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2001
ABSTRACT

This project is about a development of the inverter for using the uninterruptible power

supply. We use the control signal comes from the high frequency pulse width modulation
technique. Signal come from modulating with triangle signal frequency 20 kHz and sine wave
signal frequency 50 Hz. Sine wave signal is output. The developed inverter is more efficient

and less power is lost than in general inverter.
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40 .21 0.84 17.81 17.67 L.37 24.20
60 31.11 127 BOSS 28.28 9 56.56
80 42.42 1.89 80.17 41.01 2.958 120.15
100 53.03 2.17 115.07 49.49 3.41 168.76
120 60.10 2.47 148.44 56.56 3.91 221.14
140 74.24 2.85 211.58 67.17 4.57 306.96
160 81.31 3.01 244.74 70.7 5.16 364.81
180 88.38 3.55 313.74 81.31 5.84 474.85
200 106.06 3.87 410.45 84.85 6.47 548.97
220 113.13 4 452.52 102.53 7.14 732.06
240 116.67 4.35 507.51 109.6 T.75 849.4
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t Semiconductor

Precision Waveform Generator/Voltage
Controlled Oscillator

The ICL8038 waveform generator is @ monoalithic integrated
circuit capable of producing high accuracy sine, square,
triangular, sawtooth and pulse waveforms with a minimum of
external components. The frequency (or repetition rate) can
be selected externally from 0.001Hz to more than 300kHz
using either resistors or capacitors, and frequency
modulation and sweeping can be accomplished with an
external voltage. The ICL8038 is fabricated with advanced
monolithic technology, using Schottky barrierdiodes and thin
film resistors, and the output is stable over a wide range of
temperature and supply variations. These devices may be
interfaced with phase locked loop circuitry to reduce
temperature drift to less than 250ppm/°C.

Ordering Information

ICL8038

September 1998

File Number 2864.3

Features

> Low Frequency Drift with Temperature. . . ... . 250ppm/°C

s=Low:Bistortion. . . v s vavis 1% (Sine Wave Output)
i High Linearity ........... 0.1% (Triangle Wave Output)

» Wide Frequency Range ........... 0.001Hz to 300kHz

«=Variable DUty Cyele: ..o i i i s s i 2% to 98%

smidighlevel Outputs. .......coooiiian TTLto 28V

- Simultaneous Sine, Square, and Triangle Wave
Outputs

» Easy to Use - Just a Handful of External Components
Required

PART NUMBER STABILITY TEMP. RANGE (°C) PACKAGE PKG. NO.
ICL8038CCPD 250ppm/°C (Typ) 0to 70 14 Ld PDIP E14.3
ICL8038CCJD 250ppm/°C (Typ) 0to 70 14 Ld CERDIP F14.3
ICL8038BCJD 180ppm/°C (Typ) 0to 70 14 Ld CERDIP F14.3
ICL8038ACJD 120ppm/°C (Typ) 0to 70 14 Ld CERDIP F14.3

Pinout Functional Diagram
ICL8038 o Vi
(PDIP, CERDIP) CURHENT 6
TOP VIEW SOURCE
#1 COMPARATOR
SINE WAVE l' 4
10
ApJust ! 4] ne T
21
SINE
WAVE ouT 2 13] e 4 2L COMPARATOR
TRIANGLE SINE WAVE O
ouT E ADJUST ¢
puty cveLe [[4] [11] v-0r 6ND
FREQUENCY sl
ADJUST |[5 CURRENT
E CAPACITOR SOURCEg L FLIP-FLOP
SQUARE #2
v E WAVE OUT o V-OR GND
1
FM BIAS E g FH.SWEER
e 5 SINE
BUFF <+ UFFER 1 > CONVERTER —l
"i’ Il S A\ s Ny
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

Copyright © Harris Corporation 1998



ICL8038

Absolute Maximum Ratings

Supply Voltage (V-toV+). .. ... 36V
Input Voltage (Any Pin) ............ ...l V-to V+
Input Current (Pins4and5).....................ou.. 25mA
Output Sink Current (Pins3and9) ..................... 25mA
Operating Conditions
Temperature Range

ICL8038AC, ICL8038BC, ICL8038CC . .. .........0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 1)

84a (°CW) ;¢ (°C/W)
CERDIP Package. ................ 75

20

PDIPPackage ................... 115 N/A
Maximum Junction Temperature (Ceramic Package) ... ... .. 175°C
Maximum Junction Temperature (Plastic Package) ....... .150°C
Maximum Storage Temperature Range. ......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s) . ... ........ 300°C
Die Characteristics
Back:Side Potential i i siic s« diivan s s apnsto s s enbiie v v e sime V-

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 6, is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Vgypppy =+10V or +20V, Ta = 25°C, R = 10kQ, Test Circuit Unless Otherwise Specified

ICL8038CC ICL8038BC ICL8038AC
TEST
PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX UNITS
Supply Voltage Operating Range | VsyppLy
V+ Single Supply +10 - +30 | +10 - +30 | +10 - +30 \
V+, V- | Dual Supplies 15 - E | ) - +15 | #5 - +15 Vv
Supply Current IsuppLy | VsuppLy = £10V 12 | 20 - 12 | 20 - 2% 20 mA
(Note 2)
FREQUENCY CHARACTERISTICS (All Waveforms)
Max. Frequency of Oscillation fMAX 100 | - - 100 | - - 100 | - - kHz
Sweep Frequency of FM Input fSWEEP - 10 - = 10 - - 10 - kHz
Sweep FM Range (Note 3) F1 778511 # - 1351 - - 1351 -
FM Linearity 10:1 Ratio - 0.5 - - 0.2 - - 0.2 - %
Frequency Drift with AfIAT -~ | 0°Cto 70°C gmel®050 (e I 180 | - - | 120 ppm/°C
Temperature (Note 5)
Frequency Drift with Supply Voltage | ~ Af/AV | Over Supply - | 005} - - | 0.05 - [0.05 - %IV
Voltage Range
OUTPUT CHARACTERISTICS
Square Wave
Leakage Current loLk Vg =30V - - 1] - - 1 - - 1 HA
Saturation Voltage Vsar ISINK = 2mA - 0.2 | 05 - 02| 04 - 02| 04 \
Rise Time tr R =4.7kQ - 180 - - 180 - - 180 - ns
Fall Time te RL =4.7kQ - 40 - - 40 - - 40 - ns
Typical Duty Cycle Adjust AD 2 98 2 - 98 2 - 98 %
(Note 6)
Triangle/Sawtooth/Ramp =
Amplitude VTRIAN- RTRI =100kQ 0.30 | 0.33 = 0.30 | 0.33 - 0.30 | 0.33 - XVSUPPLY
GLE
Linearity - 0.1 - - 1005 - - 1.0:05 = %
Output Impedance Zout |lout=5mA - | 200 | - - (20| - - | 200 - Q

2 l HARRIS



ICL8038

Electrical Specifications VgyppLy = 210V or +20V, Ta = 25°C, R_= 10k, Test Circuit Unless Otherwise Specified (Continued)

ICL8038CC ICL8038BC ICL8038AC
PARAMETER SYMBOL COJlZI)EI'Sr.IrONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX UNITS

Sine Wave

Amplitude VgINE | Rsing = 100kQ 02 |022]| - 02 | 022 - 02 (022 - xVsSUPPLY

THD THD Rg =1MQ - 20| 5 - 1.5 3 - 1.0 | 1.5 %

(Note 4)

THD Adjusted THD Use Figure 4 - 1.5 - - 1.0 - - 0.8 - %

NOTES:

2. Rp and Rg currents not included.

. VsupPLY = 20V; Rp and Rp = 10kQ, f = 10kHz nominal; can be extended 1000 to 1. See Figureé 5A and 5B.
. 82kQ connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Rp and Rg.)

. Figure 1, pins 7.and 8 connected, VgyppLy =+10V. See Typical Curves for T.C. vs VsyppLY-

. Not tested, typical value for design purposes only.

o g b~ W

Test Conditions

PARAMETER RA Rp RL Cc SWy MEASURE
Supply Current 10kQ 10k 10kQ 3.3nF Closed Current Into Pin 6
Sweep FM Range (Note 7) 10kQ 10k 10kQ 3.3nF Open Frequency at Pin 9
Frequency Drift with Temperature 10kQ 10kQ 10kQ 3.3nF Closed Frequency at Pin 3
Frequency Drift with Supply Voltage (Note 8) 10kQ 10kQ 10kQ 3.3nF Closed Frequency at Pin 9
Output Amplitude (Note 10)
Sine 10kQ 10kQ 10kQ 3.3nF Closed Pk-Pk Output at Pin 2
Triangle 10kQ 10kQ 10kQ 3.3nF Closed | Pk-Pk Output at Pin 3
Leakage Current (Off) (Note 9) 10kQ 10kQ 3.3nF Closed Current into Pin 9
Saturation Voltage (On) (Note 9) 10kQ 10kQ 3.3nF Closed Output (Low) atPin 9
Rise and Fall Times (Note 11) 10kQ 10kQ2 4.7kQ 3.3nF Closed Waveform at Pin 9
Duty Cycle Adjust (Note 11)
Max 50kQ ~1.6kQ 10kQ 3.3nF Closed Waveform at Pin 9
Min ~25kQ 50kQ 10kQ 3.3nF Closed Waveform at Pin 9
Triangle Waveform Linearity 10kQ 10kQ 10kQ 3.3nF Closed Waveform at Pin 3
Total Harmonic Distortion 10kQ 10kQ 10kQ 3.3nF Closed Waveform at Pin 2
NOTES:

7. The hiand lo freqzuencies can be obtained by connecting pin 8 to pin 7 (f4)) and then connecting pin 8 to pin 6 (fLo). Otherwise apply Sweep
Voltage at pin 8 (/3 VsuppLy +2V) < Vswekep < VsuppLy Where VsyppLy is the total supply voltage. In Figure 5B, pin 8 should vary between
5.3V and 10V with respect to ground. :

8. 10V < V+< 30V, or 5V < VgyppLy < +15V.

9. Oscillation can be halted by forcing pin 10 to +5V or -5V.

10. Output Amplitude is tested under static conditions by forcing pin 10 to 5V then to -5V.
11. Not tested; for design purposes only.

3 | HARRIS



ICL8038

Test Circuit

o o +10V
Ra Rg R
10K 10K 10K
r_ 7 4 5 ) .
SWq
T NC.
: 8 ICL8038 3 AN
RRi
10 11 12 2 > N
lec 82K RsINE
T3300pF e
s o 10V

Detailed Schematic
CURRENT SOURCES 6
= = = 2 l oV+
> Ra2
352K
Qs84-9—o01
ot g
200
~J
Ut
b <;R34
v 375
<>R35
3330
<R7l  QRas
ia:n( 33K]
J_ 18 5 3Ras
= = = 1600
<R3 %R:n
i»gsK q>33

> 27K

Application Information (See Functional Diagram)

An external capacitor C is charged and discharged by two
current sources. Current source #2 is switched on and off by a
flip-flop, while current source #1 is on continuously. Assuming
that the flip-flop is in a state such that current source #2 is off,
and the capacitor is charged with a current I, the voltage
across the capacitor rises linearly with time. When this voltage
reaches the level of comparator #1 (set at 2/3 of the supply
voltage), the flip-flop is triggered, changes states, and
releases current source #2. This current source normally
carries a current 21, thus the capacitor is discharged with a

1

>
< Raz BUFFER AMPLIFIERO 2

R
055?_‘ 200
12
Qsg
Rag
56K 8ok

SINE CONVERTER

NS

net-current | and the voltage across it drops linearly with time.
When it has reached the level of comparator #2 (set at 1/3 of
the supply voltage), the flip-flop is triggered into its original
state and the cycle starts again.

Four waveforms are readily obtainable from this basic
generator circuit. With the current sources set at | and 21
respectively, the charge and discharge times are equal. Thus
a triangle waveform is created across the capacitor and the
flip-flop produces a square wave. Both waveforms are fed to
buffer stages and are available at pins 3 and 9.

4!1/-lARRIS



ICL8038

The levels of the current sources can, however, be selected
over a wide range with two external resistors. Therefore, with
the two currents set at values different from | and 21, an
asymmetrical sawtooth appears at Terminal 3 and pulses
with a duty cycle from less than 1% to greater than 99% are
available at Terminal 9.

The sine wave is created by feeding the triangle wave into a
nonlinear network (sine converter). This network provides a
decreasing shunt impedance as the potential of the triangle
moves toward the two extremes.

Waveform Timing

The symmetry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 3. Best results are obtained by
keeping the timing resistors Ra and Rg separate (A). Rp
controls the rising portion of the triangle and sine wave and
the 1 state of the square wave.

The magnitude of the triangle waveform is set at 1/3
VsuppLy; therefore the rising portion of the triangle is,

N
N

FIGURE 2A. SQUARE WAVE DUTY CYCLE - 50%

b C>I<v G ;/2;VSUPPLYXRA e
22xVgyppLy 066

The falling portion of the triangle and sine wave and the 0

state of the square wave is:

Sexy Cx18VsyppLy RaRgC

suppLy .V
R

2 1

"~ 0.66(2Ry —Ry)
5 5. SUEBLY A—Rg
Ra

\
2(0.22)

Thus a 50% duty cycle is achieved when Rp = Rp.

If the duty cycle is to be varied over a small range about 50%
only, the connection shown in Figure 3B is slightly more
convenient. A 1kQ potentiometer may not allow the duty cycle
to be adjusted through 50% on all devices. If a 50% duty cycle
is required, a 2kQ or 5kQ potentiometer should be used.

With two separate timing resistors, the frequency is given by:

A b )
ti+tla  RAC P, Rg
0.66 2Rp-Rp
or,ifRA=Rg=R
N\fush) P
f= RC (for Figure 3A)

~

\

o 2\
T -
A\ N\
\ \

FIGURE 2B. SQUARE WAVE DUTY CYCLE - 80%

FIGURE 2. PHASE RELATIONSHIP OF WAVEFORMS

o ¢—o V+

% Ra %RB R

=AMV
11 12 2f—— "V

w

8 ICL8038

—H 2

%82K
——o V-ORGND

FIGURE 3A.

3 e

1kQ RL
RA% %RB

8 ICL8038 s——o AN/

10 11 12 2——o A\f\y
L ?100»(
i —o V- ORGND

FIGURE 3B.

FIGURE 3. POSSIBLE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS
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ICL8038

Neither time nor frequency are dependent on supply voltage,
even though none of the voltages are regulated inside the
integrated circuit. This is due to the fact that both currents
and thresholds are direct, linear functions of the supply
voltage and thus their effects cancel.

Reducing Distortion

To minimize sine wave distortion the 82kQ resistor between
pins 11 and 12 is best made variable. With this arrangement
distortion of less than 1% is achievable. To reduce this even
further, two potentiometers can be connected as shown in
Figure 4; this configuration allows a typical reduction of sine
wave distortion close to 0.5%.

0
v v+
: L
RA% e gy RL
|:-, 4 5 6 o M
8 ICL8038 s——o A/
w u 2 12—V
_L T 100k 10kQ2
e >3 100k
101«2%
" —0
V- OR GND

FIGURE 4. CONNECTION TO ACHIEVE MINIMUM SINE WAVE
DISTORTION

Selecting Rp, Rg and C

For any given output frequency, there is a wide range of RC
combinations that will work, however certain constraints are
placed upon the magnitude of the charging current for
optimum performance. At the low end, currents of less than
1A are undesirable because circuit leakages will contribute
significant errors at high temperatures. At higher currents

(1 > 5mA), transistor betas and saturation voltages will
contribute increasingly larger errors. Optimum performance
will, therefore, be obtained with charging currents of 10ptA to
1mA. If pins 7 and 8 are shorted together, the magnitude of
the charging current due to Ra can be calculated from:

SRex(YE SV L 022 V)

= —_—X
(Ry+Ry) Ra Ra

R4 and Ry are shown in the Detailed Schematic.
A similar calculation holds for Rp.

The capacitor value should be chosen at the upper end of its
possible range.

Waveform Out Level Control and Power Supplies

The waveform generator can be operated either from a
single power supply (10V to 30V) or a dual power supply
(£5V to £15V). With a single power supply the average levels
of the triangle and sine wave are at exactly one-half of the
supply voltage, while the square wave alternates between
V+ and ground. A split power supply has the advantage that
all waveforms move symmetrically about ground.

The square wave output is not committed. A load resistor
can be connected to a different power supply, as long as the
applied voltage remains within the breakdown capability of
the waveform generator (30V). In this way, the square wave
output can be made TTL compatible (load resistor
connected to +5V) while the waveform generator itself is
powered from a much higher voltage.

Frequency Modulation and Sweeping

The frequency of the waveform generator is a direct function
of the DC voltage at Terminal 8 (measured from V+). By
altering this voltage, frequency modulation is performed. For
small deviations (e.g. £10%) the modulating signal can be
applied directly to pin 8, merely providing DC decoupling
with a capacitor as shown in Figure 5A. An external resistor
between pins 7 and 8 is not necessary, but it can be used to
increase input impedance from about 8kQ (pins 7 and 8
connected together), to about (R + 8kQ).

For larger FM deviations or for frequency sweeping, the
modulating signal is applied between the positive supply
voltage and pin 8 (Figure 5B). In this way the entire bias for
the current sources is created by the modulating signal, and
a very large (e.g. 1000:1) sweep range is created (f = 0 at
Vsweep = 0). Care must be taken, however, to regulate the
supply voltage; in this configuration the charge current is no
longer a function of the supply voltage (yet the trigger
thresholds still are) and thus the frequency becomes
dependent on the supply voltage. The potential on Pin 8 may
be swept down from V+ by (1/3 VsuppLy - 2V).

6 ‘ HARRIS
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o—o V+

Ry

X
>
AA,
\AAam
P
w

8 1CL8038 s——o AN

10 1 12 2——°’V\I

'LC %81K
T ——o V- OR GND

FIGURE 5A. CONNECTIONS FOR FREQUENCY MODULATION

* L 9—o V+
SWEEP 3 Ra Rg RL
VOLTAGE

— Ay
12 2_"'°'V\I
-Lc %am

T /! o V-OR GND

FIGURE 5B. CONNECTIONS FOR FREQUENCY SWEEP
FIGURE 5.

w

8 ICL8038

Typical Applications

The sine wave output has a relatively high output impedance
(1kQ Typ). The circuit of Figure 6 provides buffering, gain
and amplitude adjustment. A simple op amp follower could
also be used.

% RA % Rg
Ey 5 6 AMPLITUDE
B
100K 741
8 ICL8038 z
20K
10 11 47K
'_ll: [ —_
—o V-

FIGURE 6. SINE WAVE OUTPUT BUFFER AMPLIFIERS

With a dual supply voltage the external capacitor on Pin 10 can
be shorted to ground to halt the ICL8038 oscillation. Figure 7
shows a FET switch, diode ANDed with an input strobe signal
to allow the output to always start on the same slope.

e PY o V+

Ra % Rg %15K

<
[ 754 5 9
8 ICL8038 INo14 T
1 Tl
S 1N914

C7= 2N4392 —p|—o STROBE

o 100K

15V
OFF

=1 +15V (+10V)

= 45V (-10V)
ON

FIGURE 7. STROBE TONE BURST GENERATOR

To obtain a 1000:1 Sweep Range on the ICL8038 the
voltage across external resistors Ra and Rg must decrease
to nearly zero. This requires that the highest voltage on
control Pin 8 exceed the voltage at the top of Ry and Rp bya
few hundred mV. The Circuit of Figure 8 achieves this by
using a diode to lower the effective supply voltage on the
|CL8038. The large resistor on pin 5 helps reduce duty cycle
variations with sweep.

The linearity of input sweep voltage versus output frequency
can be significantly improved by using an op amp as shown
in Figure 10.

4 —o0 +10V

DUTY CYCLE

-~ 0.1pF 1K 15K
:: 4.7K 47K

10K
FREQ. S 8 ICL8038 3—o0

10 1 12 2 Ay

DISTORTION
100K
: —o -10V

FIGURE 8. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHzY

YV
I

20K =15M 2 7= 0.0047uF

7 } HARRIS
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Vi+ O

INPUT 0—

—o Vot
% 5 CYCLE
1 FREQUENCY TRIANGLE
W ADJUST ouT
FMBIAS
- oA
SQUARE SINE WAVE
WAVE out
OUTY 4 1CL8038 2 —of\]\l
V&O DEMODULATED
PHASE —  AMPLIFIER FM T " 12 1° igJE s
DETECTOR Ry
_I.. TIMING SINE WAVE
CAP. ADJ.
LOW PASS
FILTER
& o V-/GND

FIGURE 9. WAVEFORM GENERATOR USED AS STABLE VCO IN A PHASE-LOCKED LOOP

HIGH FREQUENCY [ I ?
SYMMETRY
Yy 310k Stk =
1N753A 47kQ 4.7kQ
(6.2V) < 1MQ g
1kQ A >3 100kQ
4 <
1,000pF “>~__|_ Low FREQUENCY
) 4 5 6 o o SYMMETRY
+15V pig
\ Ao SINE WAVE
o ¥ 4 ICLB038 3 S +15V OUTPUT
s \F" FUNCTION GENERATOR AN ’\I\J
ViN = 741 o
I 4 2 b + _[:0
11 12 A
= 10kQ 50uF e
OFFSET J_ émom 15V
3,900pF SINE WAVE
I— J DISTORTION
s &——o -15V

FIGURE 10. LINEAR VOLTAGE CONTROLLED OSCILLATOR

Use in Phase Locked Loops

Its high frequency stability makes the ICL8038 an ideal
building block for a phase locked loop as shown in Figure 9.
In this application the remaining functional blocks, the phase
detector and the amplifier, can be formed by a number of
available ICs (e.g., MC4344, NE562).

In order to match these building blocks to each other, two
steps must be taken. First, two different supply voltages are
used and the square wave output is returned to the supply of
the phase detector. This assures that the VCO input voltage
will not exceed the capabilities of the phase detector. If a
smaller VCO signal is required, a simple resistive voltage
divider is connected between pin 9 of the waveform
generator and the VCO input of the phase detector.

Second, the DC output level of the amplifier must be made
compatible to the DC level required at the FM input of the
waveform generator (pin 8, 0.8V+). The simplest solution here
is to provide a voltage divider to V+ (Rq, Ry as shown) if the
amplifier has a lower output level, or to ground if its level is
higher. The divider can be made part of the low-pass filter.

This application not only provides for a free-running
frequency with very low temperature drift, butis also has the
unique feature of producing a large reconstituted sinewave
signal with a frequency identical to that at the input.

For further information, see Harris Application Note ANO13,
“Everything You Always Wanted to Know About the 1CL8038".

8 ’ HARRIS



ICL8038

Definition of Terms

Supply Voltage (VsyppLy)- The total supply voltage from
V+to V-.

. Supply Current. The supply current required from the
power supply to operate the device, excluding load currents
and the currents through Rp and Rg.

Frequency Range. The frequency range at the square wave
output through which circuit operation is guaranteed.

Sweep FM Range. The ratio of maximum frequency to
minimum frequency which can be obtained by applying a
sweep voltage to pin 8. For correct operation, the sweep
voltage should be within the range:

(33 VsuppLy *+ 2V) < VSWEEP < VSUPPLY

Typical Performance Curves
20

v
-55°C / /

15 7

g"/@
A

25°C

10

SUPPLY CURRENT (mA)

%
P4
V >

5 10 15 20 25 30
SUPPLY VOLTAGE (V)

FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE

1.03
102
(S
> 10
w
2 101 ,/
& 30 » - 2%
o 1.00 B ==
Q 20 [ —
w I P —
5 10 =] 30
<
3 o099
o
o
Z o098

~o

.50 25 0 25 75 125

TEMPERATURE (°C)

FIGURE 13. FREQUENCY vs TEMPERATURE

FM Linearity. The percentage deviation from the best fit
straight line on the control voltage versus output frequency
curve.

Output Aniplitude. The peak-to-peak signal amplitude
appearing at the outputs.

Saturation Voltage. The output voltage at the collector of
Qo3 when this transistor is turned on. Itis measured for a
sink current of 2mA.

Rise and Fall Times. The time required for the square wave
output to change from 10% to 90%, or 90% to 10%, of its
final value.

Triangle Waveform Linearity. The percentage deviation
from the best fit straight line on the rising and falling triangle
waveform.

Total Harmonic Distortion. The total harmonic distortion at
the sine wave output.

1.03
AV /K
O
4
5 1.01
3 \1
w
g
1.00 o
2 7
N
2
< 099
(/4
2
0.98
:J
5 10 15 20 25 30
SUPPLY VOLTAGE (V)
FIGURE 12. FREQUENCY vs SUPPLY VOLTAGE
200
- 12500 —| RISETIME
ol
25°C « | |~
E -55°C \y/
W 100 s g6 =
g /' -~ -125°C
7 FALL TIME
= ; /\/,.55%
50 —
0
0 2 4 6 8 10

LOAD RESISTANCE (kQ)

FIGURE 14. SQUARE WAVE OUTPUT RISE/FALL TIME vs
LOAD RESISTANCE
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Typical Performance Curves (Continued)

§ 15
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FIGURE 15. SQUARE WAVE SATURATION VOLTAGE vs LOAD
CURRENT
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FIGURE 17. TRIANGLE WAVE OUTPUT VOLTAGE vs
FREQUENCY
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FIGURE 19. SINE WAVE OUTPUT VOLTAGE vs FREQUENCY
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LM161/LM361

General Description

The LM161/LM361 is a very high speed differential input,
complementary TTL output voltage comparator with im-
proved characteristics over the SE529/NE529 for which it is
a pin-for-pin replacement. The device has been optimized for
greater speed performance and lower input offset voltage.
Typically delay varies only 3 ns for over-drive variations of 5
mV to 500 mV. It may be operated from op amp supplies
(£15V).

Complementary outputs having maximum skew are pro-
vided. Applications involve high speed analog to digital con-
verters and zero-crossing detectors in disk file systems.

&National Semiconductor

High Speed Différential Comparators

Features

Independent strobes

Guaranteed high speed: 20 ns max

Tight delay matching on both outputs
Complementary TTL outputs

Operates from op amp supplies: *15V
Low speed variation with overdrive variation
Low input offset voltage

]
]
]
]
]
L]
[ ]
m Versatile supply voltage range

August 2000

Connection Diagrams

Dual-In-Line Package

Vee STROBE 1 NC OUTPUT Y GND OUTPUT2 STROBE2
Ill 13 12 n 10 L ]
1 2 3 L) 5 6 % ]7
v NC INPUT 1 INPUT 2 NC V- NC
DS005708-2
Top View

Order Number LM361M, LM361MX or LM361N
See NS Package Number M14A or N14A

Metal Can Package

OUTPUT 2

DS005708-3

Order Number LM161H/883 or LM361H
See NS Package Number H10C

Logic Diagram

vt STROBE1® Vcc
o

siojesedwog [enuatayia paads UBIH LOSINT/LILINT

L

QUTPUT

INPUT 1
INPUT 2

o =3
V- STROBE 2°®

= .

0UuTPUT2

I LA

DS005708-4

*Output is low when current is drawn from strobe pin.

© 2000 National Semiconductor Corporation DS005708

www.national.com



LM161/LM361

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Positive Supply Voltage, V*
Negative Supply Voltage, V™
Gate Supply Voltage, Vcc
Output Voltage

Differential Input Voltage

Input Common Mode Voltage

Power Dissipation
Storage Temperature Range

Operating Temperature Range

LM161

LM361

Lead Temp. (Soldering, 10 seconds)
For Any Device Lead Below V-

+16V
-16V
+7V

600 mW

-65°C to +150°C
Twmin Tmax
-55'C to +125°C
-25'C to +85°C
0°C to +70°C
260°C

0.3V

Electrical Characteristics
(V* = +10V, Ve = +5V, V7 = =10V, Ty £ Ta < Tyax, unless noted)

Operating Conditions

Supply Voltage V*
LM161
LM361

Supply Voltage V™~
LM161
LM361

Supply Voltage Ve
LM161
LM361

ESD Tolerance (Note 5)
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package

Min

5V
5V

-6V
-6V

4.5V
4.75V

Vapor Phase (60 seconds)

Infrared (15 seconds)

Typ

5V

Max

15V
15V

-15V
-15V

5.5V
525V

1600V

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on
Product Reliability” for other methods of soldering surface

mount devices.

Limits
Parameter Conditions LM161 LM361 Units
Min Typ Max Min Typ Max
Input Offset Voltage 1 3 1 5 mV
Input Bias Current TaA=25°C 5 10 pA
20 30 pA
Input Offset Current TA=25C 2 2 pA
3 5 pA
Voltage Gain Ta=25C 3 3 VimV
Input Resistance TA=25"C, f=1 kHz 20 20 kQ
Logical “1” Output Voltage Vee=4.75V, 24 3.3 24 3.3 Vv
lsource=—0.5 MA
Logical “0" Output Voltage Vec=4.75V, 0.4 0.4 \Y
lsink=6.4 mA
Strobe Input “1” Current Vee=5.25V, 200 200 pA
(Output Enabled) Vgtrose=2.4V
Strobe Input “0" Current Vec=5.25V, =126 -1.6 mA
(Output Disabled) Vstrose=0.4V
Strobe Input “0” Voltage Vec=4.75V 0.8 0.8 \%
Strobe Input “1” Voltage Vee=4.75V 2 2 Vv
Output Short Circuit Current Vee=5.25V, Vour=0V -18 3 -55 -18 -55 mA
V=10V, V7=-10V,
Supply Current I Vec=5.25V, 45 mA
-55'C<Tos125°C
V=10V, V7=-10V,
Supply Current I Vee=5.25Y, 5 mA
0°C<TA<70°C
V=10V, V'=-10V,
Supply Current I~ Vec=5.25V, 10 mA
-55'C<To<125°C
www.national.com 2




Electrical Characteristics (continued)
(V* = +10V, Ve = +5V, V™ = =10V, Tpin € Ta € Tyax, unless noted)
Limits
Parameter Conditions LM161 LM361 Units
Min Typ Max Min Typ Max
V=10V,
Supply Current I~ V7=-10V Vcc=5.25V, 10 mA
0'C<TA<70°C
V*=10V, V'=-10V,
Supply Current I Vece=5.25V, 18 mA
-55°C<T<125°C
V=10V, V'=-10V,
Supply Current lcc Vee=5.25V, 20 mA
0'C<TA<70°C
Transient Response Vin = 50 mV overdrive
(Note 3)
Propagation Delay Time (t,q0) | Ta=25'C 14 20 14 20 ns
Propagation Delay Time (t,q¢1)) | Ta=25'C 14 20 14 20 ns
Delay Between Output A and B | T,=25C & 5) 74 5 ns
Strobe Delay Time (toq4(0)) Ta=25C 8 8 ns
Strobe Delay Time (t,q(1)) TA=25C 8 8 ns
Note 1: The device may be damaged by use beyond the maximum ratings.
Note 2: Typical thermal impedances are as follows:
H Package J Package N Package
Oja 165°C/W (Still Air) 112°C/W 105°C/W
67°C/W (400 LF/Min
Air Flow)
bic 25°C/W
DS095708-17
Note 3: Measurements using AC Test circuit, Fanout = 1. The devices are faster at low supply voltages.
Note 4: Refer to RETS161X for LM161H and LM161J military specifications.
Note 5: Human body model, 1.5 kQ in series with 100 pF.
Typical Performance Characteristics
Offset Voltage Input Currents vs Ambient Input Characteristics
. Temperature
2 — T 9
2 vt =10v 7 viev
S C . | v Fveav
w 24 |-Vgpe528V o N~ [ 3 g |Veembawv
2 AEIEIL o i 5
SR 5 = £
= 16 1 = 3 3
w = 2]
£ 12 —:’ /“ 5 25 4 § [
5 o8 A 522 ~ g L
= 3
2 Sot 2 apvtanv OFFSET 2
4 —~
0 175 z ’_'s'g"v 1
553515 5 25 45 65 85 105 125 it [ 54-12-101 2345
AMBIENT TEMPERATURE ("C) -55-35-15 5 25 45 G5 B85 135 125 DIFFERENTIAL INPUT VOLTAGE (V)
DS005708-8 AMBIENT TEMPERATURE (°C) DS005706:10
DS005708-9

www.national.com
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LM161/LM361

Typical Performance Characteristics (continued)

Supply Current vs
Ambient Temperature

"
o ERER | 3
171 t~l_'cc
g 12pvtev ~
E vy
= 4, Vpe =525V - 4
i
< 9
< [
3 8
> =5
Bl 2
'
2 4 = "1
-
3

-55-35-15 5 25 45 65 85 105 125
AMBIENT TEMPERATURE ( C)

DS005708-11

Delay of Output 1 With
Respect to Output 2 vs
Ambient Temperature

80

7“ ml"ll’vvl 15v o
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50 | ouTPuT2 15

’ Bl /

SEE AC TEST CIRCUIT ///
30 |-BOTH DUTPUTS LOADED
V.

|}
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=y
|1 FANOUT =4
‘: | ull,///rmour-x
e T [ [ [ ]
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DELAY (ng)

Propagation Delay vs
Supply Voltage
80
70

20 PD(1)—

PROPAGATION DELAY (ns)

10 tPD(0) T

$5 B +7 8 0 10 +11:12£13 +14 +15

vt V™ - SUPPLY VOLTAGE (V)
DS005708-7

Supply Current vs

Supply Voltage
16 —TT
Ta=25C Icc
14 [V =525V—
['-C—‘_—_______ ;_--—-
< 1
E
= 10 1=
E =
—
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> 6 .
E‘ I
S5
“
2
]
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DS005708-12
Strobe Delay vs Ambient
Temperature
50
FORES . 7
45 |- SEE AC TEST CIRCUIT
40 B
ElEY .
:ow A
=
; 25 /
° L FANOUT =4
E !
15 %D(1)3 <
4 ] A | o)
A 1 L A~S Afanout =1
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Propagation Delay vs
Ambient Temperature
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AC Test Circuit

Vi = £50 mV
V* = +10V

V- = -10V
Vee = 5.25V

output V'

INPUT 2 OUTPUT 2
Vi OV Hgﬂib
' 1NS14
INPUT O OUTPUT 1

1N914

1N914

e = DS005708-6

FANOUT =1 FANOUT = 4

R = 2.4k R =680Q
C=15 pF C =30pF

www.national.com
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SHARP 6N137

S High Speed Respons
6N137 , ; *(l)JIF;Ie(‘: Plhgotocoeueplere =

M Features B Outline Dimensions (Unit:mm)
1. Super high speed response : 08503 12203 Internal connection
% = di

(tPHLj tpu : TYP. 45ns at .RL—3SOQ) y ,—, ® ’_‘5 ® agrgl o
2. Isolation voltage between input and output

Viso(rms) : 2.5kV 6N197 = |,
3. Instantaneous common mode rejection voltage S ‘_H_I

CMy : TYP. 500V/us R —n =
4. LSTTL and TTL compatible output g DO O D% 9@ .8 9
5. Recognized by UL, file No. E64380 ’ 7.62:03

Primary side mark (Sunken place)

9.22%0.5

0.5 1vp.
3,510

B Applications
1. High speed interfaces for computer peripherals, il ]
microcomputer systems A 5450.25 _!ﬂm
2. High speed line receivers ; .
3. Noise reduction @ NC ® GND
4. Interfaces for data transmission equipment @ Anode  ® Vo
® Cathode @ Ve
@ NC ® Vec

* "OPIC" (Optical IC) is a trademark of the SHARP Corporation.
An OPIC consists of a light-detecting element and signal-
processing circuit integrated onto a single chip.
B Absolute Maximum Ratings

(Ta=25°C)
Parameter Symbol Rating Unit
*1 Forward current Ir 20 mA
Input | *2 peak forward current Trm 40 mA
Reverse voltage Vi 5 \'/
*3 Supply voltage Ve 7 \'4
*4 Enable voltage Ce 5.5 v
Output Output voltage Vo 7 %
Output current lo 50 mA
Output collector power dissipation Pc 85 mW
*5 Isolation voltage Viso(ms) 2.5 kv
Operating temperature Topr 0 to +70 1C
Storage temperature Tsg -55t0+125 °C
*6 Soldering temperature Tsol 260 'C

*] Ta=0to0 70°C

*2 Pulse width<Ims

*3 For 1 minute MAX.

*4 Not exceed 500mV or more than supply voltage (Vcc)

*S AC for 1 minute, 40 to 60% RH
Apply the specific voltage between all the input electrode pins connected
together and all the output electrode pins connected together.

*6 2mm or more away from the lead base for 10 seconds

Notice  In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP
devices shown in catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.
Internet  Internet address for Electronic Components Group http://www.sharp.co.jp/ecg/




SHARP 6N137

B Electro-optical Characteristics (Ta=0 to +70"C unless otherwise specified)
Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
Logic (1) output current lon Vee=5.5V, Vo=5.5V, 1r=250 nA, Ve=2.0V - 2 250 LA
Logic (0) output voltage Vor | Vee=5.5V, 1i=5mA, Ven=2.0, lo (Sinking )=13mA - 0.4 0.6 \
Logic (1) enable current len Vee=5.5V, Ve=2.0V - 0.8 - mA
Logic (0) enable current leL Vce=5.5V, Ve=0.5V - -1.2 -2.0 mA
Logic (1) supply current Iccu | Vee=5.5V, l[;=0mA, Ve=0.5V - 7 15 mA
Logic (0) supply current Icct | Vce=5.5V, [;=10mA, Ve=0.5V - 13 18 mA
*TLeak current Lo | 45%RH, Ta=25°C, t=5s, Vi.0=3.0kV DC - - 1.0 LA
*TIsolation resistance (input-output) | Reo | Vio=500V, Ta=25'C - X102 Q
*TCapacitance (input-output) Cro | f=IMHz, Ta=25'C - 0.6 - pF
*3Input forward voltage Ve | Ir=10mA, Ta=25"C = 1.6 1.75 v
Input reverse voltage BVr | Ir=10pA, Ta=25"C 5 = = v
Input capacitance Civ_ | V=0, =1IMHz — 60 — pF

*7 Measured as 2-pin element. Connect pins 2 and 3 connect pins 5,6,7 and 8.
*8 At Ir=10mA, V decreases at the rate of 1.6mV/°C if the temperature goes up.

B Switching Characteristics

Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
22 Propagation delay time OQutput (0) — (1)| teLu Ta=25°C, R.=350Q, C1=15pF, [ ¢=7.5mA = 45 75 ns
"9 Propagation delay time Output (1) — (0)] _ teur | Ta=25'C, Ru=350, C1=15pF, [¢=7.5mA = 45 75 ns
Output rise-fall time (10 to 90%) te, tr | Ri=350Q, C1=15pF, [r=7.5mA - 20, 30 - ns
*10 Epable propagation delay time (1) (0) | ters | Ri=350Q, Ci=15pF, I;=7.5mA, Ven=3.0V, Va=0.5V Z 40 2 ns
*10 Enable propagation delay time (0) = (1) | tenr | Ri=350Q, Ci=15pF, I=7.5mA, Ven=3.0V, Va=0.5V o 15 - ns
*11 Instantaneous common mode . 18 ‘1 = E
rejection voltage " Output (1)" CMu | Vem=10V, Ri=350Q, Vo (min. )=2V, [;=0mA 500 Vips
*1 1 Instantaneous common mode | v 5
rejection voltagc " 0utput (0) " CML Vew=10V,R L—}SOQ, Vo (max. )=0.8V, [F=SmA = =500 — v/ us
*9 Refer to the Fig. 1. Note) Typical values are all at Vec=5V, Ta=25°C

*10 Refer to the Fig. 2.
*11 CMy represents a common mode voltage variation that can hold the output above (1) level (Vo>2.0V).
CM,_represents a common mode voltage variation that can hold the output above (0) level (V0<0.8V)

Bl Recommended Operating Conditions

Parameter Symbol MIN. MAX. Unit
Low level input current [rL 0 250 LA
High level input current Irn 7.0 15 mA
High level enable voltage Ven 2.0 Vee \%
Low level enable voltage VEL 0 0.8 \%
Supply voltage Vee 4.5 555 Vv
Fanout (TTL load) N — 8 -
Operating temperature Tope 0 70 e

1. No necessary external pull-up resistor to hold enable input at high level.
2. Connect a ceramic by-pass capacitor (0.01 to 0.1uF) between Vcc and GND at the position within 1cm from pin.

Circuit Block Diagram Truth Table
Input Enable | Output
Vee
Anod Ve (Enabl = L =
node . vs( nable) it H H
= 2 H L H
Cathode L L H
GND L:Logic (0) H:Logic (1)




SHARP 6N137

Fig.1 ‘Test Circuit for Propagation Delay Time

+5V
Pulse 350mV(Ig=7.5mA)
generator E Input
Z,=50Q lin 175mV(1g=3.75mA)
tg=5ns IF— B R,
IF 3 Vour
Input —=CL Output
detection“r2 [4 detéction Output
Vout
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Fig. 6 High Level Output Current vs.
Ambient Temperature

High level output current loy (MA)

Fig. 8-a Output Voltage vs. Forward Current

Output voltage Vo (V)

4

IF=250uA
Vec=5.5v
Vo=5.5VC
Vg=2V
h,
0 25 50 75 100

6

Ambient Temperature T, (°C)

D)
e
\ ¥ b3
4R
L

Forward current Ig (mA)

Fig. 9 Propagation Delay Time vs.
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Fig. 11 Rise Time, Fall Time vs.

Ambient Temperature
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(1) Handle this product the same as with other integrated circuits against static electricity.
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Data Sheet

I
CMOS Hex Buffer/Converter

The CD4049UBMS is an inverting hex. buffer and features
logic level conversion using only one supply (voltage (VCC).
The input signal high level (VIH) can exceed the VCC supply
voltage when this device is used for logic level conversions.
This device is intended for use as CMOS to DTL/TTL
converters and can drive directly two DTL/TTL loads. (VCC
=5V, VOL<0.4V, and IOL 2 3.3mA.

The CD4049UBMS is designated as replacement for
CD4009UB. Because the CD4049UBMS requires only one
power supply, it is preferred over the CD4009UB and
CD4010B and should be used in place of the CD400SUB in
all inverter, current driver, or logic level conversion applica-
tions. In these applications the CD4049UBMS is pin compat-
ible with the CD4009UB, and can be substituted for this
device in existing as well as in new designs. Terminal No. 16
is not connected intemnally on the CD404SUBMS, therefore,
connection to this terminal is of no consequence to circuit
operation. For applications not requiring high sink current or
voltage conversion, the CD4069UB Hex Inverter is recom-

CD4049UBMS

December 1992

File Number 3315

Features

e High Voltage Type (20V Rating)

e Inverting Type oY

e High Sink Current for Driving 2 TTL Loads
¢ High-to-Low Level Logic Conversion

e 100% Tested for Quiescent Current at 20V

e Maximum Input Current of 1pA at 18V Over Full Pack-
age Temperature Range; 100nA at 18V and +25°C

e 5V, 10V and 15V Parametric Ratings

Applications

e CMOS to DTU/TTL Hex Converter

e CMOS Current “Sink” or “Source” Driver
e CMOS High-to-Low Logic Level Converter

mended. Pinout CD4043UBMS
The CD4049UBMS is supplied in these 16 lead outline pack- oryEy
agss vee [q et fis] NC
Braze Seal DIP H4S G=KE EL=F
Frit Seal DIP H1E 'NEl 4] F
Ceramic Flatpack H3X H=B E E NC
B [5] 2] K=E
1=C [¢] 1] E
c[7] 0] y=D
vss [&] 9] D
Functional Diagram Schematic
vYCC

9 10
D J=D
1
o 11 12
E K=E
vSss
NC =13 14 15 E
NC =16 i = FIGURE 1. SCHEMATIC DIAGRAM, 1 OF 6 IDENTICAL UNITS
1 l CAUTION: These devices are sensitive to electrostatic discharge; tollow proper IC Handling Procedures.

1-888-INTERSIL or 321-724-7143 | Copyright © Intersil Corporation 1999
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Absolute Maximum Ratings

DC Supply Voltage Range, (VDD)

(Voltage Referenced to VSS Terminals)

Input Voltage Range, All Inputs

DC Input Current, Any One Input

Operating Temperature Range
Package Types D, F, K, H

Storage Temperature Range (TSTG).
Lead Temperature (During Soldering)
At Distance 1/16 * 1/32 Inch (1.59mm + 0.79mm) from case for

+265°C

Reliability Information

Thermal Resistance. .. .....

Ceramic DIP and FRIT Package . ...
Flatpack Package................
Maximum Package Power Dissipation (PD) at +125°C

For TA =-55°C to +100°C (Package Type D, F, K)
For TA = +100°C to +125°C (Package Type D, F, K)

6ja 6jc
80°C 20°C/W
70°C/W 20°C/W
...... 500mW
..... Derate

Linearity at 12mW/°C to 200mW
Device Dissipation per Output Transistor
For TA = Full Package Temperature Range (All Package Types)

plementea.

2. Go/No Go test with limits applied to inputs.

0.050V max.

10s Maximum . Junction Temperature . ...........ooiiininienenennns +175°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP A SIS
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS TEMPERATURE MIN | MAX JUNITS
Supply Current IDD VDD =20V, VIN=VDD or GND 1 +25°C - 2 HA
’ 2 +125°C - 200 | pA -
VDD = 18V, VIN = VDD or GND 3 -55°C - 2 BA
Input Lea'age Current IiL VIN = VDD or GND VDD = 20 1 +25°C -100 - nA
2 +125°C -1000 - nA
VDD = 18V 3 -55°C -100 - nA
Input Leakage Current IIH VIN = VDD or GND VDD = 20 1 +25°C - 100 nA
2 +125°C - 1000 nA
VDD = 18V 3 -55°C - 100 | nA
Output Voltage VOL15 | VLD =15V, No Load 1,2,3 +25°C, +125°C, -55°C - 50 mV
Output Voltage VOH15 { VDD =15V, No Load (Note 3) 1,2,3 +25°C, +125°C, -55°C | 14.95 - v
Output Current (Sink) I0L4 VDD = 4.5V, VOUT = 0.4V 1 +25°C 2.6 - mA
Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V W +25°C 3.2 - mA
Output Current (Sink) I0L10 | VDD =10V, VOUT = 0.5V 1 +25°C 8.0 - mA
Output Current (Sink) IoL15 | VDD =15V, VOUT = 1.5V 1 +25°C 24 - mA
Output Current (Source) | IOHSA | VDD =5V, VOUT = 4.6V 1 +25°C - 0.8 mA
Output Current (Source) | IOH5B | VDD =5V, VOUT = 2.5V 1 +25°C - 3.2 mA
- | Output Current (Source) | 10H10 | VDD =10V, VOUT = 9.5V 1 +25°C - -1.8 mA
Output Current (Source) | I0H15 | VDD =15V, VOUT = 13.5V 1 +25°C - 6.0 mA
N Threshold Voltage VNTH |VDD=10V,ISS=-10pA 1 +25°C -2.8 0.7 \%
P Threshold Voltage VPTH |VSS=0V,IDD =10pA 1 +25°C 0.7 2.8 \",
Functional F VDD = 2.8V, VIN= VDD or GND 7 +25°C VOH> | VOL< \%
VDD =20V, VIN = VDD or GND 7 +25°C vDD/2 | VDDi2
"1 vDD = 18V, VIN = VDD or GND 8A +125°C
VDD =3V, VIN = VDD or GND 8B -55°C
Input Voltage Low VIL VDD =5V, VOH> 4.5V, VOL < 0.5V 1,2,3 425°C, +125°C, -55°C - 1.0 \Y
(Note 2)
Input Voltage High VIH VDD =5V, VOH > 4.5V, VOL < 0.5V 152,43 +25°C, +125°C, -55°C| 4.0 - \Y%
(Note 2)
Input Voltage Low VIL VDD =15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55°C - 25 \Y,
(Note 2) VOL < 1.5V
Input Voltage High VIH VDD =15V, VOH > 13.5V, 1.2,3 +25°C, +125°C, -55°C| 125 - \Y
(Note 2) VOL < 1.5V
NOTES: 1. All voltages referenced to device GND, 100% testing being im- 3. Foraccuracy, voltage is measured differentially to VDD. Limitis

2
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP A HMiT=
PARAMETER SYMBOL CONDITIONS (NOTE 1, 2) SUBGROUPS | TEMPERATURE MIN MAX UNITS
Propagation Delay TPHL |VDD =5V, VIN=VDD or GND 9 +25°C - 65 ns
10, 11 +125°C, -55°C - 88 ns
Propagation Delay TPLH | VDD =5V, VIN =VDD or GND 9 +25°C - 120 ns
10, 11 +125°C, -55°C - 162 ns
Transition Time TTHL |VDD =5V, VIN =VDD or GND 9 +25°C - 60 ns
' 10, 11 +125°C, -55°C - 81 ns
Transition Time TTLH | VDD =5V, VIN = VDD or GND 9 +25°C - 160 ns
10, 11 +125°C, -55°C - 216 ns
NOTES:
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns.
2. -55°C and +125°C limits guaranteed, 100% testing being implemented.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LmTs |
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX | UNITS
Supply Current IDD VDD = 5V, VIN= VDD or GND B2 -55°C, +25°C - 1 HA
+125°C - 30 pA
VDD = 10V, VIN = VDD or GND b Ve -55°C, +25°C - 2 RA
+125°C g 60 HA
VDD = 15V, VIN = VDD or GND 182 -55°C, +25°C - 2 pA
+125°C ] 120 nA
Output Voltage VOL (VDD =5V, NolLoad 1, 2 +25°C, +125°C, -55°C - 50 mV
Output Voltage VOL |VvDD = 10V, No Load A2 +25°C, +125°C, -55°C - 50 mV
Output Voltage VOH |VDD =5V, No Load 1,2 +25°C, +125°C,-55°C | 4.95 - \%
Output Voltage VOH |VDD =10V, No Load 1,2 +25°C, +125°C, -55°C | 9.95 - \Y
Output Current (Sink) IOL4 |VDD=4.5V, VOUT = 0.4V 1,2 +125°C 1.8 - - mA
-55°C 33 - mA
Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V 1/2 +125°C 2.4 - mA
-55°C 4.0 - mA
Output Current (Sink) I0L10 | VDD =10V, VOUT = 0.5V 2 +125°C 5.6 - mA
-55°C 10 - mA
Output Current (Sink) IOL15 |VDD =15V, VOUT = 1.5V 1, 2 +125°C 18 - mA
-55°C 26 - mA
Output Current (Source) IOH5A | VDD =5V, VOUT = 4.6V 1.2 +125°C - -0.48 mA
-55°C - -0.81 mA
Output Curreit (Source) IOH5B |VDD =5V, VOUT = 2.5V 1,2 +125°C - -1.55 mA
-55°C - 26 mA
Output Current (Source) IOH10 |VDD =10V, VOUT =9.5V 1,2 +125°C - -1.18 mA
-55°C - -2.0 mA
Output Current (Source) IOH15 |VDD =15V, VOUT =13.5V 1::2 +125°C - -3.1 mA
-55°C - 5.2 mA
Input Voltage Low VIL |VDD=10V, VOH > 9V, VOL < 1,2 +25°C, +125°C, -55°C - 2 Y
1V
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 152 +25°C, +125°C, -55°C 8 - \Y
1V
3
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS

Propagation Delay TPHL |VIN=10V,VDD=5V 1,2,3 +25°C - 30 ns
VIN =10V, VDD =10V 1,2,.3 +25°C - 40 ns

Propagation Delay TPLH |VIN=10V,VDD=5V 1,2,3 +25°C - 90 ns
VIN =10V, VDD = 10V 1,2,3 +25°C - 65 ns

Propagation Delay TPHL |VIN=15V,VDD=5V 1,2,3 +25°C - 20 ns
|VIN=15V,VDD = 15V 1,2,3 +25°C - 71,30 ns

Propagation Delay TPLH |VIN=15V,VDD=5V 1323 +25°C - 90 ns
VIN = 15V, VDD = 15V 1,23 +25°C - 50 ns

Transition Time TTHL |VDD=10V,VIN=VDD ORGND 152:3 +25°C - 40 ns
VDD =15V, VIN=VDD ORGND 1:2;:3 +25°C - 30 ns

Transition Time TTLH |VDD=10V,VIN=VDD ORGND 1523 +25°C - 80 ns
VCD =15V, VIN=VYDD O’ GND 1423 +25°C - 60 ns

Input Capasitance CIN  |Any Input 1,2 +25°C - 225 pF

NOTES:
1. All voltages referenced to device GND.

2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. Thes= parameters are characterized oninitia!
design release and upon design changes which would affect these characteristics.

3. CL =50pF, RL = 200K, Input TR, TF < 20n3.

TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
PARAMETER SYMBOL CONDITIONS - NOTES TEMPERATURE MIN MAX UNITS
Supply Cumrent : IDD VDD = 20V, VIN = VDD or GND 1,4 +25°C - 75 A
N Threshold Voltage _VNTH |VDD = 10V, ISS =-10pA 1,4 +25°C 2.8 -0.2 \'
N Threshold Voltage AVTND |VDD= 10V, ISS = -10pA 1,4 +25°C - 1 v
Delta ¢
P Threshold Voltage VTP VSS =0V, IDD = 10pA 1,4 +25°C 0.2 2.8 "
P Threshold Voltage AVTPD |VSS =0V, IDD = 10pA 1,4 +25°C - + \%
Delta y
Functional F VDD = 18V, VIN = VDD or GND 1 +25°C VOH > VOL < \"4
VDD = 3V, VIN = VDD or GND vDD/2 | VDD/2

Propagation Delay Time TPHL |VDD=5V 1,2/3.4 +25°C - 1.35x ns

TPLH +25°C

Limit
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit.
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record
TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C
PARAMETER SYMBOL DELTA LIMIT

Supply Current - MSI-1 IDD +0.2pA

Output Current (Sink) I0LS +20% x Pre-Test Reading

Output Current (Source) IOH5A 1+ 20% x Pre-Test Reading

TABLE 6. APPLICABLE SUBGROUPS
MIL-STD-883
CCNFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD

Initial Test (Pre Burn-In) 1009 5004 1479 IDD, IOLS5, IOH5A
Interim Test 1 (Post Burn-In) 100% 5004 1,7,9 IDD, IOLS, IOHS5A

4 inters;i
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TABLE 6. APPLICABLE SUBGROUPS

MIL-STD-883
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD
Interim Test 2 (Post Burn-In) 100% 5004 1,7,9 IDD, IOLS, IOHSA
PDA (Note 1) 100% 5004 1,7, 9, Deltas
Interim Test 3 (Post Burn-In) 100% 5004 1,7,9 IDD, IOLS, IOHSA
PDA (Note 1) : 100% 5004 1,7, 9, Deltas
Final Test 100% 5004 2, 3,8A, 8B, 10, 11
Group A . Sample 5005 1,2,3,7,8A,8B,9,10, 11
Group B Subgroup B-5 Sample 5005 1,2,3,7,8A,8B,9,10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11
Subgroup B-6 Sample 5005 157:9
Group D Sample 50C5 1,2,3,8A,8B,9 Subgroups 1,2 3
NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2.
TABLE 7. TOTAL DOSE IRRADIATION
MIL-STD-883 TEST READ AND RECORD
CONFORMANCE GROUPS METHOD PRE4RRAD POST-IRRAD PRE-RRAD POST4RRAD
Group E Subgroup 2 5005 + 7.8 Table 4 B ) Table 4

TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS

OSCILLATOR
FUNCTION OPEN GROUND VDD 9V £ -0.5V 50kHz 25kHz
Static Bum-In 1 (Note 1) | 2, 4,6, 10,12, 13,15 3,5,7-9, 11-14 1,16
Static Bum-In 2 (Note 1) | 2, 4, 6,10, 12, 13,15 8 1,8,5,7,9,11,14,16
Dynamic Burn-In (Note 3) 13 8 1,16 2,4,6,10,12,15| 3,5,7,9,11,14
Irradiation (Note 2) 2,4,6,10,12,13, 15, 16 8 1,3:5,7,9,11,14
NOTE:

1. Each pin except pin 1, pin 16, and GND will have a series resistor of 10K £ 5%, VDD =18V £ 0.5V

2. Each pin except pin 1, pin 16, and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, O failures, VDD
=10V 0.5V

3. Each pin except pin 1, pin 16, and GND will have a series resistor of 4.75K + 5%, VDD =18V £ 0.5V

Typical Performance Characteristics

1] 1 L] ] LS Li T T J
AMBIENT TEMPERATURE (Tp) = +25°C o AMBENPTENFERRILRE (Ta) =225 C
| SUPPLY VOLTAGE (VCC) = 5V <

= 15V 10V

s 3 .4

5 =

9 e

E pam—50

o] @

< 4 =]

5 MINIMUM MAXIMUM o 4

[e) 2

> z

5 3 Bk

E S GATE-TO-SOURCE VOLTAGE (VGS) = 5V
-

o 20

; M) =
5 1
°
1 ' 4
0 1 2 3 4 0 1 2 3 4 5 6 7 8
INPUT VOLTAGE (V) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V)
FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT
CHARACTERISTICS CHARACTERISTICS
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Philips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139
FEATURES i PINNING
e High current (max. 1.5 A) : PIN DESCRIPTION
e Low voltage (max. 80 V). y e
‘ 2 collector, connected to metal part of
APPLICATIONS mounting surface
o Driver stages in hi-fi amplifiers and television circuits. 3 base
DESCRIPTION
NPN power transistor in a TO-126; SOT32 plastic
package. PNP complements: BD136, BD138 and BD140. Q -
3
1
1 U ?_U SU Top view MAM254
Fig.1  Simplified outline (TO-126; SOT32) and
symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter
BD135 - 45 \
BD137 - 60 Vv
BD139 - 100 Vv
Vceo collector-emitter voltage open base
BD135 - 45 \Y
BD137 - 60 Vv
BD139 - 80 Vv
VeBo emitter-base voltage open collector - 5 \%
Ic collector current (DC) - 1:5 A
lem peak collector current - 2 A
Iam peak base current - 1 A
Ptot total power dissipation Tmb <70 °C - 8 W
Tstg storage temperature -65 +150 °C
T junction temperature = 150 °C
Tamb operating ambient temperature -65 +150 °C

1999 Apr 12 2



Philips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient note 1 100 K/wW
Rth j-mb thermal resistance from junction to mounting base 10 KW
Note

1. Refer to TO-126; SOT32 standard mounting conditions.

CHARACTERISTICS
Tj = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Icso collector cut-off current le=0;Veg=30V - - 100 nA
le =0;Veg =30 V; T;=125°C - - 10 pA
lEBO emitter cut-off current lc=0;Vgg=5V 4— - 100 nA
heg DC current gain Vce =2V, (see Fig.2)
Ic=5mA 40 - -
Ic =150 mA 63 - 250
Ic =500 mA 25 - -
DC current gain Ic =150 mA; Ve =2V,
BD135-10; BD137-10; BD139-10 | (see Fig:2) b - 160
BD135-16; BD137-16; BD139-16 100 |- 250
VcEsat collector-emitter saturation voltage | Ic =500 mA; Ig = 50 mA - - 0.5 Vv
Vge base-emitter voltage Ic=500mA;Vee =2V - - 1 \"
fr transition frequency lc =50 mA; Vce =5V, - 190 - MHz
f=100 MHz
b DC current gain ratio of the llcl =150 mA; Vel =2V - 78 < 1e
R complementary pairs
FE2

1999 Apr 12 3



Philips Semiconductors Product specification

NPN power transistors BBD135; BD137; BD139
160 MBH729
B Veg=2V
i ]

120 \
" \

40 i

0
-1 2
10 1 10 10 Ic (mA) 103

Fig.2 DC current gain; typical values.

1999 Apr 12 4



Philips Semiconductors

PNP power transistors

Product specification
s B B P T L B T s S B O A S T R S 3 D 33 i S T SRR A P R s Rl

BD136; BD138; BD140
e A e L S A G A RIS TGS Y S R L5 b R Y B Lty e Bt i

FEATURES PINNING
e High current (max. 1.5 A) PIN DESCRIPTION
e Low voltage (max. 80 V). 1 emitter
2 collector, connected to metal part of
APPLICATIONS mounting surface
e General purpose power applications, e.g. driver stages 3 base
in hi-fi amplifiers and television circuits.
DESCRIPTION 5
PNP power transistor in a TO-126; SOT32 plastic O
package. NPN complements: BD135, BD137 and BD139. 3
U U U 1
1U ZU 3U Top view MAM272
Fig.1 Simplified outline (TO-126; SOT32)
and symbol.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Veeo collector-base voltage open emitter
BD136 - - -45 V
BD138 - - -60 Vv
BD140 - - -100 V
Vceo collector-emitter voltage |open base
BD136 - - -45 Vv
BD138 - - -60 Vv
BD140 - - -80 Vv
lem peak collector current - - -2 A
Ptot total power dissipation Tmp$70°C - - 8 w
hre DC current gain lc =-150 mA; Vgg =-2V 40 - 250
fr transition frequency Ilc =-50 mA; Vce =-5V; f=100 MHz | - 160 - MHz

1997 Mar 26



Philips Semiconductors Product specification

PNP power transistors BD136; BD138; BD140

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter

BD136 - -45 Vv

BD138 - -60 \Y,

BD140 - -100 Vv
Vceo collector-emitter voltage open base

BD136 - -45 \%

BD138 - -60 Y,

BD140 - -80 Vv
Veso emitter-base voltage open collector - -5 \%
Ic collector current (DC) - -1.5 A
lem peak collector current - -2 A
lam peak base current - -1 A
Prot total power dissipation Tmp<70°C - 8 W
Tstg storage temperature -65 +150 °C
T; junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient note 1 100 KW
Rth j-mb thermal resistance from junction to mounting base 10 KW
Note

1. Referto TO-126 (SOT32) standard mounting conditions.
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Philips Semiconductors Product specification

PNP power transistors BD136; BD138; BD140
CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. { UNIT
lceo collector cut-off current le=0;Veg=-30V - - -100 |nA
: le=0;Vcg=-30V; Tj=125°C == [Ee A
leBo emitter cut-off current lc=0;Veg=-5V - - -100 |nA
hre DC current gain Vce = -2V, see Fig.2
Ic =-5mA 40 |- -
Ic =-150 mA 40 |- 250
lc =-500 mA 25 |- -
hee DC current gain lc = =150 mA; Vce =-2 V; see Fig.2
BD136-10; BD138-10; BD140-10 0% N - 160
BD136-16; BD138-16; BD140-16 100 | = 250
VCEsat collector-emitter saturation voltage | I = -500 mA; Iz =-50 mA - % -0.5 |V
Vge base-emitter voltage lc = =500 mA; Vcg =-2V - = -1 Vv
fr transition frequency Ic=-50 mA; Veg ==5V; f=100 MHz | - 160 |- MHz
he DC current gain ratio of the licl = 150 mA; [Veel =2V 3 1.34 1.6
FEZ complementary pairs
160 MBH730
hrE T VCE T 2V
120 \
N
80 \
40
0
107" 1 10 102 103 Ic (mA) 104

Fig.2 DC current gain; typical values.
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