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The purpose of this project is to present the test of capacity rating of battery. The
principle of this project keeps constant load in Buck Regulator at 1 kHz in order to be 200 volts
50 amps. The test can choose range of load for varied ranges of voltages. The data from the test
can also be utilized in calculating the capacity rating of battery. The load is take constant current
until the output voltage of battery is dropped about 90% from rated battery. Instantly current and

time can calculate amp-hour of rate battery.
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3.2 wanmslunsudasuseaduldaaas (Principle of Step-down Operation)
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3.3 wannslumsulasussiulfaaaslnafilvan RL (Step-dowwn chopper with RL load)

b4

g vesyeinleinlaussduldaansdasiilvan RL umaslugyl 32 ns
° I'4 (] P o P é .y o °
walunsvednlesezgauiwenduasdlnua luvaeivhoulnusiiniaIndezsims
Tanesiivaszualnasinundsselildelvae  uazluTnuaiassadndesimsidaaes

v * E 9

uAnszuadsannse lvaderiewhuidanslalena D swsauyavesisaesTnuaiiuaasiy
1330 dnvazglatuvesnssualvaauazussduewinauaaslugil 3.3()

o i 4
pszud Inaad iy Tnuafinilannsanlden
; di
V.=Rii+L—+E (3-5)
dt
3 b4
HamasueaNI(3-5) lagdmuanszumsuusn i(=0)=1, aniuselAnszualvaaiiy
V. -FE
i(f)=Te ™" + T(l ~e®E) (36)
4 g 4 & 4
Tnuatiszeglus0 ¢ ¢ kD nezfiqadugaves Ivvaiinszua Inaasuiiiu
i(t=t, =kT)=1, (3-7)

nrzualvaadimiuInuanasantldein

O=Ri2+L%+E (3-8)



23

Chopper
+ SW  + i
L
v, Vo ODm
R
+
- T E

Vol
Vs —
iy t1 ~ ty
O— >
*4 N |
L Ny ; U \ ‘
iy s '
Vs I2 N ;
R f i Continuous
+ f : current
- £ E Iy ] 1
e} : , |
trode } kT i {(1- k)T——ni
iz 0 KT T ot
ik : '
L [E¥ e iviorinf : i
i] E i2 E
N D > Y i Discontinuous
E ' current
+ ' '
- E H
J ; L,
Mode 2 0 kT T t
(7 Equivalent circuits © (¥) Waveforms

311 3.3 2esauyauazdnyazgniuvesInan RL

* bl
dmunssuasuauTnuaaes i(=0)=1, aniusldnszuaTnanfiy

i,(t)=i,e " —%(1 - e“R/L) (3-9)

y
-

9 . 14
Tnuativevinulugas o ¢ 4 [=-HT] igadugevesinuail nszuaTvnansznaediu

iz(t‘_‘tz):Is (3-10)



24

] H ¥ H
fymlmeveInuaiiaes 2svsyerilesezdhinialesdnassluseunisiuds ly Tasd

L4
Atunan el T= 1=+,
fnnzaies 1, = I, mjudlavesnszuaInansnyeadwen (Peak-to-peak load

ripple current) HIITUININAVAT (3-6) (3-7)13-8),(3-NUaz(3-10)  Tagvinaunts (G-6)uas
(3-7) aszua I aunsont ldvinaunis

I, =1 +Z‘R;E—(1——e°m”“) (3-11)

uazINaNnI(3-9),uaz(3-10) seldnszue 1, du
—(1-k)R/L E ~(1-kYR/L 2T
IL=I=1Ie -72-(1-e ) (3:12)
anszuasuilaninseaiseads
Al=I,~,
unusee ldaumsiiy
Vs l_e—km1L,+e—m/L _e-(l-k)m/L

Ve S o (3-13)

annzish Idasudafidrgeganidon

Q& L5 13-
dk (3-14)
e % =0 uFe -k=-(1-k) ¥Te k=05 AniudTalagaqadi k=0.5) fie

V. R
Al =_Etanhﬁ (3-15)

L
$1i1 42 >> R fwes tanh 0.9:iie)szana 0 datuswessudlalaslszananzily

4
Al = (3-16)




25

3.4 vannslunmisudasuseanul ¥gadu (Principle of Step-up Operation)
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i,(t)=%t+fl (3-20)
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TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL4%4 is a fixed frequency, pulse width modulation control
circuit designed primarily for Switchmode power supply control.
This device features:
® Compiete Puise Width Modulation Control Circuitry
& On-Chip Oscillator With Master Or Slave Operation
® On-Chip Error Amplifiers
® On-Chip 5 Volt Reference
® Adjustable Dead-Time Control
¢ Uncommitted Output Transistors Rated to 500 mA Source Or

Sink
® Qutput Control For Push-Pull Or Single-Ended Operation
& Undervoltage Lockout

SWITCHMODE
PULSE WIDTH MODULATION
.CONTROL CIRCUITS

SILICON MONOUITHIC
INTEGRATED CIRCUITS

16 Non-tnv
1nout
in

15] '
input

Inv
tnput 4

Compen/
PWM Como| 3 "4'VREF
1nput REF
Dead ~0.1 vV
e 3
. Oumut
Time | 4 —_l Control
Control

Vee

Oscillator

(]
(]
[iH
(<]

Ry

ofe2

Gloundl 7 f——

ci|8

T

(top view)

J SUFFIX
CERAMIC PACKAGE
CASE 620-10

N SUFFIX
PLASTIC PACKAGE
CASE 648-08

ORDERING INFORMATION

The TL494C is specified over the commercial operating range
of 0°C to 70°C. The TL494! is specified over the industrial range
of —25°C to 85°C. The TL494M is specified over the full military
range of —85°C to 125°C.

.i Temperature
Device Range Package
TL494CN 0°to =70°C Plastic DIP
TL494CJ 0’ to +70°C Ceramic DIP
TLA%4IN ~25"to +85°C | Plastic DIP
TL4941) —-25"to «85°C |Ceramic DIP
TL494MJ | =55 t0 = 125°C | Ceramic DIP
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FIGURE 1 — BLOCK DIAGRAM
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TL494

MAXIMUM RATINGS (Full operating ambient temperature range apptes unless othera:se noted)

Rating Symbol TL4%4C TL494t TL434M Unit
Power Supply Voltage Vee 42 42 42 v
Collector Output Voltage Vel. V2 42 42 42 v
Collector Qutput Current {each transistor) (1) Icy. Ic2 500 500 500 mA
Amplifier Input Voltage Range ViR -0.31042 -0.31t0 42 -0.3 0 42 v
Power Cissipation @ Ty = 45°C Pp 1000 1000 1000 mw
Operating Junction Temperature Ty
Plastic Package 125 125 - °C,
Ceramic Package 150 150 150 *C
Operating Ambient Temperature Range TA 0t 7Q -2510 85 -55 to 125 °C
Storage Temperature Range Tsig *c
Plastic Package -5351t0 125 -5510 125 -_
Ceramic Package -65to 150 - 6510 150 -85 1o 150
NOTE 1: Maximum thermal limits must be observed.
THERMAL CHARACTERISTICS
Characteristics Symbol N Suffix Plastic Package | J Suffix Ceramic Package | Unit
Thermal Resistance, Junction to Ambient R, JA 80 100 W
Derating Ambient Temperature Ta 45 i S0 °c
RECOMMENDED OPERATING CONDITIONS
TL494
Condition/Value Symbol - Unit
Min Typ Max
Power Supply Voltage vVee 70 15 40 v
Cofllector Quiput Voltage Ve Vez 30 40
Collector Qutput Current {each transistor) 1. Ic2 -_ — 200 mA
Amplifier input Voltage Vin -92.3 o Vee - 20 \
Current Into Feedback Terminal b — = 0.3 mA
Reference Output Current lref - - 10 mA
Timing Resistor Ry 1.8 30 500 kel
Timing Capacitor Cr 0.0047 9.001 10 uF
Oscillator Frequency fose .0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vee = 15V, CT = 0.01 uF, RT = 12 ki) unless otha—wise noted.)
For typical values Ta = 25°C, for min:max vaiues Ta is the operating amo.ent temperatu’ range tnat applies unless otherwise

noted.
TL494C,! TL4S4M
*Characteristic Symbol - . r Unit
. Min Typ Max Min I Typ l Max

REFERENCE SECTION

Reference Volitage Veef 4.7% 5.0 .28 4.7s 5.0 5.29 v
flg = 1.0 mA}

Line Regulation Regline — 20 rs - 20 25 mv
{(Vec = 7.0Vto do V)

Load Regulation Regipad — 3.0 iz - 3.0 15 mV
{Io = 1.0 mA to 10 mA)

Short-Circuit Output Current Isc 15 35 7% 15 35 % mA

(Veef = 0V




L il

ELECTRICAL CHARACTERISTICS (Vg = 168V, C1 = 0.01 pF, Ry = 12 k0 unless otherwise noted.)

For typical values T = 25°C, {or min/max values Tp is the operating ambient temperature range that applies unless otherwise

noted.

Characteristic

TL4S4

Symbol

Min

T |

Unit

PWM COMPARATOR SECTION {Test Circuit Figure 12)

input Threshold Voltage
{Zero duty cycle)

VTH

3.5

Input Sink Current
Vipin3) = 07 V)

0.3

0.7

mA

DEAD-TIME CONTROL SECTION {Test Circuit Figure 12)

Input Bias Current (Pin 4)
{Vpin 4) = 010 5.25 V)

B (DT)

-20

-10

Maximum Duty Cycle, Each Output, Push-Pull Mode
{(VPin4 = 0V, Ct = 0.01 »F, Ry = 12k}
(Vpin4 = 0V, CT = 0.001 uF, Ry = 30 kN)

DCrmax

45

S0
50

Input Threshold Voltage (Pin 4)
{Zero Duty Cycle)
{Maximum Duty Cycle}

VTH

o

OSCILLATOR SECTION

Frequency
(CT = 0.001 uF, Ry = 30 k)

fOSC

40

kH2

Standard Deviation of Frequency*
{CY = 0.001 #F, Ry = 30 kN)

dOSC

3.0

Frequency Change with Voltage
(Vce = 70Vto 40V, Tp = 25°C)

Afosc (AV)

0.1

.8
F3

Frequency Change with Temperature
(ATA = Tiow 10 Thigh!
{CT = 0.01 uF, RT = 12 kM)

Aose (aT)

UNDERVOLTAGE LOCKOUT SECTION

[ Turn-On Threshold (Vg Increasing, lref = 1.0 mA)

Vih I

6.5

6.43

1.0

TOTAL DEVICE

Standby Supply Current
[Pin 6 at Vef, All Other Inputs and Qutputs Open)
(Vge = 15V)
(Veg = 40 V)

Icc

£.5
7.0

10
15

mA

Average Supply Current
{V(pin 4} = 2.0 V) (Ses Figure 12}
{CT = 0.01 uF, Ry = 12k, Vg = 15Y)

7.0

mA

* Standard deviation is a measure of the staustical distribution 200ut the mean as dernived from the formula, w -
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FIGURZ 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE
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FIGURE 8 — EMITTER FOLLOWER CONFIGURATION
QUTPUT SATURATION VOLTAGE versus

EMITTER CURRENT
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FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE
versus FREQUENCY
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FIGURE 7 — PERCENT DUTY CYCLE versus
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FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
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FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL
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ELECTRICAL CHARACTERISTICS Vcc = 15V, Cr = 0.01 uF, RT = 12 k2 unless otherwise noted.}

TL4S4

For typical values Tp = 25°C, for min/max values TA is the operating ambient temperature range that applies unless otherwise

noted.
TL494C,| TL434M
Characteristic Symbol " Unit
Min ' Typ I Max Min Typ | Max
OUTPUT SECTION
Collector Off-State Current ICloffi - 2.0 100 - 2.0 100 RA
fVee = 40V, Veg = 40 V:
Emitter Off-State Current 1E(ot) — _ -100 - _ ~150 sA
(Voe = 40V, Ve = 40V, Vg = 0 V)
Collector-Emitter Saturation Voltage (2} VSATIC) -— 1.1 1.3 - 1.1 1.8 v
Common-Emitter
(VE = 0V, Ic = 200 mA)
Emitter-Follower VSAT(E} -— 1.5 25 - 1.5 25 v
(Ve = 15V, [g = -200 mA)
Qutput Control Pin Current locL - 10 - -_ 10 — BA
Low State
(Voc < 0.4 V)
High State locH — 0.2 35 — 0.2 35 mA
(VoC = Vref)
Qutput Voltage Rise Time te — 100 200 - 100 200 ns
Common-Emitter {See Figure 13}
Emitter-Follower (See Figure 14) - 100 200 - 100 200 ns
Output Voltage Fall Time It - 2% 100 - 25§ 100 ns
Common-Emitter (See Figure 13} : J
Emitter-Follower {See Figure 14} — 40 100 - 40 ¢ 100 | ns
TL494 |
Characteristic Symbol T Unit
Min Typ Max i
ERROR AMPLIFIER SECTIONS
Input Offset Voltage Vio — 2.0 10 mv
VO (Pin 3) = 2.5V}
Input Offset Current o — 5.0 258 nA
Vo (Pin 31 = 25V) j
tnput Bias Current ) B & -0.1 -1.0 A
VO (Pin 3) = 25 V) s
Input Common-Mode Voltage Range i VicR -0.3to0 - — v
(Vee = 40V, Ta = 25°C) vVee - 2.0
Ceen-Loop Voltage Gain Ayor 70 985 - d8
(Vo = 3.0V.Vg = 051035V,
AL = 2.0 ki)
Unity-Gain Crossover Frequency | fc - 350 - kHz
Vo = 0.5t0 3.5V, R = 2.0 k(1) !
Phase Margin at Unity-Gain i om - 65 - deg.
(VO = 0.5t0 3.5V, R = 2.0 ki) 5
Common-Mode Rejection Ratio CMRR 65 90 d8
(Ve = 40 V)
Power Supply Rejection Ratio PSRR — 100 — dB
(AVee = 33V, Vg = 25V, R = 2.0 k(1)
Output Sink Current ’ io- 0.3 0.7 — mA
Vo (Pin3) = 0.7 Vf
Output Source Current Io- -20 -4.0 — mA

VO (Pin 31 = 35V)

NOTE 2: Low duty cycle pulse techniques are used during test to maintain juaction temperature as close to ambient temperatures as possibie.
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES

Vo
To Output
L Voltage of
A1 =: System
1
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R
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT
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FIGURE 17 — SOFT-START CIRCUIT
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FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS
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24V s Voc < VREF Qe | to 250 mA
i Qutput
I Control
c?

——0
—O

Push-Pull Configuration




R

TL4S4

AGURE 18 — SLAVING TWO OR MORE CONTROL CIRCUITS

Vref

Master

Veet

Slave

{Additional
Circuits}

FIGURE 20 — OPERATION WITH VN > 40 V USING
EXTERNAL ZENER

Rs vee
—CO—
Vin >40 V 12 I
1N975A/]&’
Vz =33V 5V
' Ref

o
4
4
~

FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER

+Vin = 80t0 20V

O
120 +Vg = 28V
a4 1N4934 o =02A
1 [ 7
+ cC AWA-Q- T Py ve)
o2 8 }Inp 22
M - G 32 4 3
33k ] s
{EAAn Comp TLasa K JF o
0.01 0.01=< 15 1 Tipl s BV
- 21— 32|25y R
16 Tasv
—+ OCVggr DT Cy A7 Gnd €' €2 = v“v‘
13| 14 41 5 6 7 9 10 1N4934
41 "Jl\ L § 240 %
4.7k $ 10 s = :;‘Sk
47k 10 k‘I 0.001
o &
All capacaors i uF
L1—35mH@03A
T1 — Primary: 20T C.T. #28 AWG
Secondary; 1207 C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS RESULTS
Line Ragulation Vin = 10Vto 40V 14mV  0.28%
Load Regutation Vin =28V.lg = 1TmAto1A J0mV  0.06%
Output Ripple Vin =28V,lg = 1.0A 65 mV P-P  P.AR.D.
Short Circuit Current Vin = 28V, R_ = 0.1 1.6 amps
Efficiency Vin=28V,lg = 1A 71%
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

1OmH@2A

+Vin = 10040V TP 324 +Vo = 50V
l— o =10A
7
s
4» 150
+ 47 k
12 gl 1 0.1 |
vee €1 €2 compl3 od
eo ]
> 5.1 k 51k
so L Tiasa Ho >3 A
soV T 14
VREF —
15 = MRgs) Loy TR
- VA A Y
16 5.1k
Ct RT D.T.0.C.GndE Ej
+| 50
5 {6 4 N3] 721(9}v L
° S 0V
g 150
47 {
0.001
T k
- ® *+—0
o-
All capacitors in uF
TEST CONDITIONS RESULTS
Line Reguiation Vin = 8.0to 40V 3.0mv 0.01%
Load Regulation Vin = 126V, g = 0.210 200 mA * S.0mV  0.02%
Output Ripple Vin = 126 V.10 = 200mA 40mVpP PARD.
Short Circuit Current Vin = 126V, Ry = 0.1 Q1 250 mA
Efficiency Vin = 126V, [g = 200 mA 2%
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TL494

Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
biocks required fot the control of a switching power
supply. (See Figure 1.} An internal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, RT and CT. The approximate oscillator fre-
quency is determined by:

¢ - 1.1
osc RreCy

For more information refer to Figure 4,

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Ct to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2, are
enabled only when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in 2 maximum duty cycle on a given output of 96% with
the output control grounded, and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time, established
by the dead time controi input, down to zero, as the
voltage at the feedback pin varies from 0.5 to 3.5 V. Both
error amplifiers have a common-mode input range from
~0.3V1to(Vee -2V), and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width moduiator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the foop.

When capacitor Cy is discharged. a positive puise is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscil-
lator. Qutput drive can also be taken from Q1 or Q2,
when single-ended operation with a maximum on-time
of less than 50% is required. This is desirable when the
output transfaormer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Qt and
Q2 may be connected in parailel, and the output-mode
pin must be tied to ground to disable the fip-flop. The
output frequency will now be equal to that of the
escillator,

The TL434 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
*1.5% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

lnput fout _
Qutput Qutput Function fosc
Control
Grounded Single-ended PW.M. at Q1 and Q2 1
At Vief Push-pull operation 0.5
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SEMICONDUCTOR IS
TECHNICAL DATA

NPN
2N3055
PNP
MJ2955

COMPLEMENTARY SILICON POWER TRANSISTORS

. . designed for general-purpose switching and amplifier apptications.
® DC Ciirrent Gain —hFg = 20-70 @ Ig =4 Ade

@ Collector-Emitter Saturation Voltage —
V(CE(sat) = 1.1 Vdc (Max} @ Ic = 4 Adc

@ Excellent Safe Operating Area

MAXIMUM RATINGS

Rating Symbol Value Unit
Cotlactor-Emitter Voltage VCEO 60 Vdc
Coliector-Emstter Volitage VCER 70 Vdc
Coliector-Base Voitage Ves 100 Vde
Emitter-Base Voltage VEg 7 Vdc
Coltector Current — Continuous ic 15 Ade
Base Currant [} 7 Ade
Total Power Dissipation ® T¢ = 25°C Po 115 Watts
Derate above 25°C 0.657 wree

Operating and Storage Junction Ty Tgeg | ~65t0+200 °c

Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rgic 1.52 °cmw

-FIGURE 1 - POWER DERATING

Pp. POWER DISSIPATION (WATIS)
-
=4

€0
a0 \\ <
\

20 ~

g 3 S0 5 100 25 150 0 200
T, CASE TEMPERATURE (°C)

15 AMPERE
POWER TRANSISTORS
COMPLEMENTARY SILICON

60 VOLTS
115 WATTS

sTEY,
Ay ) BASE
2 EMITTER
A CASE COLLECTOR
r-—l——-‘
l f"——Y'"_}-:‘
I ﬂ |
13
C«x

——tto-D 10

rsunoe @ v ©[0 @]
F ot

MNQTES:
1. DIMENSIONTNG AN TOLERANCING PER ANSI
YILSM, 192
2 CONTROLLAG DIMENSION: INCH.
2 AL RULES AN) NOTES ASSOCIATED WiTH
REFERENCED TO-204AA QUTUNE SHALL APRLY.

CASE 1-06
TO-204AA
(TO-3}
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2N3055 NPN/MJ2955 PNP

ELECTRICAL CHARACTERISTICS (T¢ = 25°C untess otherwise noted}

r Characteristic Symbol Min Max ] Unit J
*OFF CHARACTERISTICS
Cottector-Emitter St g Voltage {1} VCEO(sus) 60 - Vde
{ic = 200 mAde, Ig = O)
c r-Emitter Sustaining Voltage (1) VCERIsus) 70 - Vde
{tc = 200 mAdc, Rgg = 100 Ohms)
Cottectac Cutoff Current Iceo - 0.7 mAde
{(Vee = 30 vde, g = 0)
Collector Cutoff Current ICEX mAdc
(Ve = 100 Vde, VgE(off) = 1.5 V) - 1.0
(VCE = 100 Vde, VgEg(ott) = 1.5 Vde, Tg = 150°C) - 5.0
Emitter Cutoff Current feso - 5.0 mAde
(Vgg = 7.0 Vde, Ic = 01
*ON CHARACTERISTICS (1}
OC Current Gain hgg -
(1c = 4.0 Adc, Vo = 4.0 Vdel 20 70
{te = 10 Adc, Vcg = 4.0 Vdc) 5.0 -
Collector-Emitter Saturation Voltage VCEtsat} Vde
(lg = 4.0 Ade, Ig = 400 mAdc) g 1.1
(i = 10 Ade, Ig = 3.3 Ade) 3.0
Base-Emitter On Voltage VBEion) - 1.5 Vde
{1 = 4.0 Adc, Vg = 4.0 Vdel
SECOND BREAKDOWN
S d Break Cott Current with Base Forward Biased Ysio 287 - Adc
{Vee = 40 Vde, t = 1.0 s; Nonrepetitive)
OYNAMIC CHARACTERISTICS
Current Gain — Bandwidth Product fr MHz
(lg = 0.5 Adc, VeE = 10 Vde, f = 1.0 MHz) 25 -
*Senalt-Signal Current Gain hte -
{ic = 1.0 Adc, Vg = 4.0 Vdc, f = 1.0 kHz} 15 120
*Smali-Signal Current Gain Cutoff Frequency thie 10 - kHz
(VcE = 4.0 Vde, ic = 1.0 Ade, f = 1.0 kHz)

* Indicates Within JEDEC Registration. (2N3055)
(1} Pulge Test: Puise Width < 300 us, Duty Cycle < 2.0%.

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA

There are two limitations on the power handling ability of &
ternperature and second breakdown.

Safe operating srea curves indicate Ic-Vcg limits of the transistor
ie., the transi st
than the curves indicate.
The data of Figure 2 is based on T = 259C; T)(px) is varisble
depending on power level. Second breakdown puise limits are
valid for duty cycles to 10% but must be derated for temperature

2N3055, MJ2955
2 T T !
" e N s N0\ 60 1
T —= L3 1 mS S transistor: average j
z < s ¥
.‘f’ 4 —1 N\ that must be observed for reliable opersti
5 e~ D\ not be subjected to greater dissipati
H N
3 ? AR
S N or duty
= | A according to Figure 1.
E
g s o = = Bonding Wirs Limit
© 04 as = o = Thermally Limited @ T = 259C {Single Pulse)
Second Limit
| ] L | |
.2
o 10 0 40 60

Ve COLLECTOR-EMITTER VOLTAGE (VOLTS)
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TECHNICAL DATA

BD136,-6,-10,-16
BD138,-6,-10,-16
BD140,-6,-10,-16

PLASTIC MEDIUM POWER
SILICON PNP TRANSISTOR 1.5 AMPERE
. ) ) POWER TRANSISTOR
-+ . designed for use as audio amplifiers and drivers utilizing
complementary or quasi complementary circuits.
® Available in HEg groups -6, -10, -16 PNP SILICON
@ DC Current GalHFE-lo (Min) @ (c- 0.15 Adc 45, 60, 80 VOLTS
® BD 136, 138, 140 are complementary with BD 135, 137, 139 10 WATTS
MAXIMUM RATINGS
’ Reting Symbol Type Vaive Unit
BD 136 45
Collector-Emitter Vohage Vego | 8O 138 60 Vde
BO 140 80
80 136 45 .
Collector- Base Voltege Vego | 80 138 60 Vie
8D 140 100
Emitter-Base Vohage VEBO 5 Vde
Coltector Current i lc 1.5 Adc
Base Cutrent IB 0.5 Adc
Total Devics Dissipation @ T4, =25°C Po 125 Wors
Derste sbove 25°C 10 mw/ec
Tots! Device Dissipstion @ T = 25°C fp 125 Wart ’
——— C e
Derate sbove 25°C 100 mwAC i W
Operating snd Storsge Juncti Ty Tag +55 to +160 °c "o H
Tempersture Range I |
1
THERMAL CHARACTERISTICS LT‘
Charscteristic Symbol Max Unit l
Therma! Resistance, Junction to Case ac 10 ocm I
Therma! Resi , Junction to A N 100 ocm
i
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) j"""
Charscwristic N Symboal Type |MinMax|Unit - i
- - — =S +ox:mE 1% 39
Co Emitter S g Vokege® 8Yeeq Vde "
{ie =0.03Acc, 1, = 0) 80 136 |45 | ~=-=—Din 4 ox: ¥ 19 39|
BD 138 | 60— )
BD 140 | 80 | — \GTES
Collector Cutoff C ] uAGC 32 DIME_\S'.C\ N3 20D TOLERANCING €3 ANSH
1V g = 30 Ve, I, =0) , -4 = o1 CON 2 w3 SUINSON
(Veg = 30 Vde, I =0, T, = 125° C) — |0 T i
: H ; T~ MILSETERS
Emitter Cutoft Curmrent lego HAdS TOM MW
(Vgg =50 Vdc. 1.=0) — |10 .
OC Current Gain .
(1, = 0.005A, Vo = 2V) heg xs|-] - :
g™ Q.16A,V c=2V) 40 | 250 _f
H
flc= 08A V.. =2V} ) - :
Coltector-Emitter Ssturation Voltage* vcE * Vde "
(e = 0.5 Adc, 1 = 0.05 Ade) (ss) ~|os g
Bese-Emitter On Vottage® VBE(on)' Vde H CASE 77-06
l1s = 0.5 Ade, Vi = 2.0 Vel - v TO-225AA TYPE.

® Puise Tew: Pobe Width § 300 pa, Duty Cycle § 20%




BD136,-6,-10,-16, BD138,-6,-10,-16, BD140,-6,-10,-16

lc. COLLECTOR CURRENT (AMP)

FIGURE 1 — ACTIVE REGION SAFE OPERATING AREA
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Available in HEE groups

fatIc=0.15 A, VoE 2 V) HEE group:

-6
-10
-16

Min.

63
160

100
160
250
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TECHNICAL DATA

6-Pin DIP Optoisolators
Transistor Output

These devices consist of a gallium arsenide infrared emitting diode optically coupled

to a monolithic silicon phototransistor detector.

e Convenient Plastic Dual-in-Line Package

® Most Economical Optoisolator

® High Input-Output Isolation Guaranteed — 7500 Volts Peak

® Meets or Exceeds All JEDEC Registered Specifications

o UL Recognized. Fite Number E54915

e VDE approved per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN |EC380 VDEQ806, IEC435/VDE080S5, IEC65/VDE0860, VDE110b, covering
all other standards with equal or less stringent requirements, including IECZOd/
VDEO0113, VDE0160, VDE0832, VDE0833, etc. =——7 883

® Special lead form available (add suffix “T” to part number) which satisfies VDE0883/
6.80 requirement for 8 mm minimum creepage distance between input and output

solder pads.
e Various lead form options available. Consult “Optgisolator Lead Form Options™ data

sheet for details.

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

MOTOROLA 3
m SEMICONDUCTOR mers s S R,

4N25
4AN25A

4N26

4N27 |
-4N28

6-PIN DIP
OPTOISOLATORS
TRANSISTOR OUTPUT

. Rating ] Symbol Value Unit
INPUTLED § § SCHEMATIC
Reverse Volitage VR : 3 Volits
Forward Current — Continuous Ie 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 ' mwW
with Negligible Power in Output Detector 1
Derate above 25°C 1.41 mwWrC 6
OUTPUT TRANSISTOR N
Collector-Emitter Voltage Vceo 30 Volts ? H
Emitter-Collector Voitage VEco 7 Volts 4
3o—
Collector-Base Voltage Veso 70 Volts
Coliector Current — Continuous ic 150 mA
Detector Power Dissipation @ Tp = 256°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mwWrC 1. LED ANODE
2. LED CATHODE
TOTAL DEVICE ANC
tsolation Surge Voltage (1) viso 7500 Vac 4 EMITTER
{Peak ac Voltage, 60 Hz, 1 sec Duration) 5. COLLECTOR
€. BASH
Total Device Power Dissipation @ Tp = 25°C PD 250 mw £
Derate above 25°C . . 294 mwrC
Ambient Operating Temperature Range TA —55to +100 *c
Storage Temperature Range Tstg ~55to +150 *C
Soldering Temperature (10 sec, 1/16" from case) Tsol 260 °C

(1) isolation surge voltage is an i | device dielectric breakd eating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common,
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4N25, 4N25A, 4N26, 4N27, 4N28

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

I Characteristic - Symbot I Min l Typ ' Max l Unitj
INPUT LED
Forward Voltage (I = 10 mA) - Ta = 25°C Vg - 1.15 1.5 Volts
’ TA = —55°C - 1.3 -
TA = 100°C _ 1.05 -
Reverse Leakage Current (VR = 3V) IR - —_ 100 BA
Capacitance (V = 0V, f = 1 MHz) Cy - 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current 4N25,25A,26,27 lceo - 1 ‘50 nA
(VCE = 10V, Tp = 25°C 4N28 - 1 100
(VCg = 10V, T4 = 100°C) All Devices Iceo - 1 — nA
Collector-Base Dark Current (Veg = 10V) IcBO - 0.2 - nA
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V{BRICEO 30 45 — Volts
Collector-Base Breakdown Voltage (Ic = 100 xA} Vi{BRICBO 70 100 — Volts
Emitter-Collector Breakdown Voltage {Ig = 100 pA) V(BR)ECO ? 78 - Volts
DC Current Gain (Ic = 2 mA, VCE = 5V) hee — 500 - -
Collector-Emitter Capacitance {f = 1 MHz, Ve = 0) Cee - 7 — pF
.Collector-Basa Capacitance (f = 1 MHz, Veg = 0) Ccs - 19 — pF
Emitter-Base Capacitance {f = 1 MHz, Vgg = 0) Cer - ‘9 - pF
COUPLED
Output Collector Current {ip = 10 mA, Vcg = 10 V) Ic mA
4N25,25A,26 2 7 —_
4N27,28 1 s —
Collector-Emitter Saturation Voltage {ic = 2 mA, Ig = 50 mA) VCE(sst) - 0.15 0.5 Volts
Turn-On Time (I = 10 mA, Vee = 10V, Ry = 100 0) ton S 2.8 — ns
Turn-Off Time (Ig = 10 mA, Vce = 10V, Ry = 100 ) toff - 4.5 — ns
Rise Time (Ig = 10 mA, Vee = 10V, Ry = 100 ) t — 1.2 - us
Fall Time (I = 10 mA, Vee = 10V, Ry = 100 ) [T ) 1.3 - Hs
Isolation Voltage {f = 60 Hz, t = 1 sec) Viso 7500 -— —_ Vac(pk)
Isolation Resistance (V = 500 V) Risg | 1011 - — n
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso _ 0.2 - pF
TYPICAL CHARACTERISTICS
L o e S R RT g w
= o o PULSE ONLY - 4 At =] T
. PULSE OR DC Sl 2 T~ NORMALLZED 10
z s - i 2 I = 10mA
g U] Z + —
/1y 3|
2147
§ 1.6 7 g
= 4 4! =]
I3 v 4 (=) V.
> 4 y ¥ & ] pd
21 LA g v
g // d '/ Y e L] == 4
E i1y - —ssctHb = SEEiiES
w12 1 Ld’ 5 : -
= %°CTH LA § f ;
1 llm o ™
1 10 t100 1000 en 0.5 1 2 H 10 2 0

Ig, LED FORWARD CURRENT {mA)
Figure 1. LED Forward Voltage versus Forward Current

Ir, LED INPUT CURRENT {ma}
Figure 2. Output Current versus Input Current

—mmeries e
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4N25, 4N25A, 4N26, 4N27, 4N28
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2 IF = 10 mA—]
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% . 7

g A

g e // /- :

2 S 2mA ]

174 TmA—|

(18 = I

[} 3 2 3 4 § (] 7 .8 9 10
V. COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 3. Collector Current versus
Coltector-Emitter Voltage

- =
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EEuw
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EE 5
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971
o
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o1 1
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Figure 5. Dark Current versus Ambient Temperature
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Figure 7. Turn-On Switching Times
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Ic, OUTPUT COLLECTOR CURRENT (NORMALIZED)
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Figure 4. Output Current versus Ambient Temperature
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4N25, 4N25A, 4N26, 4N27, 4N28
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Figure 9. DC Current Gain (Detector Only)

_ Figure 10. ‘Clpaéiunces versus Voitage

TEST CIRCUIT

= 10mA—y

INPUT }:

WAVEFORMS

veg = 10V =Ty N\

Ry =100

ouTPUT

Figure 11. S\;vitching Times
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LF351

&National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET ™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. if maximum supply

" current is important, however, the LF351 is the better

choice.

Features )

® Internally trimmed ofiset voltage 10 mV
® Low input bias current ’ 50 pA
m Low input noiss voltage 25 nV/\Hz
B Low input noise current 0.01 pA/VAz
W Wide gain bandwidth 4 MHz
® High slew rate 13 V/pus
B Low supply current T T 1.8 mA
® High input impedance 10120
® Low total harmonic distortion Ay= 10, <0.02%

Ry =10k, Vo=20 Vp-p, BW=20 Hz-20 kHz

H Low 1/f noise corner 50 Hz
u Fast settling time to 0.01% 2 ps

Typical Connection

My

“Vee

TL/H/5648-11

Connection Diagrams

Dual-In-Line Package

Simplified Schematic

Yec ©

[

INTERNALLY
TRIMMED

Ve ©

INTERNALLY
TRIMMED

TL/H/5648-12

1 -/ 8
BALANCE — — Nne
2 7,
INPUT — L v
3 6
npuT —f L= ouTPUT
o4 5
v — —— BALANCE

Order Number LF351M or LF351N
See NS Package Number M08A or NOSE

TL/H/5648-13
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Ofttice/Distributors for availabliity and specifications.

Supply Voltage™ +18v

Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0*Cto +70'C
THMAX) 115°C
Difterential input Voltage - +30V
Input Voltage Range {Note 2} +15V
Output Short Circuit Duration C Continuous

Storage Temperature Range —65°C to +150°C

Lead Temp. (Soldering, 10 sec.)
Metal Can " 300°C

Oia
N Package 120°C/W
M Package 180
Soldering Information
Dual-In-Line Package -
Soldering (10 sec.) 260°C
Small Outline Package
*Vapor Phase (60 sec.)’ 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

DiP

260°C

DC Electrical Characteristics (Note 3)

Symbol Parameter Conditions ! Units
Min Typ Max
Vos Input Offset Voltage Ag = 10kN, T = 25°C 5 10 mV
Over Temperature 13 mVv
AVps/AT Average TC of Input Offset Rg=10k0 10 WVIrC
Voltage
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 PA
T;<70°C 4 nA
Ig Input Bias Current Fj = 25°C, (Notes 3, 4) 50 200 pA
T < £70°C 8 nA
RiN Input Resistance Tj=25C 1012 N
Avor Large Signal Voltage Gain Vg= 115V, Tp=25°C 25 100 - v/imV
Vo= 210V, R =2k
. Over Temperature 15 V/mV
Vo Output Voltage Swing Vg= +15V, R =10k} +12 +13.5 v
Vem Input Common-Mode Voltage +15 \
Range Vg= %15V +11
-12 \
CMRR Common-Mode Rejection Ratio Rs<10kQ 70 100 da8
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA

1sed1
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AC Electrical Characteristics (ote3)

Symbol Parameter Conditions LF351 - Units
Min Typ Max
SR Slew Rate V=115V, Ty =25C 13 Vips
GBW Gain Bandwidth Product Vg=115V, Tp=25'C 4 MHz
en Equivalent Input Noise Voltage Ta=25C, Rg=1009, 25 Iz
f=1000 Hz | .

in Equivalent Input Noise Current |- - Tj=25"C, {= 1000 Hz 0.01 pA/HZ
Note 1: For operating at el d temp: .lhedwbemtxstbedefaledbasodonmmalreslsun«.OM.

Note 2: Unless otherwise specified the absolute maximum negative input vottage is equal to the negative power supply voltage. -

Note 3: Thesa specifications apply for Vg='1 15V and 0°CSTo< +70°C. Vgs, Ip and los are measured at Vo =0. : ot

Note 4: The input bias are ion laakag which approxi y double for every 10°C i in the junction temperatt 9, Tj. Due to the limited
production test time, the input bias d are d to juncti P . In normal operation the junction temp fises above the ambient
temperature as a result of intemal power dissipation, Pp. Tj=Ta+ 8,4 Pp where 814 Is the thermal resistance from junction to ambient. Use of a heat sink is
recoinmended if input bias current is to be kept to a minimum.

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From
+15V to 5V, .

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.

-
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INPUT BIAS CURRENT (3A)

—

POSITIVE COMMON-MODE INPUT
VOLTAGE LIMIT {V)

NEGATIVE OUTPUT YOLTAGE SwiNg {v}
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35
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-

Input Blas Current

L IR

Vg = 215V
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Vv
o
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Input Voltage Limit

T Ll L
CLSTASHIOC L

/
/

/|

/

] s 1" 1% 2
POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

NN

e 25°C

e o c

N

] 10 10 3 40
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Typical Performance Characteristics

Input Blas Current

T T

[—Vemed
[ Vg =115V 4
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Distortion vs Frequency
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Typical Performance Characteristics (continued)

Undistorted Output
"Voltage Swing
» Vg o 215V
= - LIGE:
2 . N ma-
2 20 \ Ave1
H <1% DIST
8
g
S
z
£
a
'
10 100k ™
FREQUENCY ()
Power Supply
Rejection Ratio
140 - Y
Vge oty |
120 g Ta=25°C

\\
» \ ssureLY
) AN 2%

POWER SUPPLY REJECTION RATIO (42)

10 100 1K 10k 100 M 1M
FREQUENCY (Hz)

QUTPUT IMPEDANCE ()

™ I fosk M 1w
FREQUENCY (Ha)

OPEN LOOP VOLTAGE CAIN (d8)

EGUIVALENT INPUT NOISE VOLTAGE (av/A/HT)

OUTPUT VOLTAGE SWING FROM 8V (V)

Open Loop Frequency
Response
120 T
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™ \\ v:-:uv—-
\ Ta=25C
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N ¢
n
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1 1890 1k tor 108k 1M 10M
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Pulse Response

Small Signal Inverting

QUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 4s/DIV) . -
TL/H/S5648-4

Large Signal Inverting

QUTPUT VOLTAGE SWING (5V/D1V)

Small Signat Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 15/01V)

TL/H/5643-5
Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV})

TIME {2 1s/DIV) TIME (2 15/01V)
TL/H/5648-6 TUH/5ELE-T
Current Limit (R = 1000) ?

2, ;
&
2
=
=B
z1
L
<
&1

= -
o
>
[
-1
[

. [
>
@ . B
TIME (5 ;5/D1V)
. TL/H/5648-8

Application Hints

The LF351 is an op amp with an internally trimmed inpuj
offset voltage and JFET input devices (BI-FET lI™™), 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 differential 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 result in a destroyed
unit,. .

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
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the

tsedn
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LF351

Application Hints (continued)

common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

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

The amplrf or wrll ‘operate with a common-mode input voit-
age equa] to, the positive supply, however the gain band-
width and slew rate may be. "decreased In ‘this ‘condition,
When the negatrve common-mode voltage swings to within
3V of the negative supply, an lncrease in |nput offset voltage
may occur. : : s 3

The LF351 is bnased‘ny a zener reference which allows nor-
mal circult operanon on- +4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate. c “

The LF351 will drive a 2 kQ load resistance to + 10V over
the full temperature range of 0°C to +70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease’in inpyt offset voltage may occur on-the negative
voltage swing and_finally reach an active -current limit on
both positive and negative swings. J

Precautions should be taken to ernsure"'that the power supply
for the integrated circuit never becomes reversed in polarity
or that ‘the unit is not inadvertently, Installed back-

g 3 -t
« .

Detailed Schematic:‘ &

wards in a socket as an unlimited current surge through the

resulting forward diode within the IC could cause fusing of

the internal conductors and result in a destroyed unit.:

As with most amplifiers, care should be taken, wrth lead

dress, oomponent placement "and supply decouplmg in or-

der to ensure stability. For example, resistors from the out-

put to an input should be placed with the body’ close | fo the

input to minimize “pick-up” and maxlmrze the frequency of
the feedback pole by minimizing the capacltence from the

input to ground. . [

A feedback pole is created When the feedback around any
amplifier is resistive. The garallel resistance and capaci-
tance from the input of the device (usually-the inverting in-
put) to AC ground set the fréquency .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 less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The,
value of the added capacitor should be such that the RC
time constant of this capacitor and the reslstarice it parallels
is greater than or equal to the ongmal feedback ‘pole time
constant. "
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Typical Applications

Supply Current Indicator/Limlter

o TOSYSTEMSUPPLY
7 VOLTAGE CONNECTION

VsuppLY O—@—AAN—@

LT ¢ Vour N

= TO CONTROL CIRCUITRY

o}
V-

* Vout switches high when Aglg > Vp

Ultra-Low (or High) Duty Cycle -
Pulse Generator

{1517 I
RESET

INTEGRATE

. 148 ~ 2Vg
* LuTPUT HIGH = RI1C £n 18- Vs

12Vg - 7.8
* toutput LOow = R2C In,h

where Vg = V+ + [v=] . .

*low leakage capaéuor

8

14 LF13333

Hi-Z;y Inverting Amplifier

c2

- L

Parasitic input ca;iécltance C1 == (3 pF for LF35¢*
plus any additional layout capacitance) interacts
with feedback elements and creates.'undesirable
high frequency poie. To compensate, add C2 such
that: R2C2 = RICH.

Long Time Integrator ’

. < TL/H/5648-10
“Low leakage capacitor
¢ 50k pot used for less sensitive Vog adjust

lsedT
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Linear Integrated Circults ~

CA3140, CA3140A, CA3140B Types

Minl-OIP
CA3140€
CAIVA0AE
H-1817

(

BIMOS Operational Amplifiers . A*

With MOS/FET Input/Bipolar Output -

FEATURES:
& MOS/FET Input Stage

(a) Very high input impedance {Zin) ~ 1.5 TQ typ.
Tyon {b) Very low input current (i) — 10 pA typ.at* 15V
S-Losd TOS Types {c) Low input-ofiset voltage (Vi) — to 2 mV max.
With ML_:'-"' $Losd TOS (d) Wide common-mods lnput-voltage range (VicR)—
-9.' "-LICAN"' (T Sutfix) can be swung 0.5 volt below negative supply-voitage
{8 Suftix) rail
H1787 H-1828 (8) Output swing compi ts input c¢ 1-mode range

The CA31408, CA3140A, and CA3140are integrated-circuit
operationsl amplifiers that combine the advantages of high-
voltage PMOS transistors with high-voitags bipolar
transistors on & single monolithic chip. Because of this
unique combination of technologies, this device can now
provide designers, for the first time, with the special
performancs festures of the CA3130 COS/MOS operational
amplifiers and the versatility of the 741 series of industry-
standard opecational amplifiers.

The CA3140, CA3140A, and CA3140 BIMOS operationai
amplifiers feature gate-protected MOS/FET (PMOS)
transistors in the input clrcult to provide very-high-input
impedancs, very-low-Input current, and high-speed
performance. The CA31408 operates at supply voltages
from 4 to 44 volta; the CA3140A and CA3140 from 4 to 38
volts (either single or dual supply). Thess operationat
amplifiers are internally phase-compensated to schiave
stable operation in unity-gain followsr operation, and,
additionaty, have access terminals for a supplfementary
external capacitor if additional frequency roli-off is desired,
Terminais are also provided for use in applications
requiring input offset-voitage nulling. The use of PMOS
field-effect transistors in theinput stage resultsin common-
mode input-voltage capability down to 0.5 voit below the
negstive-supply terminal, an important attribute for single-
supply applications. The output stage uses bipolar
transistors and includes built-in protection against damage

from load-terminal short-circuiting to either supply-rail or -

to ground.

The CA3140 Series has the same 8-lead terminal pin-out
used for the “741" and other industry-standard operational
amplifiers. They are supplied in sither the standard 8-lead
TO-5 style package (T suffix), or in the 8-lead dual-in-line
formed-iead TO-5 style package “DIL-CAN" (S sutfix). The
CA3140 is available in chip form (H suffix). The CA3140A
and CA3140 are also available in an 8-lead dual-in-line

TOP ViEw Fig 1~

(1) Rugged input stage — bipolar diode protected

& Dirsctly replaces indusiry type 741 in most applications
® Includes numerous industry operational
amplifier categories such as general-pur-
pose, FET input, wideband (high siew rate)
u Operation from 4-to-44 volts
Single or Dual supplies
& Internally compensated
8 Characterized for + 15-voit operation
and for TTL supply systems with
operstion down to 4 volts
8 Wide bandwidth — 4.5 MHz unity
gainat £ 15V or30V; 3.7 MHzat 5V
& High yoltage-loliower slew rate — § Vim
& Fast satting time — 1.4 us typ.
1o 10 mVY with a 10-Vp-p signal
8 Output swings to within 0.2 voit
of negative supply
8 Strobable output stage

APPLICATIONS: .. S

8 Ground-referenced single-supply amplifiers
in sutomobile and portable instrumentation

® Sample and hold amplitiers

8 Long-duration timers/multivibrators

y {microsoconda—minulu—houu}

- 8 Phot rent ingtr tation

® Poak detectors” M Active lilters

® Compesrators

® Interlace in 5 V TTL systems & other
low-supply voltage systems

& All standard operational amplitier applications -

& Function generators R Tone controls

® Power supplies B Portable instruments

® Intrusion alarm systems

- - orraer o
wL

v eyt (D
bt O
v (O

Functions! dsgrame of the
CA3140 sories.
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LM710 Voltage Comparator

General Description

The LM710 series are high-speed voltage comparators in-
tended for use as an accurate, low-leve! digital level sensor
or as a replacement for operational amplifiers in comparator
applications where speed is of prime importance. The circuit
has a differential input and a single-ended output, with satu-
rated output levels compatible with practically all types of
integrated logic. - e

4 The davice is built on a single silicon chip which insures low

offset and thermal drift. The use of a minimum number of
stages along with minority-carrier lifetime control (gold dop-
ing) makes the circuit much faster than operationa! amplifi-
ers in saturating comparator applications. In fact, the low

NNational Semiconductor

orZm1

stray and wiring capacitances that can be realized with
monolithic construction make the device difficult to dupli-
cate with discrete components operating at equivalent pow-
er levels. . o R

The LM710 series are useful as pulse height discriminators,
voltage comparators in high-speed A/D converters or go,
no-go detectors in automatic test equipment. They also
have applications in digital systems as an adjustable-thresh-.
old line receiver or an interface between logic types. In addi-
tion, the fow cost of the units suggests them for applications
replacing relatively simple discrete component circuitry.

v
\

< RS
b

<
2 2.8 239k

TL/H/10410-1

Ceramic Flatpak Package

L‘ﬂ NC

1 NC
Ve
NG

] OUTPUT

cno(:" [
+INPUT . ]
=INPUT :‘ LM710AMW
N[

v-—
TL/H/10410-9

Order Number LM710AMW/883*
See NS Package Number W10A

o] 1] o] [

*Also available per JM38510/10301

Schematic and Connéétion'Diagrams

Metal Can Package
v
o)
O

GROUN

SUTPUT

(5) NO CONNECTION

5O CONNECTION

TU/H/10410-2

Top View
Note: Pin 4 is connected to case.

Order Number LM710AMH/883*, LM710H,
LM710H/883 or LM710CH
See NS Package Number H08C

Dual-ln-Line-Package

et T e
GND-—2~ "—S-NC
- + 'B-NC
N 4 11 v
Ne= ' e
v E_our
A Ne—L LI
- TL/H/10410-3
Top View
Order Number

LM710AMJ/883* or LM710CN
See NS Package Number N14A or J14A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

Power Dissipation

please contact the Natlonal Semiconductor Sales TO-99 (Note 1) 700 mw
Office/Distributors for avallabllity and specifications. Plastic Dual-In-Line Package (Note 2) 950 mw
Positive Supply Voltage +14V Operating Temperature Range
N tive Su Voltage -7V LM710 - —55°Cto +125°C
°0e Poly Voliag LM710C 0*Cto +70°C
Peak Output Current 10 mA s T ture R 65°C
Output Short Circuit Duration 10 seconds tm:?re empe:ra 4: k;m?e 10 . to +150°C
Differential Input Voltage +5V Lead Temperature (Soldering, sec.) 260°C
Input Voltage A 17V
Electrical Characteristics (vote 3) _
4 Parameter Conditlons LM710 LM710C Units
. Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Rg £ 2000, Vo = OV, Tp = 25°C .06 | 20 1.6 50 | -mv
Input Offset Current VouT = 1.4V, T4 = 25°C 0.75 | 3.0 18 | 5071 pA
Input Bias Current Ta = 25°C 13 20 16 25 pA
Voltage Gain Tp = 25°C 1250 | 1700 1000 | 1500
Output Resistance Ta = 25°C 200 200 0
Output Sink Current Vout = 0,Ta = 25°C
AViN2 5mV 2.0 2.5 mA
AViy 2 10mV 16 | 25 mA
Response Time Ta = 25°C (Note 4) 40 40 ns
Input Offset Voltage Rg < 20061, Vey = OV 3.0 65| mv
Average Temperature Coefficient | TNy < Ta € Tmax .
of Input Offset Voltage Rg < 500 3'0 40 1 20 | pvrc q
Input Offset Current Ta = TAMAX 0.25 | 3.0 7.5 pA
"Ta = TAMIN 18 | 7.0 7.5 A
Average Temperature Coefficient | 25°C < Tp < Tmax 5.0 25 15 50 | nA/°C
of Input Offset Current . .| Tmin S Ta < 25°C 15 75 24 100 | nA/°C
Input Bias Current Ta = TuiN ' 27 45 25 40 pA
Input Voltage Range Ve = =7V +50 +50 v
Common-Mode Rejection Ratio Rs < 2000 80 100 70 98 dB
Differential Input Voltage Range +50 +5.0 A
Voltage Gain 1000 800 VIV
Positive Output Level =SmA<loyr<0
VIN2EmV 25 32 | 40 \Y
Vin 2 10mV 25 3.2 | 40 v
Negative Output Level Jvinz5my =10 -05| o v
) Tvinz1o0my - -10) —-05] 0 V-
Output Sink Current Vinz 5mV,Vour =0 :
Ta = 125°C 0.5 1.7 mA
Ta = —55°C 10 | 23 mA
VINZ 10mV,Vour = 0 .
0°C < Tp < +70°C 0.5 mA
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Note 2 Derate

Note 1: Rating applies fox ambient temperatures of 25°C; derate knsarty

finsarly at 9.5 mW/*C for ambient temperatures above 25°C.

Electrical Characteristics (Note 3) (Continued) -
Parameter Conditions LM710 LM710C Unlts
Min ‘Typ- -] Max Min Typ Max
Positive Supply Current ViN2Z5mV 5.2 ' mA
ViN2 10mV 52 9.0 mA
Negative Supply Current ViN2 §mV 486 mA
R Vin 2 10mV 486 " 70 | ..mA .
Power Consumption ' Jour=0 .
. Vin25mVv | 90 150 mW
- .. ViN2 10mV - .. . - 150 mwW
at 5.6 mW/C for ambient temperatures above 25°C,

Note 3: These specifications appy for V+ = 12V, V= = —gV, =55°C < T < +125°C for LM710 and 0°C < Tp £ +70°C for LM710C unless otherwise

specified: The input offsst voltage and input offset current (see definitions) are sp
125°C for LM710 and 1.5V at 0°C, 1.4V at 25°C, and 1.2V at 70°C for LM710C.
Note &: The response tima speclfied (see definitions) is for a 100 mV input step with 5 mV overdrive (LM710) or a 10 mV overdrive (LM710C).

ffied for 2 logic th

hoid voltage of 1.8V at —55°C, 1.4V at 25°C, and 1V at

Typical Applications
échnﬁtt Trigger Line Recelve with Increased
Output Sink Current )
INPUT mermeme——t =
710 —— OUTPUT H ouTPUT
4 . R1
‘ R2 S0k
peme AAN——
. INPUT
< Q1
j; R1 t“7‘° 22906
TUH0410-4 -igﬁ *
TUH/10410-5
- Pulse Width Modulator . Level Detector with Lamp Driver
M e
f b3
. 0C INPUT
TL/H/10410-6
NPUT
f 2
N . TUH/10410-7

OLZWT




vt v v préem e

LM710

i g e——— e et v - omae

L T T T ———

mr——y— i~

L

Typical Performance Characteristics

OUTPUT VOLTAGE (V)

NPUT YOLTAGE (m¥)  OUTPUT YOLTAGE {m¥) MPUT BUS CURREKT (siA)

OUTPUT LEVEL (V)

Transfer Function

Y=t | .
1 V= A
TR
B/ ‘:A: .
.20 7 1A
K/ .
10 - oy
° 3
s
Y'Y o |

450 - -0 "1 30 5
NPUT YOLTAGE {mV)

Input Bias Current

L4 NI
Vi=12¢
¥ =~6.0V

X
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TEMPERATURE (o)

Response Time for
Various Input Overdrives
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YOLTAGE GAIN
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1300
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200
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“75-50-25 0 25 %0 75 100 125

INPUT OFFSET CURRENT (A)
o
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~i00

NPUT VOLTAGE (mV)  OUTPUT VOLTAGE (mV)
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B

OUTPUT SNK CURRENT (mA)

15
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Input Offset Current
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Response Time for
Various input Overdrives
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20mY

Y =12v
Y =-8.0Y |-
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0 2 © © 2 10 10
TWE (ps)
Output Sink Current
Y’=|'2V
Vi ==60v
|
0UT=0.2y |
e Ny
NG+,
N

“73~50-25 0 25 S0 75 100 125

TENPERATURE (°C)

OUTPUT YOLTAGE (Y)  INPUT VOLTAGE (V) SUPPLY CURRENT (ma) YOLTAGE GAN

POWER DISSIPATION (mW)

Voltage Gain
T,=25°C i
-
250
et
<o'1§‘/ ; -
- . ..
00 ‘,d"
\ ol
10 AT 222
e .
1000 b T
o I
10 1 12 13 “w .
POSITIVE SUPPLY YOLTAGE (V) 0
Supply Current . \
10 s e
| v =12v .
. | vesovp T
B =0
T, =55% |
§ T 1T
KEGATVE—]

a4 02 0 02 04
NPUT YOLTAGE (V)

Common Mode Pulse
Response

1 V=

- ¥ 2-6.0V
1,225%

] T

\ 1710
Yo—t i S>—Your

0 40 %0 120 18
TWE (ns)

Maximum Power Dissipation
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AMBIENT TEMPERATURE (°C)
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