




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DESIGN RELIABILITY 

Referring to figure below, we can calculate the RMS 
current of the pulsed primary waveform as follows: 

Calculating IRMs for Primary Current 

{( 102 - 10(8) + = 4.31 Amps 

CURRENT 

:J=--a=---------a 

Assuming a clamped inductive switching waveform of 
turn-on and turn-off times of 500x10-9 seconds, we can 
calculate the switching losses, 

Calculating the Switching Losses 

Vos lo (ts, + ts2) fs 
Psw = 6 

(28) (10) (.5+.5) (10-6 ) (70x103) 

6 

= 3.2 Watts 
Substituting into the above equations, we have, 

(11) 

Pr= (4.31)2(.18)RosN + 3.2 

(2') 

T, = 60 + 1.62 (Pr) 

Combining equations, 
T, = 60 + 1.62 [(4.31)2(.18) RosN + 3.2] 

= 65.18 + 5.41 RosN 

Guess RosN = .75 Implies T, = 69° C 
Guess RosN = 1.5 lmpiles T, = 86° C 

P,: 69, .75 
86, 1.5 

1l 
2.5 .. 
2.0 

z 
o-
w i 1.5 

a:• 
"e 

y 
1.0 .. l-"" lL i---r--I' z 0.5 Vas 0 10V r--lo= BA 

0 

i -40 40 80 120 160 
a: 

TJ, JUNCTION TEMPERATURE (°C) 
Normalized On·Resistance Vs. Temperature 
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Plotting these two points shows the device to operating 
at a junction temperature of approximately 85'C, there­
fore from a ruggedness point of view, snubbers are not 
required. 

APPLICATION #3-
BUCK REGULATOR 
Figure 18 shows a simplified schematic of a buck 
regulator. This particular topology raises no rugged­
ness issues for the circuit designer. 

There is no exposure to Mode 1 stress, since the 
switching MOSFET is not working into the primary of 
an isolation transformer, and there is thus no leakage 
inductance. 

Mode 2 stress need not be a concern, since the body 
diode of the MOSFET does not conduct over the 
switching cycle. 

0 -

Figure 18. Buck Regulator Circuit 

APPLICATION #4 -
SWITCHMODE MOTOR CONTROL 
The most popular circuit architecture for switchmode 
motor control is the H-Bridge driver shown in Figure 
19. This surprisingly simple circuit is capable of con­
verting a ground-referenced DC source to a polarity­
reversing voltage driver as required for either DC or 
AC motor control. Peak output voltage is limited by 
the DC rail, less the voltage drop through the bridge. 
Switching frequencies can vary, but with trends 
toward lower armature inductances, high frequencies, 
e.g. 100 kHz, are commonplace. 

For switchmode motor control, we must consider 
dv/dt stress. Relative to the switching time of a PWM 
cycle, the motor current looks like a constant current 
source requiring a path during the off (freewheeling) 
power phase. Unless additional circuitry is added, this 
path will include the MOSFET body diode, as dis­
cussed in Part 1, when the complementary MOSFET 
is subject to the "reverse recovery dv!dt," dynamic 
stress. 

752 



DESIGN RELIABILITY 

v• 

091 002 

093 094 

Figure 19. H-Bridge Driver Circuit 

Diode recovery dv/dt is a multi-dimensional problem, 
difficult to characterize for design optimization. Data 
is available, however, to ensure safe operation by 
defining the upper limits of the Mode 2 stress para­
meters. The key parameters with which we must 
comply to make sure that the PBJT will not be 
activated during the reverse recovery phase are: 

Parameter #1: Ti 
This is the junction temperature of the MOSFET. It 
is controlled by the ambient temperature, heatsink­
ing, and internal power dissipation (gate losses, 
leakage losses, switching losses, Ads (on) losses, 
and body diode losses). Determining Ti is a 
straight-forward calculation. 

Parameter #2: di/dt 
This is the rate of change of current in the body 
diode as it goes from forward conduction to reverse 
conduction. It is influenced by temperature, for­
ward current, circuit inductances and by the turn­
on characteristics of the complementary transistor. 
This is not easily calculated and thus requires 
circuit measurement and experimentation. 

Parameter #3: dv/dt 
This is the peak rate of change of voltage across 
the MOSFET as it recovers from peak reverse 
current. Similar to di/dt, this parameter requires 
measurement and experimentation. 

t1:iti¥JIHI> 
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Parameter #4: lsd 
This is the body diode current during the free­
wheeling phase. It is easy to determine, as this is 
set by the peak load current in the motor or 
inductor. 

EXAMPLE OF MOTOR CONTROL APPLICATION 

The example describes the design of H-Bridge motor 
drives for a .4 KVA motor load, working from a DC rail of 
140 volts. The case temperature will be 50°C maximum. 
Figure 19 shows the H-Bridge driver circuit. Assume a 
unipolar, PWM drive working at a frequency of 40 kHz, as 
shown in Figure 20. Because of the 28 ampere peak 
requirement for the body diode, we will require two 
devices in parallel. To determine the junction temperature 
we must calculate the following: 

Application Parameters 
(I,) Peak Motor Current 
(Vd) Input DC Rail Voltage 

28 Amperes 
140 Vdc 

(Tc) Case Temperature (max) 50°C 
.71 (DC) Maximum Duty Cycle 

(fs) Swtiching Frequency 40 kHz 
(di/dt) Diode Commutation Rate 
(do/dt) Maximum Rate of Change of 

to be measured 

Drain Voltage 
(lsd) Body Diode Current (max) 

to be measured 
28 Amperes 

140V 

-140V 
100V 

.llli 
PHASE A-Q,, 0. ON 

02, Q3 OFF 

PHASE B-02, 0 3 ON 
a,, a. OFF 

PWM APPLIED TO 
MOTOR 

1. = 40khz 

MOTOR VOLTAGE 
I.., = 800 hz 

Qff 
01 ON 
02, Q3, a. OFF 

Oa ON 
Q,, 02, a. OFF 

Figure 20. Example of PWM Drive 

Because of the 28 Ampere peak requirement for the body 
diode, we will require two devices in parallel. 

Selected MOSFET(s) SPECIFICATION IRF640 

DC Ratings 

vd .. 
Ros (on) 
Id 
R6JC 

200 v 
.180 
18A 

1°C/W 

Ruggedness Reverse 
Recovery du/di Rating 

dv/dt 5 V/ns 
isd 18 A 

di/dt 150 Nµs 
TJ<MAX1 150°C 
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Calculating Junction Temperature TJ 

(1) 

(2) 

T, =Tc+ RoJc [Pt] 

where: 

Body 
+ Diode 

Losses 

+ Switching 
Losses 

IRMS = ( 28 )(-1 ) (~) = 4 9 Am eres (per MOSFET) 2 J2 2 . p 

Ros10N1 = .120 

Calculating Body Diode Losses 

Pso = IRMS (Vso) = 4.9 (1.5) = 7.42 WATTS 

Assuming a clamped inductive load type switching (figure 
21.), we can calculate the switching losses. 

-----,~·- - - - - - - - - '· 
/ 

-----( 
I INSTANTANEOUS 

POWER 

Figure 21. Clamped Inductive load Switching 

Calculating the Switching Losses 

Psw = Vos (101 t,, + 102 t.,) fs 
2 

(140) (14) (300·10-9 ) (40·103) 

2 

= 14 WATTS 

Substituting into above equations, we have, 

(11) 

Pr= (4.9)2(.12)RosN + 7.42 + 14 

(21) 

TJ = 50 + (1) Pr 

Combining equations, 

TJ = 50 + (4.9)2(.12) RosN + 21.42 = 71.42 + 2.88 RosN 

4J:fof)11U> 
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Solving graphically by using the RosN curve for the IRF640 

Guess RosN = .75 Implies TJ = 73° C 
Guess RosN = 1.5 Implies TJ = 75° C 

i 15 f-f-f--+--+---i+--+-+-+-1 

! 1.0 f--OA--+-+-+-i-t 

-40 40 80 120 160 

Tj, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 

+12V 

I 

1 

J~ 

1 
Figure 22. Gate Drive Control 

Therefore worst case TJ is approximately 74°C. Thus the 
junction temperature complies with the ruggedness rating 
of the MOSFET. 

Therefore junction temperature is in a safe and stable 
zone. In addition, l,d is within the Mode 2 stress limits for 
the IRF640. The remaining task is to measure di/dt and 
dv/dt to ensure compliance. 

If the dv/dt is measured to be greater than 5v/ns, it must 
must be reduced. The most straightforward method 
for reducing the dv/dt is to add series resistance in 
the gate drive circuit as shown in Figure 22. Proper opera­
tion of the H-Bridge requires good electrical symmetry. 
Therefore as resistance is added to one leg, the same 
resistance should be added to the other legs. The penalty 
for slowing the switching speeds is higher losses. There­
fore a recheck of switching losses should be examined. 
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Once the dv/dt level has been adjusted to less· than 
5v/ns, the di/dt specification limit of 150 A/ns should 
be checked. If found to be too high, it too can be 
reduced by adding more gate resistance. If this is not 
satisfactory because of excessive switching losses, some 
small inductance (100-400 nhy) could be added to the 
source connection. 

APPENDIX A 
RUGGEDIZING THE MOSFET 
Producing a rugged MOSFET device is a function of: 

• Device design; 

• Manufacturing techniques; 

• Device testing techniques. 

DESIGN 
In the design cycle, there are several factors that go 
into making a rugged device. The most important of 
these is the minimization of Rbe. In Figure A1, we 

~ p• p 

L,J N 

Figure A1. Cross Section of a 
Ruggedized MOSFET Cell 

~De 
jPBJT 

-1 •.. 
Ree Rp RN• 

L RM 

Figure A2. PBJT Base Emitter Circuit 
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show a cross section of a partial cell. The cross­
hatched area represents the source metalization. The 
body region in this N-channel MOSFET is P doped. 
The P+ indicates a higher doping concentration and 
therefore higher conductivity. The N+ region, which 
forms the emitter region of the PBJT and also serves 
as part of the MOSFET channel, is shorted to the 
body region by source metalization. 

Looking at the various materials in the cell, we can 
partition the PBJT base emitter circuit into a number 
of different resistors, as shown fn Figure A2. Rm, the 
metalization resistance, is negligible, and therefore 
not important. Rp+, on the other hand is one of the 
major improvements in ruggedization. This reduces 
Rbe substantially, and adds an order of magnitude to 
the ruggedness of the MOSFETs. RP is determined by 
the resistivity of the material, the length '1' of the cell, 
the thickness and width of the P part of the body 
region. Increased cell density tends to reduce 1 and 
therefore reduce Rp. 

Although the resistance of Rn+ does not affect the 
point at which the PBJT turns on, increasing the value 
of Rn+ introduces feedback into the base circuit, tend­
ing to lower the gain of the PBJT circuit. There may 
be situations where this may prevent eatastrophic 
failures. Increasing Rn+ has a price, as Rc1s (on) 
increases proportionately. Therefore, this is another 
optimization process on the part of the MOSFET 
manufacturer. 

The deep P+ well has an influence on ruggedness. 
Since it is heavily doped, the depletion regions are not 
as deep as those associated with th~ P region. This 
tends to make the body diode avalanche, in contrast 
to the collector base junction of the PBJT. 

To improve the reverse recovery time characteristics 
of the MOSFET, the manufacturer of the device must 
decide on the resistivity levels of the p and n material. 
As the resistivity is increased, there is a tendency 
towards lower stored charge (Q") levels, and re­
duced recovery time. These factors have to be 
carefully evaluated as the price for these improve­
ments is increased Rds (on) as well as Rbe. 

MANUFACTURING 
Good process control and techniques are as impor­
tant to the ruggedization process as good design. If 
the manufacturing process is flawed, one weak cell 
out of the thousands in the component, can render 
the entire chip weak. Thus poor mask alignment, with 
the resulting lack of cell definition can offset the 
optimized cell design. Similarly, doping levels must be 
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consistently controlled over the entire active area of 
the chip, or temperature gradients will develop, caus­
ing local hot spots. 

Samsung's SFETs are now in the fourth generation 
HOMOS technology. This exclusive HOMOS process 
employs CMOS local oxidaton and ion implantation 
techniques to minimize these concerns and provide 
higher wafer yields. 

TESTING 
Samsung Semiconductor uses UIS testing on all 
MOSFETs. This rigorous screening for ruggedness, 
ensures that devices likely to cause user problems in 
the system design phases are weeded out before they 
can hit the field. 

APPENDIX B-
UST OF ABBREVIATIONS 
BD 
BVceo 

BVces 

Vdss 
BVdss 
CSOA 
Ceo 
DUT 
E., 
Eas 
I 
1 .. 
ldss 

Is 
Ism 
JED EC 

MOSFET 

PBJT 
PWM 
a .. 
R0e 
SOA 
T; 
UIS 
VDMOS 
Vds 
di/dt 
dv/dt 
mj 
n 
p 

Body Diode 
Bipolar transistor breakdown voltage 
with base open 
Bipolar transistor breakdown voltage 
with base shorted. 
Maximum DC drain-to-source voltage 
Drain-to-source breakdown voltage 
Commutating Safe Operating Area 
Collector to base junction capacitance 
Device Under Test 
Repetitive avalanche energy 
Single pulse avalanche energy 
Current 
Avalanche Current 
Zero gate voltage drain current 
Body diode forward current rating 
Peak diode peak reverse recovery current 
Joint Electronic Device Engineering 
Council 
Metal Oxide Semiconductor Field Effect 
Transistor 
Parasitic Bipolar Junction Transistor 
Pulse Width Modulator 
Reverse recovery charge 
Base spreading resistance 
Safe Operating Area 
Junction temperature 
Unclamped Inductive Switching 
Vertical double diffused MOSFET 
Voltage drain-to-source 
Rate of change of drain current 
Rate of change of drain voltage 
Millijoule 
Negatively doped 
Positively doped 
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KA34063A 

INTRODUCTION 

The KA34063A is a monolithic switching regulator subsytem consisting of many active 
building blocks necessary for use as de to de converters. It represents a significant adva­
ncement in the ease of implementing highly efficient and yet simple switching power supp­
lies. 

THE LINEAR POWER SUPPLY Vs THE SWITCHING POWER SUPPLY 

The linear power supply is already a mature technology, which has been used since the 
dawn of electronics. Whether this type of power supply incorporates tubes or semiconduc­
tors, its construction and operation are essentially the same. 

1 Isolation I , Rectifiers 
ac- power f------- and 

~ransf~rn~ ~I!~ _J 

Vret 
Feedback 

and 
control 

FIGURE 1-1 Block diagram of a series-pass regulated linear power supply 

Fig. 1-1 shows the simplified block diagram of a series pass linear regulated power sup­
ply. In this type of power suppfy, a low frequency, 50 or 6CJ-lz transformer is used to step 
down the ac mains to a lower voltage of the same frequency. This secondary voltage is in 
turn rectified and filtered, and the resulting de is fed into a series-pass active element. 

By sampling a portion of the output and comparing it to a fixed reference voltage, the 
series-pass element is used as a form of "variable resistor" to control and regulate the 
output voltage. However, this mode of operation dissipates a large amount of power in the 
form of heat, consequently lowering the efficiency of the power supply to 40 or 50 percent. 
Although the linear power supply in general has a tight regulation band along with very 
low output noise and ripple, the disadvange are obvious. As we mentioned, because of its 
low efficiency, usually bulky and expensive heat sinks and cooling fans are needed, and 
large isolation power transformers are used to step down the ac input voltage. Hence, this 
type of power supply tends to be bulky, heavy,and almost unfit for today's compact electronic 
systems. Other disadvantages of the linear power supply are it relatively narrow input 
voltage range, normally ±10 percent, and its very low output hold up time, about 1ms. 

The disadvanges of the linear power supply are greatly reduced or eliminated by the 
regulated switching power supply. 

tJifof)llhtP 
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Rectifiers 
ac- and 

filter 

Switching 
Lelement -r 
L Feedback 

and 
control 

Vref 

I 
_____ j 

Vout 

FIGURE 1-2 The basic off-the-line switching regulated power supply. 

Fig 1-2 shows a simplified block diagram of a high-frequency off-the line switching power 
supply. In this scheme, the ac line is directly rectified and filtered to produce a raw high­
voltage de, which in turn is fed into a switching element. The switch is operating at the high 
frequencies of 20KHz to 1 MHz, chopping the de voltage into a high-frequency square wave. 
This square wave is fed into the power isolation transformer, stepped down to a predeter­
mined value and then rectified and filtered to produce the required de output. A portion of 
this output is monitored and compared against a fixed reference voltage, and the error 
signal is used to control the on-off times of the switch, thus regulating the output. Since the 
switch is either on or off, it is dissipating very little energy, resulting in a very high overall 
power supply efficiency of about 70 to 80 percent. Another advantage is the power transfo­
rmer size which can be quite small due to high operation frequency. Hence the combination 
of high efficiency (i.e, no large heat sinks) and relatively small magnetics, results in comp­
act, lightweight power supplies. Coupled with very wide input voltage range, 90 to 260Vac, 
and very good hold-up time, typically 25ms, the switcher has become the choice for elect­
ronic system designers. Of course, there are certain disadvantages associated with the 
switching power supply, such as higher output noise and ripple, EMl/RFI generation, and 
higher design complexity. However, with careful design these problems may be greatly 
reduced or eliminated. 
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OPERATION PRINCIPAL OF DC to DC CONVERTER 

Linear Control 
Signal 

Ref 
Voltage 

FIGURE 2-1 Step-Down Linear Regulator 

In order to undersand the difference in operation between linear and switching regulators 
we must compare the block diagrams of the two step-down regulators shown in Figure 2. 
The linear regulator consists of a stable reference, a high gain error amplifier, and a vari­
able resistance series-pass element. The error amplifier monitors the output voltage level, 
compares it to the reference and generates a linear control signal that varies between two 
extremes, saturation and cutoff. This signal is used to vary the resistance of the series-pass 
element in a corrective fashion in order to maintain a constant output voltage under varying 
input voltage and output load conditions. 

Vino--~ 

FIGURE 2-2 Step Down Switching Regulator 

The switching regulator consists of a stable reference and a high gain error amplifier 
identical to that of the linear regulator. This system differs in that a free running oscillator 
and a gated latch have been added. The error amplifier again monitors the output voltage, 
compares it to the reference level and generates a control signal. If the output voltage is 
below nominal, the control signal will go to a high state and turn on the gate, thus allowing 
the oscillator clock pulses to drive the series-pass element alternately from cutoff to satu-

t1'1tiif jilhP 
ELECTRONICS 

761 

II 



KA34063A 

ration. This will continue until the output voltage is pumped up slightly above its nominal 
value. At this time, the control signal will go low and turn off the gate, termination any fur­
ther switching of the series-pass element. The output voltage will eventually decrease to 
below nominal due to the presence of an external load, and will initiate the switching 
process again. The increase in conversion efficiency is primarily due to the operation of the 
series-pass element only in the saturated or cutoff state. The voltage drop across the ele­
ment, when saturated, is small as is the dissipation. When in cutoff, the current through the 
element and likewise the power dissipation are also small. There are other variations of 
switching control. The most common are the fixed frequency pulse width modulator and the 
fixed on-time variable off-time types, where the on-off switching is uninterrupted and regu­
lation is achieved by duty cycle control. Generally speaking, the example given in Figure 
2-2 does apply to KA34063A. 

GENERAL DESCRIPTION 

The KA34063A is a monolithic switching regulator subsystem consisting of many active 
functions required for de to de converters. This device contains a temperature compensated 
bandgap reference, a dutycycle controlled oscillator with an active current limit circuit, a 
comparator and a high current output switch. The device was specifically designed to be 
incorporated in step-up, step-down and voltage-inverting converter application. 

Drive 
Collector 

lok 

Sense 

FIGURE 3 KA34063A Block Diagram 

Switch 
Collector 

Switch 
Emitter 

Timing 
Capacitor 

GND 

The oscillator is composed of a current source and sink which charges and discharges 
the external timing capacitor CT between an upper and lower preset threshold. The typical 
charge and discharge currents are 33µA kand 200µA respectively, yielding about a 1 to 6 
ratio. Thus the ramp-up period is 6 tim\)S longer than that of the ramp-down as shown 
in Figure 4. The upper threshold is equal to the internal reference voltage 1.25 volts and 
the lower is approximately equal to 0.75V. The oscillator runs continuously at a rate contr­
olled by the selected value of CT. 

During the ramp-up portion of the cycle, a Logic 'I' is present at the 'A' input of the AND 
gate. If the output voltage of the swithcing regulator is below nominal, a Logic '1' will also 
be present at the 'B' input. This condition will set the latch and cause the 'Q' output to go 
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to a Logic '1 ', enabling the driver and output switch to conduct. When the oscillator reaches 
its upper threshold, CT will start to discharge and Logic 'O will be present at the 'A' input of 
the AND gate. This logic level is also connected to an inverter whose output presents a 
Logic '1' to the reset input of the latch. This condition will cause 'Q'to go low, disabling the 
driver ant output switch. 

The output of the comparator can set the latch only during the ramp-up of CT and can 
initiate a partial or full on-cycle of output switch conduction. Once the comparator has set 
the latch, it cannot reset it. The latch will remain set until CT begins ramping down. Thus 
the comparator can initiate output switch conduction, but cannot terminate it and the latch 
is always reset when CT begins ramping down. The comparator's output will be at a Logic 
'O'when the output voltage of the switching regulator is above nominal. Under these cond­
itions, the comparators output can inhibit a portion of the output switch on-cycle, a complete 
cycle, a complete cycle plus a portion of one cycle, multiple cycles, or multiple cycles plus 
a portion of one cycle. 

Current limiting is accomplished by monitoring the voltage drop across an external sense 
resistor placed in series with Vee and the output switch. The voltage drop developed across 
this resistor is monitored by the Ip, Sense pin. When this voltage becomes greater than 30 
OmV, the current limit circuitry provides an additional current path to charge the timing 
capacitor CT. This causes it to rapidly reach the upper oscillator threshold, thereby shorte­
ning the time of output switch conduction and thus reducing the amount of energy stored 
in the inductor. This can be observed as an increase in the slope of the charging portion 
of the CT voltage waveform as shown in Figure 5. Operation of the switching regulator in 
an overload or shorted condition will cause a very short but finite time of output conduction 
followed by either a normal or extended off-time interval provided by the oscillator ramp­
-down time of CT. The extended interval is the result of charging CT beyond the upper osc­
illator threshold by overdriving the current limit sense input. This can be caused by opera­
ting the switching regulator with a severely overloaded or shorted output or having the input 
voltage grossly above the nominal design value. Under extreme conditions, the voltage 
across CT will approach Vee and can cause a relatively long off-time. This action may be 
considered a feature since it will reduce the power dissipation of the output switch consid­
erably. 

v 

1 

- Upper Threshold 1.25 V Typical 

- Lower Threshold 0.75 V Typical 

i-- 6t Charge ·----i t I 

\__ Discharge 

FIGURE 4 CT Voltage Wave form 
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Comparator Output 
1 ------~ n n n 
o- ~-1 LJ l._______,I L_ 

Timing Capacitor C,. 

On - II II r--1 n 11 11 
Output Switc~ _ I LJ LJ L_______J LJ L___J L 

Output Voltage 

14--Start-Up-------Quiescent Operation-----

FIGURE 5 Typical Operating Waveforms 
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STEP-DOWN SWITCHING REGULATOR OPERATION 

KA 
34063A 01 

L 

FIGURE 6 Step-Down Regu/ator(V1n:SV0ut) 

c. RL 

Transistor Q 1 interrupts the input voltage and provides a variable duty cycle squarwave 
to a simple LC filter. The filter averages the squarwaves producing a de output voltage that 
can be set to any level less than the input by controlling the percent conduction time of Q, 

to that of the total switching cycle time. 

Thus, Vout=Vin { 10n/(10n +!off)} 

The KA34063A achieve regulation by varying the on-time and the total switcing cycle time. 
Assume that the transistor Q, is off, the inductor current IL is zero, and the output voltage 

Vout is at its nominal value. The output voltage across capacitor Co will eventually decay 
below nominal because it is the only component supplying current into the external load 
RL. This voltage deficiency is monitored by the switching control circuit anci causes it to drive 
Q, into saturation. The inductor current will start to flow from Vin through Q 1 and, Co in 
parallel with RL, and rise at a rate of Al/AT=V/L. The voltage across the inductor is equal 
to Vin-Vsat-Vout and the peak current at any instant is: 

IL={ (Vin-Vsat-Voutlll}I 

At the end of the on-time, Q 1 is turned off. As the magnetic field in the inductor starts to 
collapse, it generates a reverse voltage that forward biases D, and, the peak current will 
decay at a rate of Al!AT=V/L as energy is supplied to Co and RL. The voltage across the 
inductor during this period is equal to Vout+VF of 0 1 and, the current at any instant is: 

/c=ILJPKI- {(Vout+Vp)/l}t 

Assume that during quiescent operation the average output voltage is constant and that 
the system is operating in the discontinuous mode. Then ILJo•••I attained during loo must decay 
to zero during t0 " and a ratio of 100 to t0 • can be determined. 

{ (V1n-Vsat-Voutl/L }Ion={ (Vout + Vp)/L }lorr 
:. loollott= (Vo,,+VF) /(V,,-v,.,-Vo"') 

Note that the volt-time product of Ion must be equal that of t0 • and the inductance value 
is not of concern when determining their ratio. If the output voltage is to remain constant, 
the average current into the inductor must be equal to the output current for a complete 
cycle. The peak inductor current with respect to output current is: 

4J1fof jlhl> 
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(IL(PK/2)1on+(IL{PK/2)1ott=(lo"' • 1on)+(lo"1 • Iott) 
." · IL(PK)=21o"' 

The peak inductor current is also equal to the peak switch current IPk<sw1tch> since the 
two are in series. The on-time 100 is the maximum possible switch-conduction time. lt·is 
equal to the time required for CT to ramp up from its lower to upper threshold. The required 
value for CT can be determined by using the minimum oscillator charging current and the 
typical value for the oscillator voltage swing both taken from the data sheet electrical cha­
racteristics table. 

Cr= lohg(m<nJ(C:.t/C:.V) 
"720x10-• x (lo,/0.5) 
=4.0X1Q-51on 

The off-time Iott. is the time that diode 01 is in coduction and it is determined by the time 
required for the inductor current to return to zero. The off-time is not related to the ramp­
down time of CT. The cycle time of the LC network is equal to lon1m,.1+tott and the minimum 
operating frequency is: 

A minimum value of inductance can now be calculated for L. The known quantities are 
the voltage across the inductor and the required peak current for the selected switch con­
duction time. 

This minimum value of inductance was calculated by assuming the onset of continuous 
conduction operation with a fixed input voltage, maximum output current, and a minimum 
charge current. 

The net charge per cycle delivered to the output filter capacitor Co, must be zero, a+=Q 
-, if the output voltage is to remain constant. The ripple voltage can be calculated from the 
known value of on-time, off-time, peak inductor current, and output capacitor value. 

1 1'·. 1 1'·' VrlPPJe(P-PJ=(Co) 0 1tdt+(Co) 1, I I di 

Where it= (YzlPk · t)/(lon/2), i't=(YzlPk · t)/(lou/2) 

=-1- 1~ . .f.I 11 + _1 11Pk I" It., 
Co Ion 2 lo C0 Iott 2 !1 

(Where t =.!2n. • t - loff ) 
1 2 ,..,-,-2 

_ IPk(lon +lou) 
8Co 

A graphical derivation of the peak-to-peak ripple voltage can be obtained from the capa­
citor current and voltage waveforms in Figure. 7. 
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Voltage Across 
Switch 01 
VCE 

Voltage Across 
Diode D1 
VkA 

Switch 01 
Current 

Diode D1 
Current 

Inductor 
Current 

Capacitor C0 

Current 

Capacitor Co 
Ripple Voltage 

LJ LJ 

Vout+VPk 

Vout +-~---F~~~"--+-----J.'----'~-4-~~-/-~~~ 

Vout-VPk 
t, 

FIGURE 7 Step-Down Switching Regulator Waveforms 

The calculation shown account for the ripple voltage contributed by the ripple current into 
an ideal capacitor. In practice, the calculated value will need to be increased due to the 
internal equivalent series resistance ESR of the capacitor. 
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STEP-UP SWITCHING REGULATOR OPERATION 

L 

FIGURE 8 Step-Up Regulator(V1n<;_Yout) 

Energy is stored in the inductor during the time that transistor Q 1 is in the 'on' state. Upon 
turn-off, the energy is transferred in series with Vin to the output filter capacitor and load. 
This configuration allows the output volmge to be set to any value greater than that of the 
input by the following relationship: 

Vout=V1n(_!ffi._) +Vin or Vout=V1n(_!ffi._ +1) 
Iott lou 

An explanation of the step-up converter's operation is as follows: Initially, assuming that 
transistor Q, is off, the inductor current is zero, and the output voltage is at its nominal 
value. At this time, load current is being supplied only by Co and it will eventually fall below 
nominal. This deficiency will be sensed by the control circuit and it will initiate an on-cycle, 
driving 0 1 into saturation. Current will start to flow from Vin through the inductor and Q1 and 
rise at a rate of t.J/t.T=V/L. The voltage across the inductor is equal to V;n-V,., and the 
peak current is: 

IL=( Vin-Vsat }I 
L 

When the on-time is completed, a, will turn off and the magnetic field in the inductor will 
start to collapse generating a reverse voltage that forward biases D,, supplying energy to 
Co and R,. The inductor current will decay at a rate of t.l/t.T=V/L and the voltage across 
it is equal to V0 u1+V,-V;n· The current at any instant is: 

IL =lupkJ-( Vout+VF-V1n ) 1 
L 

Assuming that the system is operating in the discontinuous mode, the current through the 
inductor will reach zero after the Iott peiod is completed. Then l,1PKJ attained during Ion must 
decay to zero during Iott and a ratio of Ion to Iott can be written. 

( V1n~Vsat) Ion=( Vout+~F-Vtn ) loff 

. _!ffi._ _ Vout+VF-Vtn 
Iott V1n-Vsat 

The inductor current charges the output filter capacitor through diode 0 1 only during Iott· 
If the output voltage is to remain constant. the net charge per cycle delivered to the output 
filter capacitor must be zero, a+=a-. 
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Fig9. shows the step-up switching regulator waveforms. 

Voltage Across 
Switch 01 
Vrn 

Diode 01 Voltage 
VKA 

Switch 01 
Current 

Diode 01 
Current 

Inductor 
Current 

Capacitor C0 

Current 

Capacitor C0 

Ripple Voltage 

FIGURE 9 Step-Up Switching Regulator Waveforms 

By observing the capacitor current and making some substitutions in the above statement, 

a formula for peak inductor current can be obtained. 

( IL~kl }loff=lout(lon+lo11) 

luPkl=21out( lion + 1} 
off 

The peak inductor current is also equal to the peak switch current, since the two are in 
series. With knowledge of the voltage across the inductor during lo, and the required peak 
current for the selected switch conduction time, a minimum inductance value can be dete­

rmined. 
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Vin-Vsat 
~m1m=( I ) toncmax> 

Pk(SWitCh) 

The ripple volage can be calcuated from the known values of on-time, off-time, peak ind­
uctor current, output current and output capacitor value. Referring to the capacitor current 
waveforms in figure. 9, t, is defined as the capacitor charging interval. 
Solving fort, in known terms yeilds: 

IPk-lout =_k 
t, lort 

. t -'-( lpk-lout ) lo 
.. ,- IPk ff 

The ripple voltage is 

V ( 1 ) j' IPk-lout tdt 
rlPPle(P-P)= Ca o ti 

(1Pk- lout)2 Iott 

21PkCo 

A simplified formula that will give an error of less than 5% for a voltage step-up .greater 
than 3 with an ideal capacitor is shown: 

V lout 
rlPP!e<P-Pl"'(Co )Ion 
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VOLTAGE-INVERTING SWITCHING REGULATOR OPERATION 

+Vin o----t=:::;Qaif1-;=+----+-----W-----+-----O-Vou1 

KA 
34063A 

L 

01 

Co 

FIGURE 10 Voltage-Inverting Regulator( IVoutl 2_ V1n ) 

Energy is stored in the inductor during the conduction time of Q,. Upon turn off, the energy 
is transferred to the output filter capacitor and load. Notice that in this configuration the 
output voltage is derived only from the inductor. This allows the magnitude of the output 
to be set to any value. It may be less than, equal to, or greater than that of the input and 
is set by the following relationship: 

Vou1=V1n(~) 
torr 

The voltage-inverting converter operates almost identically to that of the step-up previ­
ously discussed. The voltage across the inductor during to, is V,,-v,., but during to.; the 
voltage is equal to the negative magnitude of Vo,,+ VF. Remembering that the volt-time product 
of to, must be equal to that of Iott. a ratio of lo, to Iott can be determined. 

IVoutl +VF 
Vin-Vsat 

The derivations and the formulas for IPk<switch> , Ltmln> and Co are the same as that of the 
step-up converter. 
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Voltage Across 
Switch 01 
VCE 

Diode D1 Voltage 
VKA 

Switch 01 
Current 

Diode D1 
Current 

Inductor 
Current 

Capacitor Co 
Current 

Capacitor Co 
Ripple Voltage 

FIGURE 11 Voltage-Inverting Switching Regulator Waveforms 
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STEP-DOWN SWITCHING REGULATOR DESIGN EXAMPLE 

(Condition) 
Vo,1=5V 

I'"' =500 mA 
fm;n =18 KHz 
V,. =25 -10% or 22.5V 
V,;001e1p-o1=0.5% Vout or 25mVp-0 

1. 10 0/tott=(Vo"'+V,) / (V;o(m;n;-V,.,-Vout) 
=<5+o.8 )t (22.5-0.8-5R0.3 

2. lon1ma,1+Iott=1 /f m;n""' 56µsec 
3. Iott""' 43µsec, Ion""' 13µsec 
4. CT=4X 10-5 Xton 

=4X 10-s X13X 10-6=520pF::::>use 470pF 
5. l0,(switch)=2Xl0.,=2X0.5=1A 

6. L(mln)=(Vin(mrn)-Vsat-Vou1) • 'tonjmax)/lpk(switch) 

=(22.5-0.8-5) · 13X 10-6/1 
=217 µ-!:::>use 220µ-J 

7. R.o=0.3/IPK(•w;tch)=0.3/1 =0.3 n 
8. Co=IPK(•w;tchJ(lon+lott)/8V,;pple(p-p) 

=280µF::::>use 470µF 

9. V0u1=1.25(~ +1) 
R, 

If we select R, =3.6k!l, we can calculate R,: 
R,=3.6X103 X (5/1.25 -1) -i =1.2k!l 

11220 
µ-! 

R, 
R,t-~"""'--------------~~-~Vo 

1 2kfl 3.6kfl Co SV/500 mA 
. ~ 470 + V0 =1.25(1 +-R, ) µFI 
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STEP-DOWN Switching Regulator Demo-PCB 

0 
c8 SAMSUNG STEP-DOWN CONVERTER CIRCUIT 0 

EU.C!1lONICS APPUCA TION SECTION ll IC : KA 34063AN 

R: Resistor 

~ 
~ ~ ~ ~ ~ 

C : Capacitor 
D: Diode 

L: Inductor 
T : Tap(lnpul/Output) 

0 ~ 

~ ~ ~ 
0 0 

(Component Side) 

• • 
• • • • • • 

• • • • 
• .... 

'I • .... 
• • • • • • • 

(Solder Side) 

'11l111l1 1 1~1' 
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STEP-DOWN APPLICATION WAVEFORMS 

0.5A 
/DIV 

Vo, IL & V,., Waveforms( I) 

V;,=25V. 1,=500mA 

Vnpp1e & V0 Waveforms 

V;,=25V, l,=500mA 

IL, V0 & V,,. Waveforms 

tJ:fofilUI> 
ELECTRONICS 

Vo 0.5A 
/DIV 

IL 

m 
v= 

m 

Vo 0.5A 
I DIV 

Vo, IL & v,., Waveforms( JI) 

Vo 
IL 

-- m 

Vose 

"ih ~Y-1/~!u ~~{v· 

II V;,=15V, 1,=500mA 

Vo, IL & V,,. Waveforms( Ill} 

Vo 

IL 

~ l/SEc ~~ Z6.2K~ 
- - -
' 

m 

Vose 

it! 
Vm=25V, 1,=700mA 

Vo, IL & v," Waveforms(N) 

V;,=15V, 1,=700mA 
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0.5A/ 
DIV 

1, & v, Waveforms 

Vm=25V, l00,=500mA 

Vripple Waveforms 

V,,=25V, lo,,=500mA 

Vout & Vref Waveforms 

CHi"' !JOLTS "'I • 1.ZSU 

V,,=25V, l0 =500mA 
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STEP-UP SWITCHING REGULATOR DESIGN EXAMPLE 

(Condition> 
Vooi=28 V 
loot =175 mA 
fmio =23 KHz 
v,, =8~16 v 
Vrlpple(p-p) = 140m V p-p 

1. t00/t0.=(V00,+V,-V,0 )/ (V10.-V,.1) 
=(2a+o.B-B)t(a-o.a) °"'2.9 

2. too1m.,1+tott=-f1 =____J____10 °"'43.5µsec 
mio 23X 3 

3. 1011°"' 11.2µsec, toolm,,1=43.5-11.2=32.3µsec 
4. CT=4 X 10-5 too 

=4X 10-s x 32.3 x 10-£ =1290pF=?use 1300pF 
5. lpk{•wil<h)=21oot{tooftofl+ 1) 

=2X175X 10-3 X3.9°"'1.37 A 
6. L(min)=(Vin -Vsat) ion{max/IPK{switch) 

=(8-0.8)X32.3X 10-<l/1.37°"'170µ-l 
7. R"=0.3/IPK{•Wil<h)=0.3/1.37=0.22 fl 
8. C0::=:loot · to,/Vdpple{p-pJ°"'40µF=?use 220µF 

R, 
9. V001=1.25{R, +1) 

If we select R,=47k!l, we can calculate R,: 
R1=47X103 X(28/1.25-1r' =2.2k!l 

10. The output switch transistor is driven into saturation with a forced gain of 20 at an input 
voltage of av. The reguired base drive is: 

ls=IPKl•wil<h/B,=68.5mA 
The current required to drive the internal 170 fl base-emitter resistor is: 

11700 =VsEl•wil<h/170=4.1 mA 
The driver collector current is equal to sum of 68.5mA+4.1mA=72.6mA 
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STEP-UP Switching Regulator Demo-PCB 

0 
c8 SAMSUNG STEP-UP CONVERTER CIRCUIT 

EUC'lllONICS APPLICATION SECTION ll 

~ 
~ ~ ~ 

~ ~ G 
~~ 

~~ i1 

0 
(Component Side) 

(Copper Side) 

• 
• • • • • • • •• • •• ... • • 

•• . ... 
• • • • • 

• • 

41:!tlif JilhtP 
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0 

• 

• 

IC : KA 34063AN 
R: Resistor 

C : Capacitor 

D: Diode 
L: Inductor 
T: Tap(lnput/Output) 
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STEP-UP APPLICATION WAVEFORMS 

0.5A 
/DIV 

0.5A 
/DIV 

Voe, I, & Vose( I ) 

Vr1pple & Vee 

IL, Vose & Vout 

t1&¥Jll}I> 
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0.5A 
fh /DIV !!!!!"!!!Im'!~• 

Vose 

0.5A 
/DIV 

0.5A 
IL /DIV 

Vose 

Vout 

V1n=12V, lout=175mA 

Vee 

IL 

m 

Vose 

m 

II 
Vee 

IL 

m 
Vase 

m 
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0.SA /DIV'·········i/J V,,=12V, l,,,=120mA 

V ripple & noise 

V rlPPle & noise 

Vout & Vref 

H2 DC 1. 245U 

V,,=12V, l,=175mA 
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VOLTAGE-INVERTING REGULATOR DESIGN EXAMPLE 

(Condition) 
Voo1=-12 V 
loot =100 mA 
fmio =50 KHz 
V'" =5.4-7 V 
Vr1pp1e1p-p)=60 mV 

1. lonllort=( I Vout I+ VF)/(Vin-Vsat) ~2.8 
1 1 

2. loo(ma>)+lott=r::- = 50 X 10, =20µsec 

3. lott~5.3µsec, loo1m.,1=14.7µsec 
4. CT=4 X 10-5 X !00 

=4X 10 5 x14.7 x 10-6 ~590pF=?use 560pF 

5. lpk('w'toh)=2 · loot · (looflott+ 1) 
=2X100X 10 3 X3.8=760mA 

6. L(rnm)={Vin(minJ-Vsat) · ton(max/IPK(switch) 

=(5.4-0.8)X14.7X 10-6/760X 10-6 ~88,ld-i 
7. Roo=0.3/IPK(,witoh)=0.3/760 x 10-3 ~0.39 n =?use 0.35 n 
8. Co=loot · loo1Vopple(p-p)~25µF=?use 1000µF 

R, 
9. Voot=1.25(-~ +1) 

If we select R,=3k!1, we can calculate R2 : 

Vout 
R,= ( 1 _25 -1) X R, =25.8 k!l=?use 26kfl 

tt:!ti¥11U1> 
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INVERTING Switching Regulator Demo-PCB 

o c8 SAMSUNG LOW POWBa VOLTAOB-INVl!l.11NO aacurr 
~ APPUCATION SBC'l10N D 0 

~ 
g 

~ ~ ~ 8 
G D~ 

~ D 

0 0 
(Component Side) 

(Copper Side) 

• • 
• • • • • • • • • • ..... • •1 .... 

I • 
• • 

1_!_ ________ • 
(Solder Side) 

'11l1'1lJ 11~1' ELECTRONICS 

IC : KA 34063AN 

R: Resistor 

C : Capacitor 

D: Diode 

L: Inductor 

T : Tap(lnput/Output) 
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VOLTAGE-INVERTING APPLICATION WAVEFORMS 

VL, IL & Vose Vr1pple & noise 

V1, 

ih 
0.5A 11, 

/DIV 
VrlPPle m & noise 

Vose 

Vm=5.4V, l,"'=10DmA V, 0 =5.4V, l0 =100mA 

VL & V1ipple v, & 1, II 
VL 

ih 
VF 

IL 

177 

VriPPle 

m 
V,,=5.4V, l00,=1DOmA V00 =5.4V, l0 =100mA 

IL, VL & Vose 

11, 

V1. 

lh 

Vose 

Vm=5.4V 
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Design Formula Table 

Caculation Step-Down Step-Up 

b v .... + v. v .... +v,-V,,1m1n1 

ton Vtn{min)-Vsat-Voot. V1n(min)-Vsa.1 

(t..+t.n)max 
1 1 - -

fmin fmin 

Cr 4X 10-5 ton 4X 10-o to. 

lpk(switch) 2 lout(max) 2 lout(max)( to.+t.. 
Ion 

Rsc 0.3/1 pk{switch) 

~In> 1 v1,1~v-v., 
pk(swilch) 

)l,.,i ... 

c. IPk<swltch>(ton +1ott) 
8V rlPPIOO>-Pl 

v,.,=Saturation Voltage of the output switch. 
v.=Forward Voltage drop of the rectifier. 

0.3/1 pk(switch) 

(~ 
okl•-1 

ll..imui 

lout ton 
VrlPPleu>-P> 

The following power supply characteristics must be chosen: 

Voltage-Inverting 

IVou1l+v, 
V in{mln) -V sat 

1 
fm1n 

4X 10-0 to. 

) 2 lout(max)( to.+t.. 
Ion 

) 

0.311 pk{switch) 

(v~:t• )l..i-i 

lout for, 
VrlPPiea>-P> 

v,,-Nominal input voltage, if this voltage is not constant, then use V,,1m.x1 for step-down and 
V1nim1n1 for step-up converter. 

V.u,-Desired output voltage, Vou1=1.25(1+ =~ ) 
lou1-Desired output current. 
fm,.-Minimum desired output switching frequency at the selected values for v,. and I •. 
v .... ,e{,...1-Desired peak-to-peak output ripple voltage. In practice, the calculated value will need 
to be increased due to the capacitor's equivalent series resistance and board layout. 
The ripple voltage should be kept to a low value since it will directly effect the line and load 
regulation. 

•ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage Voe 40 Vdc 

Comparator 
v,. -0.3-40 Vdc 

Input Voltage Range 

Switch Collector Voltage Vc(sw) 40 Vdc 

Switch Emitter Voltage V,(sw) 40 Vdc 

Switch Collector 
To Emitter Voltage 

Vc.(sw) 40 Vdc 

Driver Collector Voltage Ve{ driver) 40 Vdc 

Switch Current lsw 1.5 A 

411!ti¥11h1' ELECTRO~ICS 
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• ELECTRICAL CHARACTERISTICS 
(Vcc=5.0V, Ta=T low to Thigh unless otherwise specfied) 

Characteristic Symbol Test Condition Min Typ Max Unit 

Oscillator 

Charging Current I chg 
5.0:'S:Vcc:'S40V, 

24 33 42 µA 
Ta=25'C 

Discharge Current ldischg 
5.0:'S:Vcc:'S40V, 

140 200 260 µA 
Ta=25'C 

Frequency lose V,;,5=0V,Cr=1.0nF, Ta=25'C 24 33 42 KHz 

Discharge To Charge ldischg lpk(sense)=Vcc, 
5.2 6.2 7.5 -

Current Ratio lchg Ta=25'C 

Current Limit Sense Vi pk lchg=ldischg 

Voltage (sense) Ta=25'C 
250 300 350 mV 

Output Switch(Note 2) II 
Saturation Voltage I Vee( sat) 

lsw=1.0A, 
1.0 1.3 v -

Vc(driver)=Vc(sw) 

Saturation Voltage II Vee( sat) 
lsw=1.0A, 

0.45 0.7 v -
R,;.,.=82 0. to Vee 

DC .Current Gain h,, 
lsw=1.0A, 

50 120 - -
Vc,=5.0V, Ta=25"C 

le( off) VCE=40V - 0.01 100 µA 
Collector off State 

Current 

Comparator 

Ta==25'C 1.225 1.25 1.275 
Threshold Voltage vth v 

Ta=T1ow to T,;gh 1.21 - 1.29 

Threshold Votage Line fegline 3.0V:'S:Vcc:'S40V - 1.4 5.0 mV 

Regulation 

Input Bias Current le Vin=oV - -40 -400 nA 

Total Device 

5.0:'S:Vcc:'S40°V 

Cr=0.001µF 

Supply Current Ice lpk(sense)=Vcc - 2.4 4.0 mA 

V,;,,)Vth 

pin2=GND 

CDT low=O "C, T high=+70"C 
@Output switch tests are performed under pulsed conditions to minimize power dissipation. 

411fofi 11a> 
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PWM SWITCHING REGULATOR DEVICES 

INTRODUCTION 
The basic function of every regulator is to convert an 
AC or DC input voltage into a stable DC output 
voltage and then maintain this output voltage over a 
specified wide range of load conditions. Typically, 
the voltage regulator contains the following compo­
nents: 

Reference circuit which provides a known 
stable reference voltage. 
Sampling element to sample the output 
voltage level. 
Comparator for comparing the output voltage 
sample to the reference and generating an 
error signal. 
Control circuit that will translate the input 
voltage to the desired output level over 
variable load conditions as fed back by the 
error signal. 

SAMPLING ELEMENT 
The function of a sampling element is to monitor the 
output voltage and translate it into a level which is 
equal to the reference voltage for a desired output 
voltage. The variations in the output voltage cause 
the feedback voltage to change it to a value which 
may be lesser or greater than the reference voltage. 
This small voltage is the error voltage that directs the 
regulator to respond and make appropriate correction 
in the output voltage if the output voltage has 
changed from its defined level. 

COMPARATOR 
The function of the comparator is to monitor the 
feedback voltage for comparison with the reference 
voltage. Also, the comparator provides gain for the 
detected error signal level and so it is called error 
amplifier. The output of the comparator is actually an 
amplified error signal and it is translated to the output 
by the control circuit for maintaining a certain output 
level. 

N'U1' 
VOLT Ml 

CONTllOL 
ELEMENT 

REGULATED 
OUTPUT 
VOLTAGE 

I E 
A L 
•1 • • L I 
I N 
NT 
Q 

Figure 1. Basic Regulator 

REFERENCE ELEMENT 
The reference element is the main component of 
voltage regulators, because the output voltage is 
either equal to or a multiple of the reference. Any 
variations in the input voltage will be interpreted as 
an error in the output voltage by the comparator and 
causes the comparator to change the output voltage 
accordingly. Therefore, the reference voltage must 
be highly stable for all variations in the output voltage 
and junction temperature. 

tJiMf jiUI> 
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CONTROL CIRCUIT 
The control circuit depends on the regulator type, 
because the design of the control circuit determines 
whether the regulator is series type, shunt type, or a 
switching type. Figure 2 shows basic configurations 
of the control circuit. The control circuit translates the 
error voltage to the output and it influences the 
performance of the regulator because it affects the 
input-output differential, circuit efficiency and power 
dissipation. 
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V1111 

L 

SWITCHING 

Figure 2. Control Element Configuration 

..... 
r----~~----, 
I I 

ILOAO 
II ~ 

~lf 
, .... 

I 
L .J 

I : 

VINO--+-------.. ------OVQUT • VREF C1+!! I 
112 

Ill 

112 

Figure 3. Basic Series Regulator 
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PWM SWITCHING REGULATOR DEVICES 

The voltage regulators can be designed using many 
different circuit implementations, but the three basic 
methods are: 

Series Regulator 
Shunt Regulator 
Switching Regulator 

Series Regulator 
The output voltage is regulated by modulating a 
series element which acts as a variable resistor. A 
transistor is employed as a series element as shown 
in figure 3. Any change in the output voltage 

changes the equivalent resistance of the series 
transistor accordingly. The product of this resistance 
and the load current produce differential voltage that 
will compensate for the change in the input voltage. 

The output voltage Vour is equal to: 

V0 =Differential Voltage 
V, =Load Current 

II 11 

V1N ------N·------....-------..---0 Your 

-----: 
I 
I 

Y11z , 
I 

' : ·- ... ··" 

Figure 4. Basic Shunt Regulator 

·---<r··'; ........ : : 

Ill 

112 

Yowo------. _.._ .... _,ni'"'-... --1~-CI YOUT 

t1:!Jif JIUI> 
~LECTRONICS 

Figure 5. Basic Switching Regulator 
(Step-down Configuration) 
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PWM SWITCHING REGULATOR DEVICES 

Change in Rs for a changing input voltage will be: 

VIN 

and b.Rs = - 1-

L 

Change in RS for a changing load current will be: 

b.RS = b.IL Rs 
IL + b.IL 

Series regulators provide an inexpensive means for 
obtaining regulated voltage. However, the disadvan­
tage of this method is that in applications requiring 
very high load currents, the voltage drop across the 
series element is very high, resulting in power loss. 

Shunt Regulator 
Shunt regulator employs a shunt element and 
changes in the input voltage or load conditions result 
in changes in the shunt current requirement. Figure 
4 shows basic configuration of shunt regulator. 

The output voltage V ouT in this case will be: 

v ouT = v,N - ls Rs 
Is= IL+ 12 

v OUT = v,N - Rs (,L + I,) 

Change in 12 for a changing load current will be: 

ON-STATE 

Psw• vsw •sw 

Vsw• OV 

:.Psw•OW 

Change in 12 for a changing input and voltage will be: 

v 
b.IZ =·-'" 

R 

VOUT 
b.IZ = b.R 

z 

This type of regulator is not very efficient, but is less 
sensitive to input voltage transients and the load 
current transients are not reflected back to the 
source. Because of its configuration, the shunt 
regulator is short circuit proof inherently. 

Switching Regulator 
The switching regulator employs an active switch as 
its control element. The switch is a high frequency 
inverter whose function is to chop the rectified input 
voltage at a varying duty cycle. An LC filter is 
normally used and its function is to average the 
voltage appearing at its input and deliver this voltage 
to the output load. The transistor in the basic circuit 
(Figure 5) is either in ON STATE (saturation) or OFF 
STATE, so the power losses in the control circuit are 
minimum. This is the primary reason this type of 
power supply is particularly useful in applications 
where the difference between the input and output 
voltage is very high. 

Figure 6 shows different modes of the control ele­
ment. From this figure it can be seen that the control 
circuit is subjected to a high current at a very low 
voltage or a high differential voltage at a very low 

OFF-STATE 

Psw•Vsw •sw 

1sw•OA 

:.Psw•OW 

Figure 6. Modes of Control Element. 
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V1N··Jl___JL 

O·t:·:j 
-ILOAD 

o.z o.• o.a a.a 
.!. 
T 

Figure 7. Waveform on Capacitance 

current. In both cases, the power dissipation in this 
control circuit is minimum. The changes in the load 
current or input voltage can be compensated for by 
varying the on/off ratio (duty cycle) of the switch. 

If the output voltage should remain constant, then the 
net change in the capacitor must remain constant. In 
other words, the charge delivered to the capacitor 
must be dissipated by the load. 

IC= IL-ILOAD 
le = ILOAo for IL = O 
le= IL (peak) - ILoAo for IL= IL (peak) 

The charge delivered to the capacitor and the charge 
dissipated in the load are equal to the area covered 
under the capacitor current waveform. 

FREQUENCY 

Figure 8. Fixed On-Time 

t1'Mf111h' 
ELECTRONICS 

D.0 + = :!_ (IL(peak) - ILOAD)2 
2 IL(peak) 

ilO - = ILOAD [ T :!_ t ~- :!_ t ( IL(peak) - ILOAD) CIN)] 
2 Ve 2 IL(p•ak) Ve 

If 0+ is set equal to 0-, the relation of 1,0 A0 for 0 = 0 
can be determined by: 

I - !_ I ( V,N ) ( t ) LOAD - 2 L(peak) V T 
c 

As can be seen above, the duty cycle VT can be 
varied to compensate the input voltage variations or 
load variation. 

FREQUENCY 

Figure 9. Fixed Off-Time 
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............. 

·~ JI-
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Figure 10. Single-Ended Transformer Coupled Circuits 

The duty cycle can be varied by: 

Maintaining a constant on-time, and varying 
the frequency 
Maintaining a constant off-time, and varying 
the frequency 
Maintaining a constant frequency and varying 
the on/off time 

Fixed On-Time Variable Frequency 

The value of inductor can be calculated from 

v L;I 

where: L 
v 
I 

inductance (in microhenry) 
differential voltage (in Volts) 
inductor current required 
(defined by load in Amps). 
On-time (in microseconds) 

In this technique, the time the input voltage is applied 
to the LC filter is kept constant and the duty cycle is 
varied by varying the frequency 1/T. This is a 
relatively easier method and suitable for applications 
where voltage conversions are required for step­
down, step-up, or invert type of power supply. 

Figure 8 shows variations in frequency with the load 
current in this method. 

50-60 Hz 

f\_; 
t 

Line ~ 
1' 

Input Rectifier 
and Filter 

+ 
I 
I 
I 
I 
I 

Fixed Off-Time Variable Frequency 
In this method, the average DC voltage is varied by 
changing the on-time (t) of the switch while maintain-

20-25 kHz 

...fL 

High Frequency + 
Inverter 

8~ Be 

1' 
Ou1pu1 Rectttier 

and Filler 

DC 

Nole: Input IO oulpul isolation is not shown. 

Figure 11. Basic Blocks of Switching Regulator 
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PWM SWITCHING REGULATOR DEVICES 

ing a fixed off-time. In fixed-off time process, as the 
load current increases, the on-time is also increased, 
thereby decreasing the operating frequency. (see 
Figure 9). This method allows a design of the 
voltage regulator with predefined minimum frequency 
under full load condition and also allows the DC 
current to be established under the increased load 
condition. This will help reduce the ripple current 
while maintaining the average current. Care should 
be taken to ensure that the saturation characteristics 
of the inductor are not exceeded because the maxi­
mum current that can flow through the inductor under 
transient load current is not well defined. 

Fixed-Frequency, Variable Duty Cycle 
In fixed-frequency regulators, the duty cycle of the 
pulse train is varied for changing the average power. 
The fixed-frequency switching regulators are most 
suited in the systems having transformer-coupled 
output stages, since the fixed frequency concept 
allows it to take full advantage of the magnetic 
properties of the transformers. Transformer-coupled 
systems offer an ideal choice for power supply 
designs having single or multiple voltage conver­
sions. 

The fixed-frequency regulators are used extensively 
in the mainfram power supply control circuits. In 
systems with single-ended output stages.the fixed­
frequency method also establishes DC current 
through the inductor for increased load conditions to 
maintain the required current transfer with minimum 
ripple current. 

Basic Circuit of the Switching Power Supply 
Figure 11 shows the basic configuration of the 

+V,N 

A. B<JCI< (Step-Down) 

Vout"' Vin 

+VOUT 

switching power supply. The main component in this 
circuit is the high frequency inverter whose function is 
to chop the rectified input voltage. The rest of the 
circuit will support this switching function. 

The input line voltage is rectified by the input rectifier 
circuit and then filtered. The function of regulating 
this voltage is performed by the control circuit. The 
control circuit closes the loop from the output to the 
inverter. Most of these control circuits contain an 
oscillator that generates fixed frequency and then 
uses a pulse width modulation method for controlling 
the output voltage. When the load is reduced, the 
output voltage increases sending signal to the control 
circuit. The control circuit then delivers shorter 
pulses to the inverter. If the load is increased, the 
output voltage decreases sending a signal to the 
control circuit so it delivers longer pulses to the 
inverter. 

The inverter section contains a transformer which 
provides electrical isolation between the line and 
load. Transformer makes designs of an inverter 
section versatile and allows several different configu­
rations of switching regulators such as: Step-up 
(boost), step-down (buck), flyback, push-pull and 
half- bridge converters. Figure 12 shows step-down 
and step-up configurations. 

Step Down (buck) Converter 
The buck type of circuit interrupts the line voltage and 
provides variable pulse width square wave to the LC 
filter. The regulation of this type converter is 
achieved by varying the duty cycle. 

+V,N 

O>---_____ ( _l.____o 
B. Boost (Step-Up) 

Vout >Vin 

Figure 12. Buck and Boost Converters 
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The output voltage in this case may be approximated 
as: 

VOUT = v,N x duty cycle 

The drop in the output section (IR), diode and 
transistor saturation voltages can be compensated by 
adjusting the transformer turns ratio. 

Step Up (boost) Converter 
In step up configuration, the energy is first stored in 
the choke and then this surplus energy is delivered 
from the input line to the load. In this configuration, 
the choke works as a storage element that delivers a 
fixed amount of power to the load. 

p OUT = - L,210 

where 

• 

lo 
L 

Peak Choke Current 
Operating Frequency 
Inductance 

1 0·3A. Flybaci< 
(Clamp Winding 
Is Optional) 

The vallile of load resistor can be calculated as 
follows: 

v OUT = -J p 0 RL 
where RL = Load Resistance 

The choke current is proportional to the On Time of 
Duty Cyde of the switch. The regulation for fixed 
loads is controlled by the duty cycle variation as 
before. The difference between the buck converter 
and boost converter is that the output of the boost 
converter depends on the load and hence the loop 
gain varies with the load. 

Flyback Converter 
This type of converter stores energy in the primary 
winding and dumps it into the secondary windings 
(shown in Figure 13). The flyback converter is 
relatively less expensive to design because the filter 
chokes are not required in the output stage. The 

10-3C. Two Transistor 
Forward or 
Flybaci< (Clamp 
Winding Is Not 
Needed) 

• 

10-3B. Forward 
(Clamp Winding 
Is Necessary) 

Figure 13. Flyback Converter 
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output capacitors receive charge from the current 
source and not the voltage. The disadvantage is that 
the flyback converter will have more ripple. However, 
this type of converter offers better regulation in 
applications requiring multiple output voltages 
because it provides better cross regulation security 
than other converters. When the load changes on 
one winding, it has very little effect on other output 
voltage of others. 

Normally a flyback converter designed to operate 
from the line (110/220 Vac) employs 1500 Volt 
transistors which are used for horizontal deflection in 
TV circuits. These transistors must be able to block 
twice the peak line voltage and the transients of 
about 1 KV. Converters with these transistors can 
operate at frequencies up to 50KHz without any 
problems. Turn-on time for these bipolar transistors 
is slower, therefore MOSFETs must be used for 
operations at higher frequencies. 

The flyback converter has one advantage over boost 
converters in that it can operate in a continuous 
mode. As stated before, in boost regulators the 
energy is dumped from the choke to the load before 
the switching transistor is turned on again. If, how­
ever, the transistor is turned on during the time the 
energy is being dumped, the circuit is operating in 
continuous mode. In this case, the transistor will 
require half of the peak current to deliver the same 
power to the load. Generally, the inductance must be 
increased by 10 times to reduce the peak current to 
half. The inductance can be increased by reducing 
the gap in the transformer and/or by increasing the 
core size. Figure 14 shows the waveforms of the 
transistor operating in continuous and discontinuous 

tf 
I ; I I 
I I I I 

J;Li_ 
D1scontmuous Mode 

modes. In the continuous mode of operation, the 
transistor must be able to turn on from higher voltage 
levels (typically 50 to 600 volts), because there is no 
longer any dead time for flyback voltage to settle 
back to the input voltage level. 

Push-Pull Converters 
The push-pull converter design is used for applica­
tions requiring low voltage converters such as 12V 
DC from 11 OV DC power supply. This type of 
converters are free running and mostly operating 
from low voltages where transformer saturation 
problems do not occur. The applications for push­
pull converters are found in DC to DC converters. 
Figure 15 shows a basic push-pull type converter. 

Control Circuits 
Many different control circuits are available for 
switching mode power supplies. The basic function 
of regulating output voltage is performed by the PWM 
pulse width modulation section of all these devices. 
In this section, the DC feedback signal is compared 
to a fixed frequency sawtooth waveform. As a result 
of this a pulse train with variable pulse train 
isobtained. This pulse train can be fed to a buffer 
which can then be used to drive the power switching 
transistor. 

The KA3525AN is a regualtor pulse width modulator 
used in all types of switching power supplies. The 
on-chip features reduce external components and 
make it convenient to use. 

The KA3842 is a current mode pulse width modulator 
controller and is specifically designed for off-line and 
DC-to-DC converter applications. 

The KA34063AN is a monolithic switching regulator 
subsystem used in a DC-to-DC converter. 

800 v 

400 v 

ov 

2.0 A 

1.0 A 

QA 

N 
I I ' I 

I I 
I I 
I I 
I 1 I I 

~ 
Continuous Mode 

Figure 14. Flyback Transistor Waveforms 
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Figure 15. Transformer Coupled Circuits 

PART NUMBER FEATURES 

KA3525AN 8.0 to 35V Operation 
• 5.1V±1.0% Trimmed Reference 

1 OOHz to SOOKHz Oscillator Range 
• Separate Oscillator Sync Pin 
• Adjustable Dead Time Control 

Input Undervoltage Lockout with Hysteresis 
Latching PWM to Prevent Multiple PUises 
Pulse-by-Pulse Shutdown 
DIJal Source/Sink Output Drivers 
Internal Soft-Start 
16-Pin DIP Package 

KA3842 • Automatic Feed Forward Compensation 
• Optimized for Off-Line Converter 

Double PUise Suppression 
Current Mode Operation to SOOKHz 
High Gain Totempole Output 
lnterna'lly Trimmed Bandgap Reference 
Underv0ltage Lockout with Hysteresis 
Low Startup Current 
8-Pin DIP and 14-Pin SOP Package 

KA34063AN Operation From 3.0 to 40V Input 
• Short Circyit Current Limiting 
• Low Standby Current 
• Output Switch Current of 1.5A 
• Output Voltage Adjustable 
• Frequency of Operation from 1 OOHz to 1 OOKHz 

Table 1. Features of PWMs From Samsung 
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DATA CONVERTERS 

OBTAINING THE BEST PERFORMANCE FROM AID AND DIA CONVERTERS 

The KSV311 O data converter was developed for use in 
all applications which require high-speed data conver­
sion, i.e., TV circuits, VCRsorMACconverters. When 
using high speed analog and digital circuits on the same 
board, proper component selection, and the printed 
circuit board layout considerations become predomi­
nant factors for obtaining noise free performance from 
such circuits. 

Because AID and DIA converters are partly analog and 
partly digital devices, the analog signals are subject to 
degradation from power supply noise, ground loops, 
radiated pickup and magnetic coupling. This type of 
mixed circuitry often contain harmonics of waveforms 
and hence, require special solutions to avoid excessive 
noise from the system. 

Ground Plane 
When designing circuits with high speed logic devices, 
it is always a good practice to use the ground plane 
under signal traces to minimize radiated noise and 
crosstalks. When using flash AID and high speed DIA 
converters, better performance can be achieved by 
separating this ground plane into two separate areas 
designated as digital ground area and analog ground 
area. Both areas should be separated by at least 118" 
from each other. The digital ground plane should cover 
all areas under digital logic including signal traces 
leading up to the AID and DI A converters but leaving all 
pins of these parts. The analog ground plane area 
should include all ground pins on the device. These 
ground plane areas should be connected at a single 
point on the PC board. 

Power Plane 
For PC boards with many high speed devices, it is better 
to include a power plane layer to minimize the voltage 
drops and improve noise margins. To improve DC 
performance, the power plane should be separated into 
two areas which lay on top of the analog and digital 
ground plane areas. The digital area of power plane 
should supply power to the digital logic and digital 
section of the device. The analog area of the power 
planes should supply power to the analog section of the 
device. It is very important that no portion of the digital 
or analog power plane overlay each other. This will 
prevent plane-to-plane noise coupling. Also, like ground 
planes, both power planes should be tied together at 
one single point on the PC board. 

411fof 1110> 
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The return connections for the power and ground from 
the PC board to the power supply should be made to the 
digital power and ground areas to minimize the DC 
current flowing through the path connecting digital and 
analog sections together. 

Digital Signal Lines 
The digital input signals of a DIA converter and the 
digital output signals of an ND converter should be kept 
away as much as possible from the analog signals and 
other reference inputs. These signals should run over 
the digital ground and power plane areas of the PC 
board. The distances between the interconnects should 
be as small as possible to minimize the undershoot, 
ringing and datafeed through noise. Also, the clock 
lines must not be running too Jong so they do not pick up 
noise. Jn some applications, termination resistors may 
be required at the inputs of the DIA converter to reduce 
noise. The termination resistors should be the carbon 
film type. 

Analog Signal Lines 
The traces carrying analog input signals to the AID 
converters on the PC board should be further away from 
the traces carrying digital outputs from the converters. 
Also, the input signals should run over the analog power 
and ground plane areas. The coupling of high frequency 
digital signals into the analog lines by mutual or stray 
capacitance can produce errors that are more significant 
than having poor grounding. 

The DIA converter should be located as close as 
possible to its output connectors to minimize the noise 
pickup on the analog output traces. This will also help 
minimize reflections due to impedance mismatch. The 
DIA converter reference circuitry should be kept close 
to the DIA converter to avoid stray pickup. 

Normally, the video converter contains circuitry for 
rejecting the power supply noise, but the rejection 
decreases with the increase in frequency. For example, 
if a 0.01 µF compensation capacitor is used, the power 
supply rejection on DIA converter flattens out to 1 OdB at 
frequencies around 1 KHz. If a converter is powered 
from the 20KHz switching power supply where the 
noise level is 1 OOmV at 20KHz, then the noise level at 
the output of this converter will be 1 OmV. The noise at 
the output of the DIA converter is comprised of the 
quantization error, power supply noise and various 
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noises caused by the ground loops, radiated pickup, 
magnatic oupling, data under shoot or ringing as stated 
before. This noise can be eliminated by using a low 
pass filter atthe output of the converter. A 4.2MHz low­
pass filter is shown in Figure 1. 

Decoupling 
Capacitors 

Bypass Capacitors 
The bypass capacitors are necessary, but when using 
high speed devices such as KSV311 O at a sampling 
rate of 1 OM Hz, the influence of bypass capacitors on 
noise characteristic is most significant. For example, a 

0.1 µF capacitor with 
leads over 1/4" length, 
will behave as an oscil­
lator at 1 OM Hz of fre-

A PC board with 
a four layer struc­
ture where power 
and ground 
planes are inside 
the board and the 
signals are on the 
top and bottom of 
the board, will 

0.9µH 3µH 
quency. It may appear 
inductive beyond this 
frequency, therefore, 
the bypass capacitors 
used on a PC board 
must have ihe shortest 
possible leads. The 
ceramic chip capacitors 

lnput~COutput 

J56pF J260pF J75f.l 

are very good by by­
provide good high 
frequency 
decoupling be­
cause of the dis-

Figure 1. 4.2MHz Low-Pass Filter 
passing, but they may 
not survive a wide tem­
perature range. An-

tributed capaci-
tance between the power and ground planes. In addi­
tion, 0.1 µF ceramic capacitor per every three or four 
devices should take care of the low frequency 
decoupling. Aceramiccapacitorof .0.1 to .1 µF nearthe 
power supply pin of the device can be used for bypass­
ing the analog power and ground plane areas. 

tJ:!ti&Jll}I> 
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other choice is a radial 
lead ceramic capacitor. 

However, any bypass capacitor selected must be used 
in conjunction with ground and power planes described 
previously. 

There is no single method of bypassing that is suitable 
for all possible applications. However, the effective­
ness of the decoupling will be determined by the bypass 
capacitor along with the distributed inductance of the 
power supply plane. 
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FLASH CONVERTERS 

GENERAL DESCRIPTION 
Digitizing analog signals containing high frequency components with accuracy requires ultrahigh speed 
ND converters. Such converter is essential in RADAR data transmission, high speed digital data 
transmission, image processing 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 important 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 conversion (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 2" - 1. In flash conversion, the analog input is compared 
against 2" graded voltage levels, using the same number of comparators (shown in figure 1). The 
comparator output logic levels are processed by a priority encoder, which converts the output to a 
binary code. The whole conversion occurs simultaneously, so it is the fastest means of conversion, 
however, it requires a large number of comparators having very high accuracy and a large number of 
gates. 

R/2 

INPUT 

2" - 1 
COMPARATORS 

DECODER 
NETWORK 

OUTPUT 
LATCH 
ANO 

DRIVERS 

CLOCK -------+---I 

Figure 1. Flash (Parallel) ND Converter 
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Like other converters, parallel type of ND 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 ND converters 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 2" 
levels, where n is the number of bits. There are 2" - 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 precisely 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 Q which is given by: 

Q _ FSR where FSR = Full Scale Analog Range 
- 2n n = number of bits 

In figure x, the full-scale-range is 2.0 volts, therefore; 

a = ~~ = ~~ = 0.125 mv 

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 ND converter (shown in figure 2). 

The transfer function shown in figure 2, is of an ideal quantize'r of an ND converter, however, in practice, 
the ND converter will have errors like offset or linearity for example. (see App. Note on "Glossary of 
Data Conversion"). 

CODE LEVEL 

1111 15 

1110 14 

1101 13 

1100 12 

I- 1011 11 

:::> 1010 10 II. 
I- 1001 9 :::> 
0 1000 8 ... 
~ 0111 7 :._0-+-! 
(; 0110 • 
i5 0101 5 

0100 4 

0011 3 

0010 2 

0001 1 

0000 0 
0 0.125 0.25 0.375 0.50 0.625 0.75 0.875 2.0 

ANALOG INPUT (V) 

Figure 2. The Quantizer Transfer Function for a 4-Bit Parallel ND 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 Cl (Collector Implanted) technology. It consists 
of a high-speed flash-type 8-bit ND converter and a high-speed 10-bit low glitch DIA converter. Also, 
various auxiliary circuits 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 signals in Pay-TV converters or MAC converters used for direct satellite 
broadcasting. 

KEYED 
CLAMPING 

21-+-----~ .... 
IN 

FLASH 
AID 

CONVERTER 
8 BITS 

Figure 3. KSV3110 Block Diagram 

The on-chip ND converter has an accuracy of 8-bits, but the on-chip D/A converter is available with an 
accuracy of either 7, 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 A/D 
converter for those who do not require D/A converter in their systems. Essentially, the KSV3208 contains 
the ND 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 Cl (Collector Implanted) 
technology. 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 ND 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 ND 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 

23>---+------4>----C ..... 
IN 

FLASH 
AID 

CONVERTER 
8 BITS 

CLOCK 

---------1111---------------' 
Figure 4. KSV3208 Block Diagram 

FUNCTIONAL DESCRIPTION 
AID Converter 

The ND 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 2" 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. 

t1i!t'¥Ji1U» 
ELECTRONICS 

808 



FLASH CONVERTERS 

Dlgltal 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 (ECL) 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. ECL-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 ECL logic are converted into TTL level by the ECL-to-TTL logic converter 
circuit, so the outputs can easily interface with the external TTL devices. 

Auxlllary 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-ampllfler 

The input impedance of the ND 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 ND 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 require­
ment. 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 ND 
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 ND converter should 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 ND 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 7. 

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 l'lO connection. 
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FLASH CONVERTERS 

A/D~N 

KEYED 
Cl.AMPING 

PEAK 
CLAMPING 

KEY PULSI! (ACTIVE-HI) 

TO COMPARATOR 
>----.INPUT OF 

PEAK CLAMPING 
ENABLE 
(ACTIVE-HI) 

FLASH CONVERTER 

PROPER CLAMPING LEVEL 

- PEAK Cl.AMPING 
- KEYED CLAMPING 
- WITHOUT CLAMPING 

Figure 5. KSV3208, KSV3110 Clamping Circuit for AID Input 

KEYED CLAMPING 

KEYED 
CLAMPING 
DISABLE =-~-ov \ ACCEPTABLE LEVEL 

0.47µ 

-=i~+-f/L{ff]J,__~Al~D·~IN'--t-~--j~~~--1 

COMPOSITE 
VIDEO SIGNAL 

INPUT :~ 
+2V~I SETTING NEGATIVE 

TO COMPARATOR 

UNDER RANGE 

LEVEL LEVEL 
+1V - - - - - - - - -

ov 

-SV 

Input signal is clamped automatically to the negative peak value 

Figure 6. Operating with Peak Clamping 
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FLASH CONVERTERS 

0.47µ 

COMPOSITE 
VIDEO INPUT 

KEYED CLAMPING 

PEAK 
CLAMPING 

:>----.-- ~iMPARATOR 

OPEN 
(DISABLE) 

+SY 

560 

1K 

910 

H. SYNC 

_ ___.n......_ __ 
PEDESTAL CLAMPING KEY PULSE 

Figure 7. Operating Keyed Clamping 

D/A Converter 

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 TTL data input to this section 
will be converted 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 switched 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 two output op-amps, one of which is used to convert 
the output 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 LSB current). 
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FLASH CONVERTERS 

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, whe11 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. 

SWITCH 

'-----------------1......J EXTERNAL ANALOG INPUT 

OUTPUT SWITCHOVER INPUT 

(LOGIC·HI: EXTERNAL ANALOG SIGNAL-ANALOG OUTPUT) 
(LOGIC-LO: CONVERTED SIGNAL FROM R-2R NETWORK-ANALOG OUTPUT) 

Figure 8. KSV3110-DA Output Signal Switchover Circuit 

t1:!:1¥Jil}ltP 
ELECTRONICS 

812 



FLASH CONVERTERS 

CONVERTED VIDEO SIGNAL 

JLJl 
~1H_, SWITCH OVER INPUT EXT. P-- ~·· 

ANALOG 
INPUT 

SYNCHRONIZED WITH HORIZONTAL 
SYNC. TIME (USING KA2605/2606) 

-SY 

Add horizontal sync. pulse of video signal to the converted 
composited signal; result is the stabilized sync. pulse 

Figure 9. Typical Application of Switchover Circuit 

DATA N-1 DATA N DATA N+1 

IAo: APERTURE TIME 
tw: TRANSFET TIME AID 
t0v: DIGITAL OUTPUT DELAY 

Falling edge (negative) sampling 
After 1 clock, negative triggering data out 

3-stage latch is used 
in AID section. 
~ IN LU blJ LJd Data out 

Figure 10. KSV3208, KSV3110 Timing Diagram (AID) 
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FLASH CONVERTERS 

DATA INPUT CATAN 

ANALOG OUTPUT 

DATA N+1 

ANALOG OUTPUT 
N 

DATA N+2 

Digital data capture: Negative triggering 
Analog output; Positive triggering after 1/2 period 

2-stage latch is used 
in D/A section. 

~o 
IN LLl [j_J UT 

Figure 11. KSV3110 Timing Diagram (D/A) 
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Dimensions in Milimeters 
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Dimensions in Milirneters 
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PACKAGE DIMENSIONS 

TAPE AND REEL SPECIFICATIONS 

Samsung Tape & Reel specifications conform to the EIA•481 specification, Revision A. 

Reel Dimensions Embossed Carrier Dimensions 
-I 1-- r MAX (16 and 24 mm tape only) 

c 
_j t 

N 

-! _l_ 

C~FT~~v'i~~ES ~6R COMPONENT 

--I j-a 

FOR MACHINE REFERENCE ONLY 
INCLUDING DRAFT AND RADII 

CONCENTRIC AROUND 8 0 
USER DIRECTION OF FEED 2.0 mm M 1.2 mm 

AND LARGER 

0-Pack Orientation 

\Od108J° Ol 
DIRECTION OF FEED 

Unit: mm 

T111>4 Size 
Symbol 8mm 12mm 16mm 24mm 
81 4.2 8.2 12.1 20.1 

D1 1.2 1.5 1.5 1.5 

R(Min) 25 30 40 50 

w 8.0±0.3 12.0±0.3 16.0±0.3 24.0±0.3 

F 3.5±0.05 5.5±0.05 7.5±0.05 11.5±0.05 

K (Max) 2.4 4.5 6.5 6.5 

P, 2.0±0.05 2.0±0.05 2.0±0.1 2.0±0.1 

p 4.0±0.1 8.0±0.1 8.0±0.1 2.0/16.0/20.0 

12.0±0.1 24.0±0.1 

E 1.75±0.1 1.75±0.1 1.75±0.1 1.75±0.1 

P, 4.0±0.1 4.0±0.1 4.0±0.1 4.0±0.1 

1 (Max) 0.4 0.4 0.4 0.4 

D 1.5±0.1 1.5±0.1 1.5±0.1 1.5±0.1 

Note 1: AO BO KO are determined by component size. The 
clearance between the component and the cavity must be within 
0.05 min. to 0.90 max. for 16mm tape and 0.05 min. to 1.00 max. 
for 24mm tape. The component cannot rotate more than 20°C 
within the determined cavity. 
Note 2: Tape and components shall pass around radius "R" 
without damage. 
Note3: ForD-Pack: A,=10.8±0.1 

8 0 = 7.5±0.1 
P=12.0±0.1 

Tape Size A Max BMin c DMln NMln G 

8mm 330 1.5 13.0±0.2 20.2 50 8.2±0.1 

12mm 330 1.5 13.0±0.2 20.2 50 12.4±0.2 

16mm 360 1.5 13.0±0.2 20.2 50 16.4±0.2 

24mm 360 1.5 13.0±0.2 20.2 50 24.4±0.2 
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TYPICAL 
COMPONENT CAVITY 
CENTER LINE 

TYPICAL 
\--- COMPONENT 
r CENTER LINE 

EMBOSSMENT 

CAMBER (TOP VlEWI 
ALLOWABLE CAMBER TO BE 1mm100 nm NONACCUIAILATIYE OVER 210 nn 

Pin Count Tape Width Quantity/Reel 
(mm) 

S0-8 12 3000 
Unit: mm S0-14 16 3000 
TMax S0-16 16 3000 
15.0 S0-20 24 1000 
22.0 S0-24 24 1000 
26.0 S0-28 24 1000 
34.0 D-PACK 16 2000 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 

Northwest 
3655 North First Street 
San Jose, CA 95134 
Tel: (408) 954-7000 
Fax: (408) 954-7883 

North Central 
300 Park Boulevard 
Sulte210 
Itasca, IL 60143-2636 
Tel: (708) 775-1050 
Fax: (708) 775-1058 

North East 
20 Mall Road 
Sulte410 
Burlington, MA 01803 
Tel: (617) 273-4888 
Fax: (617) 273-9363 

Southwest 
16253 Laguna Canyon Road 
Suite 100 

south Central 
15851 Dallas Parkway 
Suite 840 

Southeast 
802 Greenvalley Road 
Suite 204 

Irvine, CA 92718 
Tel: (714) 753-7530 
Fax: (714) 753-7544 

Dallas, TX 75248-3307 
Tel: (214) 770-7970 
Fax: (214) 770-7971 

Greensboro, NC 27408 
Tel: (919) 370-1600 
Fax: (919) 370-1633 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ALABAMA 
SOUTH ATLANTIC COMPONENT SALES 
1100 Jordon Lane TEL: (205) 533-4229 
Suite D FAX: (205) 533-5008 
Huntsville, AL 35816 
SOUTHERN COMPONENT SALES 
307 Clinton Avenue E, #413 TEL: (205) 533-6500 
Huntsville, AL 35801 FAX: (205) 533-6578 

ARIZONA 
O'DONNELL ASSOCIATES TEL: (602) 944-9542 
2432 W. Peoria Ave. #1026 FAX: (602) 861-2615 
Phoenix, AZ 85029 

CALIFORNIA 
BESTRONICS TEL: (619) 693-1111 
9683 Tierra Grande Street, #102 FAX: (619) 693-1963 
San Diego, CA 92126 
I-SQUARED TEL: (408) 988-3400 

3350 Scott Blvd. FAX: (408) 988-2079 
Building 10 
Santa Clara, CA 95054 
WESTAR REP COMPANY TEL: (714) 453-7900 
15265 Alton Parkway, #400 FAX: (714) 453-7930 
Irvine, CA 92718 
WESTAR REP COMPANY TEL: (818) 880-0594 
26500 Agoura Rd., #204 FAX: (818) 880-5013 
Calabasas, CA 91302 

CANADA 
INTELATECH, INC. TEL: (403) 230-3190 
218 Third Avenue NE FAX: (403) 230-3183 
Calgary, Alberta, CanadaT2E OH2 
INTELATECH, INC. TEL: (416) 629-0082 
1115 Cresdawn Drive, #1 FAX: (416) 629-1795 
Mississauga, Ontario L4W1A71 
INTELATECH, INC. TEL: (514) 630-6041 
29 Charlevoix FAX: (514) 630-5612 
Kirkland, Quebec, Canada H9J 2S4 
INTELATECH, INC. TEL:(613) 762-8014 
275 Michael Copeland Drive FAX:(416) 629-1795 
Canata, Ontario, Canada K2M 2G2 

COLORADO 
FRONT RANGE MARKETING TEL: (303) 443-4780 
3100 Arapahoe Road, #404 FAX: (303) 447-0371 
Boulder, CO 80303 
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FLORIDA 
BIB TECH SALES TEL: (305) 477-0341 
3900 N.W. 19th Avenue, #636 FAX: (305) 477-0343 
Miami, FL 33166 
DYNE·A-MARK CORP. TEL: (407) 835-2822 
101 Sunnytown Road, #110 FAX: (407) 834-4524 
Casselberry, FL 32707 
DYNE·A·MARK CORP. TEL: (407) 724-7470 
742 Penguin Avenue NE FAX: (407) 984-2718 
Palm Bay, FL 32905 
DYNE·A·MARK CORP. TEL: (305) 771-6508 
1001NW62nd Street, #300N FAX: (305) 772-0114 
Fort Lauderdale, FL 33309 
DYNE·A·MARK CORP. TEL: (813) 345-9411 
7884 Tent Avenue S FAX: (813) 345-3731 
St. Petersburg, FL 33707 

GEORGIA 
SOUTH ATLANTIC COMPONENT SALES 
3300 Holcomb Bridge Road, #210 TEL: (404) 447-6154 
Norcross, GA 30092 FAX: (404) 447-6714 

ILLINOIS 
DAVIX INTERNATIONAL LTD. 
1655 N. Arlington Heights Rd. TEL: (708) 259-5300 
Suite 302 East FAX: (708) 259-5428 
Arlington Heights, IL 60004 

IND/ANA 
GEN II MARKETING, INC. 
3003 E. 96th Street, #102 
Indianapolis, IN 46240 

GEN II MARKETING, INC 
1415 Magnavox Way, #130 
Ft. Wayne, IN 46804 

IOWA 

TEL: (317) 848-3083 
FAX: (317) 848-1264 

TEL: (219) 436-4485 
FAX: (219) 436-1977 

ASSOCIATED ELECTRONIC MARKETING, INC. 
4001 Shady Oak TEL: (319) 377-1129 
Marion, IA 52302 FAX: (319) 377-1539 

KANSAS 
ASSOCIATED ELECTRONIC MARKETING, INC. 
8843 Long St TEL: (913) 888-0022 
Lenexa, KS 66215 FAX: (913) 888-4848 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued} 

KENTUCKY 
GEN II MARKETING, INC. 
4012 Dupont Circle, #414 
Louisville, KY 40207 

MASSACHUSETTS 

TEL: (502) 894-9903 
FAX: (502) 893-2435 

NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 
111 Soldh Bedford Street, #102 FAX: (617) 229-1614 
Burlington, MA 01803 

MICHIGAN 
MICROTECH SALES TEL: (313) 459-0200 
9357 General Drive, #116 FAX: (313) 459-0232 
Plymouth, Ml 48170 

MINNESOTA 
GP SALES, INC. 
7600 Parklawn, #315 
Edina, MN 55435 

MISSOURI 

TEL: (612)831-2362 
FAX: (612) 831-2619 

ASSOCIATED ELECTRONIC MARKETING, INC. 
11520 St. Charles Rock Rel., #131 TEL: (314) 298-9900 
Bridgeton, MO 63044 FAX: (314) 298-S660 

NEW MEXICO 
O'DONNELL ASSOCIATES 
3200 Car1isle Blvd. NE, #119 
Albuquerque, NM 87110 

NEW YORK 

TEL: (505) 889-4522 
FAX: (505) 889-4598 

NEPTUNE ELEC. TEL: (516) 349-1600 
255 Executive Dr., #211 FAX: (516) 349-1343 
Plainview, NY 11803 
T-SQUARED TEL: (315) 669-1559 
6170Wynmoor Driw FAX: (315) 669-1705 
Cicero, NY 13039 
T-SQUARED TEL: (716) 924-9101 
7353 Victor-Pittsford Road FAX: (716) 924-4946 
Victor, NY 14564 
T-SQUARED TEL: (607) 625-3983 
1790 Pennsylvania Avenue FAX: (607) 625-5294 
Apalachln, NY 13732 

NORTH CAROLINA 
SOUTH ATLANTIC COMPONENT SALES 
1401 Seneca Driw TEL: (704) 525-0510 
Charlotte, NC 28209 FAX: (704) 525-0510 
SOUTH ATLANTIC COMPONENT SALES 
4904 Waters Edge Driw TEL: (919) 859-9970 
Suite 268 FAX: (919) 859-9974 
Raleigh, NC 27606 

OHIO 
J.N. BAILEY & ASSOCIATES TEL: (513) 687-1325 
129 W. Main Street FAX: (513) 687-2930 
New Lebanon.OH 45345 
J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274 
2978 Findley Avenue FAX: (614) 262-0384 
Columbus.OH 43202 
J.N. BAILEY & ASSOCIATES TEL: (216) 273-3798 
1667 Devonshire Driw FAX: (216) 225-1461 
Brunswick.OH 44212 

OREGON 
ATMI TEL: (503) 643-8307 
4900 SW Griffith Drive, #105 FAX: (503) 643-4364 
Beaverton, OR 97005 
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PENNSYLVANIA 
CMS SALES & MARKETING 
527 Plymouth Road, #420 
Plymouth Meeting, PA 19462 

PUERTO RICO 
DIGIT· TECH 

TEL: (215) 834-6840 
FAX: (215) 834-6848 

P.O. Box 1945 TEL: (809) 892-4260 
Call$ Cruz #2 FAX: (809) 892-3366 
Bajos, San German 
Puerto Rico 00753 

TEXAS 
O'DONNELL ASSOCIATES TEL:(915) 778-2581/82 
5959 Gateway West, #558 FAX:(915) 778-6429 
El Paso. TX 79925 
VIELOCK ASSOCIATES TEL: (214) 881-1940 
555 Republic Drive, #105 FAX: (214) 423-8556 
Plano.TX 75074 
VIELOCK ASSOCIATES TEL: (512) 345-$498 
9430 Research Blvd. FAX: (512) 346-4037 
Echelon BLDG. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES TEL: (713) 974-3287 
10700 Richmond Avenue, #108 FAX: (713) 974-3289 
Houston, TX 77042 

UTAH 
FRONT RANGE MARKETING, INC. 
488 East 6400 South, #280 TEL: (801) 268-2500 
Murray, UT 84107 FAX: (801) 288-2505 

WASHINGTON 
ATMI TEL: (206) 869-7636 
8521154th Ave., NE FAX: (206) 869-9841 
Redmond, WA 98052 

WISCONSIN 
DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Awnue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 

SAMSUNG SEMICONDUCTOR 
EUROPEGmbH 
Samsung House Am 
Unisyspark 1 

MUENCHEN OFFICE 
Carl-Zeiss-Ring 9 
8045 lsmaning 
Bei Muenchen 

MILANO OFFICE 
Viale G. Matteotti, 26 
1-20095 Cusano 
Milani no 

LONDON 
Samsung House 3 
Riverbank Way Great 
West Road 

BIRMINGHAM OFFICE 
Florence House St. 
Mary's Road Hinckly, 
Leicestershire LE10 
1EQ 6231 Sulzbach (Germany) 

TEL: 0049-6196-582-06 
TEL: 0049-89-964838 
FAX: 0049-89-964873 

TEL: 0039-2-66400181 
FAX: 0039-2-6192279 

Brentford Middlesex TW8 9RE 
TEL: 0044-81-8629300 TEL: 0044-455-891111 

FAX: 0044-455-612345 F AX: 0049-6196-750-345 

PARIS OFFICE 
Centre d'Affaires La 
Boursidiere RN 186, Bat. 
Bourgogne, BP 202 
92357 Le Plessis-Robinson 
TEL: 0033-1-40940700 
FAX: 0033-1-40940216 

STOCKHOLM 
OFFICE 
Bergkaellavaegen 32 
P.O. Box 319 
S-19130 Sollentuna 
TEL: 0046-8-6269626 
FAX: 0046-8-6268638 

FAX: 0044-81-5680528 

BARCELONA OFFICE 
C. Provenza, 5193-1 
E-08025 Barcelona 
TEL: 0034-3-4-332856 
FAX: 0034-3-4-331944 

BELGIUM OFFICE 
Rue de Gen eve 10, 
B3 B-1140 Brussels 
TEL: 0032-2-2456510 
FAX: 0032-2-2456313 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

EUROPE 

BELGIUM 

INELCO ELECTRONICS COMPONENTS DIVISION 
Oorlogknisenlaan 94 TEL: 0032-2-2442911 
B-1120 Brussels FAX: 0032-2-2164606 

TLX: 046-25820 

DENMARK 

EXATEC A/S 
Dortheavej 1-3 
DK-2400 Kopenhagen NV 

FINLAND 

GADELIUS TAHINIK OY 
P.O. Box 125 
SF-00241 Helsinki 

OY FINTRONIC AB 
Helkkilantie 2a 
00210 Helsinki 

FRANCE 

MEGACHIP 

TEL: 00453-1-191022 
FAX: 00453-1-193120 
TLX: 27253 

TEL: 00358-1482177 
FAX: 00358-1482189 

TEL: 00358-6926022 
FAX: 00358-5821251 

9, avenue du Canada Pare TEL: 0033-1-69290404 
Hightec 6 FAX: 0033-1-69290039 
Z.A. de Courtaboeuf 
91966 Les Ulis cedex 

SCAIB 
6, Rue le Corbusier 
Silic 424 
F-94583 Rungis, Cedex 

TEL: 0033-1-46868170 
FAX: 0033-1-45605549 
TLX: 042-206952 

t1"t'¥Ji1U> 
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GERMANY 

ASTRONIC GmbH 
Gruenwalder Weg 30 
D-8024 Deisenhofen 

TEL: 0049-89-6130303 
FAX: 0049-89-6131668 
TLX: 5216187 

CANNING ELECTRONIC DISTRIBUTION GmbH 
Laatzener Sir. 19 TEL: 0049-511-87640 
Postfach 721226 FAX: 0049-551-8764160 
D-3000 Hannover 72 TLX: 923509 

MSC VERTRIEBS GmbH 
lndustrie Sir. 16 
Postfach 1380 
D-7513 Stutensee 3 

fllllCRONETICS GmbH 
Weil Der Staedter Str. 45 
D-7253 Renningen 1 

TEL: 0049-7249-7580 
FAX: 0049-7249-7993 
TLX: 465230 

TEL: 0049-7159-6019 
FAX: 0049-7159-5119 
TLX: 724708 

SILCOM ELECTRONICS VERTRIEBS GmbH 
Hindenburg Sir. 284 TEL: 0049-2161-15074 
D-4050 Moenchengladbach FAX: 0049-2161-183313 

ITALY 

CLAITRON SPA 
Via Gallarate, 211 
20151 Milano 

TLX: 852189 

TEL: 0039-2-33404205 
FAX: 0039-2-38006789 

FANTON COMPONENTS BOLOGNA S.R.L. 
Via 0. Simoni, 5 TEL: 0039-51-735015 
1-40011 Anzola dell' Emilia FAX: 0039-51-735013 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

THE NETHERLANDS 

MALCHUS BV HANDELMIJ 
Fokkerstraat 511-513 
Postbus 48 
N 1-3125 BO Schied am 

SPAIN 

SEMICONDUCTORS S.A. 
Ronda General Mitre 
240 Bjs 
E-08006 Barcelona 

SWEDEN 

MIKO KOMPONENTS 
Segersbyvaegen 3 
P.P. Box 2001 
S-14502 Norsborg 

TEL: 0031-10-4277777 
FAX: 0031-10-4154867 
TLX: 044-21598 

TEL: 0034-3-2172340 
FAX: 0034-3-2176598 
TLX: 052-97787 

TEL: 0046-753-89080 
FAX: 0046-753-75340 
TLX: 054-15023 

t1:!ti¥Jllh> 
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SWITZERLAND 

ELBATEX AG 
Hard Str. 72 
5430 Wettingen Schweiz 

UNITED KINGDOM 

TEL: 0041-56275500 
FAX: 0041-56275511 
TLX: 045-868763 

ITT MUL TICOMPONENTS LTD. 
346 Edinburgh Avenue TEL: 0044-753-824212 
Slough Berkshire SL 1 4TU FAX: 0044-753-824160 

TLX: 849808 

NELTRONIC LIMITED 
John F. Kennedy Road 
Naas Road Dublin 12 
Ireland 

TEL: 00353-1-503560 
FAX: 00353-1-552789 
TLX: 93556 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ASIA 

HONGKONG 

AV, CONCEPT LTD. 
ROOM 802-804, Tower A, 8/FI., 
Hunghom Commercial Centre, 
37-39 MA Tau Wai Road, 
Hunghom, Kowloon, 
Hong Kong 

TEL: 362925 
FAX : 7643108 
TLX : 52362 ADVCC HX 

PROTECH COMPONENTS LTD. 
Unit 2,3/F, Wah Shing Centre, 
11 Shing Yip Street, 
Kwun Tong, Kowloon, 
Hong Kong 

TEL : 7930882 
FAX: 7930811 

WISEWORLD ELECTRONICS LTD. 
Room 708, Tower A, 7/FI., TEL: 7658923 
Hunghom Commercial Centre, FAX: 3636203 
37-39 Ma Tau Wai Road, Hunghom, 
Kowloon, Hong Kong 

IBDT HK LTD. (CHINA AREA) 
Room 605, Arion Commercial 
Centre, 2-12, Queen's Road, 
West, Hong Kong 

TEL : 815-6000 
FAX: 815-3725 

SOLARBRITE ELECTRONICS LTD. 
(CALCULATOR & WATCH) 
Unit 1, 11/F, Tower 1, Harbour 
Centre, 1, Hok cheung 
St, Hunghom, Kowloon, 
Hong Kong 

LISENG &CO. 

TEL : 3633233 
FAX : 3633900 
TLX : 52543 SECL HX 

(4BIT/8BIT ONE CHIP SOFTWARE HOUSE) 
Flat B&C, 6/F, Four Seas 
Communication Bank Bldg, 
49-51 Bonham Strand 
West, Hong Kong 

TEL: 5431338 
FAX : 5442602 

SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/SBIT ONE CHIP SOFTWARE HOUSE) 
Roon 2018-2025, Tower 1, 
Metroplaza, Kwai Fong, 
N.T., Hong Kong 

TEL : 418-0988 
FAX: 418-0887 

DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4,5/FI., 
Yuen Shing Ind. Bldg., 
1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 

TEL: 7862611 
FAX: 7856213 
TLX : 45876 MYK HX 

SYNTHESIS SYSTEMS DESIGN, LTD. 
(ASIC DESIGN HOUSE) 
Unit 4, 12/F Chai Wan Ind. City, TEL: 557-1102 
Phase 2, No. 70, Wing Tai Road, FAX: 889-2962 
Chai Wan, Hong Kong 

t1"t1¥JlihtP 
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TAIWAN 

YOSUN INDUSTRIAL CORP. 
7F, No. 76, Sec. 1, 
Cheng Kung Rd. Nan Kang, 
Taipei, R.O.C. 

KINREX CORP. 
13F, NO, 59, Sec. 2, 
Tun Hwa S. Rd, Taipei, 
Taiwan, R.O.C. 

SANT SONG CORP. 
15F-2, Na 76, Sec. 2, 
Tun Hwa S. Rd. Taipei, 
Taiwan, R.O.C. 

JAPAN 

TOMEN ELECTRONICS CORP. 
1-1 Uchisaiwa-Cho 2 Chome 
Chiyoda-Ku Tokyo, 100 Japan 

RIKEI 
Nichimen Bldg., 
2-2 Nakanojima 2 Chome, 
Kita-Ku, Osaka, 530 Japan 

ISECO 
26-3, Kitamagome 2 Chome, 
Ota-Ku, Tokyo, 143, Japan 

ADO 
7F Sasage Bldg., 
4-6 Sotokanda 2 Chome 
Chiyoda-Ku Tokyo, 101 Japan 

MARUBUN 
8-1 Nihombashi-Odenma-Cho 
Chuo-Ku Tokyo, 103 Japan 

SAMSUNG JAPAN 
No, 3108 Kasumigaseki Bldg., 
3-2-5 Kasumigaseki Tokyo, 
100 Japan 

SINGAPORE 

TEL : (02)788-1991 
FAX: (02)788-1996 

TEL : 02-700-4686-9 
FAX : 02-704-2482 
TLX : 20402 KINREX 

TEL : (02) 703-1767 
FAX: (02) 704-0645 

TEL: (03) 3506-3654 
FAX: (03) 3506-3497 

TEL: (06) 201-2081 
FAX: (06) 222-1185 

TEL: (03) 3777-3611 
FAX: (03) 3777-3614 

TEL: (03) 3257-2600 
FAX: (03) 3251-9705 

TEL: (03) 3639-9897 
FAX: (03) 3661-7433 

TEL: (03) 3639-9897 
FAX: (03) 3661-7433 

ASTINA ELECTRONIC(S) PTE LTD. 
315, Outram Road, 
#11-02 Tan Boon Lia! Bldg., 
Singapore, 0315 

TEL : 65-2232221 
FAX: 65-2213776 

BOSTEX ELECTRONICS PTE LTD. 
190 Middle Road #12-01A 
Fortune Centre 
Singapore, 0718 

TEL: 3395713 
FAX : 3389536 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

SAMSUNG(THAILAND) CO., LTD. 
15th Fl. Sathom Thani Bldg., TEL: 662·2367642·5 
92/40·41 North Sathorn Road FAX: 662·2368049 
Bankok 10500, Thailand 

SOUTH-WEST ELECTRONICS PTE LTD. 
30 Kallang Pudding Road, TEL: 7431813 
#04-04 Valiant Industrial Bldg., FAX: 7471128 
Singapore 1334 

VUTIPONG ELECTRONIC CO., LTD. 
51-53 Pahurat Rd, (Banmoh) TEL: 662-2266496·9 
Bankok 10200, Thailand FAX: 662-2240861 

VIC SINGAPORE PTE, LTD. 
623, Aljunied Road, #06-08 TEL: 65-7490677 
Aljunied Industrial Complex, FAX: 65·7477019 
Singapore, 1438 

SAMSUNG SINGAPORE PTE, LTD. 
10 Collyer Quay, #14-01, TEL: 65-5333143 
Ocean Building, FAX: 65-5343429 
Singapore 0104 

IND/A 

COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 
100, Dadasaheb Phalke Road, TEL: 4114585 
Dadar, Bombay 400 FAX: 4112546 
014 TLX: 001-4605 PDT IN 

TURKEY 

ELEKTRO SAN. VE TIC. KOLL STI. 
Hasanpasa, Ahmel Rasim TEL: 337-2245 
Sok No. 16 Kadikoy Istanbul, FAX: 336-8814 
Turkey TLX: 29569 ells tr 
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KOREA 

NAEWAE SEMICONDUCTOR CO., LTD. 
710-10, Daelim-dong, TEL: 717-4065-7 
Youngdeungpo-ku, 702-4407-9 
Seoul, Korea FAX: 702-3924 

TLX: NELCO K27419 

SAMSUNG LIGHT·ELECTRONICS CO., LTD. 
4th Fl. Room 2-3, TEL: 718-0045 
Electronics Main Bldg., 718-9531-5 
16-9, Hankangro-3ka, FAX: 718-9536 
Yongsan-ku, Seoul, Korea 

NEWCASTLE SEMICONDUCTOR CO., LTD. 
4th Fl. Room 410-411, TEL: 718-8531-4 
Electronics Main Bldg., FAX: 718-8535 
16·9, Hankangro-3ka, 
Yongsan-ku, Seoul, Korea 

HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATIONS CO., LTD. 
402 Suite, Sowon Bldg., TEL: 338-2015-8 
354-22, Seokyo-dong, Mapo-ku, FAX: 338-2983 
Seoul, Ko.rea 

SEGYUNG INTERISE CORP. 
Dansan Bldg., 301, 7-44 
Hwayang-dong, Sungdong-ku, 
Seoul, Korea 

SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 

TEL: (02) 469-7969 
FAX: (02) 469-7966 

TEL: 273-6781-3 
FAX: (02) 273-6597 
TLX: K24950 SUKSEMT 

SAMTEK 
71, Samsung-dong, Kangnam­
ku, Seoul, Korea 

SUNIN INDUSTRIES CO., LTD. 
Sunin Bldg., 7FI., 16-1, 
Hankangro-2ka, Yongsan-ku, 
Seoul, Korea 

TEL: (02) 516-3166-9 
FAX: (02) 544-9650 

TEL: 718-7113-6 
702-1257-9 

FAX: 715-1031 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 

ARIZONA CANADA (Continued) 
ADDED VALUE (602) 951-9788 ACTIVE ( 403) 235-5300 
7741 East Gray Road FAX: (602) 951-4182 3220 5th Avenue, N.E. Bay 2 FAX: (403) 248-0750 
Suite9 Calgary, Alberta T2A 5N 1 
Scottsdale, AZ. 85260 ACTIVE (204) 786-3075 

106 King Edward St., E FAX: (204) 783-8133 
CALIFORNIA Winnepeg, Manitoba R3H ON8 

ADDED VALUE (714) 259-8258 ACTIVE (416) 238-8825 
1582 Parkway Loop FAX: (714) 259-0828 1350 Matheson Blvd, Unit 2 FAX: (416) 238-2817 
UnitG Mississauga, Ontario L4W 4MI 
Tustin, CA 92680 ACTIVE (403) 438-5888 
ADDED VALUE (619) 558-8890 6029 103rd St. FAX: (403) 434-0812 
5752 Oberlin Drive FAX: (619) 558-3018 Edmonton, Alberta T6H 2H3 
Suite 105 ACTIVE (418) 682-5775 
San Diego, CA 92121 1990 Blvd. Charest 0. FAX: (418)682-8303 
ALL AMERICAN (800) 831-8300 Ste-Foy, Quebec G1 N 4K8 
369 Van Ness Way (213) 320-0240 ACTIVE (613) 728-7900 
Unit701 FAX: (213) 320-7207 1023 Merivale Road FAX: (613) 728-3586 
Torrance, CA 90501 Ottawa, Ontario K1Z 6A6 
ALL AMERICAN ( 408) 943-1200 ACTIVE (514) 256-7538 
2360 Qume Drive, Suite c FAX: (408) 943-1393 6080 Metropolitan East FAX: (514) 256-4890 
San Jose, CA 95131 Montreal, Quebec H1S 1A9 
ALL AMERICAN (619) 458-5850 
5060 Shoreham Place FAX: (619) 458-5866 COLORADO 
Suite 200 ADDED VALUE (303) 422-1701 
San Diego, CA 92122 4090 Youngfield FAX: (303) 422-2529 

II l.E.C. (916) 363-6030 Wheatridge, CO 80033 
9940 Business Park Drive FAX: (916) 362-6926 l.E.C. (303) 292-5537 
Suite 145 420 East 58th Avenue FAX: (303) 292-0114 
Sacramento, CA 95827 Denver, CO 80216 
ITT Components (714) 727-4001 l.E.C. (303) 292-6121 
18 Technology Drive FAX: (714) 727-2109 5750 North Logan Street FAX: (303) 297-2053 
Irvine, CA 92718 Denver, CO 80216 
ITT Components (408) 453-1404 Q.P.S. (303) 343-9260 
1580 Oakland Road FAX: (408) 453-1407 14291 E. 4th Avenue FAX: (303) 343-3051 
Suite C102 Bldg. 7, Unit 208 
San Jose, CA 95131 Aurora, CO 80011 
JACO (714) 258-9003 
1541 Parkway Loop FAX: (714) 258-1909 
Suite A FLORIDA 
Tustin, CA 92680 ALL AMERICAN (305) 621-8282 
JACO (805) 495-9998 16085 NW 52 Avenue FAX: (305) 620-7831 
2282 Townsgate Road (800) 266-1282 Miami, FL33014-9317 
Suite 100 FAX: (805) 494-3864 ALL AMERICAN (800) 327-6237 
Wesdake Village, CA 91361 5009 Hiatus Road FAX: (305) 749-9229 
JACO (408) 432-9290 Sunrise, FL 33351 
2880 Zenker Road FAX: (408) 432-9298 JACO (407) 241-7943 
Suite 202 1060 Holland Drive FAX: (407) 241-7950 
San Jose, CA 95134 Suite 3K 

Boca Raton, FL 33487 
CANADA RM ELECTRONICS (407) 767-8005 

ACTIVE (514) 694-7710 581 East St. Rte. 434 FAX: (407) 767-8165 
237 Hymus Boulevard FAX: (514) 697-8112 Longwood, FL 32750 
Point Claire, Quebec H9R 5C7 
ACTIVE (604) 324-7500 
100 S.E. Marine Drive FAX: (604) 324-3100 ILLJNOIS 
Vancouver, BC VSX 2S3 l.E.C. (708) 843-2040 
ACTIVE (416) 367-2911 2200 N. Stronington Ave., FAX: (708) 843-2320 
100 Lombard Street FAX: (416) 367-4706 Suite 210 
Toronto, Ontario MSC 1M3 Hoffman Estates, IL 60195 
ACTIVE (514) 731-7441 QPS (708) 884-6620 

5651 Ferrier Street FAX: (514) 731-0129 101 E. Commerce Dr. FAX: (708) 884-7573 
Montreal, Quebec H4AP 1N1 Schaumburg, IL60173 

'11l111(JIUI' 835 

ELECTRONICS 



SAMSUNG SEMICONDUCTOR RE PRE SENTA TIVES (Continued} 

IND/ANA (Continued) 
GEN II MARKETING, INC TEL: (219) 436-4485 
1415 Magnavox Way FAX: (219) 436-1977 
Suite 130 
Ft. Wayne, IN 46804 

IOWA 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
4001 Shady Oak TEL: (319) 377-1129 
Marion, IA 52302 FAX: (319) 377-1539 

KANSAS 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
8843 Long St. TEL: (913) 888-0022 
Lenexa, KS 66215 FAX: (913) 888-4848 

KENTUCKY 
GEN II MARKETING, INC. TEL: (502) 894-9903 
4012 Dupont Circle FAX: (502) 893-2435 
Suite 414 
Louisville, KY 40207 

MASSACHUSETTS 
NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 
111 South Bedford Street FAX: (617) 229-1614 
Suite 102 
Burlington, MA 01803 

MICHIGAN 

MICROTECH SALES 
9357 General Drive 
Suite 116 
Plymouth, Ml 48170 

MINNESOTA 
GP SALES, INC. 
7600 Parklawn 
Suite 315 
Edina, MN 55435 

MISSOURI 

TEL: (313) 459-0200 
FAX: (313) 459-0232 

TEL: (612)831-2362 
FAX: (612) 831-2619 

ASSOCIATED ELECTRONIC MARKETERS, INC. 
11520 St. Charles Rock Rd. TEL: (314) 298-9900 
Suite 131 FAX: (314) 298-8660 
Bridgeton, MO 63044 

NEW MEXICO 
O'DONNELL ASSOCIATES 
3200 Carlisle Blvd. NE 
Suite 104 
Albuquerque, NM 87110 

NEW YORK 
NEPTUNE ELEC. 
255 Executive Dr. 
Suite211 
Plainview, NY 11803 
T-SQUARED 
6170 Wynmoor Drive 
Cicero, NY 13039 
T-SQUARED 
7353 Victor-Pittsford Road 
Victor, NY 14564 
T·SQUARED 
1790 Pennsylvania Avenue 
Apalachin, NY 13732 

NORTH CAROLINA 

TEL: (505) 889-4522 
FAX: (505) 889-4598 

TEL: (516) 349-1600 
FAX: (516) 349-1343 

TEL: (315) 699-1559 
FAX: (315) 699-1705 

TEL: (716) 924-9101 
FAX: (716) 924-4946 

TEL; (607) 625-3983 
FAX: (607) 625-5294 

SOUTH ATLANTIC COMPONENT SALES 
4904 Waters Edge Drive TEL: (919) 859-9970 
Suite 268 FAX: (919) 859-9974 
Raleigh, NC 27606 
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SOUTH ATLANTIC COMPONENT SALES 
1401 Seneca Drive TEL: (704) 525-0510 
Charlotte, NC 28209 FAX: (704) 525-0510 

OHIO 
J.N. BAILEY & ASSOCIATES TEL: (513) 687-1325 
129 W. Main Street FAX: (513) 687-2930 
New Lebanon,OH 45345 
J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274 
2978 Findley Avenue FAX: (614) 262-0384 
Columbus.OH 43202 
J.N. BAILEY & ASSOCIATES TEL: (216) 273-3798 
1667 Devonshire Drive FAX: (216) 225-1461 
Brunswick,OH 44212 

OREGON 
ATMI TEL: (503) 643-8307 
4900 SW Griffith FAX: (503) 643-4364 
Suite 105 
Beaverton, OR 97005 

PENNSYLVANIA 
CMS SALES & MARKETING TEL: (215) 834-6840 
527 Plymouth Road FAX: (215) 834-6848 
Suite 420 
Plymouth Meeting, PA 19462 

PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 TEL: (809) 892-4260 
Calle Cruz #2 FAX: (809) 892-3366 
Bajos, San German 
Puerto Rico 00753 

TEXAS 
O'DONNEL ASSOCIATES TEL: (915) 778-2581 
5959 Gateway West FAX: (915) 778-2581 
Suite 558 
El Paso, TX 79925 
VIELOCK ASSOCIATES TEL: (214) 881-1940 
555 Republic Drive FAX: (214) 423-8556 
Suite105 
Plano.TX 75074 
VIELOCK ASSOCIATES TEL: (512) 345-8498 
9430 Research Blvd. FAX: (512) 346-4037 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES TEL: (713) 974-3287 
10700 Richmond Avenue FAX: (713) 974-3289 
Suite 108 
Houston, TX 77042 

UTAH 
FRONT RANGE MARKETING, INC. 
488 E. 6400 South TEL: (801) 288-2500 
Suite 280 FAX: (801) 288-2505 
Murray, UT 84107 

WASHINGTON 
ATMI TEL: (206) 869-7636 
8521154th Ave., NE FAX: (206) 869-9841 
Redmond, WA 98052 

WISCONSIN 
DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 

• • • • • 
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