 5 6 11 12 13 14 

MSBO---~4_+_+_~~__i 

12 11 10 9 B 7 6 5 

15V 
r-_---{) ANALOG 

INPUT 

15V 5V 

VREF R1 14 LSBB7B6B5B4B3B2MSB 2 
,--~---o-~~~VR+ ~-4--+-~_-~ 

2.5K 

R2 
KDAOBOO 

100K 

-15V 

Note. For 1 P.s conversion time with a-bit resolution and 7·bit accuracy, 
an KA361 comparator replaces the KA319 and the reference 
current is doubled by reducing R1, R2 and R3 to 1.25KO and R4 to 2MO. 

Fig. 13 A Complete 2 P.s Conversion Time, a·Bit AID Converter 
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KS25C02lKS25C03/KS25C04 

8·BIT AND 12·BIT CMOS SUCCESSIVE 
APPROXIMATION REGISTERS 
These are 8-bit and 12-bit CMOS registers designed for 
use in successive approximation AID converters. They 
contain all the logic and control circuits necessary in 
combination with the AID converter to perform 
successive approximation analog-to-digital conversions. 

The KS25C02 has 8 bits with serial capability and is not 
expandable. The KS25C03 has 8 bits and is expandable 
without serial capability. The KS25C04 has 12 bits with 
serial capability and expandibility. 

Fabricated using a 21'm, dual-layer metal CMOS process, 
these parts deliver speeds and drive capability 
equivalent to their TTL counterparts and yet maintain 
CMOS power levels. The input and output voltage levels 
allow direct interface with TTL, NMOS and CMOS 
devices without any external components. 

CMOS INTEGRATED CIRCUIT 

16 DIP 

All inputs and outputs are protected from damage due 
to static discharge by internal diode clamps to Vee and ORDERING INFORMATION 
ground. 

FEATURES 
• Complete logic for successive approximation AID 

cOl1verters 
• 8-bit and 12-bit registers 
• Capable of short cycle or expanded operation 
• Continuous or start-stop operation 
• Compatible with DIA converters using any logic 

code 

PIN CONFIGURATIONS 
(25C02) 

DO 
(25C03) 

E 

KS25C02 
AND 

KS25C03 

c8SAMSUNG 
Electronics 

Device Package Temperature Range Registers 

KS25C021N 16 DIP 

KS25C031N 16 DIP -40°C -+85°C 
8 bit 

KS25C041N 24SDIP 12 bit 

• Active low or active high logic outputs 
• Use as general purpose serial-to-parallel converter 

or ring counter 
• Low power consumption characteristics of CMOS 
• Inputs and outputs interfac.e directly with TTL, 

NMOS and TTL devices. 

KS25C04 
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KS25C02lKS25C03/KS25C04 CMOS INTEGRATED CIRCUIT 

LOGIC DIAGRAM 

07(11) 

5 

DO 
(25C02. 
25C04 07 (I I) 

cp--,,"- "2 
1.4="1 

06(10) i(SEENoTE1j-05(9;::"-1 
i BITS 5(9) to I I 

I 
I 
I 
I 

NOTE 1: Cell logic is repeated for register stages Q5 to Q1 KS25C02, KS25C03 
2: Numbers in parenthesis are for KS25C04 

TRUTH TABLE 

Time Inputs Outputs1 

tn 0 S E2 003 07 06 05 04 03 

0 X L L X X X X X X 
1 D7 H L X L H H H H 
2 D6 H L D7 D7 L H H H 
3 D5 H L D6 D7 D6 L H H 
4 D4 H L D5 D7 D6 D5 L H 
5 D3 H L D4 D7 D6 D5 D4 L 
6 D2 H L D3 D7 D6 D5 D4 D3 
7 D1 H L D2 D7 D6 D5 D4 D3 
8 DO H L D1 D7 D6 D5 D4 D3 
9 X H L DO D7 D6 D5 D4 D3 

10 X X L X D7 D6 D5 D4 D3 

X X H X H NC NC NC NC 

NOTES: 
1: Truth table for KS25C04 is extended to include 12 outputs. 

02 

X 
H 
H 
H 
H 
H 
L 

D2 
D2 
D2 
D2 

NC 

2: Truth table for KS25C02 does not include E column or last line in truth table shown. 
3: Truth table for KS25C03 does not include DO column. 
H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care 
NC = No Change 

=8SAMSUNG 
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00 ace 

01 OD Oce 

X X X 
H H H 
H H H 
H H 'H 
H H H 
H H H 
H H H 
L H H 

D1 L H 
D1 DO L 
D1 DO L 

NC NC NC 
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KS25C02lKS25C03/KS25C04 CMOS INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vee -0.5 - + 7 V 
DC Input Diode Current 11K ±20 mA 
DC Output Diode Current 10K ±20 mA 
Continuous Output Current Per Pin 10 ±35 mA 
Continuous Current Through Vee or GND Pins ICON ±125 mA 
Power Dissipation Per Package Po 500 mW 
Operating Temperature Topr 0-+70 °C 
Storage Temperature Tstg -55 -+125 °C 

DC ELECTRICAL CHARACTERISTICS (Over Recommended Operating Conditions) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Operation Voltage Vee 4.5 5.0 5.5 V II 
High-Level Input Voltage VIH Vee = Min 2.0 - Vee V 

Low·Level Input Voltage , VIL Vee = Min a - 0.8 V 

Vee = Min, VIN = VIH or VIL 
High·Level Output Voltage VOH 10= -20p.A Vee·0.1 - Vee V 

10= -4mA 2.4 - Vee V 

Vee=Min, VIN=VIH or VIL 
Low·Level Output Voltage VOL 10 = 20p.A a - 0.1 V 

10=9.6mA a - 0.4 V 

Low·Level Input Current IlL Vee = Max, VIL = O.4V - 0.5 1.0 p.A 

High-Level Input Current IIH Vee = Max, VIH = 2.4V - 0.5 1.0 p.A 

Supply Current Icc Vee = Max, VIN = Vee or GND - 1.0 10.0 p.A 

AC ELECTRICAL CHARACTERISTICS (Over Recommended Operating Conditions), CL= 15pF 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Propagation Delay to a Logical "0" 
tpoo 10 18 28 ns 

from CP to any Output 

Propagation Delay to a Logical "0" 
tpoo 

CP high, Slow, - 15 24 ns 
from E to 07(011) Output KS25C03, KS25C04 only 

Propagation Delay.to a Logical "1" 
tpo1 10 20 38 ns 

from CP to Any Output 

Propagation Delay to a Logical "1" 
tpo1 

CP high, Slow, - 12 19 ns 
from E to 07(011) Output KS25C03, KS25C04 only 

Data Input Setup Time ts(o) -10 4 8 ns 

Start Input Setup Time tslS) a 5 10 ns 

Minimum Low CP Width tPWL - 5 20 ns 

Minimum High CP Width tPWH - 15 20 ns 

Maximum Clock Frequency fMAX - - 25 MHz 

=i$SAMSUNG 
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KS25C02lKS25C03/KS25C04 CMOS INTEGRATED CIRCUIT 

TIMING DIAGRAMS 
KS25C02, KS25C03, KS25C04 

"~rn{: ~ 
07-L ____ -L ________________________________________________________ _ 

06 
-L-_--I 

05 

04 

03 
OUTPUTS 

02 

01 

00 

OCC 

l DO 

APPLICATION INFORMATION 
Operation 

The registers consist of a set of master latches that act 
as the control elements in the device and change state 
on the input clock high-to-Iow transition and a set of 
slave latches that hold the register data and change on 
the input clock low-to-high transition. Externally the 
device acts as a special purpose serial-Io-parallel con
verter that accepts data at the 0 input of the register 
and sends the data to the appropriate slave latch to 
appear at the register output and the DO output on the 
KS25C02 and KS25C04 when the clock goes from low
to-high. There are no restrictions on the data input; it 
can change state at any time except during a short in
terval centered about the clock low-to-high transition. 
At the same time that data enters the register bit the 
next less significant bit register is set to a low ready 
for the next iteration. 

The register is reset by holding the S (Start) signal low 
during the clock low-to-high transition. The register syn
chronously resets to the state 07(11) low, and all the 
remaining register outputs high. The Occ (Conversion 
Complete) signal is also set high at this time. The S 
signal should not be brought back high until after the 

=8SAMSUNG 
Electronics 

clock low-to-high transition in order to guarantee cor
rect resetting. After the clock has gone high resetting 
the register, the S signal must be removed. On the next 
clock low-to-high transition the data on the 0 input is 
set into the 07(11) register bit and the 06(10) register 
bit and 05(9) is set to a low. This operation is repeated 
for each register bit in turn until the register has been 
filled. When the data goes into 00, the Occ signal goes 
low, and the register is inhibited from further change 
until reset by a Start signal. 

The KS25C02, KS25C03 and KS25C04 have a specially 
tailored two-phase clock generator to provide non
overlapping two-phase clock pulses (Le., the clock 
waveforms intersect below the thresholds of the gates 
they drive). Thus, even at very slow dV/dt rates at the 
clock input (such as from relatively weak comparator 
outputs), improper logic operation will not result. 

Logic Codes 

All three registers can be operated with various logic 
codes. Two's complement code is used by offsetting 
the comparator 112 full range + 1/2 LSB and using the 
complement of the MSB (07 or (11) with a binary OIA 
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KS25C02lKS25C03/KS25C04 

APPLICATION INFORMATION (Continued) 

converter. Offset binary is used in the same manner but 
with the MSB (07 or 011). BCD D/A converters can be 
used with the addition of illegal code suppression logic. 

Active High or Active Low Logic 
The register can be used with either D/A converters that 
require a low voltage level to turn on, or D/A converters 
that require a high voltage level to turn the switch on. 
If D/A converters are used which turn on with a low logic 
level, the resulting digital output from the register is 
active low. That is, a logic "1" is represented as a low 
voltage level. If D/A converters are used that turn on with 
a high logic level then the digital output is active high; 
a logic "1" is represented as a high voltage level. 

Expanded Operation 
An active low enable input, E, on the KS25C03 and 
KS25C04 allows registers to be connected together to 
form a longer register by connecting the clock, D, and 
S inputs in parallel and connecting the Occ output of 
one register to the E input of the next less Significant 
register. When the start resets the register, the E signal 
goes high, forcing the 07(11) bit high and inhibiting the 
register from accepting data until the previous register 
is full and its Occ goes low. If only one register is 
used the E input should be held at a low logic level. 

Short Cycle 
If all bits are not required, the register may be truncated 
and conversion time saved by using a register output 
going low rather than the Occ signal to indicate the 
end of conversion. If the register is truncated and 
operated in the continuous conversion mode, a lock-up 
condition may occur on power turn·on. This condition 
can be avoided by making the start input the OR func-

TYPICAL APPLICATIONS 
BCD ILLEGAL CODE SUPPRESSION 

o s 
DO 

CMOS INTEGRATED CIRCUIT 

tion of Occ and the appropriate register output. 

Comparator Bias 
To minimize the digital error below ± 1/2 LSB, the 
comparator must be biased. If a D/A converter is used 
which requires a low voltage level to turn on, the com
parator should be biased + 1/2 LSB. If the D/A converter 
requires a high logic level to turn on, the comparator 
must be biased -1/2 LSB. 

Definition of TerlT's 
CP: The clock input of the register. 

0: The serial data input of the register. 

DO: The serial data out. (The D input delayed one bit). 

E: The register enable. This input is used to expand the 
length of the register and when high forces the 07(11) 
register output high and inhibits conversion. When not 
used for expansion the enable is held at a low logic level 
(ground). 

a, 1= 7 (11) to 0: The outputs of the register. 

ace: The conversion complete output. This output re
mains high during a conversion and goes low when a 
conversion is complete. 

a7 (11): The true output of the MSB of the register. 

a7(11): The complement output of the MSB of the 
register. 

S: The start input. If the start input is held low for at 
least a clock period the register will be reset to 07(11) 
low and all the remaining outputs high. A start pulse 
that is low for a shorter period of time can be used if 
it meets the set·up time requirements of the S input. 

o s 
DO 

CLOCK CP KS25C02 CLOCK CP KS25C02 
Occ 

0706050403020100 

O/A CONVERTER 

ACTIVE HIGH 
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Occ 
0706050403020100 

O/A CONVERTER 

ACTIVE LOW 
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KS25C02lKS25C03/KS25C04 CMOS INTEGRATED CIRCUIT 

FAST PRECISION AID CONVERTER 

yf:~(UNIPOLAR) 
100K 50K 

100 

-15V 

~+-____ -p~ __________________ ~8 __ --. 

BIPOLAR 

100 

BIPOLAR OFF 

R2 
100 DAC1265 9.95K 

11 
~}ANALOG INPUTS 20V SPAN 

15V 5V 
10 

10V SPAN 

1K 

DAC 

lOUT = 4 X IREF X CODE 1---+--+-6----~----J>____#NIr--.J 

VEE -15V 

DIG OUTo---t-{o--'=-Idf-++-H±H+-H 

12 ...-.J:2;.;,1--'-...l...-L-I.:1.::16 .:..9 J.....J.-L....L.-J-'--'11 DATA IN 
CONY COMP 3 CC I-:.:...~:::':"::= ______________ -.J 

SERIAL OUT 14 START 

CLOCK 

INPUT RANGES 

UNIPOLAR BIPOLAR CONNECT EQUIV. DAC louT 

o to 10 ±5 Input to A 2.36Kn 
o to 5 ±2.5 Input to A 1.90Kn 
o to 20 ±10 Input to B 3.08Kn 

B to DAC OUT 
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KS25C02lKS25C03/KS25C04 CMOS INTEGRATED CIRCUIT 

SWITCHING TIME WAVEFORMS 

AT LEAST AT LEAST 

CP -----1.5V 

s 

D 

tpDQ MAX 

tpoo MIN 
tp01 MIN 

a7(11) 1.5V 

tpDO MAX 

tpDO MIN 

a6(10) -1.5V 

tp01 MIN tp01 MAX 
DO 

KS25C02, 
KS25C04 

--1.5V 

tpOQ MIN 

E 
KS25C03, 1.5V 
KS25C04 

tpDt (E)MAX ENABLE TO a7(11) 
CP=H 
S=L 

a7(11) 1.5V 

WAVEFORMS INPUTS OUTPUTS 

--
Must be steady Will be steady --

~ May change from Will be changing 
H to L from H to L 

1ZlT May change from Will be changing 
L to H from L to H 

5 Don't care: any Changing: state 
change permitted unknown 
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AID, D/A CONVERTER APPLICATION NOTE 

INTRODUCTION TO SAMPLING THEOREM 

1. Preface 

Under certain conditions a continuous-time (Analog) signal can be completely represented by and recoverable from 
knowledge of its instantaneous values or samples equally spaced in time. This theorem is extremely important 
and useful. It is exploited, for example, in moving pictures, which consist of a time sequence of individual frames, 
each of which refresents an instantaneous view (i.e., a time sample) of a continuously changing scene. Much of 
the importance of the sampling theorem also lies in its role as a bridge between continuous-time (Analog) signal 
and discrete-time (Digital) signals. As we develop in some detail, the ability under certain conditions to completely 
represent an analog signal by a sequence of instantaneous samples provides a mechanism for representing an 
analog signal by a digital signal. In many contexts, processing of digital signals is more flexible and is often prefer
able to processing analog signals. This technology (i.e., analog-to-digital and digital-to-analog convereter) also offers 
the possibility of exploiting the concept of sampling to convert a continuous-time signal to a discrete-time signal. 
After processing the discrete-time signal using a digital system, we can then convert back to continuous time. 

2. An Introduction to the Sampling Theorem 

The introduction of the sampling theorem by C.E.SHANNON in 1949 places restrictions on the frequency content 
of the time function signal, x(t), and can be simply stated as follows: 

In order to recover the signal function x(t) exactly, it is necessary to sample x(t) at a rate greater than twice its 
highest frequency component. 

Practically speaking for example, to sample an analog signal having a maximum frequency of 10KHz requires sam
pling at greater than 20KHz to preserve and recover the waveform exactly. 

The consequences of sampling a Signal at a rate below its highest frequency component results in a phenomenon 
known as aliasing. This concept results in a frequency mistakenly taking on the identity of an entirely different 
frequency when recovered. In an attempt to clarify this, envision the ideal sampler of Figure 1(a), with a sample 
period of T shown in(b), sampling the waveform x(t) are shown in (d) and can be defined as the sample set of the 
continuous function x(t). Note in Figure 1(e) that another frequency component, ap(t) can be found that has the 
same sample set of data points as xp(t) in (d). Because of this it is difficult to determine which frequency ap(t), 
is truly being observed. This effect is similar to that observed in western movies when watching the spoded wheels 
of a rapidly moving stagecoach rotate backwards at a slow rate. The effect is a result of each individual frame 
of film resembling a discrete stobed sampling operation flashing at a rate slightly faster than that of the rotating 
wheel. Each observed sample point or frame catches the spiked wheel Slightly displaced from its previous posi
tion giving the effective appearance of a wheel rotating backwards. Again, aliasing is evidenced and in this exam
ple it becomes difficult to determine which is the true rotational frequency being observed. On the surface it is 
easily said that anti-aliasing designs can be achieved by sampling at a rate greater than twice the maximum fre
quency found within the signal to be sampled. In the real world, however, most signals contain the entire spectrum 
of frequency components: from the desired to those present in white noise. 
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AID, D/A CONVERTER APPLICATION NOTE 

P(I) 

x(l) _____ ~~)-T------ xp(t) 

SAMPLED DATA 

o T 

(a) 

2T 3T 

(b) 

(c) 

I xp(t) 

(d) 

ap(l) ALiASED SAMPLED DATA 

(e) 

4T 5T 

Fig. 1 When sampling, many signals may be found to have the same set of data pOints. These are called aliaes 
of each other. 

To recover each information accurately the system would require an unrealizably high sample rate. This difficulty 
can be easily overcome by preconditioning the input signal, the means of which would be a band·limiting or fre· 
quency filtering function performed prior to the sample data input. The prefilter, typically called anti-aliasing filter 
guarantees, for example in the low pass filter case, that the sampled data system receives analog signals having 
a spectral content no greater then those frequencies allowed by the filter. As illustrated in Figure 2, it thus be· 
comes a simple matter to sample at greater than twice the maximum frequency content of va given signal. 
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AID, D/A CONVERTER APPLICATION NOTE 

A parallel analog of band-limiting can be made to the world of perception when considering the spectrum of while 
light. It can be realized that the study of violet light wave-lengths generated from a white light source would be 
vastly simplified if initial band·limiting were performed through the use of a prism or white light filter. 

z 
;:;: 

UJ 
(!l 

" :::J 
f-

Z 
(!l 
<>: 
::;; 

(/) 
(/) 
0 
-' 

IDEAL ANTIALIASING 
FILTER RESPONSE 

ALLOWABLE SAMPLING FREOUENCY 
A ,.--------' '-------""\ 

~~~~~---------================> 
0 fe 2fc 

Fig. 2 Shown in the shaded area is an ideal, low pass, anti-aliasing filter responce. 

3. The Sampling Theorem 

In a manner identical to that used to analyze the more general case of pulse amplitude modulation, let us consider 
the specific case of impulse·train sampling depicted in Figure 1. The pulse train PIt) is referred to as the sampling 
function, the period T as the sampling period, and the fundamental frequency of PIt), Ws(t) = 2xIT, as the sampling 
frequency. In the time domain we have. 

where xp(t) = x(t)P(t) 

PIt) = (t - nT) 

xp(t) is an impulse train with the amplitudes of the impulses equal to the samples of x(t) at intervals spaced by 
T, that is, 

xp(t) = x (nT) (t - nT) 

And in the frequency domain 

Xp(W) = 2~[X(W)* P(W)] 

p(W)_211' 
-T 

So that 1 
Xp(W)=-=r 

(W-kWs) 

X(W-kWs) 
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AID, DIA CONVERTER APPLICATION NOTE 

That is, Xp(W) is a periodic function of frequency consisting of a sum of shifted replicas of X(W), scaled by 11T 
as illustrated in figure 3. In figure 3(c), Wm<(Ws-Wm) or equivalently Ws>2Wm, and thus there is no overlap 
between the shifted replicas of X(W), whereas in figure 3(d) with Ws<2Wm, there is overlap. 

-Wm Wm 

(a) 

P(W) 

-2Ws -Ws Ws 

(b) 

-Wm Wm (Ws - Wm) Ws 

(c) 

Xp(W) 

(Ws-Wm) WS 

(d) 

Fig 3. Effect in the frequency domain of sampling in the time domain: 
(a) spectrum of original signal; 
(b) spectrum of sampling function; 
(c) spectrum of sampled Signal with Ws>2Wm; 
(d) spectrum of sampled signal with Ws<2Wm. 
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AID, D/A CONVERTER APPLICATION NOTE 

x(t)----J "~:: ~r--H(-W)--,~-----xr(t) 
(a) 

-Wm Wm 
(b) 

II 
-Ws -Wm Wm Ws 

(e) 

H(W) 

'I 
.--__ t-__ w,m<we«ws-Wm) 

-------~--~---~-------W -We We 

(d) 

-Wm Wm 

(e) 

Fig. 4 Recovery of a original signal from its samples using an ideal lowpass·filter. 
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AID, D/A CONVERTER APPLICATION NOTE 

For the case illustrated in figure 3(c), X(W) is faithfully reproduced at integer multiples of the sampling frequency. 
Consequently, if Ws>2Wm, x(t) can be recovered exactly from xp(t) by means of a low pass filter with gain T and 
a cutoff frequency greater than Wm and less than (Ws - Wm), as indicated in Figure 4. This basic result, referred 
to as the sampling theorem, can be stated as follows: 

Sampling Theorem: 
Set x(t) be a bandlimited signal with X(w) = 0 for IWI >Wm. Then x(t) is uniquely determined by its sam· 
pies x(nT), n = 0, ± 1, ± 2, ... if 

where 

Ws>2Wm 

211" 
WS=r 

Given these samples, we can reconstruct x(t) by generating a periodic impulse train in which successive 
impulses have amplitudes that are succissive sample values. This impulse train is then processed through 
an ideal lowpass filter with gain T and cutoff frequency greater than Wm and less than (Ws - Wm). The 
resulting output signal will exactly equal x(t). 

The sampling frequency Wx is also referred to as the Nyquist frequency. The frequency 2Wm, which, under the 
sampling theorem, must be exceeded by the sampling frequency, is commonly referred to as the Nyquist rate. 

3. The Sampling Theorem and Its Hardware Implications 

Though there are numerous sophisticated techniques of implimintation, it is appropriate to re·emphasize that the 
intent of this article is to give the first time user a basic and fundamental approach toward the design of a sample 
data system. The method with which to achieve this goal will be to introduce a few of the common perils encoun
tered when implementing such a system. We begin by considering the generalized block diagram of Figure 5. 
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Fig. 5 Generalized single channel sample data system 
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As shown in Figure 5, prior to any signal processing manipulation the analog input signal must be preconditioned 
to prevent aliasing and thereafter digitized to logic Signals usable by the logic function block. The antialiasing and 
digitizing functions are performed by an input filter and analog-to·digital converter respectively. Once digitized the 
signal can then be altered or processed and upon completion, reconstructed back to a continuous analog signal 
via a digital-to-analog converter followed by a low-pass filter. To this pOint no mention has been made concerning 
the sample and hold circuit block depicted in Figure 5. In general the analog-to-digital converter can operate as 
a stand alone unit. In many high speed operations however, the converter speed is insufficient and thus requires 
the assist detail further in the article. 
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A. The Antialiasing Input Filter 
As indicated earlier in the text, the antialiasing filter should bond·limit the input signal's spectrum to frequencies 
no greater than the Nyquist frequency. In the real world however, filters are non·ideal and have typical attenuation 
or band·limiting and phase characteristics as shown in Figure 6. It must also be realized that true band-limiting 
of a specific frequency spectrum is not possible. In the sample data system band-limiting is achieved by attenua
tion those frequencies greater than the Nyquist frequency to a level undetectable or invisible to the system analog
to-digital (AID) converter. This level would typically be less than the rms quantization noise level defined by the 
specific converter being used. 

As an example of how an antialiasing filter would be applied, assume a sample data system having within it an 
B-bit AID converter_ Eight bits translates to 2" = 28 = 256 levels of resolution. If a 2_56 volt reference were used e'ach 
quantization level, Q, would represent the equivalent of 2.56 volts/256 = 10 millivolts. Realizing this the antialiasing 
filter would be designed such that frequencies in the stopband were attenuated to less than the rms quantization 
noise level of Q/2-J3 and thus appearing invisible to the system. 
More specifically 

_ 20 log 10 V full scale _ 59dB = Amin 
Vq/2-J3 

It can be seen, for example in the Butterworth filter case (characterized as having a maximally flat pass-band) of 
Figure 7(a) that any order of filter may be used to achieve the 59dB attenuation level, however, the higher the order, 
the faster the roll off rate and the closer the filter magnitude response will approach the ideal. Referring back to 
Figure 5 it is observed that those frequencies greater than Wa are not recognized by the AID converter and thus 
the sampling frequency of the sample data system would be defined as Wss,2Wm. Additionally, the frequencies 
present within the filtered input signal would be those less than Wa. Note however, that the portion of the signal 
frequencies least distorted are those between W = 0 and Wp and those within the transition are distorted to a sub
stantial degree, though it was originally desired to limit the signal to frequencies less than the cutoff Wp, because 
of the non-ideal frequency response the true Nyquist frequency occurred at Wa. We see then that the sample data 
system could at most be accurate for those frequencies within the antialiasing filter pass-band. 
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Fig. 6 Typical filter magnitude and phase versus frequency response 

From the above example, the design of an antialiasing filter appears to be quite straight formward. Recall however, 
that all waveforms are composed of the sums and differences of various frequency components and as a result, 
if the response of the filter pass-band were n01llat for the desired signal frequency spectra, the recovered signal 
would be an inaccurate summation of all frequency components altered by their relative attenuations in the pass
band. Additionally the antialiasing filter design should not neglect the effects of delay. As illustrated in Figure 
6, and 7(b), delay time corresponds to a specific phase shift at a particular frequenct. Similar to the flat pass-band 
conSideration, if the phase shift of the filter is not exactly proportional to the frequency, the output of the filter 
will be a waveform in which the summation of all frequency components has been altered by shifts in their relative 
phase. Figure 7(b) further indicates that contrart to the roll off rate, the higher the filter order the more non-ideal 
the delay becomes (increased delay) and the result being a distorted output signal. When designing antialiasing 
filters it will be found that the closer the filter response approaches the ideal the more complex the filter becomes. 
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Along with this an increase in delay and pass· band ripple combine to distort and alias the input signal. In the final 
analysis the design will involve trade offs made between filter complexity, sampling speed and thus system bandwidth. 
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(a) Attenuation characteristics of a normalized Butterworth filter as a function of degree n. 
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(b) Group delay performances of normalized Butterworse lowpass filter as a function of degree n. 
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B. The Analog·lo·digilal Converter 
Following the antialiasing filter is the AID converter which performs the operations of quantizing and coding the 
input signal in some finite amount of time. Figure 8 shows the quantization process of converting a continuous 
analog input signal into a set of discrete output levels. A quantization, Q, is thus defined as the smallest step used 
in the digital representation of xp(n) where x(n) is the sample set of an input signal x(t) and is expressed by a finite 
number of bits giving the sequence xp(n). Digitally speaking Q is the value of shown in Figure 8 is called quantiza· 
tion noise or error and can be defined as e(n) = x(n) - xp(n). This error is an irreducible one and is a function of 
the quantizing process. Its error amplitude is dependent on the number of quantization levels or quantizer resolu· 
tion and as shown, the maximum quantization is Q/2. Generally e(n) is treated as a random error when described 
in terms of its prohability density function, that is, all values of e(n) between Q/2 and - Q/2 are equally probable, 
then for the average value e(n)avg = 0 and for the rms value e(n)rms = Q/2.J3. 

xp(n) 
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+0/2 

.(n) 

-0/2 

Fig. 8 Quantization characteristics. 

As a side note it is appropriate at this point to emphasize that all analog signals have some form of noise corrup· 
tion. If for example an input signal has a finite signal·to-noise ratio of 40dB it would be superfluous to select an 
AID converter with a high number of bits. It may be realized that the use of a large number of bits does not give 
the digitized signal a higher signal-to-noise ratio than that of the original analog input signal. As a supportive argu
ment one may say that though the quantization steps Q are very small with respect to the peak input signal the 
lower order bits of the AID converter merely provide a more accurate representation of the noise inherent in the 
analog input signal. Returning to our discussion, we define the conversion time as the time taken by the AID con
verter to convert the analog input signal to its equivalent quantization or digital code. The conversion speed re
quired in any particular appl ication depends upon the time variation of the signal to be converted and the amount 
of resolution or bits, n, required. Though the antialiasing filter helps to control the input signal time rate of change 
by band-limition its frequency spectrum, a finite amount of time is still required to make a measurement or conver
sion. This time is henerally called the aperture time and as illustrated in Figure 9 porduces amplitude measure
ment uncertainty errors. 
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The maximum rate of change detectable by an AID converter can simply be stated as 

dv I Cit maximum resolvable 
V full scale 

2°T conversion time 
rate of change 

(a) 

Fig. 9 Amplitude uncertainty as a function of 
(a) a nonvarying aperture and 
(b) aperture time uncertainty. 

(b) 

l::. V: amplitude uncertainty error 
ta : aperture time 
.6 ta: aperture time uncertainty 

If for example V full scale = 10.24 volts, T conversion time = 10ms, and n = 10 or 1024 bits of resolution then the 
maximum rate of change resolvable by the AID converter would be Q volt/sec. If the input signal has a faster rate 
of change than 1 volt/sec, 1 LSB changes cannot be resolved within the sampling period. 

In many instances a sample·and·hold circuit may be used to reduce the amplitude uncertainty error by measuring 
the input signal with the smaller aperture time than the conversion time aperture of the AID converter. In this case 
the maximum rate of change resolvable by the sample·and·hold would be 

dv 

dt maximum resolvablE! 
rate of change 

V full scale 

t aperture 

Note also that the actual calculated rate of change may be limited by the slew rate specification to the sample· 
and·hold in the track mode. Additionally it is very important to clarify that this does not imply vioating the sampling 
theorem insteadof the increased ability to more accurately sample signals having a fast time rate of change. An 
ideal sample·and·hold effectively takes a sample in zero time and with per/act accuracy holds the value of the sam· 
pie Indefinitely. This type of sampler is also known as a zero·order hold circuit and its effect on a saniple data 
system warrants some discussion. It is appropriate to recall the earlier discussion that the spectrum of a sampled 
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signal is one in which the resultant spectrum is the product obtain by convolving the input signal spectrum with 
the Sin(X)/X spectrum of the sampling waveform. Figure 10 illustrates the frequency spectrum plotted from the 
Fourier transform 

of a rectangular pulse. The Sin(X)/X form occurs frequently in modern communication theory and is commonly called 
the sampling function. 
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Fig. 10 The Fourier transform of the rectangular pulse (a) is shown in (b). 

The magnitude and phase of a typical zero order hold sampler spectrum 

H(W) = A[ Si~W ) + j~(COS(W) -1)] 

is shown in Figure 11 and Figure 12 illustrates the spectrums of various sampler pulse-widths. 
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tJ D [, 
(a) 

L-________ -X ____________ ~~ ________ ~~~w 

11 21 

(b) 

Fig. 11 (b) Magnitude and (c) phase frequency response of the sampling pulse (a). 

From Figure 12 it is realized that the main lobe of the Sin(X)/X function varies inversely proportional with the sam· 
pier pulse·width.ln other words a side pulse·width, or in this case the aperture window, acts as a low pass filtering 
function and limits the amount of information resolvable by the sample data system. On the other hand a narrow 
sampler pulse·width or aperture window has a broader main lobe or band-width and thus when convolved with 
the analog input signal produces the least amount of distortion. 

Understandably then the effect of the sampler's spectral phase and main lobe width must be considered when 
developing a sampling system so that no unexpected aliasing occurs from its convolution with the inpu(signal 
spectrum. 
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x(W) 

~t 
----~~~----------------~------------------~~--w 

(c) 

Fig_ 12 Pulse width and how it effects the Sin(X)JX envelop spectrum (normalized amplitudes)_ 

C_ The Digital-to-Analog Converter and Lowpass Filter 
The sampling theorem establishes the fact that a bandlimited signal is uniquely represented by its samples, and 
is motivated on the basis of impulse-train sampling_ After a signal has been digitally conditioned by the signal 
processing unit of Figure 5, a DJA converter is used to convert the sampled binary information back in to an analog 
signal. The conversion' is called a zero-order hold type where each output sample level is a function of its binary 
weight value and is held until the next sample arrives, see Figure 13. As a result of the DJA converter step function 
response it is apparent that a large amount of undesirable high frequency energy is present. Reconstruction of 
x(t) from the output of D/A converter is usually followed by lowpass filter, having a cutoff frequency no greater 
than half the sampling frequency. As its name suggests the filter output produces a smoothed version of the DJA 
converter output which is fact is a convolved function. In Figure 13(a), to reconstruct x(t) from xo(t), we consider 
processing xo(t) with impulse response h(t) and frequency response Hr(W). The cascade of this system with the 
Figure 13, where we wish to specify Hr(W) so that xr(t) = x(t). Comparing the system in Figure 13(a) with that in 
Figure 4(a), we see that xr(t) = x(t) if the cascade combination of ho(t) and hr(t) is the ideal lowpass filter H(W) used 
in Figure 4. More simply said, the spectrum of the resultion signal is the product of a step function Sin(X)JX spec
trum and the band-limited analog filter spectrum. Analogous to the input sampling problem, the smoothed output 
may have aliasing effects resulting from the phase and attenuation relations of the signal recovery system (de
fined as the DJA converter and lowpass filter combination). As a final note, the attenuation due to the DJA converter 
Sin(X)JX spectrum shape may in some cases be compensated for in the signal processing unit by pre-processing 
using a digital filter with an inverse response X1Sin(X) prior to D/A conversion. This allows an overall flat magnitude 
signal response to be smoothed by the final filter. 
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4. Summary 

x(t) 

(b) 

xp(t) 

(c) 

(d) 

xp(t) 

(e) 

Fig. 13 (a) Casade of the representation of a zero·order hold 
(b) Original input signal 
(c)' Processed signal pOints 
(d) Output of D/A converter 
(e) reconstruction signal 

In this article we have developed the concept of sampling, whereby a analog or digital signal is represented by 
a sequence of equally spaced samples. The conditions under which the Signal is exactly recoverable from the samples 
is embodied in the sampling theorem. This theorem requires, for exact reconstruction, that the signal to be sam
pled be band-limited and that the sampling frequency be greater than twice the highest frequency in the signal 
to be sampled. Under these conditions reconstruction of the original signal is carried out by means of ideal low
pass filtering. If a signal is undersampled (Le. the sampling frequency is less than that required by the sampling 
theorem), then the signal reconstructed by ideal bandlimited interpolation will be related to the original signal through 
a form of distortion referred to as aliasing. In many instances it is important to choose the sampling rate to avoid 
aliasing. The purpose of presenting these thought providing perils was perhaps give the beginning designer some 
insight or guidelines for consideration when developing a sample data system's interface. 
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GENERAL DESCRIPTION 

Digitizing analog signals containing high frequency components with accuracy requires ultrahigh speed AID con
verters. Such converter is essential in RADAR data transmission, high speed digital data transmission, image process· 
ing and digital television. In TV for example, high speed conversion will enhance images, correct time base errors, 
synchronize and store frames, and reduce noise. Analog·to·digital and digital-to·analog converters also play an im
portant role in the field of microcomputers when they are used in control and measurement applications. 

All these applications require much faster data conversion technique and one such technique is called flash con
version (or parallel conversion) technique. 

The flash converter offers very high performance and has an ability to perform data conversions (from analog to 
digital or vice versa) at extremely high speed. The crucial parts in this type of converters are comparators. They 
not only determine the speed of the converter but also the accuracy. Also, the switches must be very fast and 
be able to withstand the reference voltage. Generally, the number of comparators in an n-bit converter will be 2n - 1. 
In flash conversion, the analog input is compared against 2n graded voltage levels, using the same number of com· 
parators (shown in figure 1). The comparator output logic levels are processed by a priority encoder, which con
verts the output to a binary code. The whole conversion occurs simultaneously, so it is the fastest means of 
c~mversion, however, it requires a large number of comparators having very high accuracy and a large number of gates. 

COMPARATORS 

DECODER 
>-,---1 NETWORK 1---.--1 

INPUT,------' 

CLOCK~-------~--i 

Fig. 1 Flash (Parallel) AID Converter 
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Like other converters, parallel type of AID converter also contains a quantizer circuit followed by a decoder circuit, 
but the difference is that both functions are separate in this type of converter. The quantizer in such AID convert· 
ers is defined by its parallel function. Figure 2 shows the transfer function for a 4·bit parallel type of converter. 
The output in this figure is divided into 16 different states or 2n levels, where n is the number of bits. There are 
2n -1 analog transition pOints along the horizontal axis representing voltage levels that define the edges between 
adjacent output stages or codes. These are also called analog decision pOints. These decision points are set pre· 
cisely in a quantizer in order to divide the analog voltage range into the correct quantized values. 

The quantizer in this case assigns one output code to a small range or band of analog input values. The size of 
such band is a quantum a which Is giveh by: 

a_ FSR 
- 2n 

where FSR == FUll Scale Analog Range 
n = number of bits 

In figure x, the full-scahHahge is 2.0 volts, therefore: 

a 2.0 2.0 25 V =¥==16=0.1 m 

The voltages 0.125, 0.25, 0.375, 0.5, 0.625,0.75, and 0.825, are the center points of each' output code generated by 
the AID converter (shown in figure 2). 

The transfer function shown in figure 2, is of an ideal quantizer of an AIAD converter, however, in practice, the 
AID converter will have errors like offset or linearity for example. (see App. Note on "Glossary of Data Conversion"). 
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Fig. 2 The auantizer Transfer Function for a 4-Bit Parallel AID Converter 
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KSV3110 Flash AID and D/A Converter on a Single Chip 

The KSV3110 is a VLSI circuit designed using Samsung's CI (Collector Implanted) technology. It consists of a high
speed flash-type 8-bit AID converter and a high-speed 10-bit low glitch D/A converter. Also, various auxiliary-cir
cuits like, reference voltage generator, pre-amplifier, and input clamping circuit are integrated on the same chip 
(Figure 3). 

The KSV3110 has been developed for all applications involving high-speed data conversion. The KSV3110 is very 
useful for industrial applications In conjunction with image processing. It is also used for decoding Television sig
nals in Pay-TV converters or MAC converters used for direct satellite broadcasting. 

Keyed 
Clamping 

______ J 

KSV3110 

Fig. 3 KSV3110 Block Diagram 

The on-chip AID converter has an accuracy of 8-bits, but the on-chip D/A converter is available with an accuracy 
of either 1,8,9 or 10-bits. The KSV3110 comes in a 40-pin DIP plastic package. 

In many applications, only AID converter is required. The KSV3208 from Samsung contains a flash AID converter 
for those who do not require D/A converter in their systems. Essentially, the KSV3208 contains the AID converter 
section of the KSV3110. 
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KSV3208 Flash AID Converter 

The KSV3208, is a VLSI circuit similar to the KSV3110, designed using the same CI (Collector Implanted) tech
nology_ Like KSV3110, the KSV3208 also contains various auxiliary circuits such as; reference voltage generator, 
pre-amplifier, and input clamping circuit (Figure 4). 

The KSV3208 has been developed for use in all applications requiring high-speed AID converter. The applications 
involve low-cost video digitizing. Radar data conversion, data acquisition and medical imaging. Other promising 
applications are in the field of industrial electronics, in conjunction with image processing. 

The reference voltage for AID converter of the KSV3110 and KSV3208 is generated internally, but this voltage with 
the ground for the reference voltage circuitry are connected to the pins so that an external filter capacitor can 
be used. All inputs and outputs of these devices are TTL compatible. 

Keyed 
Clamping 

Voltage 
Reference 

rlash 
AID 
Converter 
8 Bits 

Fig. 4 KSV3208 Block Diagram 

FUNCTIONAL DESCRIPTION 

AID Converter 

The AID converter on the KSV3110 and KSV3208 contains the following basic functions: 

Analog section 
Digital section 
Data output section and 
Auxiliary section 

Analog Section 

The analog section consists of the comparator array, reference resistor string and voltage reference. The input 
voltage to the AID is compared with 2n separate reference voltage pOints by a voltage equivalent to one LSB where 
n is the number of data outputs, or the resolution of AID converter in bits. 

The comparator reference voltage pOints are tapped from the reference resistor string which is driven by a voltage 
reference circuit. 
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Digital Section 

In this section, the output from the 2" comparators is encoded into an n-bit binary word for high speed operation_ 
The emitter coupled logic (Eel) is used for encoding_ The encoded n-bit data is latched in the output data latches_ 

Data Output Section 

This section consists of output data latch, and logic level converter (e_g. Eel-to-TTl). The output latches of the 
converter hold data valid while the conversion is taking place. These latches are updated by the sampling clock signal. 

The latched outputs of the Eel logic are converted into TTL level by the Eel-to-TTl logic converter circuit, so 
the outputs can easily interface with the external TTL devices. 

Auxiliary Section 

The auxiliary section contains the voltage reference circuit, pre-amplifier as buffer, and clamping circuit for peak 
or keyed clamping. All these functions will help reduce the size of the external components thereby reducing the 
overall system costs. Also, they will provide more stable features because of the identical characteristics. 

Reference Voltage Generator 

The reference voltage generator will operate from 2.0 Volts supply. The reference voltage generator is designed 
using the bandgap reference circuit, that will provide higher accuracy for the temperature coefficient characteristic. 

Pre-amplifier 

The input impedance of the AID converter is 10 MOhms at the input frequency of 1 KHz and 100 KOhms at the 
input frequency of 10 MHz. In many instances, for using an AID converter in a system, it becomes necessary to 
match the impedance of an external circuitry to the input impedance of the converter. The on-chip pre-amplifier 
on the KSV3110 and KSV3208 will take care of the impedance matching requirement. This pre-amplifier is used 
as a voltage follower (unity gain amplifier) so that it will not affect the gain of an input signal. 

Clamping Circuit 

The purpose of this clamping circuit is to provide an appropriate signal levels for the input of the AID converter 
(see figure 5). The two basic methods for using this section are: 

1. Peak clamping and 
2. Keyed clamping 

Peak Clamping 

The amplitude of an analog signal for AID converter sho\Jld be OV to 2 Volts. In several applications, the analog 
signal consists of different amplitude levels. It is necessary to shift the amplitude of such signal to match the 
input conditions required by the AID converter. This signal conditioning can be achieved by the clamping circuit 
given in figure 6. 

Keyed Clamping 

This feature can be tailored by the user for clamping the analog input signal, according to the requirements. When 
using this method, the peak clamping function described above, must be disabled. The user can now provide key 
pulses to pin 23 of the KSV3110 and adjust the voltage levels of the analog input signal in correspondance with 
the key pulses shown in the figure? 

If the amplitude of an analog signal is between OV and 2 Volts, then the clamping is not required. In this case, 
the clamping circuit on KSV3110 should be disabled by connecting pins 22 and 23 to the ground and leaving pin 
20 with no connection. 
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AID-IN 
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CLAMPING 

PEAK 
CLAMPING 
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ENABLE 
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FLASH CONVERTER 

-PEAK CLAMPING 
-KEYED CLAMPING 
-WITHOUT CLAMPING 

PROPER CLAMPING LEVEL 

Fig. 5 KSV3208, KSV3110 Clamping Circuit for AID Input 
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Fig. 6 Operating with Peak Clamping 
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Fig. 7 Operating Keyed Clamping 

The D/A converter on the KSV3110 contains the following major function blocks: 
Data input section 
Decoding section 
Analog output section 
Output signal switchover circuit 

Data Input Section 

This section includes logic level converters, and data input register. The TIL data input to this section will be con· 
verted to the ECl logic level before entering into the register, since this register operates with the ECl voltage 
levels in order to obtain the desired conversion speed. The primary function of the input register is to hold the 
data constant during conversion. The register must assure precise matching of propagation delays to keep glitches 
to the minimum. 

Decoding Section 

The decoding section can be divided in two parts: first one generates very accurate currents and the second one 
Causes these currents to be switches according to the contants of the input register. This section is the heart 
of the D/A converter and is called "switching network." 

Analog Output Section 

Normally, the output of the switching network is in the form of current which must to be converted into voltage 
for interfacing with the external world. A typical value of an output impedance for the D/A converter is 15 Ohms. 

The output of the D/A section of KSV3110 contains who output op·amps, one of which is used to convert the out· 
put current into the output voltage. This amplifier has very low offset voltage and offset voltage drift, high slew 
rate and fast settling time. Also it requires very small bias current (which should be smaller than 1 lS.B current). 
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KSV3110, KSV3208 APPLICATION NOTE 

Output Signal Switchover Circuit 

The switchover circuit is unique to this product and is not found in other compatible products. The output switch 
over circuit consists of two amplifiers and an analog switch as shown in figure 8. They are designed to allow an 
external analog signal to be multiplexed with an internally converted analog Signal which is an output of the D/A 
converter. When using this feature, the external analog signal should be supplied to pin 38. In this case, the output 
at pin 1 will be either of the two signals and the selection can be made by applying proper logic level to pin 39. 
A low on pin 39 will select the internally converted analog signal and a high on pin 39, will select the external 
signal (from pin 38) as an output at pin 1. 

The advantage of this feature is obvious in video applications, where, the horizontal and vertical sync pulses are 
combined with a video signal to obtain the stabilized composite video signal as shown in figure 9. The slew rate 
of the amplifier for an external signal is 5.16 Volts/microsecond, when the frequency of the external input signal 
is 15.7 KHz, which is the frequency of the horizontal sync pulse. 

The timing diagrams for the KSV3110 and KSV3208 are illustrated in figures 10 and 11. 

CONVERTED SIGNAL-------'M----t 
FROM 
R·2R SWITCHING 
NETWORK 

ANALOG OUTPUT 
(G=1) 

SWITCH 

EXTERNAL ANALOG INPUT 

OUTPUT SWITCHOVER INPUT 

(LOGIC·HI: EXTERNAL ANALOG SIGNAL-ANALOG OUTPUT) 
(LOGIC·LO: CONVERTED SIGNAL FROM R·2R NETWORK-ANALOG OUTPUT) 

Fig. 8 KSV3110·DA Output Signal Swilchover Circuil 
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KSV3110, KSV3208 APPLICATION NOTE 

~~ 
~ I 12 I 

M ,.,,"" """ '''"' 
SYNCHRONIZED WITH HORIZONTAL 
SYNC. TIME (USING KA2605f2606) 

EXT. 
ANALOG 

INPUT 

f~ ---401RE 

-5V 

Add horizontal sync. pulse of video signal to the converted 
composited signal; result is the stabilized sync. pulse 

Fig. 9 Typical Application of Switchover Circuit 

tAD: APERTURE TIME 
two TRANSFET TIME AID 
tDV: DIGITAL OUTPUT DELAY 

Falling edge (negative) sampling 
After 1 clock, negative triggering data out 

3-stage latch is used in AID section. ~ 
IN L1J ILJ LJd Data out 

Fig. 10 KSV3208, KSV3110 Timing Diagram (AID) 

c8SAMSUNG 
Electronics 

159 

I 

II 
I 



KSV3110, KSV3208 APPLICATION NOTE 

DATA INPUT \V DATA N \1 DATA N+) DATA N+2 
____ ..JJ!\'--_--t_-#J\.'--__ -..J '--___ _ 

CK 

ANALOG DUTPUl 

Fig. 11 KSV3110 Timing Diagram {DIAl 
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KSV3110 DE;MO BOARD 

GENERAL DESCRIPTION 

The KSV3110 Demo Board is intended to show the per
formance of KSV3110. It consists of a high speed low 
glitch 10-bit DAC and high speed flash a-bit ADC with 
the various auxiliary circuits (reference voltage source, 
pre-amplifier, input clamping circuit and feed-in output 
amplifier). 

BLOCK DIAGRAM 

VIDEO 

+ 

PULSE 
GENERA
TOR" 

SYNC PULSE (2) 

BURST PULSE (1) 

PEDESTAL PULSE (3) 

BURST SIGNAL 

POWER 
SUPPLY 

12 

+5 

-5 

CLOCK 
GENERATOR 

APPLICATION NOTE 

(1) vss 

This demo board is a fully assembled and tested circuit board designed to aid the demonstration of KSV3110, a 
bit ADC and 10 bit DAC. The board contains circuitry for pulse generator, clock generator with KSV3110. The KSV3110 
Demo Board consists of six functional sections, such as pulse generator, clock generator, clamp part, ADC, DAC, 
feed-in amp. The more detailed information is on the following pages. 
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KSV3110 DEMO BOARD APPLICATION NOTE 

BLOCK DESCRIPTION 

1) Power Supply 

The board requires + 12, + 5 and - 5 volt supplies. The + 5 volt is made from MC7805. The + 5 volt is supplied 
to the Vee of KSV3110, XR210, and logic device. The + 12 volt is supplied to the Vee of KA2606 that makes sever
al pulses. The -5 volt is supplied to the Vss of KSV3110 and XR210. 

The analog and digital ground in board should be separated and the analog and digital ground is separated in KSV3110 
DVC. The digital ground, which is separated from analog ground, should be connected with ferrite core or coil 
for reducing the interference of each ground. 

+12V 

Vee=12V-----4---! MC7805 +5V 

+ + 

GND ---~----------_+----- GND 

vss= -5V -----------.---------- -5V 

2) Pulse Generator 

The pulse generator generates the several pulses-sync pulse, burst pulse, pedestal pulse-from the composite 
video signal. In this demo board, KA2606 is used for pulse generator. 

VIDEO SIGNAL SYNC PULSE 

C4 
KS74HCTLSQ4 

+12 +12 +5 +12 

R3~ __ ~ ____ ~ __ ~ 

9 9 

KA26061C2 4 KA26061C3 

C7 

R6 

.,J Rll CS 

+1/h 
(The Pulse Generator Circuit) 
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KSV3110 DEMO BOARD APPLICATION NOTE 

/div 

1 Pulse 

triq'd ii +-......-:--'-' ..... '-.:.-...........c_ ......... _--'-_'"'"'-_'---'. 

(The Output Waveform) 

a) The Sync Pulse 
The sync pulse is generated from composite video signal through KA2606. The separated sync pulse is used for 
making sync pulse in D/A part of KSV3110, as being connected to the pin 39 of KSV3110. The sync level in D/A 
output is determined by adjusting the level of the pin 38 of KSV3110. 

triq'd 

i 

( The Generated Sync Pulse) 
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KSV3110 DEMO BOARD APPLICATION NOTE 

b) The Burst Pulse 
The burst pulse is generated from sync pulse through KA2606 by adjusting the delay time of KA2606. It is used 
for selecting the burst signal from data and the selected burst signal is connected to XR210 and it is used for 
making the clock signal. The XR210 generates the clock signal (4fsc = 14.3MHz) locked at burst signal. 

trig'd 

Ii 

(The Generated Burst Pulse) 

c) The Pedestal Pulse 
The pulse is generated from the burst pulse through KA2606 by adjusting the delay time of KA2606 and it is used 
for detecting the pedestal level of video signal and clamping video signal as being connected to the pin 23 of KSV3110. 
The clamping level is determined by adjusting the level of pin 22 of KSV3110. 

(The Generated Pedstal Pulse) 
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KSV3110 DEMO BOARD APPLICATION NOTE 

3) Clock Generator 

BURST SIGNAL 

BURST PULSE 0----' 

... 5 
-5 

R1B 

R17 

7 4 

R19 

IC7 

6 14 14.3MHz 

XR210 o +5 

11112 9 16 13 

CLOCK (415C) 0----------------------------' 

(The Clock Genera£or Circuit) 

The clock generator generates 41sc (14.3f0Hz) clock signal. The generated clock signal is used for the sampling 
clock 01 ADC and DAC. The sampling frequency should be higher than 2*fsc according to sampling theory. 
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KSV3110 DEMO BOARD APPLICATION NOTE 

(A and B Point Signal) 

The 4fsc signal should be synchronized with burst signal and it is generated from XR210. 

4) Clamp 

The clamp block clamps the video signal to the level to which user wants to clamp The KSV3110 has two types 
of clamp circuit-keyed clamp and peak clamp-in itself. 
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KSV3110 DEMO BOARD APPLICATION NOTE 

a) The Keyed Clamp 

KEYED CLAMPING 

COMPOSITE 
VIDEO INPUT 

PEAK 
CLAMPING 

~TO 
~ COMPARATOR 

+5V 

<::J1~ii~BLE) H.SYNC 

560 

I---.--~ 1K 

910 n 
~P~E~D~E~ST~A-L-C~LAMP~I-NG~K~EY~PU-L-S-E--------

(The Keyed Clamp Circuit) 

The keyed clamp circuit clamps the signal to the desired level when only key pulse is applied (pin 23). When being 
used the keyed clamping circuit, the pin 20 of KSV3110 should be open. The desired clamping level is determinded 
by the level of pin 22. 

b) The Peak Clamp 

KEYED CLAMPING 

0.4h . AID. IN 

--=fP-C>-
COMPOSITE 
VIDEO SIGNAL 
INPUT 

0--

+2V--~LU~~------

G 7- J~YED f-. CLAMPIN 
. DISABLE 

I 

OV----------------

~ TO COMPARATOR 

PEAK ~-<::J- 39K 
CLAMPING 

+2V ____ ~U~N~DE~R~R~A~N~G~E 

+5V 

560 

~ 1K 

T 910 

rh -5V 

(The Peak Clamp Circuit) 
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KSV3110 DEMO BOARD APPLICATION NOTE 

The peak clamping circuit clamps the negative peak value to the desired level. When the peak clamping circuit 
is used, the pin 20 of KSV3110 should be high with 39K ohm resistor and the pin 23 should be at ground level. 
The desired level is determinded by the level of the pin 22 of KSIJ'311 o. Tile KSV3110 demo board is being used 
the keyed clamping circuit. 

o:J 

5) The AID Converter 

FLASH (PARALLEL) AID CONVERTER 

INPUT----' 

2"·1 
COMPARATORS 

CLOCK-------_-I 

(The Flash AID Converter) 

OUTPUT 
LATCH 

AND 
DRIVERS 

DIGITAL 
OUTPUT 

The AID Converter part of KSV3110 is flash converter which consists of 255ea comparator. It's conversion speed 
is very fast (20 MSPS). The clamped video signal is converted to digital signal through AID part with the sampling 
clock (4fsc). The AID part timing diagram is as below. 

CLOCK ADC 

ANALOG 
INPUT 

DATA OUTI 

(The Timing Diagram of AID Part) 

~ NO 

( CONVERTER 

J 

The Signal is sampled at falling edge of clOCk and the sampled data are transed to latch part at raising edge of 
clock and the data are out at falling edge. 
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KSV3110 DEMO BOARD APPLICATION NOTE 

6) D/A Converter 

CLOCK DAC 

DATA IN 

ANALOG OUTPUT 

n+l 

(The Timing Diagram of DIA Part) 

DIA 
CONVERTER 

The analog signal is out at the falling edge of KSV3110 and the full range of D/A output signal is 2Vp_p• 

7) D/A Output Switch Over Circuit 

CONVERTI'D SIGNAL FROM--JtNr_-4---! 
R·2R SWITCHING NETWORK 1 ANALOG OUTPUT 

.. ' 

EXTERNAL ANALOG INPUT 

(Logic·HI: External analog signal-Analog output) 
(Logic·LO: Converted signal from R·2R network-Analog output) 

When the pin 39 of KSV3110 is high, the external signal which is connected to the pin 38 is out and when the 
pin 39 of KSV3110 is low, the converted signal is out. In the KSV3110 Demo Board, this block is used for adding 
the horizontal sync pulse. to the converted composite video signal. 

The sync pulse which is separated from the video signal through KA2606 is connected to the pin 39 which control 
the D/A output of KSV3110. The desired sync level is connected to the pin 38. When the separated sync pulse 
is high, the sync level is out and it makes the stabilized composite video signal. 
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KSV3110 DEMO BOARD 

M ,.,"" "'" ,,~, 
SYNCHRONIZED WITH HORIZONTAL 
SYNC. TIME (USING KA2605/2606) 
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KSV3110 DEMO BOARD APPLICATION NOTE 

COMPONENT VALUE 

No. Value Unit No. Value Unit 

R1 4.7 Kohm C1 0.47 J'F 
R2 1.2 Kohm C2 0:1 J'F 
R3 7.5 Kohm C3 10 J'F 
R4 4.7 Kohm C4 0.22 J'F 
R5 82 ohm C5 560 pF 
R6 820 Kohm C6 1 J'F 
R7 12 Kohm C7 0.0068 J'F 
R8 3.3 Kohm C8 0.0039 J'F 
R9 4.7 Kohm C9 0.0033 J'F 
R10 12 Kohm C10 100 pF 
R11 3.3 Kohm C11 100 pF 
R12 4.7 Kohm C12 0.1 J'F 
R13 12 Kohm C13 0.47 J'F 
R14 3.3 Kohm C14 0.1 J'F 
R15 2.2 Kohm C15 0.47 J'F 
R16 3.3 Kohm C16 
R17 22 Kohm C17 0.002 J'F. 
R18 1.2 Kohm C18 470 pF 
R19 1.2 Kohm C19 0.015 J'F 
R20 3.9 Kohm C20 
R21 3.9 Kohm C21 47 J'F 
R22 4.7 Kohm C22 47 J'F 
R23 47 ohm C23 0.1 J'F 
R24 1 Kohm C24 0.1 J'F 
R25 6.8 Kohm C25 47 J'F 
R26 1.2 Kohm C26 47 J'F 
R27 1.2 Kohm C27 0.1 J'F 
R28 91 ohm C28 0.1 J'F 
R29 100 ohm C29 47 J'F 
R30 400 1K ohm 
R31 400 ohm 
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KSV3110 DEMO BOARD APPLICATION NOTE 

The Front Side" 

The Back Side 
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DIGITAL FILTER APPLICATION NOTE 

GENERAL DlSCRIPTION 

Analog filter select the frequency which you want to, from larbitrary analog signal. Digital filter also select the 
spectrum which you want to, from larbitrary digital signal. Digital filter basically consist of binary adder, digital 
mux and delay element. Digital filter has several merits compared with analog filter, that is, in digital filter, the 
responce characteristics can be modified easily by changing filter constant, and digital filter perform successfully 
the filtering function, even if low frequency, and digital filter is strong to temperature drift, to interal/extemal noise. 
Now, we will explain the digital comb filter of digital composite video Signal, and digital color demodulator which 
separate digital B - Y, digital R - Y signal from digital chrominance Signal. 

THE STRUCTURE OF VIDEO SIGNAL 

NTSC signal is composed very precisely, as account of National Television System Committee decision. This NTSC 
signal consist of chrominance, luminance, sync signal. 

CHROMINANCE SIGNAL 

SYNC SIGNAL 

Fig. 1 NTSC Signal 
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DIGITAL FILTER' APPLICATION NOTE 

1 THE RELATION OF NTSC SIGNAL 

NTSC signal consist of three kinds of signal, as Figure 1. 

- Luminance signal-Brightness 
- Chrominance signal-Color 
-Sync signal-Position of signal 

These signal have their own frequency band width. 

- Luminance signal-O - 4.2 MHz 
- Chrominance signal-3.58 MHz± 500 KHz 

and these signal have the relation, as below 

Fsc = 45512 Fh (1) 
Fh = FsifJ286 (2) 

=15.734 KHz 
Fv = 21255-Fh _________________________ (3) 

=59.94 Hz 

- Fh : Horizontal sync frequency 
* Fv : Vertical sync frequency 
- Fsc : Color carrier frequency (3.579545 MHz) 
- Fsif : Sound intermadiate frequency (4.5 MHz) 

II 
IIIIII II C-Signal 

L-_~~~~_LULW~ ____ _u~~~~l~~~~~~~---
Fh 2Fh Fse 

Fig. 2 Signal Spectrum Fig. 3 VIC Spectrum 

2 THE ANALYSIS OF NTSC SIGNAL 

The composite video signal can be expressed, as below 

E1 = Ey1 + Ei1 SinWct + Eq1 CosWct __________________ (4) 
E2 = Ey2 + Ei2 SinWct + Eq2 CosWct (5) 

= Ey2 + Ei2 SinWc{t + th) + Eq2 CosWc{t + th) 
= Ey2 + Ei2 Sin{Wct + 2-180*fh*th*455/2) 

+ Eq2 Cos{Wct + 2-180*fh*th*45512) 
= Ey2 + Ei2 Sin{Wct + 180) + Eq2 Cos{Wct + 180) 
= Ey2 -(Ei2 SinWct + Eq2 CosWct) __________________ (6) 

So, finally we can write these equation as general form as blow 

En = Eyn + Ein SinWct + Eqn CosWct (n = 1, 3, 5, 7 ... ) ____________ (7) 
En = Eyn - (Ein SinWct + Eqn CosWct) (n = 2, 4, 6, 8 ... ) (8) 

In general equation, you can find out easily that the phase of color carrier Signal, is inverted per adjacent horizontal 
line, this point is very important thing in application of digital filter. 
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DIGITAL FILTER APPLICATION NOTE 

DIGITAL COMB FILTER 

The comb filter is refered to obtain the pure chrominance signal from the composite signal. Before explaination 
on digital comb filter, let's see analog comb filter first. To understand analog comb filter, you should remember 
the fact the phase of color carrier signal is inverted per adjacent horizontal line. As addition two adjacent horizon
tal line, chrominance signal is eliminated, and the twice luminance signal is obtained, according to equation 7 
and 8. To subtract two adjacent horizontal line, luminance signal is eliminated, and the twise chrominance signal 
is obtained, according to equation 7 and 8. 

In digital comb filter, the theory of filter is the same as analog comb filter. Digital comb filter seperate digital chro· 
minance, luminance signal from digit,:1 composite signal, the sampled composite signal can be represented as below. 

E(n) = Y(n) + C(n) 
E(n + 1) = Y(n + 1) + C(n + 1) 

if Y(n) = Y(n + 1), and C(n) = C(n + 1) 
E(n) + E(n + 1) = Y(n) + C(n) + Y(n + 1) + C(n + 1) 

= 2*Y(n) + C(n) - C(n) 
= 2*Y(n) 

E(n) - E(n + 1);: Y(n) + C(n) - Y(n + 1) - C(n + 1) 
= 2*C(n) + Y(n) - Y(n) 
=2*C(n) 

As a result, we can obtain digital chrominance, and luminance signal from digital composite signal, and we can 
design the block of digital comb filter. 

Digital 
composite signal 

+ 

Fig. 4 Digital Comb Filter 

/------ Digital chrominance 

1------ Digital luminance signal 

We use the 1H delay element with the line memory that has FIFO dual port 110. The ALU, adder and subtractor 
should be fast. 
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DIGITAL FILTER APPLICATION NOTE 

COLOR DEMODULATOR 

The comb filter seperate the chrominance,luminance signal from the composite signal. The color demodulator 
seperate the R - Y, B - Y signal from chrominance signal. The theory of color demodulator is 

Cn=(Er-y) SinWct+(Eb-y) CosWct __________________ (9) 

as product SinWct to Cn, we can obtain (Er- y) according to fourier series, that is, 

Cn*SinWct = (Er-y) '---'~ ___________ ~ _________ _ (10) 

as product CosWct to Cn, we can obtain (Eb - y) according to fourier series, that is, 

Cn*CosWct= (Eb-y) _______________________ (11) 

The analog color demodulator use the equation 10, 11 and 12. Digital color demodulator use the same theory as 
analog color demodulator. From now on, we will explain the. digital color demodulator. The sampled chrominance 
signal with 4*fsc can be expressed as below 

C(n) = (Er - y(n) )Sin90n + (Eb - y)Cos90n _______________ (12) 

and the sampled SinWct, CosWct is sequence of data 1.0. -1 .. See Figure 5. 

CosWet 

Fig. 5 

The means of producting SinWct, CosWct to C(n) is to producting .the sequence of data 1.0. -1. in digital color 
demodulator. The sequence of data 1.0. -1. means 

1. ____ pass the data of C(n) through 
O. no pass the data of C(n) 

-1. pass the 2'complimental data of C(n) through 

in digital color demodulator. 
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DIGITAL FILTER 

The block diagram is represented as below 

h(n) 

° -1 1 I 0, -1 ° \1 
-'-. _. --,.-_ ..... ---,r ==:> h(n) 

Digital Chromo 

Signal 

A C 

THE CONCLUTION 

B D A 

APPLICATION NOTE 

Digital B - Y Signal 

Digital R - Y Signal 

Fig. 6 

2Fsc 

2' Com pI. Code 

2Fsc 

2' Compl. Code 

C B D 

Fig. 7 

We have explained the theory of digital comb filter, color demodulator, We are sure this meterial is useful to under· 
stand, design the digital comb filter and color demodulator, 
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DATA CONVERSION GLOSSARY 

Accuracy 
Accuracy can be specified as absolute or relative accuracy. Absolute accuracy is the difference between the theo· 
ritical value of input voltage to produce particular output code and the actual value of the input voltage required 
to produce this code. It comprises of gain error, zero error and non-linearity together with noise (See Figure 1). 

Relative accuracy is measured in %, ppm or as fractions of LSB. It is a deviation of analog value from the theoriti
cal value for a particular code. This deviation is relative to a full scale analog reange of its transfer characteristic, 
after this range has been calibrated. 

ADC 
Abbreviation for analog-to-digital converter (see AID converter). 

AID Converter 
Analog-to-digital converter. A circuit which converts an analog voltage or current into an output which is a digital code. 

AGND (Analog Ground) 

Ground reference point for analog power supply and analog circuitry. 

Alias Frequency 

If an analog signal converted to the digital code and then reconverted to the analog signal through a D/A converter, 
and if there is any lower frequency component present in the reconverted signal which does not belong to the 
original analog signal, then this frequency component is an alias frequency. The cause for this effect is that the 
sampling rate is lower than that required by the sampling theorem. 

1111 ...------------~ 1111 ...----------......,-.,. 

1000 1000 

0000 "'"'~----------....I 
o FS 1I2FS FS 

(a) (b) 

1111...-----------:::::::oo!lll 

1000 
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(c) 

Fig_ 1 Errors for an AID Converter; (a) Offset; (b) Gain; (e) Linearity 

c8SAMSUNG 
Electronics 

183 

I 

I 
I 



DATA CONVERSION GLOSSARY 

Aperture Time 

Aperture time is a time interval from the time the hold command is applied to the sample-and-hold circuit and the 
actual opening of the sampling switch. The aperture time depends on the delay of logic switching and an uncer
tainty (due to jitter etc). This is a predominant factor that imposes the limit on timing accuracy. Generally, when 
the apeture time is critical, the hold command is advanced to compensate for the known component of aperture delay. 

Auto·Zero 

A stabilization circuit which will bring the input offset of an amplifier or AID converter to zero during operating 
cycle portion. 

Bandgap Reference 

A voltage reference circuit which is designed using the principle of the predictable base-to-emitter voltage of a 
transistor required to generate a constant voltage which is equal to the extrapolated bandgap voltage of silicon. 

BCD (Binary Coded Decimal) 

A binary code used to represent dicimal numbers in which each digit from 0 to 9 is represented by four bits weight
ed 8-4-2-1. Out of the 16 possible states from four bits, only 10 state are used in BCD code. 

Bipolar Mode 

For a data converter, when the analog signal range includes both positive and negative values, it is called bipolar mode. 

Bipolar Offset 

The analog displacement of one half of the full scale range in a data converter operated in ~he bipolar mode. The 
offset is generally derived from the converter reference circuit. I 

r ' 

Buffer Amplifier 

An amplifier employed to isolate the loading effect of one circuit to another circuit is called buffer amplifier. 

Ci (Input Capacitance) 

In flash converter, Ci is an approximation of its largely capacitive input impedance. This input capacitance is de
pendent upon the DC level of the analog input voltage and the input frequency. The input equivalent capacitance 
must be taken into account when designing a buffer to drive the flash converter. 

Charge Balancing AID Converter 

The analog-to-digital conversion technique which employs an operational integrator circuit within a pulse generat
ing feedback loop. Current pulses from the feedback loop are precisely balanced against the analog input by the 
integrator. The resulting pulses are counted for a fixed period of time to produce an output digital word. This tech
nique is also known as the quantized feedback. 

Clock 

A continuous trail of pulses which is used to control the timing of the data conversion process. A circuit that generates 
this clock pulses is called the clock generator. 

Clock Rate 

The frequency of the timing pulses of the clock circuit in a data converter. 

Co (output Capacitance) 

This is a parasitic capacitance between the output terminal of a device and the ground. 
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CMRR (Common Mode Rejection Ratio) 

For an amplifier, CMRR is a ratio of the differential voltage gain to the common mode voltage gain. Generally, this 
ratio is expressed in dB. 

Ad 
CMRR = 20 10glO Acm 

where, Ad is a differential voltage gain, and Acm is a common mode voltage gain. 

Companding Converter 

The companding converter can be An AID or D/A converter which employs the logarithmic transfer function to 
expand or compress the analog signal range. This type of converter has large effective dynamic ranges and it is 
commonly used in digital voice communication systems. 

Complementary Binary Code 

A binary code which is the logical complement of a straight binary. In other words all O's and 1's are interchanged. 

Conversion Time 

This is the time required by an AID converter to finish the measurement. In flash converter, new conversions are 
already initiated before the results of the prior conversions have been determined. The time for an a-bit conversion 
for this device is only one clock period. 

Conversion Rate 

The number of repetitive AID or D/A conversions per second for a specified full scale range is attained. For most 
converters, if no additional system delays are involved, then the conversion rate is an inversion of the conversion time. 

Counter Type AID Converter 

A feedback method of AID conversion whereby a digital counter drives a D/A converter which generates an output 
ramp which is compared with the analog input. When the two are equal, a comparator stops the counter and out
put data is ready. It is also called a servo type AID converter. 

DAC 

Abbreviation for Digital-to-Analog converter. See D/A converter. 

D/A Converter 

Digital to Analog Converter. A circuit which converts digital code into analog output voltage or current. 

Data Acquisition System 

A system consisting of analog multiplexers, sample-hold circuits, AID converters and other related circuits which 
process one or more analog signals and convert them into digital form for use by a computer. 

Data Converter 

An AID or D/A converter. 

Decoder 

A communications term for D/A converter. 
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Deglitched DAC 

A D/A converter which incorporates a deglitching circuit to virtually eliminate output spikes (or glitches). They are 
commonly used in CRT display system. 

Differential Linearity TEMPCO 

The variation in differential linearity error with the temperature for a data converter is known as TEMPCO. It is ex
pressed in ppm/oC of FSR, the full scale range. 

Digitizer 

A device which converts analog into digital data; an AID converter. 

DG (Differential Gain) 

Differential gain is defined as the difference between the ratio of the amplitudes of the output of a small high 
frequency signal on which it is superimposed and the unity. 

In color television, processing of a color signal requires that the amplitude of the chrominance signal is not affact
ed by the luminance function. The differential gain is a very important parameter because, the amplitude of a small 
signal that is superimposed upon another signal represents the saturation of color displayed; i.e., it determines 
the brightness of this color. 

The standard method for measuring the differential gain is by using a standardized test signal, known as modulat
ed ramp (shown in figure 2). The output of the AID is then reconstructed by a reference D/A and low pass filter; 
the resultant signal is displayed on a vectorscope. 

DGND (Digital Ground) 

Ground reference point for digital power supply and digital circuitry. 

~-----128 IRE UNITS 

..I--r-----100 

--800 
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Fig. 2 Modulated Ramp Test Signal 
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DP (Differential Phase) 
Differential phase is defined as the difference in the output phase of a small high frequency sine wave signal at 
two given levels of a low frequency on which it is superimposed. In color television, processing of a color signal 
requires that the phase of the chrominance signal is not affected by the luminance function. Errors in differential 
phase appear on the T.V. screen as changes in the hue of colors with the changes in brightness. Differential phase 
measurement is very similar to the differential gain testing. 

Dual Slope AID Converter 
This represents An indirect method of AID conversion where an analog voltage is converted into the time period 
by an integrator and a reference and then measured by a clock and counter. The method is relatively slow but 
highly accurate. 

Dynamic Accuracy 
The total error of a data converter or conversion system when operated at its maximum specified conversion rate 
or throughput rate. 

Dynamic Range 
The ratio of the full scale range (FSR) of a data converter to the smallest difference it can resolve. In terms of con· 
verter resolution; 

Dynamic Range (DR) = 2" 

it is generally expressed in dB. 

DR = 20 logm 2" = 6.02n 

where n is the resolution in bits. 

Encoder 
A communication term for AID converter. 

Feedback Type AID Converter 
A class of analog·to·digital converters in which a DIA converter is enclosed in the feedback loop of a digital control 
circuit which changes the DIA output until it equals the analog input. 

INPUT--~ 

2"-1 
COMPARATORS 

CLOCK--------~--~~~ 

OUTPUT 
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Fig. 3 Flash (Parallel) AID Converter 
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Flash Type AID Converter 
An ultrafast method of AID conversion which uses an array of 2"-1 comparators to directly implement a quantiz
er, where n is the resolution in bits_ The quantizer is followed by a decoder circuit which converts the comparator 
outputs into binary code. (See Figure 3) 

FSR (Full Scale Range) 
The difference between maximum and minimum analog values for an AID converter input or D/A converter outputs. 

Full Power Bandwidth (BW) 
Bandwidth for a flash AID converter is defined as the maximum frequency of full-scale input sinewave which can 
be quantized by the AID converter without any missing or spurious codes. The spurious code is a code which is 
larglY' inaccurate, for example, a full scale output code for an input which is near mid-scale is a spurious code. 
The bandwith is measured with worst case power supply conditions and at the fullscale sampling rate. 

Fig. 4 Gain Error 
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Hysteresis Error 
The small variation in analog transition points of an AID converter whereby the transition level depends on the 
direction from which it is approached. In most AID converters this hysteresis is very small and is caused by the 
analog comparator. 

Gain Error 

Gain error is a difference in slop between the ideal transfer function and the actual transfer function and it is ex
pressed in percentage. The gain error may be eliminated by adjusting the reference voltage or current applied to 
the device. (see figure 4). 

Hold Time 
The time period after the operative edge of clock during which the input data must be stable in order to be correct
ly registered. 

Icc (Supply Current) 
Icc is the current drawn by the device from the Vcc supply. Icc is a positive valued parameter. It decreases with 
increasing temperatures in bipolar devices and is measured with Vcc at the maximum rate of value. 
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Iref (Reference Current) 
Current flowing into or out of the reference input terminals of an AID or DIA converter. 

Integrating AID Converter 
This is one of the techniques for AID conversion, in which the analog input is integrated with time. This includes 
dual slope, tripple slope, and charge balancing type of AID converters. 

LSB 

The Least Significant Bit is a bit which carries the smallest value or weight. It represents the smallest change 
that can be resolved by an n·bit converter. This LSB (or a quantum) can be defined as: 

III 

110 

w 
Q 
0 101 
0 
I-
::> 
"- 100 I-
::> 
0 ,. 
0: 011 .. z 
iii 

010 

001 .. 
000 

LSB Size (or Quantum) = F~nR 

where FSR = full scale range, and 
n = resolution in bits. 

(See Figure 5) 

Lineariy 

Fig. 5 Ideal Transfer Function for a 3·bit AID 
Converter with Quantized Characteristic. 
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Linearity is a maximum deviation from the straight line between the end points on the transfer curve of the con
verter. Generally, it is expressed as a function of LSB size. The linearity of a good converter is ± 1/2 LSB. The linearity 
error can be expressed as differential non-linearity and integral non-linearity. 

Differential Non-Linearity 
Differential Non-linearity is a measure of linearity from one digital state to the next. It applies to AID and DIA con
verters. If differential linearity is specified as ± 1/2 LSB, the step size from one state to the next may be from 1/2 
to 3/2 of an ideal 1 LSB step. (See Figure 6). 
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Fig. 6 Differential Non·llnearity 
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For an n·bit converter, any particular digital output code should corroespond to a quantum of analog input value 
which is exactly 1 LSB in width. Any deviation of the measured value (step) from this ideal value is called differen· 
tial non·linearity. 

Differential non·linearity is an important specification because if this error is greater than 1 LSB, then it can lead 
to monotonic behaviour of a DIA converter part and will finally result in missing code in overall AID converter's 
output. For example, if each transition is 1 LSB ± 1/2 LSB, then the differential linearity error of ± 1/2 LSB, but 
there is no possibility of missing code. If the transition is 1 LSB ± 1 LSB then there is a pOSSibility of missing code 
(See Missing Code). 

Integral Non-linearity 
The differential nonlinearity deals with errors in step size and the integral nonlinearity deals with the deviations 
of overall of the conversion response. 

Major Transition 
In a data converter, the change from a code 1000 ... 000 to 0111 ... 111 or vice-versa is called major transition. This 
is the most difficult transition from a linearity standpoint, because the MSB weight must be exactly one LSB larger 
than the sum of all other bit weights. 

Missing Code 

The missing code term applies to AID converters. The output of an AID converter may have a missing code when 
the differential linearity error is greater than ± 1 LSB. If the differential linearity error is less than ± 1 LSB, then 
there is no possibility of missing code (See Figure 7). 

Maximum Sampling Rate (Fs) 
Fs is the maximum sampling rate (or samples per second) at which the converter is guaranteed to operate. Most 
flash converters will operate reliably at any rate up to the maximum sampling rate. This is measured with worst
case supply, worst-case duty cycle condition and maximum full power input frequency. 
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Monotonicity 
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This is a characteristic of the transfer function of a D/A converter, where, increase in input code will produce con· 
tinuously increasing analog output. Monotonicity may occur in a D/A converter, when the differential linearity ex· 
ceeds 1 USB. This means that each successive output level is greater than the previous one (See Figure 8). 

MSB 
The Most Significant Bit is bit that carries the largest weight which is equal to one half of the full scale range. 

(b) Missing Code 
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FS 

The abbreviation for the conversion rate at which an AID or D/A converter is operating. 

Natural Binary Code 
A positive weighted code in which a number is represented by 

N = ao 20 + al 2' + ru 22 .; .... + an 2n 

where each coefficient "a" has a value of zero or one. Data converters use this code in its fractional form where: 

N=a, 2-1+ru 2-2+<33 2-3 ...... +an 2- n 

and N has a fractional value between zero and one. 
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Noise Rejection 
The amount of suppression of normal mode analog input noise of an AID converter or other circuit, generally ex
pressed in dB. Good noise rejection is a characteristic of integrating type of AID converters. 
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Fig. 8 Outputs of a CIA Converter: 
(a) Monotonic Output: 

000 001 010 011 100 101 110 111 

Nonmonotonic BINARY 17;UT CODE 

It is the characteristic of a transfer function of an AID converter where the output does not continuously increase 
with the increase in input. When this occurs, there may be a dip at one or more pOints in the output function (See 
Figure 8). 

Nyquist Theorem (or Sampling Theorem) 
A theorem developed by Nyquist which states that if a continuous, bandwidth limited signal contains no frequen
cy components higher than fc, then the original signal can be recovered without distortion if it is sampled at a 
rate of at least 2fc samples per second where, fc is a carrier frequency. 

Output Delay 
The output delay is the time between the rising edge of the signal to be converted and the time when the output 
data from the AID converter is guaranteed to be stable. This output delay can be measured with the test load speci
fied in the data sheet. The output delay can be reduced in TTL type flash convertes by connecting the pull-up resis-
tors from the outputs to the Vee. (b) Nonmonotonic Output . 
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BINARY INPUT CODE 
(b) 
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Quantizer 
A circuit which transforms a continuous analog signal into a set of discrete output states. Its transfer function 
is the familiar staircase function. 

Quantization Error 
This is' a basic type of error associated with dividing a continuous analog Signal into a finite number of digital 
bits. For example, an 8-bit converter can only identify the input voltage to 1 part in 2n, and there is an output un
certainty of ± 1/2 LSB as can be seen in Figure 3. 

Resolution 
The resolution of an AID converter determines the number of bits available to the user. LSB step size is a function 
of the resolution and is very important in high resolution application. 

The resolution of a D/A converter refers to the input logic levels utilized to control the analog output. Resolution 
is also considered in terms of 1 part of 2n, where n is the number of controling bits. 

SAR (Successive Approximation Register) 
A digital control circuit used to control the operation of a successive approximation AID converter. 

Setting Time 
The time elepsed from the application of a full scale step input in a circuit to the time when the output has entered 
and remained within a specified error band around its final value. This term is an important specification for opera
tional amplifiers, analog multiplexers and D/A converters. 

Settling Time 

This is the time required after the specified change in input data, for the output of a D/A converter to reach and 
remain within the specified error band. Three parameters required to define the settling time are: step size, error 
band size, and settling time. 

Slew Rate 
The slew rate is the maximum rate of change during which an output can change due to the internal circuit charac
teristics. The slew rate is limited by internal charging currents and capacitances and is generally expressed in 
volts per microsecond. 

SNR (Signal to Noise Ratio) 
The signal-to-noise ratio is a ratio of the value of a signa to that of a noise. Usually these are RMS values, but 
for video signals, the value of signal is defined as peak-to-peak value and the value of noise is defined as RMS 
value. This is IJecause, it is difficult to determine the RMS value for video signals. The signal-to-noise ratio for 
an AID converter provides a good figure of merit for the dynamic accuracy of the device. 

For measuring the SNR, a pure sine wave signal is supplied to the input of an AID converter. This is sampled at 
a nonharmonic sampling rate and the output of the AID converter is stored in memory. The output data of this 
converter is transformed into the frequiency domain with a fast fourier transformation and analyzed to determine 
the SNR. When analyzing the data, most of the noise will be located at the harmonic frequiency, so the SNR is 
a good estimate of total harmonic distortion. The SNR is expressed in dB as; 

Signal 
SNR = 20 log10 Noise 

Spurious Codes 
A spurious code is a code which is largely inaccurate. For example, a full scale output generated for an input which 
is near mid- scale is a spurious code. If the output of an AID converter contains such spurious code and is recon
verted with a D/A converter, then the spu rious code looks like a gl itch. 
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Successive Approximation AID Converter 
An AiD conversion method that compares in sequence a series of binary weighted values with the analog input 
to produce an output digital word in just n steps. Where n is the resolution in bits. The process is efficient and 
is analogous to weighing the unknown quentity on a balance scale using a set of binary standard weights (See 
Figure 9). 

Track·And·H old 
A sample·hold circuit which can c.ontinuously follow the input signal in the sample mode and then go into hold 
mode upon command (See Figure 8). 

Tracking AID Converter 
A counter type analog·to·digital converter which can continuously follow the analog input at some specified maxi
mum rate and continuously update its digital outputs as the inputs signal changes. The circuit uses a D/A convert
er drlv.en by an up-down counter. 

Two's Complement Code 
A bipolar binary code in which positive and negative codes of the same magnitude sum to all zeros plus a·carry. 

Unipolar Mode 
For a data converter, when the analog range includes values having one polarity only then it is called unipolar mode 
of converter. 

Vcc (Positive Supply Voltage) 
The positive power supply voltage required for device to operate. 

VEE (Negative Supply Voltage) 
This is the negative supply voltage. Many converters will require both positive and negative supply voltage. 

Weighted Current Source D/A Converter 
This is a digital-to-analog converter whose design is based on a series of binary weighted transistor current sources 
which can be turned on or off by the digital inputs. 

Zero Drift 
For a data converter operating in the unipolar mode, the change in temperature of analog zero is called zero drift. 
Generally it is expressed in uV/'C. 
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Fig_ 9 Successive Approximation AID Converter 
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700 W. Hillsboro Blvd. FAX: (305) 426-8799 
Bldg. 4. Suite 204 
Deerfield Beach. FL 33441 

MEC TEL: (407) 332-7158 
511 Carriage Road (407) 773-1100 
Indian Harbour Beach. FL 32937 FAX: (407) 830-5436 

MEC TEL: (407) 799-0820 
830 North Atla~tic Blvd. FAX: (407) 799-0923 
Suite 8401 
Cocoa Beach. FL 32931 

MEC TEL: (813) 522-3433 
1001 45th. N.E. FAX: (813) 522-3993 
SI. Petersburg. FL 33703 

ILLINOIS 

IRI TEL: (312) 967-8430 
8430 Gross Point Road FAX: (312) 967-5903 
S~okie.IL 60076 

INDIANA 

STB & ASSOC. INC. TE L: (317) 844-9227 
3003 E. 96th SI. FAX: (317) 844-1904 
Suitel02 
Indianapolis.IN 46240 

MARYLAND 

ADVANCED TECH SALES TEL: (301) 789-9360 
809 Hammonds Ferry Rd .. FAX: (301') 789-9364 
Suite D 
Linthicum.MD 21090 
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MASSACHUSETTS 

NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 
111 South Bedford Street FAX: (617) 229-1614 
Suite 102 
Burlington. MA 01803 

MICHIGAN 

JENSEN C.B. 
2145 Crooks Rd. 
TroY,MI 48084 

MINNESOTA 

IRI 
1120 East 80th Street 
Bloomington, MN 55420 FAX: 

NEW JERSEY 

NECCO 
2460 Lemoine Avenue 
Ft. Lee,NJ 07024 

NEW MEXICO 

S.W. SALES, INC. 
7137 Settlement Way, NW. 
Albuquerque, NM 87120 

NEW YORK 

T-SQUARE 
6443 Ridings Road 
Syracuse, NY 13206 

T-SQUARE 
7353 Victor-Pittsford Road 
Victor, NY 14564 

NORTH CAROLINA 

GODWIN & ASSOC. 
1100 Logger CI. 
Suile B 102 
Raleigh, NC 27609 

GODWIN & ASSOCIATES 
2812 Oak Leigh Drive 
Charlotte. NC 28213 

OHIO 

BAILEY, J.N. & ASSOC. 
129 W. Main Street 
New Lebanon,OH 45345 

BAILEY, J.N. & ASSOC. 
2679 Indianola Avenue 
Columbus,OH 43202 

BAILEY, J.N. & ASSOC. 

1667 Devonshire Drive 
Brunswick.OH 44212 

TEL: (313) 643-0506 
FAX: (313) 643-4735 

TEL: (612) 854-1120 
(612) 854-8312 

TEL: (201) 461-2789 
FAX: (201) 461-3857 

TEL: (505) 899-9005 

TEL: (315) 463-B592 
FAX: (315) 463-0355 

TEL: (716) 924-9101 
FAX: (716) 924-4946 

TEL: (919) 878-8000 
FAX: (919) 878-3923 

TEL: (704)549-8500 
FAX: (704) 549-9792 

TEL: (513) 667-1325 
FAX: (513) 687-2930 

TEL: (614) 262-7274 
FAX: (614) 262-0384 

TEL: (216) 273-3796 

FAX: (216) 225-1461 
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OREGON 

EARL & BROWN CO. 
9735 SW. Sunshine Ct. 
Suite500 
Beaverton.OR 97005 

PENNSYL VANIA 

RIVCO JANUARY INC. 
RJI Building 
76 South Trooper Road 
Norristown,PA 19403 

PUERTO RICO 

DIGIT-TECH 
PO. Boz 1945 
Calle Cruz #2 
Bajos, San German 00753 

TEXAS 

S.W. SALES INC. 
2267 Trawood, Bldg. E3 
EI Paso, TX 79935 

VIELOCK ASSOC. 
720 E. Park Blvd. 
Suitel02 
Plano,TX 75074 

VIELOCK ASSOC. 
9600 Great Hills Trail 
Suitel50-W 
Austin,TX 78759 

UTAH 

ANDERSON & ASSOC. 
270 South Main, # 1 06 
Bountiful, UT 84010 

VIRGINIA 

TEL: (503) 643-5500 
FAX: (503) 644·9230 

TEL (215) 631-1414 
FAX: (215) 631-1640 

TEL (809) 892-4260 
FAX (609) 892-3366 

TEL (915) 594-8259 
FAX (915) 592-0288 

TEL: (214) 881-1940 
FAX: (214) 423-8556 

TEL: (512) 345-8498 
FAX (512) 346-4037 

TEL: (801) 292-8991 
FAX: (801) 296-1503 

ADVANCED TECHNOLOGY SALES, INC, 
406 Grinell Drive TEL (604) 320-6756 
Richmond, VA 23236 

FAX: (604) 320-8761 

WASHINGTON 

EARL & BROWN CO. 
2447-A 152nd Ave. N.E. 
Redmond,WA 98052 

WISCONSIN 

IRI 
631 Mayfair 
Milwaukee, WI 53226 

TEL: (206) 665-5064 
FAX: (206) 885-2262 

TEL (414) 259-0965 
FAX: (414) 259-0326 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 

SAMSUNG PARIS MILANO MUNCHEN 
SEMICONDUCTOR Centre d'Affaires La Viale G. Matteotti, 26 Carl-Zeiss-Ring 4, 

EUROPE GmbH Boursidiere RN 1 86, Bat. 1-20095 Cusano Milanino 0-8045 Ismaning 

Mergenthaler Allee 38-40 Bourgogne, BP 202 (Italy) (West Germany) 

06236 Eschborn F-92357 Le Plessis-Robinson Tel: 2/61 32 888 Tel: 089/96 48 30 
(West Ger.many) (France) Fax: 2/61 92 279 + 089/96 48 38 
Tel: 06196/9009-0 Tel: 1/40 94 07 00 Fax: 
Fax: 0196/9009-89 Fax: 1/40940216 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

EUROPE 

AUSTRIA SONEL-ROHE (SCAIB) 
6. Rue Le Corbusier TEL: 0033-1-46 86 81 70 

SATRON HANDELSGES. Silic 424 FAX: 0033-1-45 60 55 49 
MBH F-94583 Rungis Cedex TLX: 042-206952 
Hoffmeistergasse 8-10/1/5 TEL: 0043-222-87 3020 
A-1120 Wien FAX: 0043-222-83 35 83 

GERMANY (WEST) TLX: 047-753 11 85 1 

SILCOM ELECTRONICS 
BELGIUM VERTRIEBS GmbH 

Neusser Str. 336-338 TEL: (49)-0-2161-60752 
C & S ELECTRONICS NV 0-4050 Monchengladbach FAX: (49)-0-2161-65 1638 

I He-embeekstraot 111 TEL: 0032-2-7250900 TLX: 8521 89 
01100 FAX: 0032-2-7 25 08 13 I 

TLX: 046-25820 

I TERMOTROL GmbH 

DENMARK Pilotystr. 4 TEL: (49)-0-89-23052 52 
0-8000 Munchen 22 FAX: (49)-0-89·230352 98 

MER-EL TLX: 17898453 ! 

Ved Klaedebo 18 TEL: 0046-157 100 
OK-2907 Horshiom FAX: 045-257 2299 ING_ THEO HENSKES 

TLX: 37360 MEDEL OK GmbH 
Laatzener Str. 19 TEl: (49)-0-511-865075 
Postfach 72 1 2 26 FAX: (49)-0-511-876004 

FINLAND o 3000 Hannover 72 TLX: 923509 

INSTRUMENTARIUM 
ELEKTRONIIKKA ASTRONIC GmbH 
P.O. Box 64, Vitikka 1 TEL: 00358-0·5 28 43 20 Grunwalder Weg 30 TEL: (49)-0-89-61 30303 
SF-02631-ESPOO FAX: 00308-0-502 10 73 0-8024 Oeisenhofen FAX: (49)-0-89·61 31 66 8 
Helsinki TLX: 057-124426 TLX: 5216187 

FRANCE 
MSC-MICROCOMPUTERS 

ASIA MOS (OMNITECH SYSTEMS COMPONENTS 
ELCCTRONIQUE) VERTRIEBS Gmbh 
Ratiment Evolic 1 165, TEL: 0033-1-47601247 Industriestrabe 16 TEL: (49)-0-7249-7075 
Boulevard De Vaimy FAX: 0033-1-47601582 Postfach 1380 FAX: (49)-0-7249 7993 
F-92705 Colombes TLX: 042-61 3890 0- 7 51 3 Stutensee 3 TLX: 177249 11 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

MICRONETICS GmbH SEMICONDUCTORES S.A. 
Wail Dur Stadtor Str. 45 TEL: (49)·0·7159·60 19 Ronda General Mitre TEL: 0034·3·2 17 23 40 
D·7253 Renningen 1 FAX: (49)·0·7 15951 19 240 Bjs FAX: 0034·3·2 17 65 98 

TLX: 724708 E·08006 Barcelona TLX: 052·97787 

ITALY SWEDEN 

DIS. EL. SPA MIKO KOMPONENT AB 
Via Aia Di Stura 71/18 TEL: 0039·1·12201522/25 Segersby Vagen 3 TEL: 0046·753·89080 
1·10148 Torino FAX: 0039·1·12165915 P.O. Box 2001 FAX: 0046·753·75340 

TLX: 043·21 51 18 S·14502 Norsborg TLX: 054·15023 

MOXEL S.R.L. 
Via C. Frova, 34 TEL: 0039·2·61 29 05 21 

SWITZERLAND 1·2092 Cinisello Balsamo FAX: 0039·2·6 17 25 82 
TLX: 043·352045 

PANATEL AG 
Grundslr. 20 TEL: 0041·42 64 30 30 
CH·6343 Rotkreuz FAX: 0041·42 64 30 35 

NETHERLANDS TLX: 045·868763 

MALCHUS BV HANDEIMIJ. 
Fokkerstraat 511·513 TEL: 0031·10·4277777 UNITED KINGDOM 
Postbus 48 FAX: 0031·10·4154867 
NL·3125 BD Schiedam TLX: 044·2 15 98 KORD DISTRIBUTION 

LTD. 
Watchmoor Road. Camberley TEL: 0276 685741 

NORWAY 
Surrey GU 153AO. TLX: 859919 KORDIS G. 

SEMI DEVICES A/S 
Aset:lveien 1 TEL: 0047·9·876560 BYTECH LTD. 
N·1400 Ski 2 The Western Cenlre, TEL: Sales 0344 482211 

Western Road, Account/Admin 0344 
Bracknell Berkshire 424222 

PORTUGAL RG121RW TLX: 848215 

NIPOSOM-J. NABAIS LTD. 
R. Casimiro Freire 9A TEL: 00351·1·89·66 10 ITT MULTI COMPONENTS 
P·1 900 Lisboa FAX: 00351·809517 346 Edinburgh Avenue TEL: 0753824212 

TLX: 0404·, 4028 Slough SL 1 4 TU FAX: 0753824160 
TLX: 849804 

SPAIN 
NEL TRONIC LIMITED 

SEMITRONIC S.A. John F. Kennedy Road, TEL: (01) 503560 
C/Maria Lombillo, 14 TEL: 0034·1·320 21 60 61 Naas Road. Oublln 12. FAX (01) 552789 
E 28077 Madrid FAX: 0034·1·320 21 98 Ireland TLX. 93556 NEL T EI 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ASIA 

HONG KONG 

AV. CONCEPT LTD. 
Rm. 802-804, Tower A, 
Hunghom Comm, Centre, 
37-39 Ma Tau Wai Road 
Hunghom, Kin, H.K. 

PRO TECH COMPONENTS 
LTD. 

TEL: 3-629325 
FAX: 3-7643108 
TLX: 52362 ADVCC HX 

Flat 3, 10/F., Wing Shing Ind. TEL: 3-3522181 
Bldg., 26Ng Fong Street, San FAX: 3-3523759 
Po Kong, Kowloon, Hong TLX: 38396 PTLD HX 
Kong 

TAIWAN 

YOSUN INDUSTRIAL 
COPR. TEL: 011-886-2·501-
Min·Sheng Commercial Bldg., 0770~9 

10F No. 481 Min-Sheng East FAX: 001-886-2-503-1278 
Rd., Taipei, Taiwan, R.O.C. TLX: 26777 YOSUNIND 

KENTOP ELECTRONCIS 
CO., LTD. 
31F, Nbr 22 .. Sec-2, Chung TEL: 001-886-2-832-
Cheng Rd., Shin· Lin, Taipei, 5800/5802 

Taiwan, R~Q.C. FAX: 001-886-2-832-5521 

KINREX CORP 
2nd. FI., 514-3 TEL: 001-886-2-700-4686 
Tun Hwa S.Rd., ~9 

Taipei, Taiwan, R.O.C. FAX: 001-886-2· 704-2482 
TLX: 20402 KIN REX 

JAPAN 

ADO ELECTRONIC 
INDUSTRIAL CO., LTD. 
7th FI .. Sasage Bldg .. 4-6 TEL: 03-257-1618 
Sotokanda 2-Chome Chiyoda- FAX: 03-257-1579 
ku, Tokyo 101, Japan 

INTERCOMPO INC. 
Ihi Bldg .. 1-6· 7, Shibuya, TEL: 03-406-5612 
Shibuya-ku, Tokyo 150 Japan FAX: 04-409-4834 . 

CHEMI-CON 
INTERNATIONAL COPR. 
Mitauya Toranomon Bldg., TEL: 03-508-2841 
22-14, Toranomon 1 Chome FAX: 03-504-0566 
Minato-ku, Tokyo 105, Japan 
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TOMEN ELECTRONICS 
COPR. 
1-1, Us~hisaiwai·cho 2 
Chome Chiyoda-ku, Tokyo, 

100 

DIA SEMICON SYSTEMS 
INC. 
Wacore 64 1-37-8, 
Sangenjaya, Setagaya-ku, 
Tokyo 154 Japan 

RIKEICORP. 
Nichimen Bldg., 2-2-2, 
Nakanoshima, Kita-ku, Osaka 
530 Japan 

SINGAPORE 

GEMINI ELECTRONICS 
PTE LTD. 
100, Upper Cross Street 
#09-08 OG Bldg. Singapore 

0105 

INDIA 

COMPONENTS AND. 
SYSTEMS MARKETING 
ASSOCIATES (INDIA) 
PVT. LTD. 
1 00, Dadasaheb Phalke 
Road, Dadar, Bombay 400 
014 

TURKEY 

ELEKTRO SAN. VE TIC. 
KOLL. STI. 
Hasanpasa, AhrAet Rasim Sok 
No. 16 Kadikiiy istanbul-
Turkey 

THAILAND 

VUTIPONG TRADING 
LTD., PART. 
51-53 Pahurat Rd. (Banmoh) 
Bangkok 10200 THAILAND 

TEL: 03-506-3473 

FAX: 03-506-3497 

TEL: 03-487-0386 
FAX: 03-487-8088 

TEL: 06-201-2081 
FAX: 06-222-1185 

TEL: 65-5351777 

FAX: 65·5350348 
TLX: RS 42819 

I 

I TEL: 4114585 
FAX: 4112546 
TLX: 001-4605 PDT IN 

I 

TEL: 337-2245 
FAX: 336-8814 
TLX: 29569 elts tr 

TEL: 221·9699 3641 
223-4608 

FAX: 224-0861 

TLX. 87470 Vutipong TH 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

KOREA NEW CASTLE 
SEMICONDUTOR CO., 
LTD. 

NAEWAE ELECTRIC CO., 4th FI. Room 1 0-11, Elee- TEL: 718-8531-4 

LTD. tronies Main Bldg., #16-9, FAX: 718-8535 

#751-33, Daelim-dong TEL: 646-9101-9 Hankangro-3ka, Yongsan-ku, 

Youngdeungpo·ku, FAX: 844-3001 Seoul, Korea 

Seoul, Korea C.P.O. Box 1409 
Cable: "ELECONAEWAE" Sewoon Store: 277-0767 
Seoul Pusan Branch: 

(051) 808-7425 HANKOOK SEMICON-
Youngsan: 701-7341-5 DUCTOR 

#1054-9, Namhyung-dong, TEL: 588-2981-4 
Kwanak-ku, Seoul. Korea FAX: 588-2980 

SAMSUNG 
LIGHT-ELECTRONICS 
CO., LTD. SEG YUNG INTERISE 
4th FI. Room 2-3, Eleetroneis TEL: 718-0045, CORP. 
Main Bldg .. #16-9, 718-9531-5 #21-301, Suninbldg, 16-1, TEL: 701-6811-6, 
Hankangro-3ka. Yongsan-ku. FAX: 718-9536 Hankangro-2ka, Yongsan. ku, 701-6781-4 
Seoul. Korea Seoul, Korea FAX: 701-678-5 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 

ALABAMA JACO (805) 495-9998 
2260 Townsgate Road 

HAMMOND (205) 830-4764 Westlake Village, CA 91361 
4411-B Evangel Circle, NW. 
Huntsville, AL 35816 JACO (408) 432-9290 

2880 ZANKER ROAD ARIZONA SUITE 202 
ADDED VALUE (602) 951-97B8 SAN JOSE, CA 95134 
7741 East Gray Road 
Suite #9 JACO (714) 837-8966 
Scottsdale, AZ 85260 23-441 South Pointe Drive 

Laguna Hills" CA 92653 
CYPRESS/RPS (602) 966-2256 

MICRO GENESrS (408) 727-5050 2164 E. Broadway Road #310-B 
Tempe, AZ B52B2 2880 Lakeside Drive 

Santa Clara, CA 95054 
CALIFORNIA 

ADDED VALUE (209) 734-B861 CANADA 
3320 East Mineral King 

ELECTRONIC WHOLESALERS 
Unit D 1935 Avenue De L'EglisEl (514) 769-8861 
Visalia, CA 93291 

Montreal,Quebec,Canada 

ADDED VALUE (714) 259-8258 
H4E 1H2 

1582 Parkway Loop 
PETERSON,C.M (519) 434-3204 

Unit G 
220 Adelaide Street NO'1h 

Tustin, CA 926BO 
London,Ontario,Canada 

ADDED VALUE (619) 558-BB90 
N6B 3H4 

6397 Nancy Ridge Road 
SAYNOR VARAH (416) 445-2340 

San Diego, CA 92121 
99 Scarsdale Road 

ADDED VALUE (81 B) BB9-2861 
Don "Mills, Ontario, Canada 
M3B 2R4 

31194 La Baya Drive, #100 
Westlake Village, CA 91362 

SAYNOR VARAH (604) 273-2911 
1-13511 Crestwood Place 

ALL AMERICAN (800) 669-B300 Richmond, B.C., Canada 
369 Van Ness Way #701 

V6V 2G5 
Torrance, CA 90501 

BELL MICRO PRODUCTS (714) 963-0667 
WESTBURNE IND.ENT.,L TD. 
300 Steeprock Drive (416) 635-2950 

1 B350 Mt. Langley 
Downsview,Ontario,Canada 

Fountain Valley, CA 9270B 
M3J 2W9 

BELL MICRO PRODUCTS (40B) 434-1150 
550 Sycamore Drive 
Milpitas, CA 95035 COLORADO 

CYPRESS/RPS (714) 521-5230 ADDED VALUE (303) 422-1701 

6230 Descanso Avenue 4090 Youngfield 

Buena Park, CA 90620 Wheat Ridge, CO 80033 

CYPRESS/RPS (619) 535,0011 CYPRESS/RPS (303) 792-5829 

10054 Mesa Ridge Ct 12503 E. Euclid Drive 

Suitel1B Englewood, CO B0111 
San Diego, CA 92121 CONNECTICUT 

CYPRESS/RPS (408) 9BO-B400 ALMO ELECTRONICS (203) 2BB-6556 
. 2175 Martin Avenue 31 Village Lane 
Santa Clara, Ca 95050 Wallingford, CT 06492 

CYPRESS/RPS (B1B) 710-7780 JACO (203) 235-1422 
21550 Oxnard, #420 384 Pratt Street 
Woodland Hills, CA 91367 Meriden, CT 06450 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 
(Continued) 

JV 
690 Main Street 
East Haven, CT 06512 

FLORIDA 

ALL AMERICAN 
16251 ,N,W. 54th Avenue 
Miami, FL 33014 

HAMMOND 
6600 N,W. 21st. Avenue 
Fort Lauderdale, FL 33309 

HAMMOND 
1230 W. Central Blvd 
Orlando, FL 32802 

MICRO GENESIS . 
2170 W. State Road 434 #324 
Longwood, FL32779 

GEORGIA 

HAMMOND 
5680 Oakbrook Parkway 
#160 
Norcross, GA 30093 

QUALITY COMPONENTS 
6145 Northbelt Parkway 
Suite B 
Norcross, GA 30071 

ILLINOIS 

GOOLD 
101 Leland Court 
Bensenville, IL 60106 

QPS 
101 Commerce Dr. #A 
Schaumburg, IL 60173 

INDIANA 

ALTEX 
12744 N. Meridian 
Carmel, IN 46032 

(203) 469-2321 

(305) 621-8282 

(407) 973-7103 

(407) 849-6060 

(407) 869-9989 

(404) 449-1996 

(404) 449-9508 

(312)860-7171 

(312) 884-6620 

(317) 848-1323 

CHELSEA INDUSTRIES (317) 253-9065 
8465 Keystone Crossing, #115 
Indianapolis, IN 46240 

MARYLAND 

ALL AMERICAN 
1136 Taft Street 
Rockville, MD 20853 

ALMO ELECTRONICS 
8309B Sherwick Court 
Jessup, MD 20794 

GENERAL RADIO SUPPLY 
6935L Oakland Mills Road 
Columbia, MD 21045 

(301) 251-1205 

(301) 953-2566 

(301) 995-6744 
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JACO 
Rivers Center 
10270 Old Columbia Road 
Columbia, MD 21046 

MASSACHUSETS 

ALMO ELECTRONICS 
60 Shawmut Avenue 
Canton, MA 02021 

GERBER 
128 Carnegie Row 
Norwood,MA 02062 

JACO 
222 Andover Street 
Wilmington,MA 01887 

MICHIGAN 

CALDER 
4245 Brockton Drive 
Grand Rapids, MI 49508 

CHELSEA INDUSTRIES 
34443 Schoolcraft 
Livonia, MI 48150 

MINNESOTA 

ALL AMERICAN 
11409 Valley View Road 
Eden Prairie, MN 55344 

CYPRESS/RPS 
7650 Executive Drive 
Eden Prairie, MN 55344 

VOYAGER 
520 1 East River Road 
Fridley, MN 55421 

MISSOURI 

CHELSEA INDUSTRIES 
2555 Metro Blvd 
Maryland Heights, MO 63043 

NEW JERSEY 

ALMO ELECTRONICS 
12 Connerty Court 
East Brunswick, NJ 08816 

GENERAL RADIO SUPPLY 
600 Penn St. @ Bridge Plaza 
Camden, NJ 08102 

JACO 
Ottilio Office Complex 
555 Preakness Avenue 
Totowa, NJ 07512 

(301) 995-6620 

(617) 821-1450 

(617)329-2400 

(617) 273-1860 

(616) 698-7400 

(313) 525-1155 

(612) 944-2151 

(612) 934~2104 

(612) 571-7766 

(314) 997-7709 

(201) 613-0200 

(609) 964-8560 

(201) 942-4000 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 
(Continued) 

NEW YORK SCHUSTER (216) 425-8134 

ALL AMERICAN (516) 981-3935 
2057D East Aurora Road 

33 Commack Loop 
Twinsburg, OH 44087 

Ronkonkoma, NY 11779 OKLAHOMA 

CAM/RPC (716) 427-9999 QUALITY COMPONENTS (918) 664-8812 

2975 Brighton Henrietta TL Road 3158 S. l08th East Av~nue 

Rochester, NY 14623 Suite 274 
Tulsa, OK 74146 

JACO (516)-273-5500 OREGON 
145 Oser Avenue 
Hauppauge, NY 11788 CYPRESS/RPS (503) 641-2233 

MICRO GENESIS (516) 472-6000 
15075 S.Koll Parkway 
Suite D 

90-10 Colin Drive Beaverton, OR 97006 
Holbook, NY 11741 

PENNSYLVANIA 
NORTH CAROLINA 

ALMO ELECTRONICS (215) 698-4003 
QUALITY COMPONENTS (919) 467-4897 9815 Roosevelt Blvd. 
3029-105 Stonybrook Drive Philadelphia, PA 19114 
Raleigh, NC 27604 

CAM/RPC (412) 782-3770 
DIXIE (704) 377-5413 620 Alpha Drive 
2220 South Tryon Street Pittsburgh, PA 15238 
Charlotte, NC 28234 

ALMO ELECTRONICS (412) 776-9090 

HAMMOND (919) 275-6391 220 Executive Drive 

2923 Pacific Avenue 
Mars,.PA 16046 

Greensboro, NC27420 

RESCO/RALEIGH (919) 781-5700 SOUTH CAROLINA 
Hwy. 70 West & Resco Court DIXIE (803) 297-1435 
Raleigh, NC 27612 4909 Pelham Road 

Greenville, SC 29606 

OHIO DIXIE (803) 779-5332 
1900 Barnwell Street 

CAM/RPC (216) 461-4700 Columbia, SC 29201 
749 Miner Road 
Cleveland, OH 44143 HAMMOND (803) 233-4121 

1035 Lowndes Hill Rd. 
CAM/RPC (614) 888-7777 
15 Bishop Drive #104 

Greenville, SC 29607 

Westerville, OH 43081 TEXAS 

CAM/RPC (513) 433-5551 ADDED VALUE (214) 404-1144 

7973-B Washington Woods Drive 4470 Spring Valley Road 

CenteNille, OH 45459 Dallas, TX 75244 

CHELSEA INDUSTRIES (513) 891-3905 ADDED VALUE (512) 454-8845 

10979 Reed Hartman Highway 6448 Highway 290 East 

#133 #Al03 

Cincinnati, OH 45242 Austin, TX 78723 

CHELSEA INDUSTRIES (216) 893-{)721 ALL AMERICAN (214) 231-5300 

1360 Tomahawk 1819 Firman Drive, #127 

Maumee, OH 43537 Richardson, TX 75081 

SCHUSTER (513) 489-1400 CYPRESS/RPS (214) 869-1435 

11320 Grooms Road 2156 W. Northwest Highway 

Cincinnati, OH 45242 Dallas, TX 75220 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 
(Continued) 

JACO (214) 235-9575 VIRGINIA 
1209 Glenville Drive 
,Richardson, TX 75080 VIRGINIA ELEC. 

715 H~nry Avenue 
MICRO GENESIS (214) 644-5055 Charlottesville, VA 22901 
9221 LBJ Freeway, #220 WASHINGTON Dallas, TX 75243 

CYPRESS/RPS 
OMNIPRO (214) 233-0500 22125 17th Avenue 
4141 Billy Mitchell Suite114 
Dallas, TX 75244 Bothell, WA 98021 

QUALITY COMPONENTS (214) 733-4300 
JACO 4257 Kellway Circle 

Addison, TX 75244 15014 N.E. 40th Street 
Bldg. ·0·, Unit 202 

QUALITY COMPONENTS (713) 240-2255 Redmond, WA 98052 
1005 Industrial Blvd. 
Sugar Land, TX 77478 PRIEBE 

14807 N.E. 40th 
QUALITY COMPONENTS (512) 835-0220 Redmond, WA 98052 
2120-M Braker Lane 
Austin, TX 78758 WISCONSIN 

MARSH 

UTAH 
1563 S. 101sl. Street 
Milwaukee, WI 53214 

ADDED VALUE (801) 975-9500 
1836 Parkway Blvd. 
West Valley City, UT 84119 

:gSAMSUNG 
Electronics 

(804) 296-4184 

(206) 483-1144 

(206) 881-9700 

(206) 881-2363 

(414) 475-6000 
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c8 SAMSUNG 
Electronics 
Semiconductor Business 
HEAD OFFICE: 
8/10FL. SAMSUNG MAIN BLDG . 
250, 2-KA, T AEPYUNG-RO, 
CHUNG-KU, SEOUL, KOREA 
CPO BOX 8233 

BUCHEON Pl,ANT: 
82-3, DODANG-DONG, 
BUCHEON, KYUNGK~DO, KOREA 
C.P.O. BOX 5779 SEOUL 100 

KIHEUNG PLANT: 
SAN #24 NONGSUH-RI, KIHEUNG-MYUN 
YONGIN-GUN, KYUNGKI-DO, KOREA 
C.P.O. 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: 
24FL. TOWER 1 ADMIRALTY CENTER 
18 HARCOURT ROAD HONG KONG 

TAIWAN OFFICE: 
RM B. 4FL, NO 581 
TUN-HWA S, RD. TAPIEI. TAIWAN 

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 (SEOUL) 741-0620/7 
FAX 741-0628 

TELEX: SSTGUMI K54371 
TEL (GUM I) 2-2570 
FAX (GUMI) 52-7942 

TEL: (408) 434-5400 
TELEX : 339544 
FAX (408) 434-5650 

TEL 5-8626900 
TELEX 80303 SSTC HX 
FAX 5-8661343 

TEL (2) 706-6025/7 
FAX (2) 706-6028 

SAMSUNG ELECTRONICS JAPAN CO, LTD. 
6F. SUDAMACHI BERDE BLDG. TELEX : 2225206 SECJPN J 
2-3, KANDA-SUDAMACHI TEL : (03) 258-9506 
CHIYODA-KU, TOKYO 101 ,JAPAN FAX : (03) 258-9695 

SAMSUNG SEMICONDUCTOR EUROPE GMBH : 
MERGENTHALER ALLEE 38-40 TEL Q-6196-90090 
0-6236 ESCHBORN, WIG FAX 0-6196-900989 

TELEX 4072678 SSED 

SAMSUNG (UK) LTD.: 
SAMSUNG HOUSE 3 RIVERBANK WAY 
GREAT WEST ROAD BRENTFORD 
MIDDLESEX TW8 9RE 

TEL 862-9312 (EXT)304 
862·9323 (EXT)292 

FAX : 862-0096, 862-0097 
TELEX : 25823 
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