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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SESS6

e
e —_————

DESCRIPTION FEATURES PIN CONFIGURATION
The NEISE5S560 Is a control circuit for use  * Stabilized power supply D,F,N PACKAGE
in switched mode power supplies. This * Temperature compensated reference
single monolithic chip incorporates ali the ~ source . vee [ 16] Feeoronwino
control and housekeeping (protection) ¢ Sawtooth generator vz ] 15| ouTPUTICOLL,
runctions required in switched mode * Puise width modulator reeosacx 7 @ QUTPUT (EMIT)
power su'pplies, including an internal tem-  * Remote on/of! switching s T3] Ot HAGNETIZATION!
perature compensated reference source, * Current limiting - OVERVOLIAGE
internal Zener reference, sawtooth genera-  * Low supply voltage protection vopv.aTon £ | 12]oN0
tor, pulse width modulator, output stage * Loop fault protection O orraor ] (K1 e
and varlou§ protection circuits. + Demagnetization/overvoltage 8 7] [15] newore owor
protection . ; EXTERNAL
- Maximum duty cycle clamp T swne
« Feed forward control TOP VIEW
ABSOLUTE MAXIMUM RATINGS " EXternal synchronization Nenseon SESSSOP
NES560D SESS60N
PARAMETER RATING UNIT NESSE0F J
Supply C
Volitage sourced +18 Vv
Current sourced 30 mA
Qutput transistor
Output current 40 mA
Collector voltage {Pin 15) +18 v
Max. emitter voltage (Pin 14) +5 \"
Operating temperature (ambient)
SE5560 -55to +125 °C
NE5560 0to 70 °C
Storage temperalure range —65to +150 *C
BLOCK DIAGRAM
FEED EXTERNAL DEMAGNETIZATON
FORWARS *r Gy SYNC INPUT OVEPR-VOLTAGE PRCTECIION
' 16 7 |e ls I
i R i .
MEFERENCE SAWTOOTH
VOLTAGE GENERATO® Yo
[CeowT *
o.ev — —
rezsesce Ny L s LI
vOLTAQE 15

N
GAIN ADIUSY

LATCR a OUTPUTS

WODULATOR  §
INRUY

DUTYCYCOLE _6
conNTROL

CURRENT 13
LIMITING T
STABILIZED 2 v
— SuPPLn

“ -

| 10 1 12

=

REMOTE Yoo -
W On OFF 1
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ANALOG DIVISION

JUNE 4983

SWITCHED-MODE.POWER SUPPLY CONTROL CIRCUIT

NE/SES5560

DC ELECTRICAL CHARACTERISTICS (To=25°C, V¢ = 12V unless otherwise specified)

PARAMETER TEST CONDITIONS SES560 NESS60 UNIT
Min | Typ | Max | Min | Typ | Max
Reference Sections
internal reference voltage (Vo) 25°C 369 | 372 | 3.81 357 | 3.72 | 3.5 \
Over temperature 3.65 3.85 | 3.53 4.00 v
Temperature coefficient of Vg -100 -100 ppm/*C
Internal Zener reterence (V) IL=-7mA 7.8 8.4 9.0 78 8.4 9.0 Vv
Temperature coefficient of V; 200 - 200 ppm/°C
Oscillator Section
Frequency range Over temperature 50 100k 50 100k Hz
Initial accuracy oscillator R=5kQ 5 5 %
Duty cycle range fo= 20 kHz 0 98 0 98 %
Modulator
Modulation input current Voltage at Pin 5=2V 02 20 0.2 20 A
Over temperature
Housekeeping Function
at 2V .
Pin 6, input current Over temperature 0.2 20 0.2 20 uA
Pin 6, duty cycle limit control (for 50% maximum duty 40 50 60 40 50 60 % of duty
cycle} 15 kHz to 50 kHz/ cycle
41% of VZ
Pin 1, low supply voltage protection 8 9.0 10.5 8 9.0 10.5 v
thresholds
Pin 3, feedback ioop protection trip 400 600 720 400 600 720 mV
threshold
4 at2v
Pin 3, pull up current Over temperature -7 ~15 -35 -7 -15 -35 phA
Pin 13, demagnetization/over voltage 470 600 720 470 600 720 mv
protection trip on threshold
at 0.25V .
Pin 13. input current 25°C 0.6 10 0.6 10. A
Over temperature 20 20
Pin 16, teed forward duty cycle control Voltage at Pin 16 = 2V; 30 40 50 30 40 50 | % original
duty cycle
at 16V, Ve = 18V
*Pin 16, feed forward input current 25°C 0.2 5 0.2 5 pA
Over temperature 10 10 rA
External Synchronization
Pin 8 off 0 06 | © 08 v
on 2 A 2 A v
sink current Voltage at Pin 9=0V, 25°C -85 | -100 | -65 | =123 uh
Over temperature -125 | -125 L
Remcte
Pin 1C off 0 08 ] 0.8 v
en 2 Vv, | 2 Vg v
at ov
sink current 25°C -85 | -100 | -85 | -1z5 uA
Over temperature -125 -12% nh.
Current Limiting
Pin 11, Iy Voltage at Pin 11=250 mV, -2 -10 -2 -10 #A
25°C
Over temperature -20 -20 A
Single pulse inhibit delay Inhibit delay time for 20% 0.7 0.8 0.7 0.8 us
overdrive at 40 mA lgyr
Trip Levels: Shut down, slow start 0.560 | 0.600 | 0.700 ;0.560| 0.600 ! 0.700 A
Current limlit 0.400 | 0.480 { 0.500 {0.400 | 0.480 | 0.500 v
Error Amplifier
Output voitage swing (Vou) 6.2 9.5 6.2 95 v
Output voltage swing (Vo) 0.7 0.7 v
Open loop gain 54 60 54 60 dB
Feedback resistor 10k 10k Y
Small signal bandwidth 3 3 MHz

12-10
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JUNE 1983

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SES560
DC ELECTRICAL CHARACTERISTICS (Continued)
SES560 NESS60 -
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Output Stage
VCE(SAT) ]C =40mA 0.5 0.5 \
Output current (pin 15) 40 40 * mA
Max emitter voltage (pin 14) 5 6 5 \
Supply Voltage/Current
lec I;=0, voltage fed,
Vee=12V, 25°C 10 10 mA
Over temp. 15 15 mA
Vee lcc= 10mMA, 20 23 19 24 \
current feed
Vee lcc = 30mA, 20 30 20 '30 v
current feed 1

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM PIN VOLTAGES

ERROR AMPLIFIER
OPEN LOOP GAIN
s H'“; } III;gi |’ﬂ T
50 1141 o I, S R aly
1 ! |,,|]‘N, T T
GO Ll TN
= 40 T T
S I |"; U ! i
= 30} ;Ul i u‘l o
< ! iy | thi
g i ! Hf i il f !{: i
20 T . | ] il \
10 | il
TR R
LIk & il i
0 ;
1K 10K 100K 1M 1OM
FREQUENCY (H2)
OPEN LOOP PHASE
OTI ;g‘: i i H; [I ™
-30 N - i ‘
o I O O
AT
o % IT" T "f . Eiq;; A
2 g ' "'-'5?\' b
< T TN T
RN i
@ 120 iy :I“ o) i)
z LN
& 150 it LI !
i RTINS A
-180 I | i
1K 10K 100K 1M 10M
FREQUENCY (H2)

NE5560

FUNCTION MAXIMUM VOLTAGE
1. Ve + 18 volts
2. Vz Do not force (28.4V)
3. Feecdback Vz
4. Gain
5. Modulator Vz
6. Duty Cycle Control Vv,
7. Ry Current force mode
8. Cr
8. External Sync Vz
10. Remote On/Off Vz
+1. Current Limiting Vee
12. GND GND
13. Demagnetization/Overvolitage Vee
14, Output (Emit) A7
15. Output (Collector) . Vec + 2Vbe
16. Feed forward Vee

Signetics
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ANALOG DIVISION JUNE 1983

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SES560

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

GRAPH FOR DETERMINING 4 MAX SOFT-START MIN DUTY CYCLE vs R{ + R2
B max v Botoe)
100
%0 : 80
” 2 2 JEmax = vov,
¢ A,y I| g .
w 70 S 60
3 pUTY = S
5 4 A Loevete 5 RN
% I'¢ contAOL ¢ \\
; 50 / Ay : S 40 [ HBumax = son \ -
E 7 i § 20 \ "IN
! / ! off |~ab gy LD
/ 5 \\ \\\\\\
20 4 10 [~
w0 el _, Py Ry
& 100 2 3 4 5 & 78910 2 i
0 0t 02 03 04 05 06 07 08 Ob 5 &2
POWER DERATING CURVE NES560 VOLTAGE/CURRENT FED CURRENT FED DROPPING RESISTOR
SUPPLY CHARACTERISTICS
mA
vs
10
; |
1
: P\ \se ] .
3 0 -~ vee
g wohl & D). e 20 l
® ) ‘s ¥ 1 | Yoo
1
: I [ Mo 20 mA)
-e0C 2 C 1sc /’ l" SEE DC ELECTRICAL
Ta CHARACTYERISTICS
OPERATING CURVE o v = FOR CURRENT FEED
° 10 . 20 30 Vog RANGE.
Po = Veg ke + tVeg = vz ce h
+ [tVy5=Vigil15 X DUTY CYCLE}
REGULATION vs ERROR TRANSFER CURVE OF PULSE WIDTH
AMP CLOSED LOOP GAIN MODULATOR DUTY CYCLE vs INPUT VOLTAGE
VeVt £ ra
Z» T v T M M0 100
sk o l | et fs 9 y4
4 .'é
s ' 80
a2 7o ¢ et
Lanp—ide,
2k " : t / 70
vi,.,.suv) / i Mo 0
b g "
°:‘ Il/ * /
2‘, V4 al a0 -
06
o - 30
i R
° / ] ';'w 2¢ /
04
//' 0 /
02 - L/
/ Pra o Vas6iv)
4 /7 ] 2 3 “ 5 &
° 0 70 36 a0 B [ 3 36 90 5
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

NE/SE5560

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

TYPICAL FREQUENCY PLOT vs Ry AND Ct DUTY CYCLE SENSITIVITY TO FEED
N FORWARD VOLTAGE (PIN 16)
1ikHe) > (\
1000 l
L HR TR

0 - R=5KQ
80 T T
s I —— ’
. N B == Sl N
30 - l | \‘

[ S E T
20 B } I "'\ T S ¢

— 2
.l\\ R = 40Kk0 [T = NG
9 ] I — I H ‘\
g — — ——— " N N
o T T 53 \ ~d

f t T ™~~~
: i T N =~

: i |
s i 1 | ™~

! | = ’ L (- ~J

1
2 i ~J_ \\
7 i T~
\ H ! | \\-\._'__ﬁ_ﬁ_
2 25 3 3s 4 4.5 Con¥y 1 vag
Z 1 1 2 2, i
) Stabilized Power Supply
THEORY OF OPERATION {Pins 1, 2, 12)
The following functions are incorporated: limit circuit, therefore pi 11 has two The power supply of the NE5560 is of the

— A temperature compensated reference
source.

~ An error amphifier with pin 3 as input.
The output is connected to pin 4 so that
the gain is adjustabie with externat
resistors.

— A sawtooth generator with a TTL-com-
patiblesynchronizatior input (pins 7,8,9).

— A pulse-width modulator with a duty-
cycle range from 0 to 95%.

{The PWM has two additicnal Inputs:

Pin 6 can be used for a precise seiting of

d max.

Pin & gives a direct access to the modu-

lator, allowing for real censtant current

operation:)

~— A gate at the output of the PWM pro-
vides a simple dynamic current limit,

~— Alatch that is set by the flyback of the
sawtooth and reset by the output pulise
of the above-menticned gate prohibits
double pulsing.

~ Another latch functions as a start-stop
circuit; it provides a fast switch-off and
a slow start.

— A current protection circuit that oper-
ates via the start-stop circull. This is a
combined function with the current

trip-on levels; the lower vne for cycle-
by-cycle current limiting, the upper one
for current protection by means of
switch-off and slow-start.

— A TTL-compatible remote on/off input

at pin 10, also operating viz the start-

stop circuit,

An inhibit input at pin 13. The output

pulse can be inhipited immeciately.

An output gate that is commanded by

the fatches and the inhibit circuit,

— An output transistor of wnich both the
collector (pin 1€) and the emiiter (pin 14)
are externally available. This atlows for
normal or inverse output pulses.

— A power supply that can be either volit-
age or current driven (pins 1 and 12).
The internaliy generated stabilized out-
put voltage Vz Is connected to pin 2.

— A specia! function is the so-calied feed-
forward at pin 16. The amplitude of the
sawtooth gensrator is modulated in
such a way that the duty cycle becomes
inversely proportional to the voltage on
this pin: 6 ~ 1/V16

— Loop fault protection circuits assure
that the duty-cycle is reduced to zero or
2 low value for apen or short-circuited
teedback loops.

Signetics

well known series reguldtion type and pro-
vides a stablized output voltage of typical-
iy 8.5 volts,

This voltage Vz is also present at pin 2 and
can be used for precise seiting of 4 max.
and to supply external circultry. Its max!-
mum current capability is 5mA,

The circuit can be fed directly from a DC
voltage scurce between 10.5V and 18V or
canbe current drivenvia z limiting resistor.
In the latter case, internal pinch-off resis-
tors will limit the maximum supply voltage;
typical 23V for 10mA and maximum 30V for
30mA.

The low supply voltage protection is active
when V(1-12) is below 10.5V and inhibits
the output pulse (no hysteresis).

When the supply voltage surpasses the

10.5V level, the IC starts delivering output
pulses via the slow-start function,

The current consumption at 12V is less
than 10mA, provided that no current is
drawn from Vz and R(7-12) > 20kQ.

12-13




ANALOG DIVISION

JUNE 19,

SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT NE/SESS56(

The Sawtooth Generator

Figure 2 shows the principal circuitry of
the oscillator. A resistor between pin 7 and
pin 12 (ground) determines the constant
current that charges the timing capacitor
C{8-12).

This causes a linear increasing voltage on
pin 8 until the upper level of 5.6V is reach-
ed. Comparator H sets the RS flip {lop and
Q1 discharges C(8-12) down to 1.1V, where
comparator L resets the tlip-flop. During
this flyback time, Q2 inhibits the output.

Synchronization at a frequency lower than
the free-running frequency is accomplish-
ed via the TTL gate on pin S. By activating
this gate (V< 2V), the setting of the saw-
toothis prevented. This is indicated in
Figure 3.

Figure 4 shows a typical plot of the oscilla-
tor frequency against the timing capacitor.
The frequency range of the NE5S560 goes
from <50Hz up to >100kHz.

Reference Voltage Source

The internal reference voltage source is
based on the bandgap voltage of silicon.
Good design practice assures a tempera-
ture dependency typically =+ 100ppm/°C.
The reference voltage is connected to the
positive input of the error amplifier and
has a typical value of 3.72V.

Error Amp Compensation

For closed loop gains less than 40 d8, it is
necessary to add a simple compensation
capacitor as shown in Figures 4, 5.

SAWTOOTH GENERATOR

v
z_. ' 10 PWM

5.6V

11V

SEY
10 OUTPUT LATCH

-

PMESET

y
i

S SYN.

Figure 2
SAWTOOTH OSCILLATOR SYNCHRONIZATION

/] N

A\

RESET

ot INHIEIT }——
*SET'

Vs

Figure 3

ERROR AMPLIFIER COMPENSATION

OPEN LOOP GAIN

60 d8

ERROR AMPLIFIER

>

VWA~

anr

“

SRS VY S

!
i
: sLoPE =
i 20 dBIDECADE
] \
| '
T T T Y { :
1khz 10 kHz 1 MHz 2 ]
< ]
'l
Emax & $TARY STCP
7
| ]
:
13
i ¢
- 1
Figure 4 L Figure 5
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SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT

NE/SE5560

Error Amplifier with Loop-Fault
Protection Circuits

This operational amplifier is of a generally
used concept and has an open loop gain of
typically 60dB. As can be seen in Figure 5,
the inverting input is connected to pin 3 for
a feedback information proportional to V.

The output goes to the PWM circuit, but is
also connected to pin 4, so that the re-
quired gain can be set with Rg and R(3-4).
This is indicated in Figure 5, showing the
relative change of the feedback voltage as
a function of the duty cycle. Additionally,
pin 4 can be used for phase shift networks
that improve the ioop stability.

When the SMPS feedback loop is interrupt-
ed. the error amplifier would settle in the
middle of its active region because of the
feedback via R(3-4). This would result in a
large duty cycle. A current source on pin 3
prevents this by pushing the input voitage
high via the voltage drop over R(3-4). As a
result, the duty cycle will become zero, pro-
vided that R(3-4)>100k. Wher the feedback
loop is shortcircuited, the duty cycle would
Jump to the adjusted maximum duty cycle.
Therefore, an additional comparator is ac-
tive for feedback voltages at pin 3 below
0.6V Now an internal resistor of typically
1k is shunted to the Impedance on the émsy,
setting pin 6. Depending on this imped-
ance, 5 will be reduced to a value 60. This
will be discussed further.

DUTY CYCLE —d—%% REGULATION

AVe 'V rel (*3)

Ay

N @ ame

L)

RiNE

|
Viat 372V 3

. p,

4

-

0.8 -

0.6

04

0.2 I

0.1

PULSE WIDTH MODULATION

a2y

o}
+
ERROR
AMP
30—~

START/
sTOP

]
<
S

Figure 6

@«

(130}

100

TRANSFER CURVE OF PULSE WIDTH
MODULATOR DUTY CYCLE vs INPUT VOLTAGE
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SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT

. NE/SE556F

The Pulse-Width Modulator

The function of the PWM circuit is to trans-
late a feedback voltage into a periodicat
pulse of which the duty cycle depends on
that feedback voltage. As can be seen in
Figure 6, the PWM circuit in the NES560 is
a long-tailed pair in which the sawtooth on
pin 8 is compared with the LOWEST volt.
age on either pin 4 (error amplifier), pin 5,
or pin 6 dmax and slow-start). The transfer
graphis givenin Figure 7. The output of the
PWM causes the resetting of the output
bistable.

Limitation of the Maximum
Duty Cycle

With pins 5 and 6 not connected and witha
rather low feedback voitage on pin 3, the
NE5560 wiil deliver output pulses with a
duty cycle of =95%. In many SMPS appli-
cations, however, this high 4 will cause
problems. Especially in forward convert-
ers, where the transformer will saturate
when d exceeds 50%, a limitation of the
maximum duty-cycle is a must.

A DC voltage applied to pin 6 (PWM input)
will set dmax at @ value in accordance with
Figure 7. For low tolerances of dmay. this
voltage on pin 6 should be set with a
resistor divider from Vz (pin 2). The upper
and lower sawtooth levels are also set by
means of an internal resistor divider from
V3, so forming a bridge configuration with
the dmayx setting is low because tolerances
In Vz are compensated and the sawtooth
levels are determined by internal resistor
matching rather than by absolute resistor
tolerance. Figure 8 can be used for deter-
mining the tap on the bleeder for a certain
dmax Setting.

As already méntioned, Figure 9 gives a

graphical representation of this. The value

do is limited to the lower and the nigher
side,

* It must be large enough to ensure that at
maximum load and minimum input vol
tage the resulling feedback voltage on
pin 3 exceeds 0.6V.

* }t must be small encugh to timit the
amount of energy in the SMPS when a
loop-fault occurs. In practice a value of
10-15% will be a good compromise.

Extra PWM Input (Pin 5)

The PWM has an additional inverting in-

put: pin 5. It allows for attacking the duty’

cycle via the PWM circuit, independentty
from the feedback and the dmgy informa.
tion. This is necessary when the SMPS
must have a real constant current behav-
ior, possibly with a fold-back characteris-
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tic. However, the realization of this feature
must be done with additional externak
components.

Dynamic Current Limit and
Current Protection (Pin 11)

In many applications, it is not necessary to
have a real constant current output of the
SMPS.

Protection of the power transistor will be
the prime goal. This can be realized with
the NE5560 in a simple and cheap way. A
resistor (or a current transformer) in the
emitter of the power transistor gives a
replica of the collector current. This signal
must be connected to pin 11. As can be
seen in Figure 10, this input has two com-
parators with different reference levels.
The output of the comparator with the
lower 0.48V reference is connected to the
same gate as the output of the PWM.

Signetics
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When activated, it will inmediately reset
the output flip flop, so reducing the duty
cycle. The effectiveness of this so-called
cycle-by-cycle current limit diminishes at
Jow duty cycle values. When ¢ becomes
very small, the storage time of the power
transistor become dominant. The current
will now increase again, until it surpasses
the reference of the second comparator.
The output of this comparator activates
the start/stop circuit and causes an im-
mediate inhibit of the output putses. After
acertain dead-time, the circult starts again
with very narrow output pulses. The effect
of this two-level current protection circuit
is visualized in Figure 11.

The Start/Stop Circuit

The function of this protection circuit is to
stop the output pulses as soon as a fault
occurs and to keep the output stopped for
several periods. After this dead time, the
output starts with a very small, gradually
increasing duty cycle. When the fault is
persistent, this will cause 2 cyclic switch-
offfswitch-on condition. This “hiccup”
mode limits effectively the ensrgy during
fault conditions. The realization and the
working of the circuit is indicated in the
Figures 12 and 13. The dead-time and the
soft-start are determined by an external
capacitor that is connected to pin 6 (dmax
setting).

A RS flip flop can be set by three different
functions:

1. Remote on/off on pin 10.

2. Overcurrent protection on pin 1.

3. Low sup} .y voltage protection (internal).

As soon as one of these functions cause a
setting of the flip flop, the output pulses
are blocked via the output gate. In the
same time transistor Q1 is forward-biased,
resulting in a discharge of the capacitoron
pin 6.

The discharging current is limited by an in-
ternal 1509 resistor in the emitter of Q1.
The voitage at pin 6 decreases to below the
lower level of the sawtooth. When V6 has
dropped to 0.6V, this will activate a com-
parator and the flip fiop is reset. The out-
put stage is no longer blocked and Q1 is
cut-off. Now Vz will charge the capacitor
via R1 to the normal dmay voitage. The out-
put starts delivering very narrow pulses as
soon as V6 exceeds the lower sawtooth
level. The duty-cycle of the output pulse
now gradually increases to a value deter-
mined by the feedback on pin 3, or by the
static dmay Setting on pin 6.

START/STOP CIRCUIT
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0.6V :
12
b
0.48v 0.6V |
: Y
!
\ é
(L 10
1

Figure 12

START/STOP CIRCUIT

1
DISCHARGE CHARGE

1
1o DEAD

TIME

~ I

ow suppLY!
OLTAGE
ROTECTION

SAWTOOTH

A

1
'
1
1
1
{
T
|
i
t
SET

i
1
"y
4
i
1
|
I
T
i
1

|
RESET

Figure 13

INCREASES —

Signetics

Il

-

Il



——

Ay Ay ;.

ANALOG DIVISION

SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT NE/S

Remote On/Off Circuit (Pin 10)

In systerns where two or mote power sup-
plies are used, it is oHen necessary to
switch these supplies on and off in a se-
gUential way. Furthermore, there are many
applications in which a supply must be
switched by a logical signal. This can be
done via the TTL-compatible remote on/off
input on pin 10. The output pulse is in-
hibited for levels below 0.8, The output of
the IC is no longer blotked when the re-
mote on/off input ig 1&ft floating or when a
voltage >2Vis applied. Start up occurs via
the slow-start ¢ircuit.

The Output Stage

The output stage of the NE5560 contains a
flip flop, a push-puli driven output transis-
tor, and a gate, as indicated in Figure 14,
The flip fiop is set by the flyback of the
sawtooth. Resetting occurs by a signal
either from the PWM or tHe current limit
circuit. With this éontiguration, it is as-
sured that the output is switched only
once per period, thus prohibiting double
pulsing. The collector and emitter of the
output transistor are connected lo respec-
tively pin 15 and pin 14, allowing for normal
or inverted output pulses. An internally
grouhded emitter would cause untolerabie
vollage spikes over the bonding wire,
especially at high output currents.

This current capability of the output trah-
sistor is 40mA peak for Vg = 0.4V, An in-
terhal Yamping diode to the supply volt-
age protects the collector against ovet-
voltages. The maximumvoltage at the emit-
ter (bin 14) must not exceed +5V. A gate,
#clivated by one of the set of reset pulses,
&r by & command from the start-stop c¢ir-
cult will Immediately switch-off the output
transistor by short-circuiting its base. The
éxternal inhibitor (pin 13) operates also via
this base.

Demagnetization Sense

As thaicated in Figure 14, the output of this
NPN comparator wiil block the output
puise,when a voltage above 0.6Vis applied
to pin 13. A specific application for this
function is to prevent saturation of torward
converter transformers, This is indicated
in Figure 15,

Feed-Fotwatd (Pin 16)

Thebasit tormulafor a forward converteris

Vi
Vout = —q—{n=transformer ratio)
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This means that in order to keep Vout ata
constant value, the duty cycle ¢ must be
made inversely proportional to the input
voltage. A preregulation (feed-forward)
with the function 6~1/Vi, can edse the
teedback-loop design.

This loop now only has to regutate for load
variationz, which require only a low feed-
back gaininthe normal operation area.The
transformer of a forward converter must be
designed in such a way that it does not
saturate, even under transient conditions,
where the maximum inductance is deter-
mined by dmax X VIN max. A regulation
of dm,'v1IVleillallowloraconsiderable
teduction or simplification of the
transformer. The function of d~1/Vyy can
be realized by using pin 16 of the NES560.

Figure 16 shows the electrical realization.
when the voitage at pin 16 exceeds the
stabilized voltage Yz (pin 2), it willincrease
the charging current for the timing
capacitor on pin 8.

The operating frequency is not affected,
because the upper trip levet for sawtooth
increases also. Note that the dmax voltage
on pin 6 remains constant because it is set
via Vz. Figure 17 visualizes the etfect on
bmax @nd the normal operating duty cycle
5. For Vig=2x Vz these duty cycles have
hatved. The graph for &= f(Vyg) is given in
Figure 18. (Note: V4 must be less than
Pin 1 volitage.)

APPLICATIONS
NE/SE5560 Push-Pull Regulator

This application describes the use of the
Signetics NE/SES560 adapted to function
as a push-pull switched mode regulator, as
shown in Figures 19 anc 20.

Input voltage range is +12to +18V fora
nominal output of +30 and -30V at a
maximum ioad current of 1A with an aver-
age efficiency ol 81%.

Features include feed forward input com-
pensation, cycle-to-cycie drive current
protection and other voltage sensing, line
(to positive output) regulation < 1% foran
input range of +13 to + 18V and load
regulation 1o positive outpul ot <3% for
at(+)ot0.1t01 Amp.

The main pulse width modulator operates
10 48 kHz with power switching al 24 kHz,
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| P 1 T F c " H
TAAXSISTOR | OA | PACK-| LEAD VCB | VCE {VEB c J T 08 FE F§ EUR usa
WMMBER LT AGE | INFO MAX | MAX [MAX MAX MAX | P TOT MIN | MAX BIAS | USE IMFR} EQUIV | EQUIV 188
I
021928 NS | TOS L04 60V | 40V | 5v 1A 200C | BOOMNF 50u | 20P 100MN 150MA} AMG |MOB | BFYSO | 282297 0
M219) KS | 108 104 80v | 50v | 8v 1A 175C | BO0MwWF 508 [ 20P {40/120 150MA| AMG [MOB | BSWE6 | 2N§400) 1]
21934 NS | TO5 LO4 80v § SOv | BV 1A 175C | B0OMWF S0M | 20P [40/120 | ISOMA[ AMG [MOB| BFY50 | 2NM2297 0
n21938 NS | TOS LO4 80v | sov | av 1A 200C [ 600MWF S50M | 20P [40/120 150MAl AMG IMOB | BFYSO | 2N2287 0
21935 NS | T039 | 104 80v | sov | Bv 1A 175C | 800MWF 50M [ 20P |40/120 1A] AMG MO8 | BFYS50 | 2x2297 2
2x2193AS NS | TO»9 | LO4 80v | s0v | 8y 1A 175C | BOOMWF 50w | 20P 1407120 150MAL AMG [MOB | BFYS0 | 2N2297 2
219385 NS | 1033 | LO4 80v | 50v | &v 1A 200C | 800MWF S0M | 20P 1407120 | 150MA] AMG IMOB | BFY50 | 282297 2
M2194 NS | T05 LO4 60V | 40v | 5v 1A 200C | 800WWF 50M | 20P | 20/60 150MA] AMG IMOB | BFYS50 | 2N2297 0
M2194A NS | TO5 L104 60v | 40v | Sv 1A 200C | 800MmF 50M | 20P | 20/60 | 1SOWA! AMG JMOB| BFY50 | 22297 2
021948 NS | TOS LO4 . 60V | 4OV | 5V 1A 200C | 800MaF 500 | 20P | 20/60 { 150MA] AMG [MOB| BFYS0 | 2N2297 0
21945 NS | TO39 | LO4 60v | a0V | 5v 1A 200C | BOOMWF 508 | 20P | 20/60 150WA] AMG |MOB| BFYS50 | 2NM2297 2
W2194AS NS | TO39 | LO4 60v | 40v | SV 1A 200C | BOOMWF S50M | 2CP | 20760 | 150MA| AMG [MOB | BFYS50 | 282297 2
2219485 NS | TO39 | LO4 60V | 40V 5v 1A 200C | B00MWF S0M | Q0P | 20/60 | 150WA} AMG [MOB| BFYS50 { 282297 2
w2195 NS | TOS L04 45v | 25v | sV 1A 175C | 600uwF 50M | 20P 20N 150MA] AMG [SGI | BFYS0 | 2N2297 0
21954 NS | TO5 L04 45v | 25v | 5V 1A 175C | 600MwF 50M | 20P 20N | 150MA] AMG ISGI | BFYS0 | 282297 0
21958 NS | 105 L04 45y | 25v § sV 1A 200C | S00MwF 50u | 20P 20NN 150MA! AMG [MOB | BFYS0 { 2N2297 [¥]
M21955 NS | TO39 | LO4 asv | 25v | sv 1A 175C | 600MwF 50M | 2OP 2088 | 150MA| AMG [MOB | BFY50 | 2M2297 2
2X2195A5 NS | TO39 | LO4 45v | 25v | 5V 1A 175C | 600MWF 508 | 20P 20MN 150MA| AMG [MOB | BFYS0 | 2N2207 2
2%219585 NS T039 | LO4 a5y | 25v | Sv 1A 175C | 60OMWF 50M | 20P 20M8 150MAT AMG [MOB | BFYS0 | 2N2287 2
w2196 NS | TOSF | L44 80v | 60v | BV 1A 175C 20F . . 30790 | 200MA} AMH [SEU 2N2197 0
w2187 NS | TOSF | L44 80V | 60V | 8V 1A 175C wF . 757200 | 200MA| AMH |SEU . 282197 0
M2198 KS | 105 L04 80V | 8OV 200MA 200C | 600MWF aM n20P | 35/55 JO0OMA| AN JOBS | BSWE6 | 2N1893 2
w2199 pG | T05 | Loa 1sv | 10v J00MA | 100C | 75wwF | 120M | 2P8 SN 3MA|vLa jOBS | 'AF106 | 283283 | 2
22200 PG {105 | Loa 1sv | 1ov 100MA | 100C | 7suwF | 120u | 2PB oMN 3mAlviafoss ] AF106 | 2n3283 | 2
212201 NS | TOSF | L44 120v [100v 1A 175C 2uC 10m | 75P 25790 | 200MA| RME |OBS | BSWET | 2N5682 2
m2205 NS | TO16 | LO) 25V | 12v | 3V | 200MA 175C | 300MwF | 200M | &P 140/120 10MA] RLS |SGI | BSX20 { 282369 0
22206 NS | T046 (X<} 25v 12V | 3V | 200MA “175C | 300MWF | 200w ; 6P |40/120 JOMA| RLS [SGI | BSX20 | 2N2369 0
w2207 PG | TO7 L07 T0v | S0V S0MA 75C | 260MwF 1404 | 13P |36/370 10uA} VLA |0BS 2
2N2208 PG | TOIH | LOG 40V 10v 10MA B5C 120MWF ap 30MN 1 SMA|RLA JOBS | AFY18 | 2N2382 2
2x2209 PG | 105 L04 v 12v 100MA 85¢C 150MwF M | 20P 50MN 24MA| RMS |OBS | ASY27 | 2N130% 2
w2210 NS | TO39 L04 60V | 45v | TV . 200C 1wF 100M | 15P [50/200 | 150MA|AMG |MCB | BFY50 | 2K2297 1
wmz2ll PG | TO3 L0S BOV 54 100C 90WC 607140 . JA{ANG lOBS | AD132/4 2N1542 2
w2212 PG | TO3 Los 120v |120v {1V5 10A 100C 60mC | 450K 507120 SA[AMH [GPD | AULO6 | 2N51ES 2
2214 RS | xa1 LB4 25¢ | 15V 200MA 150C | 250MwF | 200M | 7P 25MN 10MA| VLS loss 2
m2216 PS | TO5 L04 150v 1100V 250MA 200C | B0O0MAF 50M | 15P 1257120 50MA] RME JOBS | BFT1O | 284929 2
w217 RS | TOS 104 60v | 30v | 5V | BOOMA 176C | BOOMWF | 250M | 8P 208N 150MA| RMS IMOU | BFXST | 2N2219A| O
W22217A HS | TO5 LO4 75V | 40v | 6V | BOOMA 175C | BOOMWF 250M | 8P 200N 150MA| RUS [MOU | BFXST | 2N2210A| ©
22218 NS | TDS L4 60v | 30V | 5v | BOOMA 175C | 800wwF | 250M | 8P [40/120 | 150MA|RMG ISGI | BSWS4 | 2N2219A} O
2M2218A NS | T0S L04 75V | 40V | 6V | B00MA 175C | 800MwF | 250M | BP [40/120 | 1SOMA[RMGISGI | BSW54 | 2N2218A) O
22185 NS (7039 | LO4 60V | 30V | 6v | BOOMA 175C | 800MWF | 250M { 8P [40/120 | 1SOMA|AMG |WMOB | BSK54 | 2M2218 2
20221BAS NS | TO39 L04 75V | 40V | 6v | BOOMA 175C | B0OWWF | 2350M | 8P [-/120 150MA | RNG 1MOB | BSW54 | ZN221BA| 2
%2219 xS | 105 L04 60V | 30V | 5v | BOOMA 175C | soowwr | 250M | 87 | 100M | 150MA|RMG |SGI | BSWS4 | 2W2219A| O
M2219A NS ] 105 104 75V | 50V | 6V | BOOMA 175C | 8O0MWF 300m | BP | 100MN 150MAIRMG [SGI | BSW54 | 2N2218A ] O
2822195 NS | TO39 | LO4 60V 30V | 5v | 80QMA 175C | BOOMWF 250 § B8P 10068 150MA | AMG [MOB | BSw54 | 2N2219 2
2K2219A5 NS | TO3% | LO4 15v | 50v | 6v | 8OOMA 175C | BOOWWF 300M | 8P 100MN 150MA| AMG MO8 | BSWS4 | 282218A| 2
w2220 NS | TO1B Lot 60V 0v | 5V | BOOMA 175C | SO0MwF | 250M | BP 20MN 150MA L AMS {MOU | BFXSS | 2mn2222A¢ O
2K2220A NS | TOl8 | LOI T5v | 40v | 6V | BOOMA 175C | 500uwF 250M | &P 20mN 150MA | RMS |MOU | BFX95 | 2822224 O
w2221 NS § TO18 | LO1 o0V | 30V sV | BOOMA 175C | SOOMwF | 250s | 8P [40/120 150mA | FG [SGI | BSWE4 | 2w2222A ©
7K2221A NS | TOIB Lol 75v | 40V | 6V | 80OMA 175C | 500MwF | 250M | BF [40/120 | JSOMARMG [SGI | BSW64 | 2M2222A 0
w2222 x5 | 1016 L01 60OV | 30V 8V | 800MA 175C | S00MwF | Z50m | &P 100K 150MA T RG 1SGI | BSwE4 | 282222 O
22220 NS | TQ18 | LOI 75v | 40v | 6V | 60OMA 175C | SOOMwF | 300u ¢ B8P 100MN 150ma | RG |SGT | BSwea | 2N2222A1 ©
202234 NS | TO3 LO% a0y 20V 500MA 150C 12wC 50M | 23P 15760 100MA | AMG fCBS | BUY92 | 2¥5069 2
282235 RS | TO3 L05 40v | 20V 500MA 150C 12wC 100m | 23P | 40765 100Ma | RuG [03S | BUY92 | 2K5063 2
22236 NS | TOS LO4 a0v | 20v S00MA 150C | 600MwF S0M 1 35P 15760 | 100MA|RMG lOBS | BUYBZ | ZN5069 2
2237 &S | 108 104 a0v | 20v 500MA 150C | 600MwF 1008 | 35P [40/125 100MA { RiG [OBS | BFYS0 | 2N229? 2
w2238 PG | TOS L04 30v SOMA 100V | 300MwF | 40CM | 3P 10MN JOMA |ULA JCBS | AFY1B | 2K2382 2
282239 NS | TO37 147 60V | S0V 500MA 150C 1wF L] 20/200° 1 200MA | Aun |0BS .2N2196 2
282240 ®S | 705 L04 25v | 20V 500m2 200C | 600MeF 50u | 35P 1407120 1A | RuG JOBS | BFYSO | 2mn2207 2
M2241 NS | 705 L04 25V | 20V 500MA 200C | 600MWF S0M | 35P 100uR 1WA |RMG |O85 | BFYSO | 2N2297 2
22242 NS | TO18 | LOL 40V 15v sy | 200MA 175C | J60MWF 250M | 6P {40/120 10MA |RLS (SGT | BSX20 | 2N2363 0
120v | 8OV | TV 1A 200C | BOOMWF 50M | 20P [40/120 | 150MAJAMM [TIB | BSW66 | 2N1893 0
::;::gk :2 13:9 t: 1:0\1 80v v 1a | 200c | BOOMKF sOM | 20P 1407120 | 1SOMA}AMH [TIB | BSWEE 281892 0
202244 NS | YO18 Lol 20v } 20V 100MA 200C | 500MwF 60M ) ©€P 5/15 2uA|ALG j0BS | BCI0SC § 2N930 2
282245 S | 7018 | LO1 20v | 20v 100MA 200C | 500MWF 60M | 8P 10/30 2UAJALG DEE» BC10YC [ 2N930 2
2K2246 NS T018 Lo} 20V | 20v 100MA 200C SO0MWF 60N | B8P [ 20760 2UA[ALG [OBS | BC1DSC | 28930 2
45v | 4s5v 100MA 200C | 500WwF 60u | 6P 5/15 2UA|ALG JOBS | BC109C | 2N320 2
i::;:; :: Igi: tg: 4:v asv 100MA 200C | 500MWF 60oM | 8P | 10730 2UAJALG JOBS | BC109C | 2x930 2
282249 RS | TO18 | LO1 45v | 45V 100MA 200C |. S00MWF 6oM | 8P | 20/60 | 2uA1ALG (085 | BC109C | 28930 2
202250 NS | TOI18 L0l 25v | 20v 1008A 200C | 500MwF 60M | 8P 5/18 2UA |ALN 235 BC1OSC | 2mW930 2
22251 N5 | TOIB L0} 25v | 20v 100mA 200C | 500MNF 60M | 8P 10/30 2uniaLN foBS | BC109C | 20830 4
wF cou | 8P | 20760 2uA[auw foas | BC109C | 20930 2
2oz ol i s P 223 :x: ;ggcc :gg:ur eom| 8P | 515 2uAjaLn foBS | BC109C | 20930 2
%2253 NS | TOIE | 108 aavy e OOMKF 60w | &P | 10720 20A [ALN JoBS | BC109C | 28930 2
2K2254 NS | 7018 | LO1 45v | asv 100MA 200C | 5 C | 2n930 2
202255 xS | 7018 | LO1 45V | 45V . 100MA 200C | 500MwF 60w | 8P 29/60 2uaaLn 085 | 8C109C | 2
2N2256 8s | 7018 Loi wl, v v 100MA 175C | 300amF | 250 | 5P 20MN 25Ms |ULS JMOB | BSX20 | 282368 ]




—
| [ 1 1 Fole "
TMXSISTOR | OA | PACK-{ LEAD vee | VCE jvEB c J T ] FE FE EUR USA
! WABER 8 AGE | INFO MAX | WAX MAX MAX WAX { P TOT MIN | MAX BIAS |USE WFR| EQUIV | EQUIV 1S5
;HJDG PS | TOPGS| L32 100v | 8OV | SV 4A 150C owC A0M 40MN | 1SOMA AWM IGEB | BD590 | 2¥6126 2
TE39 NS | TOP8G| 32 55v | 4sv | sv 2A 150C onC N * 156N 1A} AHG IRCB | BD239C | 2N5298 1
TR39A xS | TOP86| L32 T0v | 60V | SV 2A 150C I0WC k) 15un 1A} ANG |RCB | BD239C | 2N5208 1
K298 NS | TOPES [ LI2 90v | 8OV | sV 2A 150C 30wC u 1568 1A| AKG IRCB | BD239C | 2N6743 1
K29 NS | TOP66| L32 118v 100V | 5V 2A 150C 3owC 3w 1504 1A] AHG [RCB | BD239C | 2N647) 1
0240 PS | TOPEE| L32 55v | 45V | Sv 2A 150C owC 3w 15NN 1A{ ANG [RCE | BD240C | 2N6100 )
K240A PS | TOP66| L32 0v | 60V | 5V 2A 150C kls, o} 3 158N 1A| AHG |[RCB | BD240C | 2N6107 1
K2408 PS | TOP66| L32 90V | 8OV | Sv 2A 150C 3owC k] 15MN 1AL ANG [RCB | BD240C | 2N6475 1
K240C PS | TOPSE| L32 115v [100V | SV 27 150C 3owC 3 15MK 1A[AHG |RCB | BD240C | 2M6475 1
(1} NS | TOP66]| L32 55v 3 45y | 5v A 15be 40wC w 25N LA} ANG [RCB| BD241C | 2N6280 1
KE241A NS | TOP66| L32 J0v | 60V | 5V A 150C 40wC W 25MN 1A|AHG [RCB | BD241C | 2N6292 1
;mdll NS | TOP66| L32 90V | 8OV | SV 3A 150C 40WC kU] 25MN 1A| ARG JRCB | BD241C | 2N6473 1
;UNIC NS | TOPS6| L32 115V {100V | 5V 3 150C 40wC 3u 25u0 1A AHG |RC8 | BD241C | 2N674) 1
+ 10242 PS | TOP66 _LJZ 55v | 45v | 5v 3A 150C aOwC 3u 25MN 1A{ANG IRCB | BD242C | 286109 1
EWIZA PS | TOPE6| L32 0V | 60V [ 5V 3A 150C 40wC k] 25UN 1A]ANG |RCB | BD242C | 2N6107 1
!
- 2428 ps | TOPEs| L32 90v | 80V | 5V 3A 150C 40wC kU] 25MN 1A[AHG |RCB | BD242C | 2M6475 1
0242C PS | TOP66 | L32 116V [100V | SV A 150C A0wC kL 25uN 1A| AHG JRCB | BD242C | 2N6475 1
;0243 NS .| TOPE6 | L32 55v | 45V | SV 6A 150C 65wC k] 30MN | J00MA]|AHG JRCB | BD243C | 2N6487 1
K243 NS | TOPS6| L32 70v | 60V | SV 6A 150C 65uC kL] 30MN | 300MA[AHG |RC8 | BD243C | 2W6487 1
'DNJB NS | TOP66| L32 90V | 8OV | SV 6A 150C 65wC 3u 30kK | 300MA|AHG |RCB | BD243C | 2n6488 1
K243C NS | TOPE6{ L32 * [-115v |100V | SV 6A 150C 65wC k) 308N | 300MA|ANG |RCB | BD243C | 2N6468 2
' 0248 PS | TOPE6| LI2 55v | 45v | SV 6A 150C 65wC kg 30MN | J00wA|ANHG JRCB | BD244C | 2N6490 1
2444 PS | TOPE6| L32 70v | 6OV | SV 6A 150C €5nC k1] 30MN | 300MA|ANG [ACB | BO244C | 2N6490 1
. 02448 PS | 10P66| L32 90V | 8OV | &V 6A 150C E5wC kL) 30MN | 30OMA|ANHG [RCB | BO244C | 2N6491 1
02440 PS | TOP66| L32 115v {100V | 5v 6A 150C 65w kL] 30MN | J0OMA{ANG {ACB | BD244C | 2N6491 1
0245 NS | TOP3 | L34 55V | 45V | SV 154 150C BOWC 40NN 1A{ANG [TIN | BD213 1
K245A NS | TOP3 | L34 70V | 60V | SV 15A 150C 8OWC 40NN SA[AHG [TIW | 8D213 1
002458 NS | TOP3 | L34 90v | BOV | SV 15A 150C 8OwC A0MN IATARG [TIW | BD213 1
K245C NS {.TOP3 | L34 115v [100v § 5V 15A. 150C s0onC 40uN 1A{AHG (TIw { 80213 1
§246 Ps | TOP3 | L4 s5v | 45v | sv 15A 150C 80WC 40MN 1A|ANG [TIN | BD214 1
2464 PS | TOP3 | L34 70V | 60V | SV 15A 150C 80WC 40NN 1A|AHG {TIw | BD214 1
02468 PS | TOP3 | L34 9ov | eov | sv 154 150C 80mC * 40NN LA[ANG [TIW | BO214 1
K240C PS TOP3 L34 118V {100V | Sv 154 150C 80wC A0MN 1AJAMG [Tiw ]| BD214 1
IDZ.O NS | TOP3 | L34 55v | 45v | sV 40A 150C 125wC 25NN 1.5A[ANG [TIW | BDX40 | 2N3772 1
L R248A NS | TOP3 | L34 0V | 60V | &V 40A 150C 1250C 2564 1.5w ANG [TIw | BOX4Q | 2NI772 1
.IOZGQB RS | TOP3 1 L34 90V | 8OV | 5v 40A 150C 125nC 2588 1.SAJAHG {TIw | BDX40 | 285686 1
iﬁubc XS | TOP3 | L34 115v ltoov | Sv 40A 150C 125mC 25MN 1 SAlAMG [TIw | BOY2S | 2N3772 1
0250 PS | TOP3 | L34 55v | 45v | SV 40A 150C 1250C 25MN 1.5A[AKG [TIW |'BD258 . 1
| 50250A PS | TOR3 L34 70v | 60V | SV 40A 150C 125wC 25N 1 SA[AKG [TIw | 80258 . 1
' 2508 PS | TOP3 | L34 90V | BOV | 5V AO0A 150C 125%C 2PN 1.5A|AHG [TIw | BD258 1
K250C PS | YOP3 | L34 115V 1100V | SV 40A 150C 125wC X 25UN 1 SA[AHG |TIW [ BD258 . 1
K251 KS 1 T03 Los 40V | 40V | SV a 150C 20%C 25M 20MN 2ARNG IATB | BDY24 | 2K3443 1
K283 NS | 703 Lo5 350y |200v 6A 200C 50WC | 2500K 15MN 1A [ARE ITIB . 0
2534 NS 703 LOS 500v {250V 6A 200C 508C: } 2500K 15MN 1A |AnE [T18 ]
2538 NS | TO3 L05 700V |300V 6A 200C S0WC 1 2500K 15M8 18 |AHE 1B 0
®253C NS | 103 Los 900v 400V | . 6A 200C 50WC [ 2500K 15N S0wC {AHE {TIB | ~ 0
w257 NS | TOP3 | L34 45V | 45V 25A 150C 125wC J 10MN 1SA JANG [TFK | BD257/) . 0
0257745 NS {TOP3 | L34 45V | 45V 25A 150C 125wC 10MN 15A |ANG [TFK | 8D257/ Y Q
257/60 NS [ TOP3 | L34 60V | S0V 25A 150C 125nC 10MN 15A |AHK [TFK | 80257/ [}
K251/80 XS ) TOP3 | L34 BOV ov 25A 150C 125wC J OMN 15A [ARH [TFK | BD257/ ¢
§0257/100 | NS §TOP3 ¢ L34 100v {100V 25A 150C 1250C 10FG 15A (AKK ITFK { BD257/ ) 0
33258 PS | TCP3 L34 45v | &5V 25A 150C 125wC 10MK PR L1 i i 4 0e258/Y 0
0258745 PS | TOP3 | L34 45v | 45V 25A 150C 1250C 10MN 15A {AHG (TFK | BDR58/ )| 0
60258/60 PS | TOPI L34 60V | 60V 25A 150C 125wC 108N 15A [ARM [TFK | 8D258/ 1 0
W2:8/80 PS TOP3 | L34 sov | eov 254 150C 125wC 1004 154 |AHN [TFK § BD258/1 0
‘2587100 | PS | TOP3 L34 100V [100V 25A 150C 125wC o 1OMN 15A JAHK [TFK | D258/ . [\]
00260 NS | TOS6 | L43 105V [105v | 6V 2A 175C 30wC 108 507300 | SOOMA [RHM JATB { BDY79 | 2N5050 1
'L:m NS | TO66 | L43 105V {105V | &V 2A 175C 30wC 10M 50/300 | 500Ma [AWH IATB | BDY?9 | 2N5050 1
w262 PS [TO126| 169 60v | 60V 6A 150C 36wl 1 T50Mn  [1500MA |AND MUB 0
02624 PS 1T0126] LAY 80V | 8OV 6A 150C 36wC L T50MN 1 500MA [ARD MUB 0
2628 PS | T0126] L31 100v {100V | 5V 6A 150C 36wC ] T50M% 1 SO0MA (AHD MUB . 1
w2624 PS |T0126 L3} asv | 4sv €4 150C 36WC ™ 750Mn  [1500MA |AKD DBS | 8DX54C 2
0263 XS 70126 | L69 80V | 60V 6A 150C k[0 )] 750MN  JI500MA [AHD MUB . 0
2634 NS | 70126 L69 100V | B8OV 6A 150C J6wC w T50MN  1500MA [AHD MUB 0
$2638 RS | Y0126} L31 120v {100V | SV 6A 150C 3EwC it 750MN 11 SOOMA [AHD MuB 1
102630 NS | TO126] L31 45v | 4%V 6A 150C 3EWC L T50MN  11500KA [AKD DBS | BDX53C 2
w0264 PS | %34 L32 60v | 60v | 5V 4A 150C 40wC a 1000MN 2A [AND AL 2
102644 Ps | xaa L32 sov | Bov | 5v 4A 150C 40wC a 1000MN 2AAND VAL | . 2
302648 ps | ToP66 | L32 8ov | 8OV |5V 4A 150C 40wC ] 1000MN 2A JARD AL | BOX54C 2
52264L ps [x34 |32 asv | asv |sv ar | 150C 40WC a 1000MK 2A JAHD VAL | BDX54C 2
80265 NS | X34 132 8OV | 60v |5V A 150C 40WC au 1000MN 2A JAMD NAL 2
R265A NS X34 32 100V | 8Gv | 5v 4A 150C 40wC M 1000KK 2A AHD VAL . 2
832658 NS | X34 L32 100v [100v | SV 4A 150C 40WC au 1000UN 2A AHD DBS | BDXS3C 2
02651 NS | X34 L32 4asv | a5y | sv LYY 150C 40wC L 1000uN 24 PHD DBS | BOXS3C z
x266 ps | ToP66 | L32 60V | 60V 8A 150C 550C U] 750K 3A AHD MuB 0
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f ~ 1 T F c L} H
3 TRARSISTOR | OA | PACK-] LEAD vce | vCE |VEB c 4 T o8 FE FE EUR usa
: Maoen LT AGE | INFO MAX | MAX X MAX MAX | P TOT NIN | MAX BIAS |USE MFR| EQUIV | EQUIV 158
T1P83 NS | TOPY | L4 350V A 150C 100uC 307150 | 300MA! ANE [T18 1
11P54 NS 1 T0P3 | L34 . [|e00V 1. k1 150C 100wC 30/150 | J00MA| AME [T18 1
11P55 NS | TOP3 | L34 350v [250v | SV 10A 150C 125wC 108 20MN SA| RRE [T1B 2
TIPS6 NS FT0P) | L34 400V [300V | 5V 10A 150C 125wC 10M 20MN SA{RHE ITIB 2
11P57 NS | TOP3 | L34 450V |350v | 5V 10A 150C 125WC 10M 156N SA] ANE [T18 2
11PS8 NS | TOP3 | L34 500v {400V {5V 10A 150C 125wC 100 15MN 5A| ARE LfIB c2
11P63 NS | TOP66| L32 300v 500MA 150C 20WC 154 ' 30MN SOMA L RME MO 2
TIP64 xS | TOP66| L32 . Jasov SO0MA 150C 20wC 150 JI0MN SOMAT AME (MOU 2
T1P65 NS | TOP3 | L34 D200V [600V | 5V 24 150C 40NC - TLE |TIB 2
11P66 NS | TOP3 | L34 D400V |600V | SV 2A 150C 40nC - TLE|TI8 2
11P100 NS | TOPE6| L32 60V 8A 150C 80wC L pLUL 3A] AHD JMOU | BDES1 2
11P101 NS | TOP6G| L32 sov BA 150C 80»C a“ 1KuN 3A{ AHD MOU | 80651 2
TIP102 NS | TOPBG| L32 100v 8A 150C 80r: 4N 1KMN 3A{ AHD MOU | BD65L 2
11P105 PS | TOPE6| L32 60V 8A 150C 80»C au 1XMN 3A| AMD MOU | BD6S2 2
T1P106 PS | TOPE6| L32 8oV 8a 150C 80wC LL] 1KuN 3A[ AHD |MOU | BDE52 2
11107 Ps | TOPSE| L32” 100v 8a 150C 80wC L 1KMN 3A[ AHD (MOU | BD652 2
TIP110 NS | TOP66] L32 60v | 60V | 5V 2A 150C S0wC T50uN 2alAND{T1B /]
TIPI11 NS | TOP66} L32 80v | 80V | 5v A 150C S0wC 75068 2Al AHD |TIB [}
!TXPHZ NS | TOPG6| L32 100v |100v | 5V 2A 150C 50nC T50MN 2A] AHD |T18 0
¢ TIPI1S PS5 | TOPGH| 32 60v | 60V | SV 2A 150C SowC T50MN 2A{ AHD(TIB Y]
11P116 PS 110PE6] L32 BOV | B8OV | SV 2A 150C S50WC T50MN 2A| ARD |TIB 0
TIP117 PS | TOPBE| L32 100V 1100V | SV 2A 150C 50WC T50MN 2Al AHD [TIB 4]
T1P120 NS | TOP66| L32 60V | 60V | 5V 5A 150C 60wC 10001N 3A[AHD [TIB 0
11P121 NS | TOPE6! L32 80v | 8OV | 5v 5A 150C 60WC 1000MN 3A] AWD TIB 0
1IP122 NS | T0P66 L32 100V {100V | SV SA 150C 60WC 1000MN JA{AHD(TIB 0
;UP\ZS PS | TOP6E| L32 60V | 60V | Sv 5A 150C 60wC 1000MN 3A|ASD [TIB Q
"TXNZG PS | TOPB6| L32 8ov | 8ov | 5v 5A 150C 60NC 1000MN JA|AHDTIB 0
TIP127 PS ! TOPE6] L32 100v |100V | &V 5A 150C 60WC 1000MN Al AdD(TIE o
11P130 NS | TOPG6| L32 60V | 60V | BV 124 150C 70%C poop 1KMN LA} AHDITIB 2
TIP131 NS | TOP66| 32 oV | 60V | 5V 122 150C 0nC ROOP 1KMN 4A| AND|TIB 2
TIP132 NS | TOPEG| LI2 100V [100V | 5V 12A 150C 70WC ROOP pLUL] 4A{ AHD ITIEB 2
TIP135 PS | TOP66| LI2 60V | 60V | 5V 124 150C 08C ROOP 1KMN 4A| AHD|T1B 2
TIP136 PS | TOP66{ L32 80v | B0V | 5V 124 150C T00C ROOP 1KaN 4A[AHDTIB 2
11P137 PS ) TOP66| L32 100V {100V § 5V 12A 150C T0WC oy JLEL ] AA AKD|TIB 2
11P140 NS | TOP3 | L34 80V | &0V | SV 10A 150C 125wC SO0MN 10A{ AMD|TIB [}
TIP14} NS | TOP3 | L34 80V { 8av | 5V 108 150C 125%C SO0MN 10Af AHD|TIB [}
TIP142 NS | T0P3 | L34 100V {100V | 5V 10A 159C 125wC 500N 10A AHDETIR 0
TIP145 PS | TOP3 | L34 60V | 60V | 5V i0a 150C 125%C 500MH 10A1 AHD|TIB 0
TIP146 Ps | TOP3 | t24 80V § B8OV | 5V 104 150C 125wC 500NN 10A[ AHDITTB 0
T1pl4a7 PS | TOP3 | L34 100V 1100V | 5V 104 150C 125WC 500MN 1GA| AHD}TIB 4
; TIP150 NS | TOP6G| t32 200v j200v | SV 3A 150C 650C SO0MN TASI AMD | T18 2
- 11P181 NS | TOPE6| 132 300v [300V | BV 3A 150C 65mC - SCOMN 1A5] AHDITIE 2
1 TIP152 NS | TOP66) L32 400V [400V | 5V A 150C 65wC 506N 1a5] AHD TI8 2
*TIP160 NS | TOP3 | L34 200v 200V | SV TAS 150C 125w 200MN SAjAND]TIB 2
TIP161 NS | TOP3 | L34 300v |300V | SV TAS 150C 125wC 200MN SAl AHD|TID 2
TIF162 N3 | TOP3 | L34 400V | 400V | SV TAS 150C 125wC ' & JOMN SALAHDITIB . 2
TIP501 NS | 1039 | LO4 40 3A 200C (LY 257180 LAfAHGITIB | 8SVo& | 2n4877 1
T1P502 xS | 7039 { LO4 60V 3A 200C (1] 25/180 1A| AMG]TIB | BSYE4 | 2N4BTT i
TIPS03 NS | TO66 | L43 120v 2A 200C 20wC 407200 1Al asn|TIB ENIB54 i
TIPS04 NS | TO66 | L43 150V 2A 200C 20wC 40/200 1Al Mh|TIB 2n3584 1
TIP505 NS | TO59 | L63 120v 2 200C 20wC 40/200 1A[ ARH|TIB 2h3568% 1
TIP506 S | Y059 § L63 150V 2A 200C 20wC 40/200 14} sumiT]E 1
11P507 PS5 | TOS9 | L63 150v 2A 200C 20wC 307120 1A AWE | T1B 1
T1P508 PS | 1039 [ LO4 150v 2A 200C anC 307120 1A] ANE|TIE . 1
1IP509 KS | T03 L0s 120v 47| 200C 30wC 407200 2Al AE|TIB| €DY74 | 2N3442 ]
i TIP510 NS | TO3 L05 150v L1} 200C 30wC 407200 2A] AME|TIB| BUl20 | 2m3442 1N
L TIPS1L NS | TO61 | L46 120V 4A 200C 30w 40/200 Al AHE}TIB 1
T1P512 KS | TO61 | L46 150V 4A 200C 30wC 40/200 2A] AHE|TIE 1
1IP513 PS | Y059 | L6] 150V £A 30wC 307150 2.5A] AME|TIB . 1
TiPrS14 PS | TO66 | L43 150V SA 200C 20wC 307150 2.5AARELTIS 2K5235 1
' TIPS15 NS | TO3 LOS 120v 124 200C 8owC 40/200 €A[ AMN|TIB! BOXSQ § 2M3723 1
T1Ps16 NS | 703 105 150v i2A 200C B8OWC 40/200 €Al a4E[TIE| BDXSO | 2W3Y73 1
11PS17 XS | TOb) | L46 120v 124 200C e0wC 40/200 GA| AMRETIB H
TIPS18 NS | T061 | L46 150V 124 2008 80wC 40/200 SAl AKE[TIB . ]
TiPS19 PS | TO2 Lo5 150V BA 200C S0wC 307180 4A| ANE{TIB | BOX2C 1
TIP520 PS | 1061} L46 150V 8A 200C 90uC 307180 4AL AMEITTS i
T1P52]1 Ps | T059 | L63 150V 24 200C aswC 207100 1AL AME|TIE 1
TIP522 PS | TO3% | LO4 150v 2A 200C ™ 207300 1A AMEITIB] EFTIS 1
TIP523 PS5 | TOS9 | L63 200V SA 20QC SEwC 207100 2 SA[ARE|TIB 1
TIPS24 PS | TO39 | LO4 200V 5A 200C 10wC 20/100 2.5ALAREITIS 1
TIPS2S NS | TO3 L05 200V SA 200C 1310wC 307150 2.5ab AMEjTIR] BUX1l 1
TIPS26 NS | TO61 | L46 200V SA 200C 110mC 307150 2 SA}AHE{TIB 1
TiPs27 PS | TO3 L05 200V 8A 200C 110%C 207100 4Al AHE|TIB 1
TIP526 PS | TO61 { L46 200v BA 2006 110mC 207100 4AI AME[TIB 1
T1P529 NS | TO6) | L48 300V 3A 200C 115wC 25/125 1.5A] AHE{ TIR 1
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MOTOROLA

“ ~.

NPN PHOTOTRANSISTORS AND
PN INFRARED EMITTING DIODES

‘ ...gallium srsenide LED optically coupled to silison phototran-
sistors designed for applications requiring electrical isoiation,
high-current transfer ratios, small package size and low cost; such
23 interfacing and coupling systems, phase and feedback controls,

. solid-state relays and general-purpose switching circuits.

e High lsolation Volage —

o Excellent Frequency Response —

4N25, 4N25A
4N26
4N27
4N28 -

0 mA (Typ] — 4N27,4N28

Package

Vigp = 7500 V (Min) 300 kHz (Typ)
o @ Fast Switching Times G Ig = 10 mA
7 gpl: ?’1'5‘733‘""" Py ton = 0.87 ps (Typ) — 8N23 AAN26
e = 5.0 mA Tys) = N2 2.1 ps (Typl — 4N27,4N28
- totf = 11 u3 (Typ) — &N25 A4N26

5.0 us (Typ) — 4N27,4N28

@ Economical, Compact, Dual-dn-Line ® 4N25Ais UL Recognized
File Number ES4915

g

*MAXIMUM RATINGS [Tp = 25°C unless otherwise noted).

OPTO .
COUPLER/ISOLATOR

TRANSISTOR OUTPUT

i Rating [ Svmbol | Vale J omt |

INFRARED-EMITTING DIODE MAXIMUM RATINGS

Reverse Voltage VR 30 Volts

Forwerd Current — Continuoyg, ] | B0 | _mA s .

Forward Current — Peald 13 30 Amp 7 l
Pulse Wicih » 300 ps, 205 Duty Cycle g B

Tots! Fower Dissipation @ Ta = 25°C Po 150 mv O > {
Neghgble Pcwer in Transistor P
De sre above 25°C 20 m~woC I _..!,Ll

PHOTOTRANSISTOR MAXIMUM RATINGS - - A [ L

[Colleclor-Eminrr Volwge - Veeg 30 Volts — -t )

E mettes-Collector Voitage F & VECO 7.0 Volits (2]

Collector-Base Voltage VCRO 70 Voits T - j:f__

Tow! Devica Dissipation @ Tp = 25°C . () 150 mW

Negiigible Pomer in Diode : P L ! J
Derete abeve 25°C 20 mw /°C

. TOTAL DEVICE RATINGS stvie n:

Touws! Device Dissipation € Ta = 25°C Pp 250 oW i ﬁ?::as

Equal Power Dissipation in Each Element ; | ¥4
Derate above 25°C 33 v /oC . L EMITTER

. l\ Jurction Temperature Range T3 -55 10 +100 °c : ::&u.mon
- Storage Temperature Range Tatg -55 to +150 °c OTES
Solcring Temperature (10 81 . 250 °c 1. OIMENSIONS & AXS § APE DATUMS.

*Indicates JEDEC Registernd Dats.

FIGURE 1 — MAXIMUM POWER DISSIPATION

) T ] Y1 ~TA = Rasa tPD1 ¢ Ko PD2)
z — T la-m¢ where .
2 - mY Ty duncton Tempecature 1100°CH
% . ° \ Ta Amdeent Tempersture
. - —— Ry ga Juncton to Ambient Thermal
—— W
g = \ Resutonce 1500°C) ~
- \ \ POy Power Dmipation in One Chip
:l: | f—— TS \ ‘ Pp3 Powe Drucaton in Omer Ovep
E \ \ Ky Therms Couplng Coeticient
B ? . 208
£ o \ Exprpie.
3 N R e T TR With Py * 90 mW in whe LED

£33, AVERASE PRWER DISDISATION latt)

.Figure 1 15 based upon vang 1Mt
valum in the squation:

& Ty = 509C, the tremisior

PO (Fp2imwst be ders han 50 V.

1 [T) BSEATING PLANE

A POSITIONAL YZLEPANCES FOA LEADS.
Blornnass i1 [AvaDy

€. DIMERSION L 7D SENTER OF LEADS
WHEN FORYED PARALLEL

§. DINEKSIDNING AXD TOLERANCING PER
ANSIYI4S 19T

T [MILUMETERS!  INCMES
DIk, MIN MAX § _‘.'E_’..‘.‘AL
A 125 1 €370 1 0.3
- g O R0
X ) 18 { 0200
] 1 1 030_]
G ] 3.08_{ 001 GO |
L4 BT 6190 £5C
T% 1 835 jeme ol
X1 264 | 381 10100} €150 |
762 B5C 5300 B5C
a6 19 | % |1
AR €515 [ 0100 |
P 121 | 20 (13
CASE 733A-01
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4N25, 4N25A, 4N26, 4N27, 4N28

LED CHARACTERISTICS (T » 25°C unies: otherwise notea)

Craracteristic Symbol Min Typ thx Unit
*Reverse Leskape Current R - 0.005 105 ®A
(VR = 3.0V R =1.0Mchms}
*Forwerd Voliage V§ - -2 1.5 Volis
(g = 10 mA)
. Capazitence c - 40 - pF,
(VR= 0V, {=1.0MH)
PHOTOTRANSISTOR CHARACTERISTICS IT ., = 25°C and 1§ * O unless otherwise noted)
*Collector-Emitter Dark Current 4N25, A AN2E, 4N27 Iceo - 35 50 nA
(vee = 10V, Bese Open) AN28E -— - 100
*Collecior-Bas2 Dark Current Icso = - 20 nA
(Veg = 10V, Emitier Ope-)
*Cotiector-Bast Breskdown Vo'ape V(BRICBO 0 - - Volts
{ic = 100 pA, 1g = 0) .
¥ [“Cotiector-Emiter Breakdom= Vohage V(BRICED @ & - Vol
(ic=1.0mA, 1g=0)
*Emitter-Coliecr1or Breakdow=. Vo'tage V{(BRIECO 70 80 - Volg
{Ig = 100 A, 15 = O) [ —
DC Current Gain hFE - 325 - -
IVee ® 50V, Ic = 500 .4)
COUPLED CHARACTERISTICS iT 4 = 25°C uniess otherwise noted)
*Collecior Output Current {3) &N25, A, 4N26 ic 20 5.0 - mA
(VCE = 10V, 15 = 10mA_ 1g = 0} 4N27, 4N28 1.0 20 -
isotztion Surge Voltage (2, 5} Viso Velts
{60 Hz Pesk ac, 5 Seconds) 7500 - -
{60 Hz Peak} *4N25, A 2500 - -
*4N26,4N27 1500 - -
*4N28 $00 - -
{60 Hz RMS for 1 Seconc] (3) *4N25A 1775 - -
Isofetion Resistance 12} - - 11! - Ohme
(v =500V} -
“Coliector-EmmerSatuntion 3. VeEisat) - - 0.2 08 Volts
{ig = 20mA, tf = 50mA)
* { tso1zuion Capaciance (2) — - 05 - »F
(Ve0,{=1.0MHz)
Bandwidth {4} - - 300 T - kH2
s i {ic=20mA R = V' Jehvmx, Figure 11 {2)
«f [SY/ITCHING CHARACTERISTICS -
Deley Time SN2 A, EN26 24 - ace - »
. Ug=10mA, Vegce 10V 2K27,4N28 - ©.10 -
Rise Time | Figures 6 anc Bl aN25 A,4N26 1 - [Ty - »
4127,4N28 - 2.0 -~
Siorage Tirae 4N25, A, 4N26 5 - oD - »
(ic=10ma Ve =10V 4N27,4N2B - 20 -
. Fall Time | Figares 7end E) ANZ5, £,4N26 Y - < - »
( T en27,4N28 - 80 -
- *indicates SEDEC Repinreres Duta .
(1) Putse Test. Pube V. idth = 300 a3, Duty Cyele € 2.0%. *
12) Forthintenn LED pins T onc 2 0re ¢ and B X! pins 4,5, 3n0 € are common,
(3} BMS Voin, €0 H2. For Ta sen, pins 1, 2, an0 3 ere comman snd pim 4, %, anc € ere common,
(4} i scjsrecro yorld I ® 20 & and i« 2.0 mi pp st IDkHZ,
t%3 isolation Surpe Volage, Voo, & an intema! Oevice dielectrc breakdown rating
DL CURRENT TRANSFER FHARACTEﬁIS'I 1cs
‘FIGURE 2 — 4N25,4,4N26 FIGURE 3 — 4N27.4N28
: - ) D T & N 1 T =7
A e T = :/;Z
| {/ ~— _» 1 vepe st . j/ ‘i
3 _/_=_'__| 5 Tw L] 3l . 1 2 1
. : Zanist P i iliiBi P o2
- g v - T 1 S S i
- r - : { ; Ly ﬁl: :
] ] H] ! S L
T - )
% L il g0 74 NP NE
: - ; .S :l VI77 -
! g ; 8 277
. s 1 L& y & AR
' i1 e L2 i 1T
* jra — ‘ L X = »s 1 = — p— s |
L2 " s AL 11} b % W0 X 00 bt £s W8 20 [YR1) 20 ® W X0 0

4, FORRLED DIODE CURRENT dmA)
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4N25, 4N25A, 4N26;4N27, 4N28

ve. INSTANTANEOUS FORWSRO

1, TIME 4

.

TYPICAL ELECTRICAL CHARACTERISTICS
-

FIGURE & — FORWARD CHARACTERISTICS

T b
. |
22 [BH
20
F -
= i s /
gl! 1 7
=1 4
i 4
5 : —F
14 ‘E o
12 i/- al
s U | i
oY I A 11
10 100 1.0%
of. INSTANTANEQUS FORWARD CURRENT {mA)
FIGURE 6 — TURN-ON TIME .
NI
10 e e s Vee= 10V ===
— - Y - ip= 2010 =
T e =]
b Ewc ——— — Ty=25°C 25
20 ~i p — T i
NI ¥ 4 10
o 1 PN [ 4
05 — T ==
i Bl A |
s Lt S
0.1 1] ‘\-\5\
lLOS ; — € “lr' 11 vy
e o WP S5 2 e o e
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QUAD VOLTAGE COMPARATOR LM139A/239A/339AILM439/239/339/
LM2904/MC3302 .
DESCRIPTION FEATURES PIN CONFIGURATION
The LM139 senes cons.sts =* ‘aur ince- » Wide single supply voltage range 2.0Vdc
pendent precision voltage I:mparaidrs to 36Vdc or dual suppiles =1.0vVdc to D.F.N PACKAGE
with an offset voitage specif.ca: -~ aslowas -18Vde ourrur 2 (7] 1] oursur s
2.0mV max for each comparats- atichwer2  ® Very low supply current drain (0.8mA) I— .
designed spec.ically to operzt2 from a Independent ol supply voltage (1.0mW - °u"u”E_] 3] outpur e
single power supply over a w =2 range of comparator at 5.0Vdc) v [Z A 7] avo
voltages Operation from split cower sup- ¢ Low input biasing current 25nA weut1- [T :3 oyt o -
plies is also possible and the -~ powsc ¢ Low inputoliset currrent =5nA and olfset . é_ ) et o -
supply current drain 1s indepe~z2nt of tne voltage
magnitude of the power sugs , voltage e Inpul common-mode voltage range in- weor2- (31 (5] weur s
These comparators also have 3 unique cludes ground weura- 7] — 7] woura-
characteristic i that the ingu: sommcn e Ditferential input voltage range equal to
mode voltage range inctuces gr2.nd. even the power supply voltage. TOP VIEW
though operatea from asingle pc a2rsupply ¢ Low output 250mV at 4mA saturation ORDER NUMBERS
voltage. voltage LM1391238.333F N LM290VF.N
f 3
The LM139 series was designec :2 directly - g;‘,'Lp"E'ét":ﬂggscc’m:::’::gswl"h lTTL‘ MCIE N Lm0
interface with TTL and CMOS. V% ~2n oper- ) a0, ogic sys-
ated from both plus and minus £ < ~er sup- \
plies, the LM139 series wilt direct'y nterface APPLICATIONS

with MOS logic where their low power drain
is a distinct advantage over starcard com-  ° A/D converters
parators. * Wide range VCO
MOS clock generator
High voltage logic gate
Multlvibrators

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT .
Vcc supply voitage 360r-18
Ditferential input voltage 36
Input voltage -03 1036
Power dissipation!
N package 570 mw
F package 900 mw
Output short circuit to gro.~d? Continuous
Input current Wiy < -0.3vee 3 50 mA
Operating temperature rar e
LM139/A -55to ~125 *C
LM239/A -25 to -85 °C
LM339/A 0to +70 °C
LM2901/MC3302 -40 to -85 °C
Storage temperature range -85 to ~150 °C
Lead temperature tsoldernng 10 sec) 300 °C

EQUIVALENT CIRCUIT

(1 Comparator Only)

100.,4
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4.

Pag.siee ex2arsice s Stnput voitage =ay exceed e DOwer subply level by 17 veity
As Iong as the Siher vollage "eTamg within the tommon-moce ange, th

£a721Cr w" STOWICE 1 BTSSer CLiZ L Siale. The low input voltage state rmm Agt e
ie9s 1~an = 0IVEC (or D.IVOC Deicw he magnitucCe of the negalive Zower SuZDly
f Laec).

At Sutoul sSwite™ poind, Vo ® L.4vee, RS-OC with ¥V e from 5VSc 10 30Vae. ang
Sver tha LIl inpul SOMMEn-moCe "arpe (SVOL 1o V- - 1.5Vde).

. The wmput commen.mo0e vOl'age D sither input signal voltage should not De

$howes 12 gO negative By Tore a7 2.3V The upse” end of the common-mode v
age rarge 3 Ve - 15V, Sul eiher o7 Dt nputs Sango 1o 30Vdc without Jamage
Tre 2-ectcn of the irput Curent is Sut of the IC gue to the PNPinput stage This
cument «3 esse~ta’ty cOrsisnt, irCesencant of the state of the dutoul 3¢ ne
ioacirg srange e1ials on ine “g'erenze o7 input lings.

The *835C-38 ¢ —e scecifeC «a "or & 10OMV input ster with 3 SV cverdrive. For
iarger Svesave s.5rale, J000s 2 B4 OBlAINeC, See typcal perfor—a-ce characie”
iSuCs sec o
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