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ABSTRACT

K m

TH;E"DC:AC Inverter is used the principle of PWM. Capable
of *supplying 220 volts at 50 Hz from 12 volts DC source. Maximum
load is 300 VA. Oscilator is controlled by Cystal, the output
is regulated voltage at 220 volts ,It is including with curfent
limiting circuit ,thermal protection circuit, and do not operate

when there is no load.
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POSITIVE

Regulated Positive
IC Part Number Voltage (V) Minimum \, (V)

7805 + 3 7.3
7806 + 6 8.35
73808 + 8 10.5
7810 + 10 12.5
7812 + 12 14.6
7815 - 15 17.7
7818 + I8 21

7824 + 24 27.1

5.17 A1778 positive voltage series 78xx
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Regufated Qutput

IC Part Number Voitage (V) Minimum Vi, (V)
7905 -3 - 173
7906 -6 - 8.4
7908 -8 - 10.5
7909 -9 - 11.5
7912 - 12 - 14.6
7915 D - 177
7918 - 18 - 20.8
7924 - 24 - 27.1
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M 2 E = E_/A Unua1ae 7 avlu 1
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E, = E, (1/A - )
E_/E, = A/(1-Ag) = AV
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National
Semiconductor

LM124/LM224/LM324, LM124A/LM224A/LM324A,
LM2902 Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly operat-
ed off of the standard + 5 Vpc power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional
+15 Vpg power supplies.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

® The unity gain cross frequency is temperature
compensated.

® The input bias current is also temperature
compensated.

Advantages

®8 Eliminates need for dua! supplies

® Four internally compensated op amps in a single
package

= Allows directly sensing near GND and Voyt also goes
to GND

m Compatible with all forms of logic

m Power drain suitable for battery operation

Features

® Internally frequency compensated for unity gain

m Large DC voltage gain 100 dB
m Wide bandwidth (unity gain) 1 MHz

(temperature compensated)
® Wide power supply range:
Singie supply 3 Vpc to 32 Vpe
or dual supplies =1.5Vpcto =16 Vpgc
= Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage

=® Low input biasing current 45 nApc
(temperature compensated)

® Low input offset voltage 2 mVpc
and offset current 5 nApc

B Input common-mode voltage range includes ground
Differential input voltage range equal to the power sup-
ply voltage

® Large output voltage swing

0VpctoV*t = 1.5 Vpc

Connection Diagram

Dual-In-Line Package

OUTPUT 4 INPUT A" INPUT " GND INPUT3® INPUTI™  OUTPUT)

" 13 12 " 0 § §

=

NPUTS

1 2 k] ‘. 5 ] 1

INPUT2* INPUT 2™ OUTPUT2

TL/H/8208~1

OUTPUT 1 INPUT 1™ INPUTI v*

Top View

Order Number LM124J, LM124AJ, LM224J,
LM224AJ, LM324J, LM324AJ, LM324M, LM324AM,
LM2902M, LM324N, LM324AN or LM2902N
See NS Package Number J14A, M14A or N14A

Schematic Diagram (gach Ampiitier)
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Typical Performance Characteristics

s

o

£V, = INPUT VOLTAGE (2Vpe)

0

V* OR V" = POWER SUPPLY VOLTAGL (2 Vpe)

8

]

Ayo = YOLTAGE GAN (d8)
2

: Current Sourcing

’v‘lli'!l!l ‘

. Input Voltage Range

/

]
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Voltage Gain
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R =20k0
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v* = SUPPLY VOLTAGE (Vo)

Voltage Follower Pulse
Response
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|1 R =20k
EE 3 vk:xsv
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Output Characteristics

P o UTTUTS EAnY) Avoy = VOLTAGE GAIN (dB) g = NPUT CURRENT (nAge)
o353 88588388

DS T TG

Vo = OUTPUT VOLTAGE (Voc)

Input Current

i Fo et Ve =0Vpe
| {15 |
| |V = 30V |

iLLIiI‘

= ‘v‘nxsvx' | |

v' = 5V 7
b e
RS EE
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~55-35 =15 5 25 45 65 85 105125

= TEMPERATURE (°C)

Open Loop Frequency
Response

%@r@

-sovx &‘

55°CXT, % +125°C

I \\
V=10 to 15 vx &
-SA'CIsI.so 1 zs'c“%

0
10 10 100 1.0« 10k 100k 1.0M 10M

1 = FREQUENCY (Hz)

Voitage Follower Pulse
Response (Small Signal)

Output Characteristics

: Current Sinking
1

01

V' = #5Y,

o

V= 415V =
V= e30Vy

RN

W ||
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= =

I Ty = 028% =

oot
0001 Qo1 01 1 1 100

lo = OUTPUT SINK CURRENT (migc)

Vo = OUTPUT SWING (Vp_p) CMRR = COMMON-MODE REJECTION RATIO (dB)
Io = SUPPLY CURRENT DRAIN (mAqc)

lo* = OUTPUT CURRENT (mAgc)

o3BESEEBIR R

Supply Current
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V* = SUPPLY YOLTAGE (Vpe)

Common Mode Rejection
Ratio

f = FREQUENCY (Wz)

Large Signal Frequency
Response
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Typical Performance Characteristics (m2902 only)

Input Current

100 .
o =
B !
P B e
= | — ;
s | |
= 1 T
© i /
£ >
z " Ta=e25%
T B
z { |
2 i i
0 | ‘
0 10 20 30

V*= SUPPLY VOLTAGE (Vpe)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpc. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance charactenstics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpg.

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to cutputs
for all of the amplifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large differ-
ential input voltages. The differential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than —0.3 Vpc (at 25°C). An input clamp
diode with a resistor to the IC inpul terminal can be used.

To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
to class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP external current bocst transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
1o the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

Voitage Gain

! | | |
LR A !
f i T

| | | Re=20ka

120 ——7<—
RL=20k0 |
| |

160

Ayo= VOLTAGE GAIN (dB)
8

IS0 SIS i b

!
0 10 20 30

v*= SUPPLY VOLTAGE (Vpe)
TL/H/92988-4

Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case non-in-
verting unity gain connection. Large closed foop gains or
resistive isolation should be used if larger load capacitance
must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vpg to 30 Vpc.

Qutput short circuits either to ground or to the positive pow-
er supply shouid be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger vaiue of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V */2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.



Typical Single-Supply Applications (v* = 50vpc)

Non-inverting DC Gain (0V Input = 0V Output)

.v.~ .5v — — — — — —
r@ *Vo
a
=
-
o
2
3 R2
GAIN= 1+ —
R1
‘:: = 101 (AS SHOWN)
*R not needed due to temperature
— independent Iy 0

DC Summing Amplifier
(Vin's 2 0 Vpc and Vg 2 Vpc)

Vin (mV)

TL/H/9299-5

Power Amplifier

R1
910k

VWA

Where: Vo = V1 + Vo — Vg = V4
(Vy + Va) 2 (V4 + Va) tokeep Vo ™ 0 Vpe

LED Driver

TL/H/8299-8

Vo
Ry
Vo = 0VpgforViy = 0 Vpe
Ay = 10 -
TL/H/9209-7
TL/H/9299-6
“BI-QUAD" RC Active Bandpass Fiiter
R1
100k
Af &
I 4]
330 pf
| L
A2 5 RS
100k 470k
Vi V-
Ra
10M
L ANN—yq
>
A3 €2
100k 3 330 pF
—
et A
470k
- —AAA O Vo
1/4 LM124A
R?
A 100k
+ - AAA—O V*
u +
A et i
lo = 1 kHz ,”: 104F
Q=50 l
Av = 100 (40 dB) = =

TL/H/8200-0



Typical Single-Supply Applications v~

Fixed Current Sources

+

v

— R1
- Iy = (—-) Iy TL/H/9299-10

A1* Iy
W o
Ry
R2
100 -
Vo
V()
Vo = ——
R3 O A
Tk vpsvt -2v
*(increase R1 for I small)
- TL/H/9299-12
Voltage Follower
O Vo
Wi O Vo = ViN

TL/H/9289-14

= 5.0 Vpg) (Continued)

Lamp Driver

TL/H/9209-11

Driving TTL

Pulse Generator

R1
™

INS14

0.001.F

TL/H/9289-13

TLHeZR-Y
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Typical Single-Supply Applications (v* = 5.0 Vpc) (Continued)

Squarewave Oscillator

R1
100k

¢ ——AA——

TL/H/9299-16

A2
150k

Pulse Generator

RY
30k IN91&

TL/H/R299-17

Low Drift Peak Detector

|
b
Ve ‘ o
p——0 Vo
B
Zout
Vi O
WF
Re 3, O (POLYCARBONATE OR
i o POLYETHYLENE] = INg29°
Io = 1 amp/volt Vin = *m 3 AT 100 nA
{Increase Rg for lg small) TUL/H/D299-18
[
HIGH Ziy L l
LOW Zour
AUX AMP
A U] INPUT CUBRENT
L] COMPENSATION
TL/H/298-19
Comparator with Hysteresis Ground Referencing a Ditferential Input Signal
I /1
™
+ O Vo
Va
TL/H/8299-20
*Vem

Vo = Vm

l TL/H/9200-21



Typical Single-Supply Applications (v* = 5.0Voc) (Continued)
Voltage Controlled Osclllator Circuit

0.05uF

I

O OUTPUT 1

NN

QUTPUT 2

W' O

TL/H/9298-22

*Wide control vollage range: 0 Vpc < Vg = 2(V* —1.5 Voe)

Photo Voltaic-Cell Amplifier

Ry
M

—AN

leewe l
{CELL HAS DV
ACROSS IT)

N =2 TL/H/9208-23

Vo

AC Coupied inverting Amplifier

Ry
100x

Ci

Co 0 _A%— 3vpp

R
Ay = ﬁ-:-(As shown, Ay = 10)

TUH/9289-24



Typical Single-Supply Applications (v* = 5.0 vpq) (Continuea)

AC Coupled Non-inverting Amplifier
R1 A2

TL/H/$289-25

TL/H/9299-26
-~
High Input Z, DC Differential Amplifier
R2
100k
AAA-
For-:—; - % (CMRR depends on this resistor ratio match) TL/H/9289-27

R4
- — -V
Vo *RaV2a- V)

As ghown: Vg = 2(Vz — Vy)



Typical Single-Supply Applications (v* = 5.0 vpc) (Continued)
High Input Z Adjustable-Gain

DC instrumentation Ampiifier

Al
100k

*Vy Ol

M-

GAIN ADJUST

A1 - RS & A3 = A4 = R6 = R7? (CMAR dapands on malch)

2A1
|4 ——(Vy -V
Vo=1 RZ(Z 1)

As shown Vg = 101 (Vg ~ Vy)

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

e W 14 LMI240A Vo
— -
Vin +
ol
1
2N923° ®
“hi § AT 50 aA 0.001.F
'!
R S
I R
Yy — M
Y 14 LMI24A
-— AUX AMP
R s
1.5M INPUT CURRENT

COMPENSATION

TL/H/9299-29

R3
100k

R4
108

*Vagr

TL/H/9299-28

Bridge Current Amplifier

Forb <« 1andRy>>AR

5\ AR
vo = veer ()4

TL/H/9208-X



Typical Single-Supply Applications v* = 5.0Voc) (Continued)

Bandpass Active Filter

s8]
0.01.F

(3]
R1 0.01,F
380k
Yy

174 LM124A Vo

RS
820k
1
c3 a7
10uF 100k 1604
fo = 1 kHz
— = Q=25
v#

TL/H/9209-31




National
Semiconductor

LF353 Wide Bandwidth Dual

81.FET 11T Technology

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operational amplifiers with an internally trimmed input offset
voltage (BI-FET II™ technology). They require low supply
current yet maintain a large gain bandwidth product and tast
siew rate. in addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance
of existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hoid
circuits and many other circuits requiring low input offset
voltage, fow input bias current, high input impedance, high
siew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

Features

= Internally trimmed offset voitage 10 mv
® Low input bias current S0pA
8 Low input noise voltage 16 nV/{yHz
B Low input noise current 0.01 pA/YHz
& Wide gain bandwidth 4 MHz
8 High slew rate 13 V/us
u Low supply current 3.6 mA
# High input impedance 10120
m Low total harmonic distortion Ay =10, <0.02%

RL= 10k, Vg =20Vp~p, BW =20 Hz-20 kHz

B Low 1/f noise corner 50 Hz
B8 Fast settling time to 0.01% 2 pus

Typical Connection

Simplified Schematic

1/2 Dual

Vee O $- -4

INTEANALLY
IMTEANALLY TAHMMED

TR0

-Vge O

Connection Diagrams

Metal Can Package (Top View)
(1)

PSS

/107
INVERTING
INPUT & ‘
NON INVERTING
INPUT & 0 o
v

Order Number LF353H
See NS Package Number HO8C

NOMINVERTING
INPUT R

Dual-In-Line Package (Top View)

)
oUTIUT & = LI
L 1
INVERTING INPUT A — J_—
vonowventie 3 = 1T | e
INPUT A INVEATING SHPUT &
v = S RONINVEATING
IKPUT D

Order Number LF353J, LF353M or LF353N
See NS Package Number JOBA, MOSA or NOBE

TL/H/5849-1



Absolute Maximum Ratings

It Military/Aerospace specified devices are required,

Storage Temperature Range -65°Cto +150°C

please contact the National Semiconductor Sales Lead Temp. (Soldering, 10 sec.) 260°C

Oftfice/Distributors for avaliabliiity and specifications. Soldering Information

Supply Voltage 18V Dual-In-Line Package

Power Dissipation {Note 1) Soldering (10 sec.) 260°C

Operating Temperature Range 0*Cto +70°C Small Outline Package

T{MAX) 150°C Vapor Phase (60 slec.) 215°C
! ) Infrared (15 sec.) 220°C

Differential Input Voltage 30V Ses AN-450 “Surface Mounting Methods and Their Effect

Input Voltage Range {Note 2) 15V on Product Reliability” for other methods of soldering sur-

Output Shont Circuit Duration Continuous {ace mount devices.

ESD rating to be determined.

DC Electrical Characteristics (Note 4)

Symbol Parameter Conditions LF3s3 Units
Min Typ Max
Vos input Offset Voltage Rg= 10k, To=25'C 5 10 mv
Over Temperature 13 my
AVps/AT Average TC of input Offset RAg=10kN 10 RVIC
Voltage
los Input Offset Current Ti= 25°C, (Notes 4, 5) 25 100 pA
Tjs70°C 4 nA
Ig Input Bias Current Ti= 25°C, (Notes 4, 5) 50 200 pA
Tj<70°C 8 nA
Rin Input Resistance Tj=25'C 1012 ]
AvoL Large Signal Voltage Gain Vg= 115V, To=25°C 25 100 v/mV
Vo= £10V,A =2k
Over Temperature 15 v/mv
Vo Output Voitage Swing Vg= =15V, Ry = 10k +12 +13.5 v
Veum input Common-Mode Voltage N +15 v
Range Vg= £15V *11 12 v
CMRR Common-Mode Rejection Ratio Rg< 10kN 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 6) 70 100 dB8
Is Supply Current 3.6 6.5 mA
AC Electrical Characteristics (Note 4)
Symbol Parameter Conditions LFasy Units
Min Typ Max
Amplifier to Amplifier Coupling Ta=25°C,{=1Hz—-20kHz
. -120 dB
(Input Referred)
SR Slew Rate Vg= T15V, To=25C 8.0 13 V/us
GBW Gain Bandwidth Product Vg= =15V, To=25'C 2.7 4 MHz
en Equivalent Input Noise Voltage Ta=25'C, Rg= 1001}, o
f=1000 Hz 25 nV/yHz
in Equivalent Input Noise Current Tj=25°C,{= 1000 Hz 0.01 pA/‘E

Nots 1: For opstating at eieveted temperatures, the device must be derated based on a thermai resistance of 115°C/W typ juncbon to smbient for the N pachage,
and 158°C/W typ junction to ambient for the H package.

Note Z Unless othermse speci
Note 3: The power

input voitage is equal 10 the negative power supply voltage.

he absolut o5

d

ipation timit, t , cannot be

Note 4: These specifications apply for Vg= 2 15V and 0°CsTas +70°C. Vgs. Ip and log are measured et Veu=0.

Note 5: The input bias currents are j 9

double for every 10°C increase Inwwﬁmlmﬂn.‘rrb«nwﬁmﬁ

which app

. In normal i mopncﬁomonwtmriusmomommm

production test time, the input bizs d are D
temperatire as & result of intemat power dissipation, Pp- Tj=Ta+6ja Pp where 8, is the therma! resistance from junction to ambient. Use of a heat sink L]

recommendad if input bias current is 1o be xept 1o a minimurn.
Note 8: Supply voltage rejection rauo is measured for both supply mag 1 ing of

Vg = 26V1o z15V.

d to juncti

ing simuitaneously in accordance with common Pracuce.




Typical Performance Characteristics
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Typical Performance Characteristics (Contined)
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Pulse Response
Small Signaling Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

TL/H/5649-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/01V)

TIME (2 12/DIV)
TL/H/5649-6

OUTPUT VOLTAGE SWING (1V/DIV)

Small Signal Non-inverting

TIME (0.2 us/0IV)

Large Signal Non-Inverting

OUTPUT VOI TAGE SWING (5V/DIV)

TIME (2 us/DIV)

TL/H/5648-7

TIME (5 ;2/D1V)

Application Hints

These devices are op amps with an internally trimmed input
offset voltage and JFET input devices (BI-FET Il). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large ditferential input voltages can easily
be accommodated without a large increase in input current.
The maximum ditferential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can resuit in a destroyed
unit.

TL/H/5649-8

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs wili force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.



Application Hints (continued)

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with @ common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreesed in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

Each amplifier is individually biased by & zener reference
which allows normal circuit operation on *6V power sup-
plies. Supply voltages less than these may result in iower
gain bandwidth and slew rate.

The amplifiers will drive a 2 k2 load resistance to = 10V
over the full temperature range of 0°C to +70°C. If the am-
plifier is torced to drive heavier Icad currents, howaver, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently instalied backwards
in & socket as an unlimited current surge through theresult-

Detailed Schematic

ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out.
put to an input should be placed with the body close 1o the
input 10 minimize “pick-up" and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A {eedback pole is created when the feedback around any
amplifier is resistive. The paraile! resistance and capaci
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin,
However, if the feedback pole is iess than approximately 6
times the expected 3 dB frequency a iead capacitor should
be placed from the output to the input of the op emp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole time
constant.,

vee O -9

an

RS
2

—OVp

ne
30
R
bk 010
1Y

[
iﬂ

N 020 . )

) bs
10
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Typical Applications

GAIN (dB)

[T
+15 i r
-9 -% 'é \ l(ln;mu\

Three-Band Actlve Tone Control
BOOST - CUT

0.05

H =y

0.005

<
1.6k 100k

1.9 500k
—AAA————AAA———

BASS

11k

™ MID-RANGE

3.8k
Ve VAV Y

4
1.3

———AA———¢

TRESLE

5

T L TR T

B VoSl
NI i I
LN R VT
A N FLLUN (NOTE 3
LIRS/ TIENT |
i I'(NOT‘ES)l I
100 ® Wk 100k
FREQUENCY (H2)

Note 1: All controls tiat.

Note 2: Bass and treble boost, mid flat.
Note 3: Bass and trebis cut, mid flat.
Note 4: Mid boost, bass and tredle flat.
Note 5: Mid cut, bass and treble !lat,

® All potentometers are linear taper

Use the LF347 Quad for stereo applications

TL/H/5649-10



Typical Applications (continueq)
’ Improved CMRR instrumentation Amplifier

buO v

104
10

W
[l

<

-,

SEPARATE
2R2 RS
vl (—m ") TS

m ang -.i: are separate isolated grounds
Matching of R2's, R4’s and R5’s control CMRR
With AVT = 1400, resistor matching = 0.01%: CMRR = 136 d8

® Very high input impedance
e Super high CMRR

Fourth Order Low Pass Butterworth Filter

Ar AT
) 300
AAA AA

-

e Corner frequency i) = /__1__ 1. . —
R1A2CCY n R1'R2°CCY 2

Passband gain (Hp) = (1 + R4/R3} (1 + R4'/RI)

First stage Q = 1.3

Second stage Q = 0.541

Circuit shown uses nearest 5% tolerance resistor vaiues for a filter with 3 corner frequency of 100 Hz and a passband gain of 100
Offset nulling necessary for sccurate DC performance

TL/H/5648-11



Typical Applications (continueq)
Fourth Order High Pass Butterworth Fliter

[Tl T _ 1
¢ Comer trequency {fc) VRiR2Gz 27 - VATRZCZ 27

* Passband gain (Hg = (1 + R4/R3) (1+ R4'/RI")

® First stage Q = 1.31

* Second stage Q ~ 0.541

¢ Circuit shown uses closest 5% tolerance resistor vaives for a filler with a corner frequancy of 1 kHz and a passband gain of 10.

. Ohms to Volts Converter

p—0 Your* IV
FOKL ScALE

12 LFHN

TL/H/5649-13

Vo = LA Rx
Reaboen

Where Riappgr i the resistance trom switch St pole 1o pin 7 of the LF353.



National
Semiconductor

CD4001BM/CD4001BC Quad 2-Input
NOR Buffered B Series Gate
CD4011BM/CD4011BC Quad 2-Input
NAND Buffered B Series Gate

General Descriptioﬁ Features

These quad gates are monolithic complementary MOS  ® Low power TTL

(CMOS) integrated circuits constructed with N- and P-chan- compatibility

Fan out of 2 driving 74L
or 1 driving 74L.S

nel enhancement mode transistors. They have equal source  ® 5V-10V-15V parametric ratings
and sink current capabilities and conform to standard B se-  m Symmetrica! output characteristics
ries output drive. The devices also have buffered outputs g Maximum input leakage 1 pA at 15V over full tempera-

which improve transfer characteristics by providing very ture range
high gain.

All inputs are protected against static discharge with diodes

to Vpp and Vgs.

Schematic Diagrams

Voo
4
- J
A*
O—e p
145,8,12) —
:jf’ e
1
34,18,11)
:q N q N q N
8 o &
2(6,9,13) Vgs
TU/F/5838-1
Von
~
»
o aal
1(5,8,12) 304,10, 11)
N
l'
O
28,9,13)

TL/F/5939-5

CD4001BC/BM

Voo

Y. of device shown
4=A+8

Logical “1" = High

Logical "0" = Low

Vss
TL/F/5839-2
*All inputs protected by standard
CMOS protection circuit.
CD4011BC/BM
Voo
Vs of device shown
J=AeB
Logical “1" = High
Logicai “0” = Low
Vss
TL/F/5839-6

*All inputs protected by standard
CMOS protaction circuit.



Absolute Maximum Ratings (Notes 1and 2)

if Milltary/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Operating Conditions

Operating Range (Vpp)
Operating Temperature Range

Distributors for availability and speciflcations.

Voltage at any Pin -0.5Vto Vgp +0.5V
Power Dissipation (Pp)
Dual-In-Line 700 mW
Small Outline 500 mwW-
Vpp Range —0.5Vpcto +18 Vpg

Storage Temperature (Tg)

Lead Temperature (T|)
(Soldering, 10 seconds)

—65°Cto +150°C

260°C

CD4001BM, CD4011BM
CD4001BC, CD4011BC

DC Electrical Characteristics co4oo18m, cD40118M (Note 2)

3Vpgto15Vpe

—55'Cto +125°C
—40°Cto +85°C

Ve

Symbol Parameter Conditions —ss¢ +25°C +125C | ynits
Min Max Min Typ Max Min Max
Iop Quiescent Device | Vppg = 5V, VN = Vpp or Vgs 0.25 0.004 0.25 75 nA
Current Vpp = 10V, Viy = Vpp or Vg 0.50 0.005 | 0.50 15 | pA
Vpp = 15V, Viy = Vpp or Vgg 1.0 0.006 1.0 30 nA
VoL Low Level Vpp = 5V 0.05 0 0.05 0.05 \
Output Voltage Vop = 10V ¢ |igl < 1 pA 0.05 0 0.05 0.05 v
Vpp = 15V . 0.05 0 0.05 0.05 \
VoH High Level Vpp = 5V 4.95 4.95 5 495 v
Output Voltage | Vpp = 10V ¢ lig] < 1 uA 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 | 15 14.95 v
viu Low Level Vpp = 5V, Vo = 4.5V 1.5 2 1.5 1.5 v
Input Voltage Vpp = 10V, Vg = 9.0V 3.0 4 3.0 30 | v
Vpp = 15V, Vo= 13.5V ) 6 40 40 | Vv
ViH High Level Vpp = 5V, Vg = 0.5V 35 3.5 3 3.5 v
Input Voltage Vpp = 10V, Vg = 1.0V 7.0 7.0 6 7.0 \
Vpg = 15V, Vg = 1.5V 11.0 11.0 9 1.0 \
loL Low Level Qutput | Vpp = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA
Current Vpp = 10V, Vp = 0.5V 16 1.3 2.25 0.9 mA
(Note 3) Vpp = 15V, Vg = 1.5V 42 3.4 8.8 24 mA
IoH High Level Output { Vpp = §V, Vo = 4.6V -0.64 —-0.51| -0.88 -0.36 mA
Current Vpo = 10V, Vp = 9.5V -1.6 -13 | -225 -0.9 mA
(Note 3) Vpp = 15V, Vg = 13.5V -4.2 -34 | —88 -2.4 mA
hN input Current Vpp = 15V, Viy = OV -0.10 -10-5| —-0.10 -1.0{ pA
Vpp = 15V, Vi = 15V 0.10 10-5 | 0.10 10 | pA
Connection Diagrams
CD4001BC/CD4001BM CD4011BC/CD40118M
Duai-in-Line Package Dual-in-Line Package
Vee Voo
J14 13 b2 lo s s W P o o e Lo L
i ' ‘ ﬁ 1 lz I: |4 [l . [r
1 |2 B |4 |s

[ 7
Ves
TL/F/5030-3
Top View

Top View

TL/F/5830-4

Order Number CD40018* or CD4011B*

*Please look into Saction 8, Appendix O
for availability of vasious package types.



DC Electrical Characteristics cps0018c, cD40118C (Nots 2)

. _40°C - 4 o5° - ras
Symbol Parameter . Conditions 40°C 25°C 85°C Unitg
Min Max Min Typ Max Min | Max
lop Quiescent Device | Vpp = 5V, Viy = Vpg of Vgs 1 0.004 1 175 | pA
Current Vpp = 10V, V|y = Vpp or Vgs 2 0.005 2 1§ pA
Vop = 15V, Vi = Vpp or Vgs 4 0.006 4 30 RA
VoL Low Lavel Vpp = 5V 0.05 0 0.05 0.05 \Y
Output Voitage Vop = 10V  [lo| < 1A 0.05 0 0.05 0.05 \
Vpp = 18V 0.05 0 0.05 0.05 v
VoH High Level Vpp = 5V 4.95 4.95 5 4.95 v
Output Voltage Vop = 10V ¢ |igl < 1pA 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 15 14.95 Vv
Vi Low Level Vpp = 5V, Vg = 4.5V 15 2 15 15| v
Input Voltage Voo = 10V, Vo = 9.0V 3.0 4 3.0 3.0 \
Vpo = 15V, Vg = 13.5V 4.0 6 4.0 4.0 v
Vi High Level Vpp = 5V, Vg = 0.5V 35 3.5 3 35 v
Input Voltage Vpp = 10V, Vg = 1.0V 7.0 7.0 6 7.0 v
Vpp = 15V, Vg = 1.5V 11.0 11.0.] 9 1.0 v
loL Low Level Output | Vpp = 5V, Vg = 0.4V 0.52 0.44 088 | 0.36 mA
Current Vpp = 10V, Vg = 0.5V 1.3 1.1 2.25 0.9 mA
(Note 3) Vpp = 15V, Vp = 1.5V 3.6 3.0 8.8 2.4 mA
lon High Level Output | Vpp = 5V, Vo = 4.6V ~-0.52 —-0.44 | —0.88 -0.36 mA
Current Vpp = 10V, Vo = 8.5V -1.3 -1.1 | —225 -0.9 mA
{Note 3) Vpp = 15V, Vg = 13.5V -3.6 ~30 | -88 -2.4 mA
Iin Input Current Vpp = 15V, VN = OV —0.30 -10-5| -0.30 -10| pA
Vpp = 15V, Viy = 15V 0.30 10-5 | 0.30 1.0 | wA

AC Electrical Characteristics* cosoo1ac, cpaoo1am |
Ta = 28°C, Input t,; t = 20 ns. Ci = 50 pF, Ry = 200k. Typical temperature coefficient is 0.3%/°C.

Symbol Parameter Conditions Typ Max Units
tPHL Propagation Delay Time, Voo = 5V 120 .250 I ns
High-to-Low Leve! Vpp = 10V 50 100 ns
Vpp = 18V 35 70 ns
toLH Propagation Delay Time, Vpp = 5V 110 250 ns
Low-to-High Level Vpp = 10V 50 100 ns
Vpp = 158V 35 70 ns
THL tTLH Transition Time Vpp = 5V 90 200 ns
Vpp = 10V 50 100 ns
Vop = 15V 40 80 ns
Cin Average Input Capacitance Any Input 5 7.5 pF
Cep Power Dissipation Capacity . AnyGate 14 pF

*AC Par are g d by OC d testing.

Note 1: “Absolute Maximum Ratings"” are those values beyond which the satety of the devica cannot be guaranteed. Except for “Operating Temparature Range”™
they are not meant to imply that the devices should be operated at thase limits. The table of “Electrical Characteristics™ provides conditions for actual device
operation.

Note 2: All 0 with respect to Vgg uniess otherwise specified.

Note 3: I and loy are tested one output at a time.




AC Electrical Characteristics* coso11ac, coso118M
Ta = 25'C, Input t; ty = 20 ns. G, = 50 pF, R = 200k. Typical Temperature Coefficient is 0.3%/°C.

Parameter

Symbol Conditions Typ Max Units
tPHL Propagation Delay, Vpp = 5V 120 250 ns
High-to-Low Level Vpp = 10V 50 100 ns
Vpp = 15V 35 70 ns
tpLH Propagation Delay, Vpp = 5V 85 250 ns
Low-to-High Level Vpp = 10V 40 100 ns
Vpp = 15V 30 70 ns
tTHL tTLH Transition Time Voo = 5V 90 200 ns
- Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
CiN Average Input Capacitance Any Input 5 7.5 pF
Cep Power Dissipation Capacity Any Gate 14 pF
*AC Paramaters are guaranteed by DC correlated testing.
Typical Performance Characteristics
Typical Typical Typical
Transfer Characteristics Transfer Characteristics Transter Characteristics
» CD40118 . T i CD40118 0 C040018
T, =25°C i i T, =25°C T, =259
o =15V = =15v1 \ i = VYoo = 15V
pt ' — % E: 15 s [ H :>: H La :
g Yoo g : le g "
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10 — : 10 > 10 —
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i | i i o |
| | 1 N
0 L ) 0
0 5 10 15 20 0 5 10 15 20 0 s 10 15 20
¥;= INPUT YOLTAGE (V) V)= INPUT VOLTAGE (V) vy = INPUT VOLTAGE (V)
ONE INPUT ONLY BOTH INPUTS ONE INPUT ONLY
TU/F/5939-7 TL/F/5939-8 TL/F/5939-9
Typical
Transfer Characteristics
20
CD40018 400 400 T
T,=25% s Coagar z 04118
s Voo = 15V 5 | 5 T8RS z cu .szns g
R s I g Gl .
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o | | 0 = o
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¥y~ INPUT VOLTAGE (V)
BOTH INPUTS TL/F/5830-11 TL/F/5939-12
TL/F/5939-10 FIGURE § FIGURE 6




Typical Performance Characteristics (continueq)

oy~ TYPICAL HIGH = TO - LOW LEVEL
PROPAGATION DELAY TIME (ns)

Loy~ TYPICAL LOW = T0 = HIGH LEVEL
PROPAGATION DELAY TME (na)

2 reRivoa S 0 (eaia 2 ™ (cwone
T\=25% a 1,225 g T T,=25°C
1% gg 150 H] g 150
= Yoo = SV
Y=t 3 i e I g
| T3 Ypo =5V /
100 e ' a 0o =V
— b > & 100 55
Sz ¥z /
Voo =15V s Yoo = 10V 2 /
Yot — 33 w4 33 7 Vv
50 o X S0 S— < %
— £5 = E3 —
- Ypo =10V (-3 Vpp =15V g -1
3 i -1 Vo = 15V
0 0 0 1
0 25 50 75 0 2 50 I 00 0 2 50 s 100
= LOAD CAPACITANCE (pF) CL= LOAD CAPACITANCE (pF) G~ LOAD CAPACITANCE (pF)
TUF/5930-13 TL/F/5839-14 TL/FI5939-15
FIGURE 7 FIGURE 8 FIGURE 9
€040118 g 7 :
= < 20 i £ 150 [cos0018 ___r___f__
1,225 B L=y=20m] | 1 | i l § 1o [S040118
150 > g T, =25'°C ! ! P = b J ! i
’ S (L rm e ¢ P17
o A U
100 2 | ! lcps001a | 2 o %
3 \ . | lcosovie = 7
g 10 (Soe Note AN= 30 2 0 /] :
w,’— 3 Propagation Delay). g 1 > :
Sl p——— g E— = | foooad =N P L
T\ | ' 1
— Vg = 15V Y AN — z u —
o ! & NS VP T b= [ 1
0 ‘25 50 ) AP ' : VR £ 0 i L
: 0 25 50 75 100
Cy= LOAD CAPACTTANCE (pF) 3 0 2 4 6 8 1012 14 16 18 20
TL/F/5939~18 Vg = POWER SUPPLY (V) Cy~ LOAD CAPACITANCE (pF)
FIGURE 10 b TL/F/5039-18
TL/F75938-17
FIGURE 11 > il
.. 38[cpe001B 7 = ; e T
Z  y [cosous R | vc,I:sv--’f/
N |
5 ® Voo = 15V g 10— /
& Pa L x ) o) @7 A
& 26 . t 3
= 5] 7
3 g Vi Y 18 Ve = 10—
- 7 ' -y S B
@ [ | _L4—{Voo=10V 3 N | P4
3 . 2 1/
E 0 g 2 — 4
' 6 ! £ 52 | vpo = 18vpe]
3 [TV =5V ! : NFT T
é 1 - 3 3 " T T
0 2 4 6 8 1012141618 20 01816141210 8 6 4 2 0
Vour (V) Vee = Your (V)
TL/F/5939-19 TL/F/5838-20
FIGURE 13 FIGURE 14



National
Semiconductor

CD4017BM/CD4017BC.Decade Counter/Divider

with 10 Decoded Outputs

CD4022BM/CD4022BC Divide-by-8 Counter/Divider

with 8 Decoded Outputs

General Description

The CD4017BM/CD4017BC is a 5-stage divide-by-10 John-
son counter with 10 decoded outputs and a carry out bit.
The CD40228BM/CD4022BC is a 4-stage divide-by-8 John-
son counter with 8 decoded outputs and a carry-out bit.

Features
8 Wide supply voltage range
® High noise immunity
& Low power
TTL compatibility

0.45 Vpp (typ.)
Fan out of 2 driving 74L
or 1 driving 74LS

These counters are cleared to their zero count by a logical ¥ Medium speed operation 5.0 MHz (typ.)
“1" on their reset line. These counters are advanced on the with 10V Vpp
positive edge of the clock signal when the clock enable sig- 8 Low power 10 pW (typ.)
nal is in the logical “0"" state. ® Fully static operation
The configuration of the CD40178M/CD4017BC and 1 p
CD4022BM/CD4022BC permits medium speed operation Appllcatlons
and assures a hazard free counting sequence. The 10/8 = Automaotive
decoded outputs are normally in the logical “0" stateand go @ Instrumentation
1o the logical “1" state only at ghelr respective time slot. g Medical electronics
Each decoded .output remains high for t full clock cycle. ® Alarm systems
The carry-out signal completes a full cycle for every 10/8 ® Industrial electronics
clock input cycles and is used as a ripple carry signal to any R b
succeeding stages. #, Remotagnetaring
Connection Diagrams
CD4017B CD40228B
Dual-in-Line Package Dual-In-Line Package
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Top View

Top View

Order Number CD4017B* or CD4022B"

“Please look into Section 8, A

D for availability of vanous

kage types.

3.0Vto 18V



Absolute Maximum Ratings (Notes 152)

It Milltary/Aerospace specified devices are required,
contact the National Semiconductor Sales Oftice/

Distributors for availability and specifications.
DC Supply Voltage (Vop)
Input Voltage (Vin) -
Storage Temperature (Tg)
Power Dissipation (Pp)

—0.5Vpcto +18 Vpe
—0.5 Vpgto Vpp +0.5Vpc
-65°Cto +150°C

Dual-In-Line 700 mW

Small Outline 500 mW
Lead Temperature (Ty)

{Soldering, 10 seconds) 260°C

Recommended Operating

Conditions (ote2)

DC Supply Voltage (Vppo) +3Vpgto +15Vpe

Input Voltage (Vin)

0to Voo Vo

Operating Temperature Range Ta
CD40178M, CD4022BM
CD40178BC, CD4022BC

~55°Cto +125°C
—40°Cto +85°C

DC Electrical Characteristics co40178M,CD40228M (Note 2)

Symbol Parameter Conditions — *+25° +125°C Units
Min Max | Min Typ Max | Min Max
oo’ Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 5 0.3 5 150 | pA
Current Vpp = 10V, Vin = Vpp OF Vss 10 0.5 10 300 rA
Vpp = 15V, Vin = Vpp or Vss 20 1.0 20 600 RA
Vou Low Level llol < 1.0 A
Output Voltage | Vpp = 5V 0.05 0 0.05 005 V
Vpp = 10V 0.05 0 0.05 0051 V
Vpp = 15V 0.05 0 0.05 0.05 A
Vou High Level flol < 1.0 pA
Output Voltage | Vop = 5V 4.95 4.95 5 495 v
Vpp = 10V 9.95 9.95 i0 9.95 \
Vpp = 15V 14,95 14.95 15 14.95 Vv
ViL Low Level ltol < 1.0 A
Input Voltage Vpp = 5V. Vg = 0.5V or 4.5V 1.5 1.5 1.5 v
Vop = 10V, Vg = 1.0V or 9.0V 3.0 3.0 3.0 v
Vpp = 15V, Vg = 1.5V or 13.8V 4.0 40 40 |V
ViH High Level liol < 1.0 pA
input Voitage Vpp = 5V. Vo = 0.5V or4.5V a5 a5 35 v
Vpp = 10V, Vo = 1.0Vor9.0v | 7.0 7.0 7.0 v
Vpp = 15V, Vg = 1.5Vor 135V | 110 11.0 11.0 Y
oL Low Level Qutput | Vpp = 5V, Vo = 0.4V 0.64 0.51 | 0.88 0.36 mA
Current (Note 3) Vpp = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA
Vpp = 15V, Vo = 1.5V 42 34 8.8 24 mA
IoH High Level Output | Vpp = 5V, Vo = 4.8V -0.25 -02| —0.36 -0.14 mA
Current (Note 3) | Vpp = 10V, Vg = 9.5V -062 -05| —09 -0.35 mA
Vpp = 15V, Vg = 13.5V -18 -15| -35 —-1.1 mA
™ Input Current Vop = 15V, Vin = OV —0.1 -10-5| —0.1 -1.0}| pA
Vpp = 15V, Vin = 15V 0.1 10-5 | 0.1 1.0 | pA
DC Electrical Characteristics co0178C, CD40228C (Note 2)
Symbol Parameter Conditions L 25 +85°C Units
Min Max Min Typ Max Min Max
oo Quiescent Device | Vpp = 5V 20 0.5 20 150 pA
Current Vpp = 10V 40 1.0 40 300 pA
Vpp = 15V 80 5.0 80 600 1A
Voo Low Level! lol < 1.0 A
Output Voltage Vop = 5V 0.05 0 0.05 0.05 \
Vpp = 10V 0.05 0 0.05 0.05 Vv
Vpp = 15V 0.05 0 0.05 0.05 \
Vou High Level flol < 1.0 A
Output Voltage Vpp = 5V 495 4.95 5 4.95 v
Vpp = 10V 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 15 14.95 Y

Note 1: “Absolute Maximum Ratings"
should be operated at these limits. The

operation.

Note 2: Vgg = OV unless otherwise specified.
Note 3: lg and oy are tested one output at a time.

are thosa values beyond which the satety of the device cannot be guaranteed, they are not meant 1o imply that the devices
table of “Recommanded Operating Conditions™ and “Electncal Charactensucs™ provides

conditions for actual davice



DC Electrical Characteristics cp40178¢, c040228C (Note 2) (Continued)

Symbol Parameter Conditions L +25 +85°C Units
Min | Max Min Typ Max Min Max
viL Low Level llol < 1.0 A
Input Voltage Vop = 5V, Vp = 0.5V or 4.5V 1.5 1.5 1.5 v
Vpp = 10V, Vg = 1.0V or9.0v 3.0 3.0 3.0 \'
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 4.0 4.0 \4
Vi High Leve! jlol < 1.0 pA
Input Voltage Vpp = 5V, Vg = 0.5V or 4.5V 3.5 3.5 3.5 v
Vpp = 10V,Vo = 1.0Var9.0v | 7.0 7.0 7.0 v
Vpp = 15V, Vg = 1.5Vor 13,5V | 11.0 11.0 11.0 \
loL Low Level Qutput | Vpp = 5V, Vg = 0.4V 0.52 0.44 0.88 0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 1.3 1.1 2.26 0.8 mA
Vpp = 15V, Vg = 1.5V 3.6 3.0 8.8 2.4 mA
loH High Level Output | Vpp = 5V, Vg = 4.6V -0.2 -0.16 | —0.36 -0.12 mA
Current (Note 3) | Vpp = 10V, Vg = 9.5V -0.5 —-0.4 ~0.9 -0.3 mA
Vpp = 15V, Vg = 13.5V —-1.4 -1.2 -3.5 -1.0 mA
N Input Current Vpp = 15V, V| = OV —-0.3 -10-5{ —-0.3 -1.0| pA
Vpp = 15V, Vjy = 15V 0.3 10-5 | 0.3 1.0 | pA

Note 1: “Absolute Maximum Ratings™ are those vaiues beyond which the safety of the device cannot be guaranteed, thay are not meant to imply that the devices
shouid be operated at these limits. The table of "Recommended Operating Conditions™ and “Electrical Charactaristics™ provides condtions for actual device

operation.

Note 2: Vgg = OV unless otherwse specified.
Note 3: i and loy are tested ona output at a tme.

AC Electrical Characteristics*
Ta = 25°C, Ci = 50 pF, Ry = 200k, tcy and o = 20 ns, unless otherwise specified

Symbol [ Parameter l Conditions l Min J Typ ] Max Units
CLOCK OPERATION
tPHL, tPLH Propagation Delay Time
Carry Out Line Vpp = 5V 415 800 ns
Vpp = 10V 160 320 ns
Vpp = 15V 130 250 ns
Carry Out Line Vpp = 5V 240 480 ns
Vpp = 10V C_ = 15pF 85 170 ns
Vop = 15V 70 140 ns
Decode Out Lines Vpp = 5V 500 1000 ns
Vpp = 10V 200 400 ns
Vpop = 15V 160 320 ns
tyLHs trHL Transition Time Carry Qut
and Decode Out Lines
e Vop = 5V 200 360 ns
Vpp = 10V 100 180 ns
Vpp = 15V 80 130 ns
tTHL Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
for Maximum Clock Frequency Vpp = 5V Measured with 1.0 2 MHz
Vpp = 10V Respect to Carry 2.5 5 MHz
Vpp = 15V Qutput Line 3.0 6 MHz
twis twH Minimum Clock Vpp = 5V 125 250 ns
Pulse Width Vpp = 10V 45 90 ns
Vop = 15V 35 70 ns
trcL, toL Clock Rise and Vop = 5V 20 1S
Fall Time Vpp = 10V 15 us
Vpp = 15V 5 1S
tsy Minimum Clock Inhibit Vpp = 5V 120 240 ns
Data Setup Time Vpp = tOV 40 80 ns
Vpp = 15V 32 65 ns
Cin Average Input Capacitance 5 7.5 pF




AC Electrical Characteristics*
Ta = 25°C,C = 50 pF, R = 200k, tc and tic. = 20 ns, unless otherwise specified

Symbol | Parameter | Conditions I Min | 1yp [ Max Units
RESET OPERATION
tPHL, tPLH Propagation Delay Time
Carry Out Line Vpp = 5V 415 800 ns
Vpp = 10V 160 320 ns
Vpp = 15V 130 250 ns
Carry Out Line Vpp = 5V R 240 480 ns
Vpp = 10V C_=15pF 85 170 ns
Vpp = 15V 70 140 ns
Decode Out Lines Vpp = 5V 500 1000 ns
Vpp = 10V 200 400 ns
Vpp = 15V 160 320 ns
w Minimum Reset Vpp = 5V 200 400 ns
Pulse Width Vop = 10V 70 140 ns
. Vpp = 15V 55 110 ns
tREM Minimum Reset Vop = 5V 75 150 ns
Removal Titne Vpp = 10V 30 60 ns
Vpp = 15V 25 50 ns
*AC P s are g by DC ¢ od testing.

Timing Diagrams
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Timing Diagrams (Continued)
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i Logic Diagrams
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CD4029BM/CD4029BC Presettable
Binary/Decade Up/Down Counter

General Description

1 The CD40298M/CD40298BC is a presettable up/down
counter which counts in either binary or decade mode de-
pending on the voltage level applied at binary/decade input.
When binary/decade is at logical 1", the counter counts in
binary, otherwise it counts in decade. Similarly, the counter
counts up when the up/down input is at logical *1" and vice
versa.

A logical *'1" preset enable signal aliows information at the
“jam” inputs to preset the counter to any state asynchro-
nously with the clock. The counter is advanced one count at
the positive-going edge of the clock if the carry in and pre-
set enable inputs are at logical ‘0", Advancement is inhibit-
ed when either or both of these two inputs’is at logical *'1”.
The carry out signal is normally at logical 1" state and goes
to logical 0" state when the counter reaches its maximum

count in the “up” mode or the minimum count in the “down”
mode provided the carry input is at logical “0” state.

All inputs are protected against static discharge by diode
clamps to both Vpp and Vss.

Features

s Wide supply voltage range 3V 1o 15V

8 High noise immunity 0.45 Vpp (typ.)

® Low power fan out of 2
TTL compatibility driving 74L

or 1 driving 74LS
m Parallel jam inputs
m Binary or BCD decade up/down counting

lLogic Diagram
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Absolute Maximum Ratings

{Notes

1 and 2)

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availabillty and specifications.

DC Supply Voltage (Vpp)
Input Voltage (Vin)

Storage Temperature Range (Tg)

Power Dissipation (Pp)
Dual-In-Line
Smalt Outline

Lead Temperature (T()
(Soldering, 10 seconds)

—-0.5Vto +18 Vpc
-0.5VtoVpp + 0.5Vpg
~65°Cto +150°C

700 mwW
500 mW

260°C

Recommended Operating

Conditions (ote 2)
DC Supply Voltage (Vpp) 3Vito 15 Vpg
Input Voltage (Vin) OVto Vpp Vo
Operating Temperature Range (Ta)
CD40298M —55°Cto +125°C
CD40298C -40*Cto +85°C

DC Electrical Characteristics co40298Mm (Note 2)

Symbol Parameter Conditions =" +25¢C +125C | ynits
Min | Max | Min Typ | Max | Min | Max
oo Quiescent Device Current | Vpg = 5V 5 5 5 150 | pA
Vpp = 10V 10 10 300 | nA
Vpp = 15V 20 20 600 | nA
VoL Low Level fiol < 14A
Output Voltage Vpp = SV 0.05 0 0.05 005| V
Vpp = 10V 0.05 o |oos 005| v
Vpp = 15V 0.05 0 0.05 0.05 \
VOH High Level liol < 1A
Output Voltage Vpp = 5V 4.95 4.95 5 495 v
Vpp = 10V 9.95 995 | 10 9.95 Y
Vpp = 15V 14.95 1495 | 15 14.95 v
ViL Low Level Vpp = 5V, Vo = 0.5V or 4.5V 15 15 .5 Vv
Input Voltage Vpp = 10V, Vg = tVor9v 3.0 3.0 3.0 v
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 4.0 40| v
ViH High Level Vpp = 5V, Vo = 0.5V or 4.5V 35 35 3.5 v
Input Voltage Vpp = 10V, Vg = 1Vor 9V 7.0 7.0 7.0 \
Vpp = 15V, Vo = 1.5V or 13.5V{ 11.0 11.0 11.0 v
low Low Level Output Vpp = 5V, Vg = 0.4V 0.64 0.51 | 088 0.36 mA
Current (Note 3) Vpp = 10V, Vg = 0.5V 1.6 1.3 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 42 3.4 8.8 2.4 mA
10H High Level Output Vpp = 5V, Vg = 4.6V —0.64 -0.51} —0.88 —0.36 mA
Current (Note 3) Vpp = 10V, Vg = 9.5V -1.6 -13} —-2.28 —-0.9 mA
Vpp = 15V, Vg = 13.5V -42 -34| -88 -24 mA
N Input Current Vpp = 15V, ViNy = OV -0.1 -10-5] —0.1 -1.0] pA
Vpp = 15V, Vjy = 15V 0.1 10-5 | 0.1 10 | pA
DC Electrical Characteristics coso298¢ (Note 2)
Symbol Parameter Conditions . J +85C Units
Min Max Min Typ Max Min Max
Ipp Quisscent Device Current | Vpp = 5V 20 20 150 HA
Vpp = 10V 40 40 300 nA
Vpp = 15V 80 80 600 kA
Vor Low Level llol < 1 pA
Output Voltage Vpp = 5V 0.05 0 0.05 0.05 v
Vpp = 10V 0.05 0 0.05 0.05 v
Vpp = 15V 0.05 0 0.05 0.05 \'2
VoH High Level flol < 1A
Output Volitage Vpp = 5V 4.95 4.95 5 4.95 \
Vpp =10V | 9.95 9.95 10 9.95 v
Vpp = 15V | 14.95 1495 | 15 14.95 v

Note 1: “Absotute Maximum Ratings™ are those values beyond which the safety of the device cannot be guarantead. Except for “Operating Temperature Range™
they are not meant o imply that the devices should be operated at these hmits. The table of “Electrical Charactenstics™ provides conditions for actual device
operation.
Note 2 Vgs = 0V unless otherwise specified.

Note 3: Iy and I are tested one output at a time.



DC Electrical Characteristics cp40298¢ (Note 2) (Continued)

Symbol|  Parameter Conditions —40°C r25°c +85C | Units
Min Max | Min Typ Max Min Max
Vi Low Level Vpp = 5V, Vg = 0.5V or 4.5V 1.5 1.5 1.5 \
Input Voltage Vpp = 10V, Vg = 1Vor gV 3.0 3.0 3.0 \"
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 4.0 4.0 \
Vi High Level Vpp = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 \
Input Voltage Vpp = 10V, Vg = 1V orgv 7.0 7.0 7.0 v
Vpp = 15V, Vg = 1.5Vor13.5V | 11.0 11.0 11.0 v
loL Low Level Output | Vpp = 5V, Vg = 0.4V 0.52 0.44 0.88 0.36 _mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 1.3 1.1 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 3.6 3.0 8.8 24 mA
oM High Level Output | Vpp = 5V, Vg = 4.6V -0.52 —0.44 | —0.88 -0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 9.5V -1.3 -11 ] —2.25 -0.9 mA
Vpp = 15V, Vg = 13.5V -3.6 -30| -88 —2.4 mA
Iin tnput Current Vpp = 15V, Viy = OV -0.3 -10-5| —-0.3 -1.0] pA
Vpp = 15V, Viy = 15V 0.3’ 10-5 | 03 1.0 | pA
AC Electrical Characteristics*
Ta = 25°C, C_ = 50 pF, Ry = 200k, Input tct. = oL = 20 ns, unless otherwise specified
Symbol l Parameter l Conditions ] Min I Typ Max [ Units
CLOCKED OPERATION
tPHL OF trLH Propagation Delay Time Vpp = 5V 200 400 ns
to Q Outputs Vpp = 10V 85 170 ns
Vop = 15V 70 140 ns
teHL Of tpLH Propagation Delay Time Vpp = 5V 320 640 ns
to Carry Output Vpp = 10V 135 270 ns
Vpp = 15V 110 220 ns
tPHL Of tpLH Propagation Delay Time Cp = 15pF
to Carry Output Vpp = 5V 285 570 ns
Vpp = 10V 120 240 ns
Vpp = 15V 95 190 ns
tTHL OF tTLH Transition Time/Q Vpp = 5V 100 200 ns
or Carry Output Vopp = 10V 50 100 ns
Vpp = 15V 40 80 ns
twiH OF twi Minimum Clock Vpp = 5V 160 320 ns
Pulse Width Vpp = 10V 70 135 ns
Vpp = 15V 55 110 ns
trcL O Yot Maximum Clock Rise Vop = 5V 15 H1s
and Fall Time Vpp = 10V 10 us
Vpp = 15V 5 us
tsu Minimum Set-Up Time Vpp = 5V 180 360 ns
Vpp = 10V 70 140 ns
Vop = 15V 55 110 ns
foL Maximum Clock Frequency Vpp = 5V 1.5 3.1 MHz
Vpp = 10V 3.7 7.4 MHz
Vpp = 15V 4.5 9 MHz
Cin Average Input Capacitance Any Input 5 7.5 pF
Cpp Power Dissipation Capacitance Per Package (Note 4) 65 pF

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating Temperature Range”
they ara not meant to imply that the devices should ba operated at these limits. The table of “Electrical Charactenstics” provides conditions for actual device

operation.
Note 2: Vgg = 0V uniess otherwise specified,
Note 3: lon and Iy are tested one output at a time.



AC Electrical Characteristics*
Ta = 25°C, C_ = 50 pF, R = 200 k, Input t,cL = ticL = 20 ns, uniess otherwise specified (Continued)

Symbol Parameter l Conditions Min Typ Max Units
PRESET ENABLE OPERATION
tPHL O tpr Propagation Delay Time Vpp = 5V . 285 570 ns
to Q output Vpp = 10V 115 230 ns
Vop = 15V 95 185 ns
tpHL OF tpLn Propagation Delay Time Vpp = 5V 400 800 ns
to Carry Output Vop = 10V 165 330 ns
Vpp = 15V 135 260 ns
twH Minimum Presst Enable Vpp = 5V 80 160 ns
Pulse Width Vpp = 10V 30 60 ns
Vpp = 15V 25 50 ns
tREM Minimum Preset Enable Vpp = &V 150 300 ns
Removal Time Vpp = 10V 60 120 ns
Vpop = 15V 50 100 ns
CARRY INPUT OPERATION
teHL Of toLH Propagation Delay Time Vpp = 5V 265 530 ns
to Carry Output Vpp = 10V 110 220 ns
Vpp = 15V 90 180 ns
tPHL tPLH Propagation Delay Time CL = 15pF
to Carry Output Voo = 5V 200 400 ns
Vpp = 10V 85 170 ns
Vpp = 15V 70 140 ns
*AC Parameters are guaranteed by OC correlated testing.
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be g Except for O g T e Range”

they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Charactenstics provides conditions for actual device

operaton.

Note 2: Vgg = OV unless otharwise specified.

Note 3: Iy and Iy, are tasted one output at a time.

Note 4: Cpp determines the no load AC powar consumption of any CMOS davice. For complete explanation, see 54C/74C Family Charactenstics application note,

AN-90.

Connection Diagram

Dual-in-Line Package
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Order Number CD4029B*

*Pleass look into Section 8, Appendix D
for availability of various package types.
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Switching Time Waveforms

]

I--'qcv. = | 4oL

Voo
0% 90%
cLocK 50% 50% 50%
IP— 10%
———— them i 1 Wi —
Voo g
PRESET /
ENABLE [50% 50% . ] 50%
Vss
‘w"——-—.
Voo,
Jam
INPUT
vss
Voo
B/DOR
u/o
vss
— [=traL = teLn ]
Q. 0uTPUT 0% 50% 0%
10%
Vss ]
— "'—lrm. = tpuL LR 1596025
Cascading Packages
Paraliel Clocking
UP/DOWN
PRESET
ENAELE JAM INPUTS JAM INPUTS
ol NS 8 | .
U PE N 2 3 4 wp PE N 2 PR )
-E-—- o co o co ;?A':;‘E’”
= B/D CLK @1 02 Q3 04 8D Clx Q1 Q2 a1 Q4
| SR M e
QUTPUTS ouTPUTS
cLock
BINARY/
DECADE TL/F/5960-6
Ripple Clocking
UP/DOWN a
PRESET
ENABLE JAM INPUTS JAM INPUTS
t 1
uo PE N 32 Jl M /o PE N 2 3
T0 NEXT
_L__ ot to [- o 0 STAGE
= 8/0 CLXx Q1 02 @3 Q4 = B/0 €K O @ Q1 04
R | [ 1
cLocx QUTPUTS QUTPUTS
BINARY/
DECADE
TUL/F/5880~-7

Carry out fines at the 2nd or later stages may have a negative-going spike due to ditferential internal detays. These spikes do not
affect counter operation, but if the carry out is used to trigger external circuitry the carry out shouid be gated with the clock.
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LM317M

THREE-TERMINAL ADJUSTABLE
QUTPUT POSITIVE VOLTAGE REGULATOR

The LM317M is an adjustable 3-terminal positive voltage reg-
ulator capable of supplying in excess of 500 mA over an output
voltage range of 1.2 V to 37 V. This voltage reguiator is excep-
tionally easy to use and requires only two externai resistors to
set the output voltage. Further, it employs internal current fimit-
ing, thermal shutdown and safe area compensation, making it

essentially blow-out proof.

The LM317M serves a wide variety of applications including
local, on-card regulation. This device also makes an especially
simple adjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjust-
ment and output, the LM317M can be used as a precision current

regulator.

MEDIUM-CURRENT
THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

PIN 1. ADJUST
o Qutput Current in Excess of 500 mA 2. Vout
¢ Qutput Adjustabie Between 1.2 V and 37 V 3. Vin
» Internal Thermal Overload Protection
® Interna! Short-Circuit-Current Limniting i N -
® Output Transistor Safe-Area Cornpensation PLASTIC PACKAGE
e Floating Operation for High Voltage Applications CASE 221A-04
® Standard 3-Lead Transistor Packages
¢ Eliminates Stocking Many Fixed Voltages ORDERING INFORMATION
Tested Operating
Device Tempecature Range Package
LM317MT Ty = 0°Cto -125°C Plastic Power
STANDARD APPLICATION
Vin Vout
VI e O | M317M < —e Vo
R1
lagj 240
Adjust
- 4 o
Cin Co
1 E
0.1 uF R2 1.0 uf

<

*Cin is required if regulator is located in appreciable distance from power supply

filtar.

**Co i3 not needed for mability, h

it does i

B tansient

Vo= 125V(Y + T:-z) + lggj A2
1

Since lagj is controlied to less than 100 uA, the erros associated with this term is
0 |

glig in most li 3.




LM317M

MAXIMUM RATINGS

Rsting Symbol Vsalue Unit
Input-Output Voliage Differential Vi-Vo 40 Vde
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range Ty 0to +150 °C
Storage Temperature Range Tstg —-65to +150 °C

ELECTRICAL CHARACTERISTICS

(VI-Vo = 5.0V, 1g = 0.1 A, T = Tiow 0 Thigh {see Note 1], Pmax per Note 2, unless otherwise specified.)

Characteristic Figure Symbol Min Typ Max Unit
Line Regulation (Note 3} 1 Regline — 0.00 0.04 %V
Ta = 25°C,3.0V= V|-Vg s 40V
Load Regulation (Note 3} 2 Regioad
Ta=25C.I0mAsigs05A
Vo <50V -_ 5.0 25 mv
Vo= 50V - 0.1 0.5 % Vo
Adjustment Pin Current 3 ladj - 50 100 #A
Adjustment Pin Current Change 1.2 Alagj - 0.2 5.0 pA
25VEV-Vg <40V, 1I0mA % || <05A, Pp s Ppax
Reference Voltage (Note 4) 3 Vref 1.20 1.25 1.30 v
30VSV-Vp =40V, 10mA < ig =054, PD‘ Pmax
Line Reguiation (Note 3} 1 Regline —_— 0.02 0.07 %N
JOVEV-VoR40V
Load Regulation (Note 3} 2 Regipad
1MMmA<ig=05A
Vo =50V - 20 70 mV
Vo » 50V — 0.2 1.5 % Vo
Tempersture Stability (Tigw = TJ € Thigh! 3 Ts — 0.7 — % Vo
Minimum Load Current to Maintain Regulation 3 ILmin - 3.5 10 mA
(Vi-Vg = 40 V)
Maximum Qutput Current 3 Imax e A
V|-V % 15V, Pp € Pmayx 0.5 0.8 -
Vi-Vg = 40V, Pp % Prmgx. TA = 25°C 0.15 0.25 =
RMS Noise, % of Vo 4 — N - 0.003 — % Vo
Ta = 25°C, 10 Hz < f & 10 kM2
Ripple Rejection, Vg = 10V, f = 120 H2 (Note 5) 4 RR . dB8
Without Cadj - €5 -
Cagj = 10 wF 66 80 —_
Long Term Stability, T = Thign (Note 6} 3 S — 0.3 1.0 %1.0 k
Ta = 25°C for Enapoint Measurements Hrs.
Thermal Resistance Junction to Case - Rasc — 7.0 —_ CwW
NOTES: {4) Selected devices with tightened tolerance reference voitage
(1) Tiow 10 Ty,;gh = 0°Cto -125°C aveilable.
(2) Prax = 7.5W (5} Cygj. when used, is connected between the adjustment pin and
{3} Load and line regulation are ified at ji ground.
ature. Changes in V() due to heating effects mun be taken mxo {6} Since Long Term Stability cannotbe musured on each device before
account separately. Pulse testing with low duty cycle is used. shipment, this ificstion is an engi ing i of 'l

stability from ot to lot.



LM317M

SCHEMATIC DIAGRAM

Vin O~

J00 300 300 I 300 70 6.8V
I'_ 68V

=1

Iy
8678
x 3500
sa ] 400
*
_{ 10
< Teel 60 PRE]
L} —r—
2% 6 = d
of \1
2] | OVvouy
2.4k
128k S50
Agyust
FIGURE 1 - LINE REGULATION AND Jiagj/LINE TEST CIRCUIT
Vee
Vor=V
Line Reguiation {%/V) = oc oL ¥ 100
n Vin Vor
Vit Via Vout —‘ L Voo
FeOSS LM317M E— ‘[ .
240
L]
1% g L

Cin 7R 0.1 wF Co 7~ V uF

* Pulse Testing Required:
1% Duty Cycla
is suggested,




LM317M

FIGURE 2 - LOAD REGULATION AND Alpq4i/LOAD TEST CIRCUIT

Vi
tM317M

Cin A< 0.1 uF

Losa Reguiation {mV] = Vg (min. Losa) = VO (max. Losa)

Losd Regulation (%Vg) =

VO (min. Loag) — Vo {max, Losa)
Vo (min. Losd)

OO—U—VO {min. Losa)
VO (max. Losg)

Py

Ry

R

Co = 1 MF

{max, Load)é

A

< tmin. Losd)

* Puise Testing Required:
1% Duty Cycle is suggested. ~

FIGURE 3 — STANDARD TEST CIRCUIT

Vin Vout
-O—T LM317M —C 4 4 m
Q Adjust 240
v R R
! 0 ‘ \] § L
.
Cin A< 0.1 wF Co 7~ 1 WF Vo
R2
1%
_L To Calculste Ry
Puise Testing Requirea: = Vo = isgy Az * 1.250 v
1% Duty Cycle Is suggestad, Assume IggT = 5.25 ma
FIGURE 4 - RIPPLE REJECTION TEST CIRCUIT
28 V —/\
14V \/ Vin Vout Vo*10Vv
fe 120 Mz O——@—O——o LM317M o O +
Dy
& Adjunt 240
R1 2 i 1N4002 AL
+
Cin = 0.1 uF Co o~ 1 4F vo

1.65k
1%

3+

Cogi S22 10 uF

LTI 2N »
[}

i
—

* D, Discharges Cyq it Qutput is Shorted to Grouna.

**Cyqg, Provides an AC Grouno 1o the Adjust Pin.




1g. OUTPUT CURRENT {AMPS) AV(Q, OUTPUT VOLTAGE CHANGE (%)

QUIESCENT CURRENT {mA)

LM317M

FIGURE § — LOAD REGULATIOW

Vi - V. INPUT — DUTPUT VOLTAGE DIF FERENTIAL {VOLTS)

04
[ ¥] vysasy 4
Vpesv
[ ’4_ it*SwdimA
- —
-02 AN
™ V=10V
-04 VoSV
1L * §10 500 mA
-08
-0.8
.10
-50 -25 0 25 50 15 100 125 150
" 7). JUNCTION TEMPERATURE (9C)
FIGURE 7 — CURRENT LIMIT
19
/f‘ —
0.80 T ™ N
] <
N T;e 250
0.60 3
| s
040 \\ \
Ty = 125°C N
0.20 N
N
on 0 20 30 40 50
V) = Vg, INPUT — DUTPUT VOLTAGE DIFFERENTIAL (VOLTS)
FIGURE 9 — MINIMUM OPERATING CURRENT
50 ]
T3 t
O - —
1S}T) = 125°C - = =
10 e
L
4t Ll
> e
20 -
15 =r—=F
1.0 e —//
05
0 10 20 20 0

90

~ =
=) (=1

RA, RIPPLE AEJCTION (dB)

S0

25

- ~
w o

DIFFEAENTIAL (VOLTS)

Vi - V. INPUT - DUTPUT VOLTAGE
&

0.5

FIGURE 6 — RIPPLE REJECTION

With Cyq, » 10 4F
s
] 4
'\\é
Without Cyg;
Wi
—~———1_ A
L1y~ 100ma
1= 120 H
- Vg 10V
Vim0V
i N
-850 -25 0 25 S0 % 100 125 150
T,. JUNCTION TEMPERATURE {°C)
FIGURE 8 - DROPOUT VOLTAGE
T T
~’Q\\ i, = 500 mA
T ——
~l_
—
It 100 mA |
L \\
~

<50 -2 [ 25 50 ™ 100 125 150
T3.JUNCTICN TEMPERATURE (°C)

FIGURE 10 — RIPPLE REJECTION versus FREQUENCY

100
90

R.A, RIPPLE REJECTION (dB)
- e W a o o w
S5 5 &6 & v 8 o o

=3

—
IL = 40 mA —
Z N s
\ !

100 w

10X 100K im
1, FREQUENCY (K2}




LM317M

FIGURE 11 ~ TEMPERATURE STABILITY

FIGURE 12 — ADJUSTMENT PIN CURRENT

1.260 80 I I T
- V=825V
! 1
- 3 o Vo * Vet
> -
<1250 S~y Z 6 - |:om
<
= ] . £
o 1=
> / z
- o
g1 ~C =
& s e T
& Z s =
= Vit e2v ] =
3 5 e
<1.230 Vo * Veel 3 45
> Ip*Sma =
: Faug, L
= >
1.220 35
S0 B 0 s s 15 100 125 150 -5 -2 86 2 s0 75 100 125 1%0
T, JUNCTION TEMPERATURE (9C) T3, JUNCTION TEMPERATURE (0C)
FIGURE 13 — LINE REGULATION FIGURE 14 — OUTPUT NOISE
! \ L [T ]
7 04 Vis428104125V } } :
- VO * Viet Bandwigth 100 Hz 10 10 Mz /
2 .2 fy = 50 mA - 10 .
: b 3
S 3
g g
z -02 z & L]
; -04 g / ; | =
& |t 1
= | et g ‘/
S -06 50
g
1 -08
Y a0
S0 -5 00 2% 500 75 100 125 150 50 - 0 50 100 125 180
Ty JUNCTION TEMPERATURE (0C) T). JUNCTION TEMPERATURE (9C)
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE
> I/
PSR = 5 63 i 7 [/ \
= 4 Ve .
FERL 2T zz 02 ] F ;,‘\
28 os—I0 e & S8 arp— Gty 0u | —3
g% e \ L\ i £x g / F”_ ! 2
== s —
35» ! ! / ' I Sx !\‘l .I/! f ! ; 4
o -G8 voriv S =01 T : +
B i * 20 mA /\ 2 \\ //\ t | ! i R
-1.3 T, 260¢ 7any -0.2 CL*0IuF Cogi= 100F — Vg: 10V
. J 0 =03 \ 1 ! Ing *10mA
5 - & .l z-0 7 AR
< o= i
S5 10 < =100 "t
zs - £ / ol
> w A =3
<] es ] g 50 ]
- : 3 .
25 0 10 20 0 a0 0 10 0 30 @
2 1, TIME (g) L TINE tup




LM317M

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION
The LM317M is a 3-terminal floating reguiator. in op-

eration, the LM317M develops and maintains a nominal -

1.25 volt reference (V,ef} between its output and ad-
justment terminals. This reference voltage is converted
to a programming current “prog) by R1 (see Figure 17),
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

R2
VO = Vigf (1 + E) + lagjR2

Since the current from the adjustment terminal (lagj)
Tepresents an error term in the equation, the LM317M
was designed to control ladj to less than 100 pA and
keep it constant. To do this, all quiescent operating cur-
rent is returned to the output terminal. This imposes
the requirement for a minimum load current. If the load
current is less than this minimum, the output voltage
wiil rise,

Since the LM317M is a floating regulator, it is only
the voltage differential across the circuit that is impor-
tantto performance, and operation at high voltages with
respect to ground is possible:

RAGURE 17 — BASIC CIRCUIT CONFIGURATION

Vin Vout
O—— LM3I1TM

Adjust

ladj

Vref = =1.25 V Typical

LOAD REGULATION

The LM317M is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance,
the programming resistor (R1) should be connected as
close to the regulator as possible to minimize line drops
which effectively appear in series with the reference,
thereby degrading regulation. The ground end of R2 can
‘be returned near the load ground to provide remote
ground sensing and improve load regulation.

EXTERNAL CAPACITORS

A 0.1 uF disc or 1 uF tantalum input bypass capacitor
{Cin) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground
to improve ripple rejection. This capacitor (Cadj) pre-
vents ripple from being ampiified as the output voltage
is increased. A 10 uF capacitor shouid improve ripple
rejection about 15 dB at 120 Hz in 8 10 volt application,

Although the LM317M is stable with no output ca-
pacitance, like any feedback circuit, certain values of
external capacitance can cause excessive ringing. An
output capacitance (Co) in the form of 3 1 uF tantalum
or 25 uF aluminum electrolytic capacitor on the output
swamps this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any I.C, reg-
ulator it is sometimes necessary to add protection
diodes to prevent the capcitors from discharging
through low current points into the regulstor.

Figure 18 shows the LM317M with the recommended
protection diodes for output voltages in excess of 25 V
or high capacitance values (Co > 25 uF, Cadj > 5.0 wF).
Diode D1 prevents C, from discharging thru the 1.C.
during an input short circuit. Diode D2 protects against
capacitor Cadi discharging through the L.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Cadj from discharging through the I.C. dur-
ing an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

Dy
1N4002

—

Vin
LM317M yl—‘vo
*
Cin —_
IDg , Co
Adjust r——’1N4002




LM317M

FIGURE 19 — ADJUSTABLE CURRENT LIMITER

FIGURE 20 —~ 5 V ELECTRONIC SHUTDOWN REGULATOR

28V Vout PRy Vo ——p g
O0—— M31IM  ——O—AAN— e
Vin 2.5k
.
Ry Dy
Adjust 500 NS4
*To provide current limiting of to to Dy
the system ground, the source of the 1INS14

current limiting diode must be tied
10 & negative voitage betow 7,25 V.
ML
R2> Toss 1NS314
Vet
'Omax - ‘oSS
Vo <Ppoy+1.25V e+ vgg
ILmin = Ip< 10 < $00mA — 1, vss®
At shown O < I < 495 mA

Ay

04
1N4002
Vi Vin Vout
0—6—0—4 LM31TM p————o Vo
P
120 T 1.0 uF
Adjust —
& MPS2222
TTL
720 Controi

1k

—— Minimum Vg = 1.2 V

D1 protects the Cevice during an input short circuit,

FIGURE 21 - SLOW TURN-ON REGULATOR

FIGURE 22 - CURRENT REGULATOR

Vin i Vout

o——1 LM317M Vo
2 1N4001

40
y
Adjust 50 K

Ry MPS2907 ;
1/1 =X 10uF

e

)

Vin Ry Ry —_—
O—— MM N —*
Vout
=
Adjust g
v
tgmex = ( :1' ) *lea) B “:""V

d 128 v
fgmin = <m)o ’.g’ ai—;O_H_;

SmA <15, < 500mA




MAXIMUM RATINGS

BC327,-16,-25
BC328,-16,-25

Rating Symbol | BC327 | BC328 | Unit
Collector-Emitter Voltage VCEO -45 -25 | Vdc
Collector-Base Voltage VeBo - 50 ~30 | Vdc CASE 28-04, STYLE 17
Emitter-Base Voltage VEBO -5.0 Vde TO-92 {TO-226AA)
Collector Current — Continuous Ic - 800 mAdc
Totat Device Dissipation «« T4 = 25'C Pp 625 mw 1 Cotlector
Derate above 25°C 5.0 mwW-C
Total Device Dissipation @ T¢ = 25°C Po 1.5 Watt 2
Derate above 25°C 12 mwWr-C Base
Operating and Storage Junction TJ. Tsig ~551t0 + 150 °C
Temperature Range 3 Eminter
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit AMPLIFIER TRANSISTORS
Thermal Resistance, Junction 1o Ambient RgJa 200 “CW
Thermal Resistance, Junction to Case Rajc 83.3 ‘CwW PRE SgicoN
ELECTRICAL CHARACTERISTICS (T4 ~ 25°C unless otherwise noted.}
Charscteristic Symbol Min i Typ 1 Max i Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BRICEO Vdc
fIc - -10mA,Ig = 0) BC327 -4a5 — —
BC328 -25 - -—
Collector-Emirtter Breakdown Voltage V(BRICES Vde
ic = ~100 uA, Ig = 0) BC327 -50 - —
BC328 - 30 - —
Eminter-Base Breskdown Voltage V(BRIEBO ~5.0 b —d Vdc
(lg = =10 pA, ic = 0)
Collector Cutoff Current Icgo nAdc
(Veg = -30V,Ig = 0) BC327 - - - 100
(Veg = ~20V.lg = 0) BC328 H - - 100
Collector Cutof! Current Ices nAdc
{(Vcg = -45V, Vgg = 0) BC327 - —_ - 100
{(Veg = -25V.Vgg = 0} BC328 — == -100
Eminter Cutoff Current [3:16] - — - 100 nAdc
(VEg = 4.0V, Ic = 0)
ON CHARACTERISTICS
DC Current Gain heg —
fic = -~100mA, Vcg = -1.0V) 8C327/8C328 100 — 630
BC327-16'8C328-16 100 — 250
BC327-25 BC328-25 160 —_ 400
fIc = -300mA, Vcg = -1.0V) 40 - —_
Base-Ernitter On Voliage . VBE{on) - — -1.2 Vde
flc = =300 mA, Veg = -1.0V)
Collector-Emitter Saturation Voltage VCE(sat) — — -0.7 Vde
fic = -500mA, lg = -50 mA)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cob — 1 — pF
{(Veg = —10V, g = 0,1 = 1.0 MH2)
Current-Gain — Bandwidth Product T — 260 —_ MH2
lc = =10 mA, VCg = -~ 5.0V, { = 100 MHz
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BC327,-16,-25, BC328,-16,-25

FIGURE 6 - TEMPERATURE COEFFICIENTS
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MAXIMUM RATINGS

Rating Symbol

BC BC
549 | 550

Unit

Cotiector-Emitier Voltage VCEO

30 45

Vdc

Collector-Base Vullage VCBO

30 50

Vdc

Emitter-Base Voltage VEBO

5.0

Vdc

Collector Current - Continuous ic

100

mAdce

Total Device Dwwmipation G T 25 C PD
Derate above 25'C

625
50

mw C

Totat Device Dissipation @ T 25 C PD

Derate above 25°C

15
12

Watt
mW. C

Operating and Storage Junction
Temperature Range

Ty Tsg

~-5510 4150

THERMAL CHARACTERISTICS

Characteristic Symbol

Max

Unit

Thermai Resistance, Junction to Ambient RauA

200

CwW

Thermal Resistance, Junction to Case

Reac

83.3

Cw

BC549B,C
BC550B,C

CASE 29-04, STYLE 17
T0-92 (TO-226AA)

7
2

LOW NOISE TRANSISTORS

NPN SILICON

1 Cohecror

2
Base

3 Emutter

ELECTRICAL CHARACTERISTICS 114

25 C unless otherwise noted)

{ Characteristic

[ Symbol [ Mun,

Unit

[ Max. J

Typ.

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
{Ic = 10 mAdc, Ig = 0) BC5498.C
BC5508.C

VIBRICEO

vdc
30
45

Collector-Base Breakdown Voltage
{ic = 10 pAdc, Ig = 0} BC5498,C
BC5508,C

V(BRICBO

Vde
9

50

Emitter Base Breakdown Voliaye
{tg = 10 pAdc. Ic O}

ViBRIEBO

5 Vdc

Collector Cutolt Current
tvepg © 30Vde. g O}

iveg 30wvoe i 0.1a 0 0125 (O

15 nAdc
B pAdc

Emitter Cutoff Current
(Veg 4 Vdc, ic 0Oy

nAdc

ON CHARACTERISTICS

OC Current Gamn

e - 10 pAde, Vef ¢ 5 Viey  BC5498 5508

8C5439C 550C
BC5498 5508

fg = 2mAde Vg = 5voo
BCS49C 550C

150
270
290
500

100
100
200
420

450

Coltector-Emitter Saturation Voltage
tic = 10 mAde, Ig = 0 § mAdc)
{ic = 10 mAdc, g = see note 1)
tic =~ 100 mAdc, I1g - 5 mAdc, see note 2}

VCEisan

Vdec

~
"

0075

o
w
209Q

0

025

BasesEnuiter Saturation Voltage
{ic - 100 mAdc, Ig - 5 mAdc)

VBI {sa1)

Vde

Base-Emitter On Voltage
{'Ic - 10 uAdc, VCF = 5 Vdc)
tic 100 .Adc, Vgg b Vdu
{ic = 2 mAdc, Vg 5 vdo!

VBt (on

Vde

055 0.7

SMALL SIGNAL CHARACTERISTICS

Current-Gain-Bandwidth Product
{lc = 10 mAde, Ve = 5 vde, f = 100 MHz)

fy

MHz
250

Collector-Base Capaci e
(Vcp = 10Vdc. g = 0,1 = 1.0 MHz}

Cebo

pf

25

Note 1 Ig s value lor whichic 1T mA aIVEE 1V

Note 2 Pulse test

300 us = Duty cycle © 2%
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BC5498,C, BC5508,C

ELECTRICAL CHARACTERISTICS fconunued) {Tp = 25°C unless otherwise noted.}
r

. Characteristic Symbol Min Typ Max Unit
i Smali-Signa| Current Gain hte —
I g = 2.0 mAde, Ve - 5.0 V. = 1.0 kH2) 8C5498 BCS508 240 330 500

' B8C849C BC550C 450 600 900

| Noise Figure a8
| lic = 200 wAdc, Veg = 5.0 Vdc, Rg = 2.0 k), f = 1.0 kHz) NFy - 0.6 25

| (ic = 200 pAdc, Vg = 50 Vdc, Rg = 100 kf}, f = 1.0 kHz) NFy — — 10

FIGURE 1 - TRANSISTOR NOISE MODEL
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FIGURE 2 — NORMALIZED DC CURRENT GAIN FIGURE 3 — “SATURATION™ AND "ON" VOLTAGES
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11, CURRENT GAIN  BANDWIDTH PRODUCT (MH}

BC5498B,C, BC5508,C

FIGURE 4 — CURRENT-GAIN BANDWIDTH PRODUCT FIGURE 5 — CAPACITANCE
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FIGURE 6 — BASE SPREADING RESISTANCE
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MAXIMUM RATINGS

BC559, B, C
BC560, B, C

Rating Symbol | BC553 | BC560 | Unit CASE 23-04, STYLE 17
Collector-Emitter Voltage VCED -30 -45 | vde TO-92 (TO-226AA)
Collector-Base Voltage VeBo -30 - 50 Vde
Emitter-Base Voltage VEBO -5.0 Vde \
Collector Current — Continuous I¢ - 100 mAdc 1 Cottecror
Tota! Device Dissipation (z Tp = 25C Pp 625 mw
Derate above 25°C 5.0 mw/rC 2
Total Device Dissipation (o T¢ = 25°C Pp 15 warn Base
Derate above 25°C 12 mwrC .
3 Emitter
Operating and Storage Junction Ty Tsig| -55t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit LOW NOISE TRANSISTORS
Thermal Resistance, Junction to Ambient RegA 200 ‘cw PNP SILICON
Thermal Resistance, Junction to Case RyJc 833 "C'W
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otharwise noted.)
[ Charactaeristic T Symbol L Min J Typ I Max ] Unit j
OFF CHARACTERISTICS
Coliector-Emirter Breakdown Voltage V(BRICEO Vvde
fic = - 10 mAdc, Ig = 0) BC559 -30 — —
BC560 -45 — L _
Collector-Base Breakdown Voltage V(BRICBO Vde
{Ic = —10 uAde, Ig = 0) BCS59 -30 - -
BC560 - 50 — —
Emitter-Base Breakdown Voltage {lg = - 10 uAdc, Ic = 0) V(BR)EBO -5 — _ Vde
Coliector Cutoff Current  (Veg = ~30 Vde, Ig = 0} Icso = - -15 nAdc
{(Veg = -30Vde. g = 0, Tp = +125°C) - ~ -5 pAdc
Emitter Cutoff Current  (Vgg = -4.0 Vdc, i¢ = 0) [3:Te) — - -15 nAde
ON CHARACTERISTICS
DC Current Gain,, heg —
ic = =10 uAdc, Vg = ~5.0 vde) BC5598/5608 100 150 —
8C559C/560C 100 270 -
(Ic = -2.0 mAdc, Vg = —5.0 Vdc) BC5598/5608 180 280 460
BC559C/S60C 380 500 800
BC559/560 120 = 800
Collector-Emitter Saturation Voltage VCE(sat) Vde
{lc = -10 mAdc. lg = -0.5 mAdc} - -0.075 ~0.25
(Ic = -10 mAdc, Ig = see note 1} —N -03 -0.6
{ic = -100 mAdc, Ig = -~ 5.0 mAdc, see note 2) e -0.25 -—
Base-Emitier Saturation Voitage VBE(sat) = 19 -— vde
(Ic = - 100 mAdc, lg = -5.0 mAde)
Base-Emitter On Voltage VBE{on) Vde
{lc = <10 pAdc, Veg = - 5.0 Vde) —_ -0.52 —_
(ic = =100 uAdc, Vcg = - 5.0 Vdc) -— -0.55 b
(Ig = -2.0 mAdc, Vg = - 5.0 Vdc) -0.55 _0.62 -0.7
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr - 250 - MHz
{ic = ~10 mAdc, Veg = -50 Vdc, f = 100 MH2)
Collector-Base Capacitance Cebo - 25 — pF
(Veg = —10Vde, Ig = 0,1 = 1.0 MHz)
Small-Signal Current Gain hte -
{ic = -2.0 mAdc, Vgg = -5.0V.f = 1.0kHz) BCSS59B/BCS608 240 230 500 .
B8C559C/BC560C 450 600 3800
Noise Figure dB
{Ic = -200 pAdc, VCE = - 5.0 Vde, Rg = 2.0k, f = 1.0 kHz) NFq — 0.5 2.0
{ic = - 200 wA, Veg = ~5.0V,Rg = 100 ki2, # = 1.0 kHz, Af = 200 Hz) NFy - - 10
Note 1 Ig 13 vatue for which I = —11mAatVgg = -1.0V Note 2: Pulse test = 300 us — Duty cycle = 2%.

MOTOROEA-SMALL-SIGNAL-TRANSISTQRS, FETs AND-DIODES,



BCS59, B, C, BCS560, B, C

FIGURE 1 — NORMALIZED DC CURRENT GAIN
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TIP3055
N-P-N SILICON POWER TRANSISTOR

DECEMBER 1970 — REVISED OCTOBER 1984

Designed for Complementary Use with TIP2955
90 W at 25°C Case Temperature

15 A Continuous Collector Current

Plastic-Case Version of 2N3055

Designed for Automotive Ignition, Linear Amplifier and Power
Amplifier Applications

4evice schematic
10-218AA PACKAGE

C
Fe——mmme|m————n
: : EMITTER
| " COLLECTOR
| . BASE
B
1 |
1 |
{ |
I |
o2 rrvewies AN 10
£ THE COLLECTOR IS IN ELECTRICAL
CONTACT WITH THE MOUNTING TAB

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

| TIP3055
Collector-base voltage 100V
Collector-emitter voltage {see Note 1) 70V
Emitter-bese voltage 7V
Continuous coliector current 1SA
Conunuous base current 7A
See Figure 4

Sale operating region at {or below) 25°C case temperature
Conti ss device di 7on at (o1 below) 25 °C case temperature {see Note 2) 0w

Continuous device dissipation al (or below} 25°C frae-aic temperature {see Note 3} L5wW

Unclamped inductive load energy (see Note 4) 62.5mJ

Operating collector junction and storage temperature range - 65°C t0 150°C
260°C

Lead temperature 3,2 mm {0.126 inch) trom case for 10 seconds

1. This value applies when the base-emitter resistance Rgg = 100Q.

2. Derste linearly to 150°C case temperature at the rate of 0.72 W/°C.

3. Derste finearly to 150°C free-air temperature st the rate ot 28 mwi/°C.

4. This rating is based on the capability of the i 10 0p safely in the circuit of Figure 2. L = 20 mH, Rpp2 = 200Q.
vge2 = OV,Rg = 0.1Q.VcCc = - 10V. Energy = IcL/2.

NOTES:

»
O
S
>
o
(]
e
-




TiP3055

N-P-N SILICON POWER TRANSISTOR

electrical characteristics at 25°C case temperature {uniess otherwise noted) o
PARAMETER TEST CONDITIONS MIN TYP MAX Unit
V(BRICEO Ig = 30mA, ig=0 See Note 5 60 v
ICER Vcg = 70V,  Rgg = 1002 1 mA |
ICEQ Vcg = 30V, ig=0 0.7 mA
ICEV Vee = 100V, Vge = -~ 1.8V 5 mA
lggo Vegg = 7V, ic=0 5 mA

heE Veg = 4V, Ic = 4A, See Notes 5anc 6 20 70
Vg = 4V, Iic = 104, See Notes 5and 6 5
Vge Veg = 4V, Ic = 4A, See Notes 5and 6 1.8 Y]
Vegsat 1g = 0.4A, Ic = 4A, See Notes 5 and 6 1.1 v
g = 3.3A, Ic = 10A, See Notes 5 and 6 3
hye Vee = 10V, ic= 1A, 1= 1kHz 15
Tial . Vee = 10V, ic = 0.5A. 1= 1MH: 3 Mz

NOTES: 5. These parameters mustde measured using pulse techniqu
6. These parameters are measured with voltage-sensing ¢

within 3,2 mm {0.125 inch} from the device body.

thermal characteristics

es, tw = 300 ps, duty cycle & 2%.
ontacts separaie from the current-carrying contacts and locates

PARAMETER MIN TYP MAX | UNIT
Rguc 1.39
oW
RoJa 35.7
resistive-load switching characteristics
PARAMETER TEST CONDITIONS ! MIN TYP MAX | UNIT
ton Ic = 6A, ig(1y = 0.6 A, Igi2) = - 0.6A, 0.6 .
o Vggiot) = -4V, R =59, See Figure 1 1 ¥

1 vohage and current values shown sre nominal: exact vaiues vary shghtly with transistor paramet

ers,



TIP3055
N-P-N SILICON POWER TRANSISTOR

PARAMETER MEASUREMENT INFORMATION

o INPUT
MONITOR

ouTPUT
J_< MONITOR
L]
INO14 Reggy = 10 &
—AAA————— 44— 2NS5385
sen IN914  IN9I4  IN914
-lr
270 pF Rggz~ 100 Ry =50
l I Vi lon >
y 00 Vgg2 "4V =
.
@ =vee =30V
Vagy ~ 16V e L&
ADJUST FOR s I
Von = 14 V AT &g
g INPUT MONITOR ,}7
TEST CIRCUIT
vﬂﬂ - 1‘ v —-—— - m

INPUT OV — e e m e —
MONITOR — 4V Ao

]
- ton bt !4_...;- tot

10%
OUTPUT
MONITOR 20%
VOLTAGE WAVEFORMS
SOTES. AL Vgen is 8 = 30-V pulse into 8 50 Q termination.
B. The Vgepn waveformis supplied by a g with the following char; istics: 1, € 15ns, 14 € 15ns, Zoyy = S0Q,
tw = 20ps.
. Wavet are itored on an oscill with the following ch istics: t; € 15ns, Rjn 3 10MQ, Cjn € 11.5pF.

. Resistors must be noninductive types.
. Tha d-c power supplies may require additional bypassing in order to minimize ringing.

moOoO

FIGURE 1. RESISTIVE-LOAD SWITCHING
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TIP3055
N-P-N SILICON POWER TRANSISTOR

PARAMETER MEASUREMENT INFORMATION
Veg MONITOR
L
(Ses Note A)
TuT L2
INPUT 200 {See Note A)
Rggz = 100 2 vees10V=_ Ic MONITOR

Rg=0.10

. P

TEST CIRCUIT

~5ms

> < tw
H {See Note B}

0
INPUT
VOLTAGE
BV ——

S 25
COLLECTOR
CURRENT
0

VigRICER —-L-—
COLLECTOR
VOLTAGE
oV

O wm et e P

VOLTAGE AND CURRENT WAVEFORMS

NOTES: A. L1andl2are 10mH, 0.11 Q. Chicago Standard Transformer Corporation C-2688, or equivalent.
B. Input pulse durationis increased untilicpy = 2.5A.

FIGURE 2. INDUCTIVE-LOAD SWITCHING



TIP3055
N-P-N POWER TRANSISTOR

TYPICAL CHARACTERISTICS
STATIC FORWARD CURRENT TRANSFER RATIO

vs
COLLECTOR CURRENT
13 —r vr
2 Veg=4V
- o
Sapo[TC=25C
s [ See Notes 5 and 6
%
c
2
* 100 =t =
¥ —
s
5 40 AN
S .
g T
o 10
'S
0
s 4
(7]
§
w
u
<
0.01 004 0.1 04 1 4 10
lIg—Coliector Current—A
FIGURE 3

S 5 These parameters must be measured using pulse techniques, tw = 300us, duty cycle € 2%.
6. These parameters are measured with voitage-sensing contacts separate from the current-carrying contacts and located

within 3,2 mm {0.125 inch) from the device body.

MAXIMUM SAFE OPERATING AREA
FORWARD-BIAS SAFE OPERATING AREA

100  n S e
11t
1 1T
40 SuNeu Z-'--
<
| Phe o o ot e m by [7,]
NI Ay
P = :
G ~. i —
S
‘.3_ 4 bty =300us,d=0.1=10% q>,
£ tw=1ms,d=01=10%" | X T a
B 5
= tw=10ms, d=0.1=10% \»
§ . NN N a
o e % =
- [ DC Operstion 3
0.4 —
=
FTe <25°C
ol | |
1 4 10 40 100
Vee—Coll -Emitter Voltage—V
FIGURE 4
WITE Y This combination of i ftage snd may be schieved only when switching from to cutoff

with 8 clamped inductive load.
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TIP3055
N-P-N SILICON POWER TRANSISTOR

THERMAL INFORMATION
DISSIPATION DERATING CURVE

g

N

N\

Py—Maximum Continuous Device Dissipation —W
g

25 50 75 100 128
Tc~Case Temperature—°C

FIGURE S

150



2N3771, 2N3772
N-P-N SILICON POWER TRANSISTORS

DECEMBER 1971 - REVISED OCYOBER 1984

150 W at 25°C Case Temperature

30 A Continuous Collector Current (2N3771)

20 A Continuous Collector Current {2N3772)

30 A Peak Collector Current

Designed for Untuned Power-Amplifier Applications

device schematic

T0-3 PACKAGE
c
ey sl
1 i
| 1
|
! i
B 1 1
1 !
i ]
] |
L e e AL LA N N o
E THE COLLECTOR IS IN ELECTRICAL
CONTACT WITH THE CASE

absolute maximum ratings at 25°C case temperature {uniess otherwise noted)

2N3771 2N3772
*Collector-base voltage 50V 100V
*Collector-ermitter voltage (Vgg = - 1.5 V) S0V gov?
*Collector-emutter voltage (ig = O} 40V 60V
*Emitter-base voltage 5V v
*Continuous collector current 30A 20A
*Continuous base current 7.5A 5A
“Peah collactor current {see Note 1) 30A
*Peak base current 15A
*Sate operating region See Figure |
*Continuous device dissipation at (or below) 25°C case temperature (see Note 2) 150W
°Operating junction and storage temperature range - 65°C 1o 200°C
°Lead temperature 1,6 mm (0.0625 inch} from case for 10 seconds 235°C

1 Texad Instruments guarantees a 100 V value for this parameter in addition to the JEDEC registered value shown.
NOTES: 1. This value applies for a nonrepetitive pulse of any duration for the 2N3771, or ot 500 ms maximum duration for the'2N3772.
2. Derate linearly to 200°C case temperature at the rate of 0.855 W/°C as shown in Figure 2.

*JEDEC registered data.

2N Devices



2N3771,2N3772
N-P-N SILICON POWER TRANSISTORS

electrical characteristics at 25°C case temperature (unless otherwise noted) '
PARAMETER TEST CONDITIONS 2N377 23772 uNIT
MIN TYP MAX MIN TYP MAX
V{BRICEQ ic = 0.2A, g = 0. See Note 3 40 60 v
Ic80 veg = 50V, g =0 2 mA
Veg = 100V, g =0 5
ceo Vgg = 30V, 1g=0 10 mA
Vee = S0V, g=20 10
Veg = 50V, Vgg = - 1.5V 2
Icev Veg = 100V, Vgg = -15V 5 mA
Veg = 30V, Vgg = - 1.5V, T¢ = 150°C 10 10
leso Veg = 5V. Ic =0 5 mA
. Veg = 7V, ic=0 5
2 . VCE = 4V, ic = 10A. See Notes 3and 4 15 60
- heE Vcg = 4V, Ic = 154, See Notes 3and 4 5 60
VCg = 4V, ic = 204, See Notes 3and 4 5
5 Vee = 4V, lc = 30A See Notes 3and 4 5
VCE = 4V. ic = 104, See Notes Jand 4 2.2
o Vee Veg = 4V, Ic = 15A, Sce Notes 2and 4 2.7 v
‘<D g = 1A, ic = 104, Sec Notes 3ana 4 1.4
I~ g = 1.5A,  Ig = 154, See Notes 3and 4 2
8 VCEisat) g =44, ic = 204, See Notes 3and 4 ran B
(%) Ig = 6A, Ic = 30A. See Notes 3and 4 4
hte Veg = 4V, Ic = 1A, t = 1 khz a0 40
Ihsel Vee = 4V, Ic = 14, { = 50kHz 2 2

NOTES: 3. These parameters must be measurec using pulse techniques, t,,, = 300 us, duty cycle € 2%.
4, These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.

*JEDEC registered data,

MAXIMUM SAFE OPERATING AREA
FORWARD-BIAS SAFE OPERATING AREA

100 o
FTc=25°C
T. a0 Nonrepetitive pulse
N\
g 3771 PN M ‘\:\ YN ) 1
= = N 9N
3 2~l77z!’ N& BRN T\;
5 10 L LD we
% [=DC Openstion¥ TRl S
3 [ty = 500 ms {9 P
‘f o [Ztw = 100 ms AT N
o [ tw=1ms ¢ » LA _A
tyy * 200 ps ] ///
e ;go - 2N377% 1=
. v l“ i 2N3772
1 4 10 a0 100

Vcg — Collector-Emitter Voltage — V
FIGURE 1



2N3771, 2N3772

N-P-N SILICON POWER TRANSISTORS
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THERMAL INFORMATION
DISSIPATION DERATING CURVE
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