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ABSTRACT

Video Effect Test Equipment of the thesis use to improved video and
audio signal from video player or camcorders . Sometimes the video and audio
signal output does not qualify to standard specification .The aim of project to
make video effect test equipment to improved video signal and reducer noise

signal .
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2.1.1 msauny (Scanning)
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they occur while beam is shut off during vertical retrace.
301 L WPy || SaV W= ) ____ NN
i W et e e =S L /RDANS U L e ——a 501
ey R e S A Y A TN g e S v
M= e o T T e e 502
o503 g B i BN Y, (AR TS s e 240
Y oy 7 ol 15 Y AR YAR((AY g s o oo S 303
504 T e e o I NV W ol W Lo dr e 241
T o T omseed N\ V) Vot NI, et — 504

Details of ruster produced by the 525-line scanning pattern
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2.1.2 MsTinvawasdannsoy (Electron beam deflection)
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2.1.4 Ty amudeny (Blanking signal)
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2.1.5 "ty 1m9ma"lmm (Equalizing pulse)
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2.2.2 ANV
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3.0997 Active Crossover
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2. Improved Video Fader
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3. Video Enhancer
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7. Dynamic Noise Limiter
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A Schlumberger Company

HA741
Operational Amplifier

Linear Division Operational Amplifiers

v

Description
The uA741 is a high performance monolithic operational
amplifier constructed using the Fairchild Planar Epitaxial

process. It is intended for a wide range of analog applica-

tions. High common mode vollage range and absence of
latch up tendencies make the uA741 ideal for use as a
vollage follower. The high gain and wide range of operat-
ing voltage provide superior performance in integrator,
summing amplifier, and general feedback applications.

® No Frequency Compensation Required

® Short Circuit Protection

® Offset Voltage Null Capabllity

¢ Large Common Mode And Differential Voltage
Ranges

® Low Power Consumption

® No Latch Up

Absolute Maximum Ratings
Storage Temperature Range
Metal Can and Ceramic DiP
Molded DIP and SO-8
Operating Temperature Range
Extended (uA741AM, pA741M)
Commercial (uAT41EC, uA741C)
Lead Temperature
Meta! Can and Ceramic DIP

-65°C 10 +175°C
-65°C 10 +150°C

~-55°C 10 +125°C
0°C to +70°C

(soldering, 60 s) 300¢°C
Molded DIP and SO-8
(soldering, 10 s} 265°C
Internal Power Dissipationt: 2
8L-Metal Can 1.00 W
8L-Molded DIP 0.93 W
8L-Ceramic DiP 1.30 W
SO-8 0.61 W
Supply Voltage
HAT41A, nAT4Y, uAT41E 122 V
HAT741C 118 V
Differential Input Voltage 130V
input Voltage? 15y
Output Short Circuit Duration® indetinite
Notes

"3y mas = 150°C for the Molded DIP and $0-8, and 178°C for the Matal
Can and Ceramic DIP.
. Ratngs apply 1o ambient temperature at 25°C. Above this temperature,
derate the BL-Metal Can 8! 6.7 mW/°C, the 8L.Moldec DIP at
7.5 mW/°C, e BL.Ceramic DIP gt 87 mW/°C, and the SO-8 at
6.5 mw/*C.
of supply vortages less than = 15 V, the absolute mavmum input
voltage is eoual to the supply voltage.

~

L

IS

case temperatre ot 75°C ambient temperature,

. Shon circunt may be o ground or either supply. Raung apphes lo 125°C

Connection Diagram .
8-Lead Metal Package
(Top View) -

-IN O out

() -OFFSET
NuLL

oI

Less 4 connected 1o case.

Order Information

Device Code  Package Code Package Description

HAT4THM 5W Metal
HATATHC 5W Metal
HATL1AHM S5W Metal
HATE1EHC 5W Metal

Connection Diagram
B-Lead DIP and SO-8 Package

(Top View)
1
+OFFSET NC
NULL
-IN Ve
)
~|~: ouT
4
~OFFSEY
\J D NULL
oo

Order Information

Device Code Package Code Package Description
pA741RM 6T Ceramic DIP
HAT41RC 6T Ceramic DIP
uA7418C KC Molded Surface Moun!
pA741TC 9T Molded DiP
HAT41ARM 6T Ceramic DIP
uA741ERC 6T Ceramic DIP
HAT41ETC 9T Molded DiP
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HAT741

pA741 and pA741C . '
Electrical Characteristics T = 25°C, Voo = 115 V, unless otherwise specified.

pAT4Y HAT41C F
Symbo! Characteristic Conditlon Min | Typ | Max | Min | Typ | Max Un
vid Input Offset Voltags Rs < 10 k2 1.0 | 5.0 20 | 60 [ oy
Vio agy | Input Ofiset Voltage 15 15 o
Adjustment Rangs
ho Input Offset Current 20 | 200 20 [200 | m
e Input Bias Current 80 | 500 80 | 500 | m
Z . Input Impedance 03 | 20 03| 20 Mf}
lcc Supply Current 1.7 28 1.7 | 28 —;,;
P Power Consumption 50 | 85 50 + 85 | my
CMR Common Mode Rejection 70 70 90 o
ViR Input Voltage Range +12 |13 12 |13 v
PSRR Power Supply Rejection 30 | 150 ',,v .
) TP Vee =50 V10 218 V 30 | 150
los Output Shor Circuit 25 25 nt
Current
« Ays Large Signal Voltage Gain RL=2.0 k§2, Vo=%10 V 50 | 200 20 7 200 | Vi,
Vor Output Voltage Swing R = 10 k2 112 12 1214
' RL= 2.0 kQ +10 £10 |£13 |
TR Transient Rise time V=20 mV, Ry = 2,0 kf2, 0.3 0.3 ] ]
Response Overshoot CL =100 pF, Ay = 1.0 5.0 50 l .
BW Bandwidth 1.0 1.0 | W
SR Slew Rate R 2.0 kR, Ay =10 05 05 | Vi
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1 and pA741C (Cont)

. | Characteristics Over the range of -55°C < Tp < +125°C for pA741, 0°C < T, € +70°C for uA741C,
fiectrica unless otherwise specified.
S pA741 uAT41C
gvmbol Characteristic Conditlon Min | Typ | Max | Min | Typ | Max | Unit
‘}: Input Offset Voltage 75 | mv
Rs <10 k2 1.0 | 6.0
\oag | Input Offset Voltage 15 15 mV
| Adjustment Range
Input Offset Current X 300 nA
Ta=+125°C 7.0 | 200
| Ta=-55°C 85 | 500
Input Bias Current 800 nA
H Ta=+125°C 0.03 | 05 HA
' Ta=-55°C 03 | 156
Surply Current Ta=+125°C N 1.5 | 25 mA
Ta=-55°C 20 | 33
| Prwer Consumption Te=+125°C 45 75 mw
Ta=-55°C 60 | 100
i Cemmon Mode Rejection | Rg < 10 k) 70 | 90 d3
! Input Voltage Range 92 213 v
e Power Supply Rejection 30 | 160 uvIv
Rato
£, varge Signal Voltage R =20 k2, V=210 V 25 15 v/mv
Gamn
" Outpu! Voltage Swing Ry = 10 kQ $12 [£14 v
N RL =20 kQ £10 [£13 +10 {£13
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uA741A and pA741E .
Electrical Characteristics Tp = 25°C, Voo = £15 V, unless otherwise specified.
T ——
Symbol Characteristic Condition Min | Typ | Max | yy
Vio Input Offset Voltage Rg<50 2 0.8 3.0 | my
o Input Ofiset Current 3.0 30|
g Input Bias Current 30 60 nt
Z Input Impedance Veg=120 V 1.0 6.0 MO
P. Power Consumption Voo =120 V 80 | 150 | mw
PSRR Power Supply Rejection Ratio Vec=+10V, -20 V to 15 50 | pvi,
Vee=+20 V, -10 V,
Rg =50
los Output Short Circuit Current 10 25 40 mA
Ays Large Signal Voltage Gain Vee = %20 V, R 220 k§, Vo=215V 50 | 200 Vi
“TR Transient Response |Rise time | Ay= 1.0, Vgc =120 V, V=50 mV, 0.25 0.8 s
Overshoot | AL = 2.0 k&2, G =100 pF 6.0 20
Bw Bandwidth 0.437 1.5 =,
SR Siew Rate Vi=3%10 V, Ay = 1.p 0.3 0.7 Vi
The following specifications apply over the range of -55°C & Ta < +125°C for the wA741A, and 0°C < Ta < +70°C 1
the pA741E.
Vio Input Offset Voltage 4.0 m
AVio/ AT | Input Offse! Voltage 1571 pv..
Temperature Sensitivity
VD ag, input Offset Voltage Veg=t 20 V 10 my
Adjustment Range
o tnput Offset Current 70 r’
Ao/ AT Input Offset Current 0.5 | nA
Temperature Sensitivity ‘ R
he input Bias Current 210 | o
2 Input Impedance 0.5 (8
i i -
Pc Power Consumption Veg =120 V | pA741A ~-55°C 165 | mh
+125°C 135
HATA1E 150 |
CHMR Common Mode Rejection Vee=120 V, V=215V, Rg=50 Q2 80 95 d
los Output Short Circuit Current 10 40 __j"
Avs Large Signal Voliage Gain Voo = 320 V, Ry =20 k2, 32 vir-
Vo=115V
Ve =150V, Ry 2.0 kR, 10
Vo=%20V L
Vorr Output Voltage Swing Vee=12 20 V Ry = 10 kQ 116 !
J RL =20 k§2 115 L_,
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Typical Performance Curves (Cont.)

Frequency Characteristics vs
Supply Voltage for uA741C/E
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Typical Performance Curves (Cont.)
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'CDA4047BM/CD4047BC Low Power Monostable/Astable

Multivibrator

general description

CDA0478 is capable of operating in either the monostable
or astable mode. It requires an external capacitor
(between pins 1 and 3) and an external resistor {(between
mns 2 and 3) to determine the output pulse width in
the monostable mode, and the output frequency in the
astable mode,

Astable operation is enabled by a high level on the
asteble input or low level on the astzble input. The
output frequency (a1 50% outy cycle) at Q and Q
outputs is delermined by the timing components,
A frequency twice thet of Q is avarlable at the Oscillator
Output; a 50% duty cycle is not guaranteed,

Monostable operation is obtained when the device is
triggared by low-to-high transition at + triggger input
or high-to-low transition at - trigger input. The device
can be retriggered by applying a simultaneous low-1o-
high transition 1o both the + trigger and retrigger inputs.

A high level on Reset input resets the outputs C to low,
Q tc high.

/
features -
& Wide supply voliage range 3V 1o 15V
® High noise immunity 0.45 Vpp typ
% Low power TTL far, out of 2
compatbility driving 74L

or driving 74LS
SPECIAL FEATURES
& Low power consumption: special CMOS oscillator
contiguration

8 Monostable
opergtion

{one-shot} or astable [free-running)

® True and complemented buffcred cutputs
8 Only one external R and C required

MONOSTABLE MULTIVIBRATOR FEATURES

® Positive or negative-edge trigger

®» QOutput pulse width independent of tripger putse
duration .

® Retriggerable option for pulse width expansion

8 Long pulse widths possihle using small RC compo-
rierts by means of externial counter provision

®» Fast recovery ume essentizlly independent of pulse
width

® Pulse-vadth  atcuracy maintained  at

&pproaching 100%

duty cycles

ASTABLE MULTIVIBRATOR FEATURES
8 Free-running or gatable operating modes
8 50% duty cycle
w  QOscillator output available
® Good astable frequency stabiiity

typical frequency = 22% + 0.03%/C @

gevafy 100 kHz
= 20.5%+ 0.015%/°C @
10 kH2
{circuits trimmed to frequency
applications VDD = 10V 210%)

Frequency discriminators
Timing circuits
Time.delay applications
Envelope detection
Frequency multiplication
Frequency division

block and connection diagrams

Dual-In-Line and Fia1 Pachage
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s electrical characteristics cD40478M (Note 2

-

-55 C 5C 125°C
FARAMETER CONDITIONS UNITS
MIN MAX MIN TYP MAX MIN MAX
Jusescent Device Current Vpp = 5V 13 5 150 HA
Vpp = 10V 10 10 300 HA
¥ VDD = 15V 20 20 600 uA
Low Level Outout Voltage | Hpl< 1 A
VoD 5V 005 0 0.05 0.05 v
Vpp = 10V 005 0 0.05 0.05 v
VoD = 15V 0.05 0 0.05 0.05 v
w  High Level Output Voltage | Hpl< 1 pA
VpD = 5V 4.95 495 | 5 4.95 v
Voo = 10V 9.95 9.95 10 9.85 \
VoD = 15V 14.95 14951 15 | 14.95 v
Low Leve! Input Voltage Vpp * 8V, Vg =05V o 4.5V 1.5 2.25 1.6 1.5 v
VDD 10V, Vo= 1V or 8V 3.0 4.5 3.0 30 v
VoD * 18V, Vp = 1.8V or 135V 40 6.75 4.0 4.0 A
o H.g= Leve! Input Voltage Vpp = 5V. Vo = 0.5V or 4.5V 35 35 2.75 35 v
VDD * 10V. Vo = 1V or 9V 1.0 7.0 55 7.0 v
VDD * 15V, Vo 1.5V or 135V | 11.0 1.0 | 825 1.0 v
I Low Level Output Curremt | Vpp = BV, Vo= 0.4V 0.64 0.51 0.88 0.36 mA
Vob = 10V, Vg = 0.5V 1.6 1.3 2.25 0.9 mA
VDD * 15V, Vo = 1.5V 42 3.4 8.8 2.4 ma
»  Hignh Level Output Current | Vpp = 5V, Vo~ 4.6V 064 ~0.51 | -0.88 -0.36 mA
VDD = 10V, Vg = § 6V -1.6 <13 | -2.25 0.9 mA
Vpp = 15V, Vo = 135V ~-4.2 -3.4 -8.8 -24 mA
“  tnput Current VDD * 15V, Vi = OV -0t -1073} -0 -1.0 uh
VDD = 16V, Vi = 15V 0 1075} o1 1.0 uA
It electrical characteristics cp40478C (Note 2)
. —~40°C 25°C 85 C
PARAMETER CONDITIONS UNITS
- MIN MAX MIN TYP MAX MIN MAX
2 Quiescent Device Current VoD * 5V 20 20 150 HA
VoD * 10V 40 40 300 uA
VoD ' 15V 80 80 600 pA
"I Low Level Output Voliage | HQ!< 1 wA
Vpp * 5V 0.05 0 o0as 0.05 v
Vpp * 10V 0.05 0 008 0.05 Y
vpp * 15V 005 0 005 0.05 v

187
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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 vollage
(BI.FET 1i™% technology). The device requires a low supply

current is Important, however, the LF351 is the better
choice.

current and yet maintains a large gain bandwidth product Features
and a fast slew rate. In addition, well matched high voltage g |niernally trimmed offset voltage 10 mv
JFET Input devices provide very fow input bias and offset o Low input bias current 50 pA
currents. The LF351 is pin compatible wn‘h the stal:mda{d & Low input noise voltage 16 nVIiTZ
LM741 and uses the sameofiset voltage adjustment circuit- i F 0.01 pAMITE
ry. This feature aflows Gesigners to immediately upgrade the ™ Low Input noise current ore
overall performance of exsting LM741 designs. - Wide gain bandwidih f MHz
The LF351 may be used in applications such as high speed u High slew rate 15 V/ps
integrators, fast D/A comveriers, ssmple-and-hold circuits ¥ Low supply‘ current 1.8 mA
and many other creuits requiring fow Input offset voltage, ~ ® High input impedance 10120
low input bias curent, highinput impedance, high slew rate 8 Low total harmonic distortion Ay= 10, <0.02%
and wide bandwicin. The device has low noise and offset Ry =10k, Vo =20 Vp-p, BW = 20 Hz-20 kHz
voltage drift, but fo- applications where these requitements g |ow 1/1 noise corner 50 Hz
ere critical, the LF35€ is recommended. i maximum supply g Fast sertiing time to 0.01% 2 pe
Typical Connection Simplified Schematic
Ver O——
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. . Vg O
Connection Diagrams (top views) t
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Absolute Maximum Ratings

T

Supply Voltage 118V tnput Voltage Range (Note 2) 115V
P‘0wer Dissipation (Note 1) 500 mwW Output Short Circuit Duration Continuous.
Operating Temperature Range 0*Cto +70°C Storage Temperature Range -65'Clo +150°C
Timaxy 15°C Lead Temp. {Soldering, 10 seconds) 300°C
Ditferential Input Voltage 130V
C Electrical Characteristics (ote
LF351
Symbol Parameter Conditions Units
5 Min Typ Max
Vos Input Ofiset Voltage Rg = 10k}, Ty = 25°C 5 10 myv
Over Temperature 9 13 mv
AVps/AT Average TC of Input Offset Rg=10kN 10 pV/°C
Voltage
los Input Offset Current Ti = 25'C, (Notes 3, 4) 25 100 pA
T)570°C 4 nA
g Input Bias Current T] = 25'C, {Notes 3, &) 50 200 pA
Tis +70°C 8 nA
RiN Input Resistance Tj=25C 1012 n
Avor Large Signal Vollage Gain Vg= 15V, T, =25'C 25 100 V/imvV
Vo= 10V, R =2k
Over Tempetature 15 yimv
Vo Qutput Voltage Swing Vg= 215V, R =10k 12 +13.5 v
Veum Input Common-Mode Voltage +15 v
Range Vg= 115V 1
-12 v
CMRR Common-Mode Rejection Ratio Rg<s10 kN 70 100 dB
PSRR Supply Voltage Rejection Rafio (Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA
AC Electrical Characteristics (ot 3)
Symbol Parameter Conditions Ll Units
Min Typ Max
"SR Slew Rate Vg= $15V, Ta=25C 13 Vips
GBW Gain Bandwidth Product Vg= 115V, To=25'C 4 MHz
en Equivalent Input Noise Voltage Ta=25'C, Rg=1000, 16 nv/Hz
f=1000Hz
in Equivalent Input Noise Current _Tj=25°C, = 1000 Hz 0.01 pA/w/H—l
Hote 1: For operating at ek d temp ire, the dewvice must be derated besed on a the-mal ressstance of 150°C/W junction 1o smbient or 45°C/W junction 1o

case.

Note 2: Unless otherwise specthec the absolule maximum negative input voltage 15 eQ.a! Ic the negalive power supply volage.

Hote 3: These speciticstions apply for Vg = 2 15V ang 0"Cn Taw « 70°C. Vs, Ip ant log are measwred 8l Vo= 0

Nole 4; The input bias cunrenis are junction leakage cuments which approximawly double o evesy 10°C increass in the junction temperature, Tj. Dus 10 the limited

production 1est ime, the input bias currents e

recommendad if input bias current is 1o be kept 1o 8 minimum

to junction e Ir, nOrma' operalion the juncion temperature nses above the ambient
temperature as 8 Tesult of internat power dissipation, Pp. Ty= Ta~ 64 Pp where 6,4 # the thema resistance from junction to ambient. Use of & heat sink s

Note 5: Supply voltage rejection rano is moasured for both supply magniludes increas~¢ o oecreas g simullaneously in accordance with common practice.




Typical Performance Characteristics
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Typical Performance Characteristics (continved)
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Pulse Response

Smali Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 ;n/DIV)

TL/H/5648-4

Large Signal Inverting

QUTPUT VOLTAGE SWING {SV/DIV)

TIME (2 :4/D1V)
TU/H/5640-6

Small Signal Non-Inverting

QUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 ,5/01V)

TL/H/5648- 5
Large Signal Non-inverting

OUTPUT VOLTAGE SWING (5V/GIV)

TIME 2 4'D1V)
TL/H/5648-7

Current Limit (R = 10011)

g

A

OUTPUT VOLTAGE SWING (1v/Dtv)
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Application Hints

The LF351 is an op amg with an internally trimmed input
offset voltage and JFET input devices (BI-FET HTM™), These
JFETs have large reverse breakdown vollages from gate 10
source &n3 drain eliminating the need for clamps across the
inputs. Therefore, large ditterential input voltages can easily
be accommodated without a large increase in input current,
The maumum ditferenua, nput voltage 15 independent of
the supply voltages. However, neither of the input voltages

TL/H/56468

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 seither inpu!
will cause a reversal of the phase to the output and force
the amplifier output to the corresponding high or low state.
Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case

8}



Application Hints (continueq)

doés a Iatch 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.

Exceedind 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 amplifier will be
forced to a high state,

The amplifier will operate with a common-mode input volt-
age equal 1o the positive supply; however, the gain band-
width and slew rale may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input otfset vollage
may occur.

"The LF351 is biased by & zener reference which allows nor-
mal circuit operation on %4V power supplies. Supply volt-
8ges less than these may result in lower gain bandwidth and
sigw rate.

The LF351 will drive & 2 kf} 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-
créase in input ofiset vollage 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 supply
for the integraled circult never becomes reversed in polarity
or that the unit is not inadvertently installed back-

Detalled Schematic

wards in 8 socke! s an unlimited current surge through the
resulting forward diode within the IC could cause tusing of
the internal conductors and result in 8 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 tsken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out.
put 1o an input should be placed with the body close to the
input to minimize “'pick-up” and maximize the frequency of
the feedback pole by minimizing the capacnance from the
input to ground.

A feadback pole is created when the leedback around any
amplifier is resistive. The paralie! res:stance 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
sonsequently there Is negligible effect on stability margin,
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency & lead capacitor should
be placed from the output 1o 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 resistance It parallels
is greater than or equa! to the original feedback pole time
constant,
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National
Semiconductor

LM13700/LM13700A

Dual Operational Transconductance Amplifiers

with Linearizing Diodes and Buffers

General Description

The LM13700 series consists of two current controlled
rrensconductance amplifiers, each with differential inputs
zn3d 2 push-pull output. The two amplifiers share common
supplies but otherwise operate independently. Linearizing
d.odes are provided at the inputs to reduce distortion and
zow higher input leveis. The resull is a 10 dB signal-lo-
noise improvement referenced 1o 0.5 percent THD. High im-
p=dence butfers are provided which are especially designed
tc complement the dynamic range of the amplifiers. The
o.put butfers of the LM13700 ditfer from those of the
LW 33600 in that their input bias currents (and hence their
o.zat DC levels) are independent of 14g¢. This may result
- perdormance superior 1o that of the LM13600 in audio
eoohcations.

Features
gm adjustable over 6 decades
Excelient g, linearity

Excellent maiching between amplifiers

Linearizing diodes
High impedance butfers
High output signal-to-noise ratio

Wide supply range 12V to 22V

Applications
Current-controlled ampiifiers
Current-controlled impedances

Current-controlied fillers

Current-controlled oscillators
Multiplexers

Timers

Sample-and-hold circuits

v

Connection Diagram

Dual In-Line and Small Outline Packages

AMP
BIAS DIODE  IRPUT  INPUT BUFFER BUFFER
INPUT BIAS [+ (=) CUTPUT v INPUT  QUTPUT
16 15 14 13 12 11 10 9
+
1 ] 3 3 s 6 |1 '
ANF DIODE  IKFUT  INFUT  OQUTFUT V- BUFFER BUFFER
BIAS BIAS + {-) INPUT  DUTPUT
. INPUT
Top View

Order Number LM13700M, LM13700N or LM13700AN

See NS Package Number M16A or N16A

TL/H/T991-2



Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semliconductor Sales
Otfice/Distributors for avallablilty and specifications.

Supply Voltage (Note 1)
LM13700
LM13700A

36 Vpg or 18V
44 Vpg or £22V

Power Dissipation (Nole 2) T, = 25°C

LM13700N, LM13700AN

Ditferential Input Voltage
Diode Bias Current {Ip)

Amplifier Bias Current (Iagc)
Qutput Short Circuit Duration
Butler Output Current (Note 3)

570 mW
15V

2mA

2mA
Continuous
20 mA

Electrical Characteristics Note 4)

Operating Temperature Range
LM13700N, LM13700AN

DC Input Voltage
Storage Temperature Range

Soidering Information
Duai-In-Line Package

0*Cto +70'¢
+Vs to —vs
—65'Cto +150°C

‘

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 Thair Etfect
on Product Reliability” for other methods of soldering sur-
face mount devices.

LM13700 LM13700A
Parameter Conditions Unlts
Min Typ Max Min Typ Max
Input Offset Voltage (Vgs) 0.4 4 0.4 1
Over Specified Temperature Range 2 my
IaBC = 5 pA 0.3 4 0.3 1
Vos Including Diodes Diode Bias Current (Ip) = 500 pA 0.5 5 0.5 2 mv
Inpit Offset Change 5 uA < lagc S 500 pA 0.1 3 0.1 1 my
Input Ofiset Current 0.1 0.6 0.1 0.6 pA
Input Bias Current Over Specified Temperature Range 0.4 5 0.4 5
A
1 8 71 7 *
Forward 6700 | 9600 13000 | 7700 9600 12000 |
umlx
Transconductance (gm) Over Specified Temperature Range 5400 | © 4000 '
9m Tracking 0.3 0.3 d5
Peak Output Current RL = 0,lapc = 5 uA 5 3 5 7 |
Ry = 0, lagc = 500 pA 350 500 €50 350 500 650 phA
Ry = 0, Over Specified Temp Range | 300 300 .
Peak Outpul Voltage
Positive Rl = ©,5pA S Iapc S 500 pA +12 | +14.2 +12 | +14.2 v
Negative RL = ©,5puA < Izgc < 500 pA 12| -14.4 -12 | —14.4 v
Supply Current 1asc = 500 pA, Both Channels 2.6 2.6 mA
Vos Sensitivity
Positive AVog/Av? 20 150 20 150 | pVIY
Negative AVog/AV™ 20 150 20 150 | pv/¥
CMRR 8o | 110 80 110 @
Common Mode Range =12 | 2135 +12 | +13.5 v
Crosstalk Referred o input {Note 5) an
20 Hz < { < 20 kHz 100 100 |-
Ditferential input Cumrent lagc = O, Input = a4V 0.02 100 0.0z LT_,'E
Leakage Current lasc = 0 (Refer to Test Circun) 0.2 100 0.2 _LJ‘
Input Resistance 10 26 10 26 s




—

Electrical Characteristics (Note 4) (Continued)

) LM13700 LM13700A
Parameter Conditions Units
Min Typ Max Min Typ Max

Open Loop Bandwidth 2 2 MHz
slew Rate Unity Gain Compensated 50 50 V/ps
gutter Input Current (Note 5) 0.5 2 0.5 2 nA
feak Butfer Output Vollage (Note 5) 10 10 \'
Note 1: For selections 10 & supply voliage above 122V, contact factory.
Nots 2: For oporaton at amblent temperatures above 25°C, the device must be derated based on a8 150°C junction temp e and @ therma!

resistance, junction to ambient, as foliows: LM13700N, 90°C/W; LM13700M, 110°C/W.

Note 3: Butfer ounput current should be limited 80 as to not exceed packege dissipation.
Note 4: These spocifications apply for Vg = £ 15V, Ta = 25°C, smplifier bias curment (Iapc) = 500 pA, pins 2 and 15 open uniess othenwise specified. The inputs
1o the butiers sre grounded and outputs are open.
Note 5: These specihcations apply for Vg = 215V, Iapc = 500 pA, Royr = 5 k) connected from the buffer output 10 - Vg and the input of the butter is
connected 10 the transconduclance amglifier cutput. :

Schematic Diagram

One Operational Transconductance Amplifier
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Distortion vs Differential Voltage vs Amplifier
Input Voltage Bias Current Output Noise vs Frequency
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Circuit Description
The ditlerential transistor pair Q4 and Qg form a transcon-
ductance stage in that the ratio of their collector currents is
defined by the differential input vollage according to the
transfer function:
KT
VIN=—In = (1)
q g

where Vi is the differential input voltage, kT/q is approxi-
mately 26 mV at 25°C and Ig and l4 are the collector cur-
rents of transistors Qs and Q4 respectively. With the excep-
tion of Q3 and Q43, all transistors and diodes are identical in
size. Transistors Q¢ and Qp with Diode Dy form a current
mirror which forces the sum of currents l4 and I5 to equal
laBc;

ls + Is = lagc (@
where Iagc is the amplifier bias current applied to the gain

i ®
pin.
For small differential input’voltages the ratio of 14 and Ig
approaches unity and the Taylor series of the In function
can be approximated as:
kT n ls KT I~ Iy

3
q ls a9 I >
|
14’_[5:___}\28(;
) q o
ABC
Vin [ 2B —
N[sz] 5 =g

Collector currents 14 and Is are not very useful by them-
selves and il is necessary to subtract one current from the
other, The remaining transistors and diodes form three cur-
rent mirrors that produce an output current equal 1o I minus
l¢ this:

lagct

Vin ["27(] = lout (5)

The term in rackets is then the transconductance of the
amplifier and & proportional to Iagg.

-~ —
ip-ts Ip+ig
? 7
0 1]
i ].... }[ 2
4 [
—E_ ~ ¢ 1
Ip -
‘ ?
_VS

Linearizing Diodes

For differential voltages greater than a few millivolts, Equa.
tion 3 becomes iets valid and the transconductance be.
comes increasingly nonlinear. Figure 1 demonstrates how
the internal diodes can linearize the transfer function of the
amplifier, For convenience assume the diodes are biageg
with current sources and the input signal Is in the form of
current Ig. Since the sum of |4 and s is Iapc and the differ.
ence is loyT, currents I3 and Is can be written as follows:

| =aec_lour | _ lasc  lour
4 it —_—I 5 = + Ta
2 2 2 2
Since the diodes and the input transistors have identicat

geometries and are subject to similar voltages and tempara.
tures, the following is true:

. 2lasc

Slout ls( ™ ) for I} < > (6)
Notice thal in deriving Equation 6 no approximations have
been made and there are no temperature-dependent tarms.
The limitations are that the signal current not exceed Ip/2
and that the diodes be biased with cuments. In practice,
replacing the current sources with resistors will generate
insignificant emors.

Applications:
Voltage Controlled Amplifiers

Figure 2 shows how the linearizing diodes can be used in 8
voltage-controlled amplifier. To understand the input bias.
ing, it is best to consider the 13 kf) resistor as a curont
source and use a Thevenin equivalen! circuil as shown
Figure 3. This circuit is similar 1o Figure 1 and operates the
same. The potentiometer in Figure 2 is adjusted 10 minimizo
the effects of the conlrol signal at the output.

—-
lout * Is-1a ——Olour * 215 /IaBC
[}
14 Iy ‘
04 0%
{ 1asc
-Vs

TL/H/T981-B

FIGURE 1. Linearizing Diodes



Applications:

voltage Controlied Amplifiers continued)

For optimum signal-to-noise performance, Iagc should be
as large as possible as shown by the Output Vohage vs.
Amplifier Bias Current graph. Larger amplitudes of input sig-
nal also improve tha S/N ratio, The linearizing diodes help
nere by allowing larger input signals for the same output
gistortion as shown by the Distortion vs. Ditferential input
voltage graph. S/N may be optimized by adjusting the mag-
nitude of the input signal via Ryy (Figure 2) until the output

+Vg

VIN
INPUT

distortion is below some desired level. The output voltage
swing can then be set at any leve! by selecting Ry.
Although the noise contribution of the linearizing diodes is
negligible relative o the contribution of the amplifier’s inter-
nal transistors, Ip should be as large as possible. This mini-
mizes the dynamic junction resistance of the diodes {re) and
maximizes their linearizing action when balanced against
Rin. A value of 1 mA is recommended for Ip unless the
specific application demands otherwise,

GAIN
CONTROL

O OUTPUT

TL/R/7881-9

FIGURE 2, Voltage Controlied Amplifier

Nz
WoUT * B5-lg ———0lgur =I5 (ﬂuc)

[

+Vs
S
e -
ip-is Ip+is
F 7
i 4 4
4 [
.
|2 RTH fls
RYH=RB
VTu -

TL/H/7981~1%0

FIGURE 3. Equivalent VCA Input Circult



Stereo Volume Control

The circuit of Figure 4 uses the excellent matching of the
two LM13700 amplifiers 1o provide a Stereo Volume Control
with a typical channel-to-channel gain tracking of 0.3 dB. Rp
is provided to minimize the output offset voliage and may be
replaced with two 5100 resistors in AC-coupled applica-
tions, For the component values given, amplifier gain is de-
rived for Figure 2 as being: - <

Yo _

940 X lap
VN . ¢

*

If Vg is derived from a second signal source then the cireyit
becomes an amplitude modulator or two-quadrant multiphier
as shown in Figure 5, where:
_—2as ~2ls Vinz _ 2l (V™ + 1.4v)
lo=——(lso) = 71— 7=~ 7% ————
D p Re b Re ..
The constant term in the above equation may be Cancelled
by feeding Is X IpRc/2(V™ + 1.4V) into lo. The circyit of
Figure 6 adds Ry o provide this current, resulting in a foyr.
quadrant muitiplier where Rg is trimmed such that Vo = ov
for Ving = OV, Ry also serves as the load resistor for lo.

oSy

%LM13700

C.isy
TLIH/7881~11

FIGURE 4. Stereo Volume Control
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ViNg 0K &
MoDuLATION © MV
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FIGURE 5. Amplitude Modulator
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stereo Volume Control (continued)

TL/H/7981-13

FIGURE 6. Four-Quadrant Multiplier

»
Noting that the gain of the LM13700 amplifier of Figure 3
may be controlled by varying the linearizing diode current lp
2c well as by varying Iagc, Figure 7 shows an AGC Amplifier
Using this approach. As Vg reaches a high enough ampli-
wde (3Vgg) to turn on the Darlington transistors and the
tnesfizing diodes, the increase in Ip reduces the amplifier
gain 50 as 10 hold Vg at that level.

Voltage Controlied Resistors

an Operational Transconductance Amplifier (OTA) may be
used 1o implement a Vollage Controlled Resistor as shown
w Figure 8. A signal voltage applied at Ry generates a Vi

1o the LM13700 which is then multiplied by the gm of the
amplifier 1o produce an output current, thus:

R + Ra

X 9m Ra

where gy, = 19.2i45¢c at 25°C. Note that the attenuation of
Vo by R and Ry is necessary to maintain V;y within the
linear range of the LM13700 input,

Figure € shows a similar VCR where the linearizing diodes
are acded, essentially improving the noise performance of
the res:stor. A floating VCR is shown in Figure 10, wheie
each "end" of the "resistor’ may be al any vollage within
the oJtput voltage range of the LM13700.

+15 v

100 X

oUTPUT
AMPLITUDE

TL/H/7981-14

FIGURE 7. AGC Amplifier



Voltage Controlled Resistors (Continued)
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FIGURE 9. Yoltage Controlled Resistor with Linearizing Diodes
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Voltage Controlled Filters

OTA's are extremely usefu! for implementing vollage con-
yched filters, with the LM13700 having the advantage that
1ne required bulfers are included on the 1.C. The VC Lo-Pass
Fer of Figure 11 performs as & unity-gain butfer amplifier
at requencies below cut-of, with the cut-off frequency be-
ing the point at which X¢/gm equals the closed-loop gain of
(R','RA). At frequencies above cut-off the circuit provides a
single RC roll-off (6 dB per octave) of the input signal ampli-
wde with 8 —3 dB point defined by the given equation,
wheré gm IS again 19,2 x IaBc at room temperature. Figure

12 shows a VC High-Pass Filter which operates in much the
same manner, providing a single RC roll-off below the de-
fined cut-off frequency.

Additional amplifiers may be used to implement higher order
filers as demonstrated by the two-pole Butterworth Lo-Pass
Filter of Figure 13 and the state variable filter of Figure 14,
Due to the excellent g, tracking of the two amplifiers, thesa
filters perlorm well over several decades of frequency.

100 X 100 X
4 4
10K WK
TRY =15V
—©O Ry ——
TL/H/79B1- 17
FIGURE 10. Floating Vollage Controlied Resistor
0K
15V Ve
] = lase
ViK© s

20002

O Vo
= RA Im

fo=_Aa

(R*Ra)2nt

10K

~15 v
TL/H/7981-18

FIGURE 11, Voltage Controlled Low-Pass Filter



Voltage Controlled Filters (continued)

0 K

ViN
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FIGURE 12. Voltage Controlied Hi-Pass Filter
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TL/H/7981-19
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FIGURE 13. Voltage Controlled 2-Pole Butterworth Lo-Pass Filter
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FIGURE 14. Voltage Controlled State Variable Filter
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voltage Controlled Oscillators

The classic Triangular/Square Wave VCO of Figure 15 is
one of a variety of Voltage Controlied Oscillators which may
ve buitt utilizing the LM13700. With the component values
shown, this oscillator provides signals from 200 kHz to be-
low 2 Hz as Ic is varied from 1 mA 1o 10 nA. The output
amphiudes are set by I4 % Ra. Note that the peak ditferen-
tiat input voltage must be less than 5V to prevent zenering
the inputs. i

A few modifications to this circuit produce the ramp/pulse
vCO of Figure 16. When Vo, is high, if is added to Ig o

Ve

increase amplifier A1's bias current and thus to increase the
charging rate of capacitor C. When Vg3 is low, I goes to
zero and the capacitor discharge current is sot by Ig.

The VC Lo-PassFilter of Figure 77 may be used to produce
& high-quality sinusoidal VCO. The circuil of Figure 16 am-
ploys two LM13700 packages, with three of the amplifiers
configured as lopass fillers and the fourth as a !imiter/in-
verier. The circut oscillates at the frequency at which the
loop phase-shiftis 360* or 180" for the inverter and 60* per
filter stage. This VCO operates from 5 Hz 1o 50 kHz with
less than 1% THD.

FIGURE 15, Triangular/Square-Wave VCO

fosc = —S—
0S¢ ~ TCuFn

TL/H/7981-22

v _(v‘ > 0.8V) Ry
V'] Ay + Ay
2Vp
W=
ay v L
g -2V7KC
[
lc
fo = forlg < < |
0 = el F
~t-
ya il

AAA

Ry

TL/H/7961-23

FIGURE 16. Ramp/Pulse VCO



Voltage Controlled Oscillators (continued)

15 v

10K

-5V

po V(o

TUH/7981-25
FIGURE 18, Single Amplifier VCO
Figyre 18 shows how to build a VCO using one amplifier
when the other amplifier is needez for another function.

TL/H/TO81- 20

FIGURE 17. Sinusoldal YCO

Additional Applications

Figure 19 presents an interesting one-shot which draws nn
power supply current until it is tnggered. A positive-gun,
trigger puise of at least 2V amplitude turns on the amplie:
through Rg and pulls the non-inverting input high. The am-
plifier regenerates and latches its output high until capactor
C charges to the voltage leve! on the non-inverting input
The output then switches low, turning off the amplifier 273
discharging the capacitor. The capacitor dischargs rale i¥
speeded up by shorting the diode bias pin to the inveriny
input so that an additional discharge current fiows through
Dy when the amplifier output switchas low. A special featwre
of this timer is that the other amplifier, when biased from V.
can perform another function anc draw zero stand-by powt’

es well.

]
1(—’\/\/\,—01&“05!!{

0.0txF 1K
= IMs

TL/H/T981-28

FIGURE 18. Zero Stand-By Power Timer -




Additional Applications (continved)

The operation of the multiplexer of Figure 20 is very straight-
forward. When A1 is turned on it holds Vo equa! to V|Ny and
when A2is supplied with bias current then it controls Vo. Cc
and Rg serve 1o stabilize the unity-gain configuration of am-
plifiers Al and A2, The maximum clock rale is limited to
about 200 kHz by the LM13700 slew rate into 150 pF when
e (Vin1=Ving) differential is 81 its maximum allowable val-
ve of SV.

The Phase-Locked Loop of Figure 21 uses the four-quad-
rant muttiplier of Figure 6 and the VCO of Figure 18 1o pro-
duce a PLL with a 5% hold-in range and an input sensitivi-
ty of about 300 mV.

Ag 2 0002
0K %
-2V
TUHTPEL-2"
FIGURE 20. Muftiplexer
30 K
A~
Vn
fg*1 KH:
= 5%
HOLD N
Y INgIa A INSIA RANGE

FIGURE 21, Phase Lock Loop



Additional Applications (continued)

The Schmitt Trigger of Figure 22 uses the amplifier output
current into R to set the hysteresis of the comparator; thus
VH = 2 X R X Ig. Varying g will produce a Schmitt Trigger
with variable hysteresis.

TUH/7981-29

FIGURE 22. Schmitt Trigger

NK

3
-

Figure 23 shows a Tachometer or Frequency-lo-Voltage
converler, Whenever A1 is loggled by a positive-going input,
an amount of charge equal to (V4-V|) Cyis sourced into
and R;. This once per cycle charge is then balanced by thy
current of Vo/Ry. The maximum Fiy Is fimled by the amount
of time required to charge Cy from V_to Vi with a current of
Ig, where Vi_and V4 represent the maximum low and maxi.
mum high output voltage swing of the LM13700. D1 is adg.
ed to provide a discharge path for Cy when A1 switches low,
The Peak Detector of Figure 24 uses A2 to tun on A1
whenever Viy becomes more positive than Vp. A1 then
charges storage capacitor C to hold Vg equal to Vi PK,
Pulling the output of A2 low through D1 serves to turn off A1
so that Vg remains constant.

INS14

Ay
%LMI3700

O-15V

o Vo= 15mvx I
™

TUH/7981-%0

FIGURE 23. Tachometer

]
+15¥ PEAK DETECT .
-5V !
914
+15V
Vin©
Ay Az
%LM13700 %LM13700 Y
Vo
WE gy
S AANN—O

TUH/TeR- T

FIGURE 24. Peak Detector and Hold Circult
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Additional Applications (continued)

The Ramp-and-Hold of Figure 26 sources Ig into capacitor
C whenever the input 10 At is brought high, giving a ramp-
rate of abaout 1V/ms for the component values shown.

The true-RMS converter of Figure 27 is essentially an auto-
matic ‘gain control amplifier which adjusts its gain such that
the AC power at the output of amplifier A1 is constant. The
output power of amplifier A1 is monitored by squaring ampli-
figr A2 and the average compared 1o a reference vollage
with amplifier A3. The output of A3 provides bias current 1o
the dipdes of A1 to attenuate the input signal. Because the
output power of At is held constant, the RMS value is con-
stant and the attenuation Is directly proportional to the RMS
value of the input voltage. The attenuation is also propor-
tional 1o thediode bias current. Amplifier A4 adjusts the ratio
of currents trough the diodes 1o be equal and therefore the
voltage at the output of A4 is proportional to the RMS value
of the input voltage. The calibration potentiometer is set
such that Vo reads directly in RMS volts,

) ~5¥

10K +* SAMPLE
5-1 l— HOLD

Cc 1000pf ’ .

Ag 210002 .

1K

-5V
TL/H/7981-32
FIGURE 25, Sample-Hold Circult

TL/H/7981-33

FIGURE 26. Ramp aad Hold



Additional Applications (continued)

CALIBRA-

0wF 1 Ti0N
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2 1% ACCURATE

5§ K 12K

)
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K

TL/HIT881-3¢

FIGURE 27. True RMS Converter

The circuit of Figure 28 is a voltage reference of variable
Temperature Coelfficient. The 100 k1 potentiometer adjusts
the output vollage which has a positive TC above 1.2V, zero
TC at about 1.2V, and negative TC below 1.2V. This is ac-
complished by balancing the TC of the A2 transfer function
against the gomplementary TC of D1.

The wide dynamic range of the LM13700 allows easy con-
trol of the output pulse width in the Pulse Width Modulator
of Figure 28

For generating Iagc over a range of 4 to 6 decades of cur-
rent, the system of Figure 30 provides a logarithmic current
out for a linear voltage in.

Since the closed-loop configuration ensures that the input
10 A2 is held equal to OV, the output current of A1 is equal to
I = ~Vg/Re.

The ditferential voltage between Q1 and Q2 is attenuated
by the R1,R2 network so that A1 may be assumed to be

operating within its linear range. From equation (5), the input
voltage fo At is:
—2kTl3 ~ —2kTVg
a2 qiz2Rc
The voltage on the base oi Q1 is then
(R + Ro) Vint
Ry
The ratio of the Q1 and Q2 ccltector currents is defined by:
kT | kT 1
Vgl = — In22 = — (o ABC
qQ v a I
Combining and solving for lagg Yields:
2(R{ + Rg) V¢
Ry l2Re
This logarithmic current can be used to bias the circuit o!
Figure 4 1o provide temperature independent stereo attenu-
ation characteristic.

Vinl =

Vgl =

lagc = 1y exp



Additional Applications (continueq)
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FIGURE 28, Delta VBE Reference
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FIGURE 29. Pulse Width Modulator
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Additional Applications (continued)
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FIGURE 30. Logarithmic Current Source



MC7800 Series

MC7812, C
ELECTRICAL CHARACTERISTICS  (Vin= 19V, 10 = 500 mA, T ) »Tjo, 10 Tikgn INote 1) unless otherwiss noved.)
e Symbol wers12 MC7812C
Charscter v Min | Typ | Mex | WMin | Typ | Mox Uk
Output Voitsge (T 5= +25°C) Vo 115 12 125 1s 12 128 Vde
Quiput Volisge Vo Ve
(S.0mA < 10 < 1.0 A, Po < 16W!
14.% Vde € V;n € 27 Vde - - - n4 172 126
16.5 Vdc € Vin < 27 Ve 11.4 12 126 - - -
Line Reguiation (T » 425°C, Note 2) Aegin- myv
14,5 Ve € Vi, < 30 Voe - 5.0 120 - 13 240
16 Vde € V;, € 22 Vde - 3.0 60 - 6.0 120
Loed Regulation (T 3 = 425°C, Note 2} Regioad mv
SOMASIgCI15A - 30 120 - 46 240
250 mA € i € 750 mA - 10 80 - 17 120
Quiescent Current 1T ) » 425°C) iy - 34 6.0 - 44 8.0 “mA
Quiescent Current Change slg mA
145 Ve € Vi, € 30 Ve - - = - - 1.0
15 Vde € V,p, < 30 Ve - 0.3 08 - - -
SOmMACIn<1.0A - 0.04 0.5 - - 0.6
Ripple Rejection AR 1 6 - - 60 - d8
15 Vde € Vi € 25 Ve, 1= 120 Hz g p
Dropout Voltage g = 1.0 A, T = 425°C) VinVo - 2.0 25 - 20 - Yde
Output Nomse Voltage [T 5 © +25°C) Vo »VIVg
10 Hr < 1< 100 b Hz - 10 0 - i -
Outout Ressstance (¢ = 1.0 hH2) Ro - 13 - - 18 - mf
Short-Crecuit Current Limit (T4 = +259C: tye - - % A
Vin - 3¢ Vot - 0.2 12 0.
Peat Output Current 1Ty = +265C) Imas 1.2 28 33 - 2.2 - A
Average Temperature Coetficient of Qutdet Vo'upr | TCVp - i 11,5 - - -1.0 - mv/ug
MC78124, AC

ELECTRICAL CHARACTERISTICS  1v,, " 16\, 19> 1.0A, T v Ty, 10 Tiygn (Note 11 uniess otherwise noted.’

4 ' EES812A MC7812AC
Characterivtic 1 Symbol = Unit
- o P Mar Min Typ Mex

Outout Voltagt 1T, = <26°C) r Vo 14E { 12 12.25 11.75 12 12.26 Vde
Outout Volisge Vo Vde
1S0mA €19 < 1.0 A Pg < 15W] ! 1.9 12 125 1% 12 128
148 Vac € V,q € 27 Voc / ¥ K
Line Regulanion Regin my
14.8 Voe € V,n & 30 Ve, 1o * 500 ma Y - 5.0 1® - 13 120
16 Voc € V,, < 22 Vac - 80 30 - 16 120
16 Vac €V, € 22 Ve, Ty +259¢C D 30 9.0 - 60 60
14.5 Voc € V.o € 27 Vde, T3 = <25°C - 50 1€ - 13 120
Load Regulation tNote 2) Regiosg mv
50mA < Ig< 1.54 - 30 50 - “ - -
SOmAcip< 1.0A - - - A 46 100
50ma Cig < 1.8 A Ty «25°C - - - - 4% 100
250 mA < i € 750 mA - 16 25 - 17 £
Quiescent Current i Ig mA
. (-} - - 5.0 - . 6.0
Ty +25°C ; = 3.4 40 - a4 €.0
Quwescent Current Change | alg mA
16 Vde € V,, € 30 Vde, g = 500 mA * - 0.3 0.5 - - o8
14.8 Ve €V, € 27 Vde, T 5= +25°C ' - 0.2 05 - - 0.8
50mACIn<1.0A . - 0.04 0.2 - - 0.5
Rople Rejecrion 1 AR d8
15 Vo: € V,, € 25 Vae, 1 = 120 M2,
Tyv +25°C ! 61 68 = - - -
18 Voc € V,n © 25 Vac, t+ 126 M2, !
lp * 500 m4 d 61 68 - - 60 -
Drooout Voltage g » 1.0A, T+ +259C) . Vie'VO - k2 25 - 20 - Voc
Outout Norst Voltage (T4 = +259C) Vi ¥Vivp
Whe o b 102 o m2 - w 40 - e ! -
Gutovt Reystence 116 1.0 WM Ay T 18 - | - 1 V- mfl
Enert-Crrtunt Carrert Limat 1T 4 » +289C [ ] ] A
Voo Jtver " Vo - ope2 {7 - e -
Prav Outniat Currem1 17 5o «250C) P man 1.0 2. 33 - 27 - A
Avetoy Temperatuee Coefhirent of Outout Voitag ~ 1CVQ | - 1S - - Y - mv/cC

Hores T Ty, ¢ - 55°C for MCTBXX, A
= 0°C 1or MCIBXAC, AC
Thigh » +1509C tor MCIBX X, A
* 17E0C 1 MTTENXS Al

2 Load #nd Jine regulstion are specithied 31 CONIEAT junction temiw rature, Changes in VO dut to hesting effects muit be taken
nto excount sepsrately, Pulie testing with low duty cyclc is used.



1800 Series

MC7815, C
ELECTRICAL CHARACTERISTICS  (Viq* 23V, 10 = 500 mA, Ty + Tiou 10 Thign INote 1) uniess otherwise noted.!
. Symbol MC7815 MC7815C Unit
Characteristic ym s Tve ox Min Tve Mo
Output Voltage (T = +25°C) Vo 14.4 15 15.6 14.4 1% 15.6 Vdc
Ouiput Voltage vo Vdc
{5S0mA<Ig< 1,.0APgs 15W}
17.5 Vde & Vi, € 30 vde - - - 14.25 15 15.75
185 Vde < Vi, € 00 Vde 14.2% 1% 156,76 - - -
Line Regulation (T = +25°C, Note 2) Reg,n mv
17.5 Vde € V,, € 30 Vde - 6.0 150 - 13 300
20 Vde € Vi, € 26 Vdo - 3.0 75 - 6.0 150
Load Regulstion (T = +26°C, Note 2) Regigad mv
50mACInC15A - 32 150 - 52 300
250 mA < Ig € 750 mA - 10 75 - 20 150
Quiescent Current (T 5= +25°C) ig - 34 6.0 - 44 8.0 mA
Quiescent Current Change alg mA
17.5 Vdc € Vjp< 30 Vde - - - - - 10
18.5 Vot € Vi, € 30 voe - 02 08 - - -
50mACIg<iI0A - 0.04 08 =3 - 05
Ripple Rejection AR - dB
18.5 Vde € Vip € 78.6 Vdc, 1 = 120 Kz 60 66 N - .
Dropout Vohage (g = 1.0 A, T, » +26°C) Vin'VO - 20 2.5 - 2.0 - Ve
Output Naise Voltage (T 5 » +25°C) Vn - 10 40 _ 10 - »VIVO
10 Hr € 1 € 100 kiHz
Output Resstance (f + 1.0 \K2) RO - 19 - - 19 - mil
Shor1-Grcunt Current Limit (T4 » 425°C) I A
Vi + 35 Ve - 02 1.2 - 0.2 -
| Pest Output Current {Ty= +25°C) Smax 1.3 25 33 - 22 - A
{ Average Tempersture Coetticrent of Output Voltage TCvo - *18 = = -1.0 = ”V'og
MC7815A, AC
ELECTRICAL CHARACTERISTICS 1V,, =23V, Ig* V.OA, T )= Tiop 10 Trygh INote 11 unltess otherwise notec
| MC7815A MC7815AC
Characteristic Symbol Unit
Min Typ Max Min Tye Man
Ouipul Voltage {7 3= +259C) Vo 14.2 15 153 147 18 152 vdc
Outoul Voliage Vo Vo
15omALIgs Y0A PO~ 15W) 144 15 156 144 16 186
179 Voc € V,, € 30 Ve
Lie Regulation {Note 2) Regin 13 180 I'M
12.8 Vde € V,q & 30 Vac, Ig * 500 mA - 60 22 - 16 150
20 Vde € V,q € 26 Vo - 90 30 .
20 Ve & Vi € 26 Voe, Ty = +26°C - 20 106 g 6.0 5
175 Vdc @ Vi = 30 Vde, Ty +259C - 6.0 22 . 13 180
Luad Reguistion (Note 21 Aegigad mv
S50mA < lg< 154 - 32 50 - - -
SOmMASIgE10A - - - - 52 100
L0mA S lg< 1L.5A, Ty +26°C - - - — 3 100
250 mA < lg € 750 mA - 10 25 - 20 50
Guiescent Current s mA
. ] = - 5.5 - - 60
T+ +25°C - 34 45 - 6.4 €0
Quiescent Current Change Jlg mA
17.5 Vdc € Vi € 30 Vi, Ig = 500mA - 03 0.5 - - 0¢
17.6 Vok € Vi € 30 Vde, Ty = +25°C - 02 05 - - cs
50mASigCI1.0A - 004 0.2 - - (&
Ripple Rejection AR B
18.5 Vdc € Vi, < 28.5 vdc, = 120 Hz,
Ty v 425°C 60 66 - - - -
1B 5 Vde & V& 7B 5 Voc, 1 - 120My,
10 * 500 mA 60 66 - - 58 -
Drunout Voltage (g « 1 0 A, T+ +2500) Vo Vo - 20 25 - 20 - Voo
Gutnut Nowse Voltage (T4 © 4250C! Va . »ViVQ
YO M2« 1< 100 kHr - 0 40 - 0 -
Cuinut Resstance - 1 0 kHy) |0 - 19 - - 19 - m
€t Curcunt Coreent Limu (T4 +25TC) e R - . A
v 02 12 I o2 [
Frar Output Current 1 5+ $25°C) Imar 13 25 33 - | ° - A
# vcage Vempriatuse Corthcrent of Ouibut Voltage TCvg - 11.8 - - | -0 - mV/oC

feares b Tiow * -550C for MC7BA X, A

+ 0OC tor MCTBANC AC

Thigh * *150%C for MCIBaX, A
+ 01259C tar MCP8XXC, AC

2  Load and line reguiation o1 speitind 3t CONSIANT (UACHION teMperature

MO sctount separaitly Pulie 1esing wilh 10w duty Cycle s usrd

Changes in VQ due 10 heat ~5 etiecty must be taken
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SAISE/INESS534/5534A
Wﬂ

[V

DESCRIPTION FEATURES PIN CONFIGURATIONS
The 553:5/5534 are 'dual and single high- ¢ Smeli-signal bandwidth: 10MHz D,FE,N PACKAGE
performance low noise operational amplifi- e Output drive capability: 6000, 10V (rms)
ers Compared to other operational ampl‘lh- 8l Vy = 18V o L batances
ers, sucHas TLOB3 they show better noise  * Input noise vollage: 4nV/ VAz suianer (1] 7 CoMPENSATION
performance, improved oulp:i:t drive capa- ¢ DC voltage galn: 100000 e 2 7] v
bjluly and ?onsiderably higher small-signal ¢ AC voltage galn: 6000 a1 10kHz Noumv('::'l:('i 5 5] outeut
2a¢ power bandwidths. ¢ Power bandwidth: 200kHz
v-[3 [T] compensaTon
Thus makes the devices especially suitable * Slew-rate: 13V/us [: -
i L N s Large supply vollage range: =3 to 220V TOP VIEW
for appligation in high quality and profes- ¢ i - 9
ional ) N N ORDER NUMBERS
s‘cd a augolo eﬂmgment. in instrumentation SE/NESS3AN FE "NES5J4AD SE/NESS34AN.FE
an qqa\ro circuils and telephone channet SASLIEA NESS34D  TAS534AN
amplifiers. The op amps are internally com-
pensated for gain ecual 19, or higher than, N PACKAGE
three. The frequency response can be op-
timized with an uxternal compensation ca- o 1) Sourtasaviona
pact1or for various apphcations lunity gain NONINVER TInG 53] COMPENSATION
. £ . [0 Y —~ A
amplitier, capacitive load. slew-ra‘e, low L ) ovtrer
overshoot. etc ) If very low noiss is of prime . -
importance, it 1s recommended that the - E v
5533A/5534A versicn be used which has BaLanct [Tq) vt
. I . ]
g.;ava'\tegd noise specifications romnv(lvms ] l E sou»:usnm
I INVERTING 3 s BALANCE
» E—‘ COMPENSATICN B
TOP VIEW
ORDER NUMBERS
NESS3IN
NES533aN
*NOTE-
EQU |VALENT SCH EMATIC Thie cevice may not be symbrtiec ir. stanoare format
o8 QL
<7

-
i
!

e/
] -L fjk
S |
(b

VAN

¢
A
L




LINEAR LSt PRODUCTS

SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SEINE5S

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vs Supply voltage +22 \
Vin Input voltage =V supply \
Voire  Diiferential Input voltage! +0.5 v
Ta Operating temperature range
SES5534/5534A ~-5510 +125 *C
NES533/5533A/5534/5534A Oto +70 °C
Ts1g Storage temperature -65t0 +150 *C
T, Junctlon temperature 150 *C
Po Power disslpation at 25°C?
5533N, 5534N, 5534FE 800 mw
Output short circuit duratlon® indefinlte
Lead temperature (soldering, 10 sec) 300 ‘c

NOTES

3. Diodes protect the inputs against over-voltage, Therelore, uniess current-limiting
resisiors are used, large currents will tiow if the differential mput voltage exceeds

0.8V Maxtmum current shoulc de imited 1o =10mA

junction-to-ambient thermal resistances

DC ELECTRICAL CHARACTERISTICS T, = 25°C, Vg = + 15V unless otherwise specitied.?

8-pin ceramic (FE) 140°C/W
14-pin ceramic (F) 1105 C/W
8-pin plastic tN1 162° C/W

14-pin plasiic IN! 150°C/W = .
2. For operstion al elevated temperature, derale pachages based on the following 3. Output may be shorted-to gvou’no MV = 215V, Tu = 26°C Yoimperature sndlor
supply voltages must be limilec tc ensure Arssipatian 1ahng is not exceeded. .

.

YA
2/ G

[

NE5533/5533A
SE5534/5534A
PARAMETER TEST CONDITIONS 5534/5534A UNIT
. Min Typ Mex | Min Typ | Mex
Vos Ofiset voltage 0.5 2 0.5 4 my
Over temperature 3 5 mv
AVoglaT 5 5 uVi*C
los Offset current 10 20C 20 300 nA
Over temperature 500 400 nA
Sog/aT 200 200 pA*C
lg Input current 400 | 80e 500 [ 1500 nA
Over temperature 1500 2000 naA
alglaT 5 5 nAS*C
lec Supply current 4 6.5 4 8 mA
Per op amp Over temperature 9 10 mA
Vem Common mode input range 12 | +13 12| =13 v
CMRR  Common mode rejection ratio 80 100 70 100 daB
PSRR  Power supply rejection ratio 10 50 10 100 sV
Avor Large signal voltage gain R, 26000, Vo= =10V | 50 100 25 100 vimy
i Over temperature 25 15 vimvV
Vour Output swing R, = 6000 =12 | =13 12| =13 v
5534 only Over temperature +10 | *12 =10] =12 v
R 26000, Vg=+18V | =15 | =16 =15 =16 v
Ry 2 2k0 =13 [2135 =13 | %135 v
Over Temperature +12 [ %125 *12 | =125 v
Rin Input resistance 50 100 30 100 k@
lsc Output short circuit current 38 38 mhA
NOTES

1. For NES530/5533A/8534155384, Tyypy = 0°C, Tpgax = 70°C

2. Fot SES534I5534A, Ty = = $5°C, Tpax = + 125°C

*).\
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LINEAR LSt PRODUCTS

SINGLE AND DUAL LOW NOISE OP AMP NE&533/5533A/SA/SE/NE5534/5534A

AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = 15V unless otherwise spacifled.

NE5533/5533A
SE5534/55634A
PARAMETER TEST CONDITIONS 5534/6634A UNIT
Min | Typ | Max | Min | Typ | Max
Rourt Output resistance Av = 30dB closed ioop a
1 = 10kHz, Ry = 8000, C¢c = 22pF 0.3 0.3
Translent response Voltage follower, ViN = 50mV
RL=600{1, Cc=22pF,Cy =100pF
TR Rise time 20 20 ns
Overshoot 20 20 %
Trensient response Vin = 50mv, Ry = 600N
Cc = 47pF, CL = 500pF
TR Rise time 50 50 ns
Overshoot 35 35 %
AC Gein f=10kHz, Cc =0 6 6 v/mV-
{ = 10kHz, Cc = 22pF 2.2 2.2 v/imV
Galn bandwidth product Ce = 22pF, CL = 100pF 10 10 miz
Slew rate Ce=0 13 13 V/uS
Cc = 22pF 6 6 V/uS
Power bandwidth Vout = *10V, Cc = 0 200 200 kHz
Vour = =10V, Cc = 22pF 95 85 kHz
Vour = =14V, Ry = 600N 70 70 kHz
Cc = 22pF, Ve = 218V

E&.ECTF}ICAL CHARACTERISTICS Ta=25°C, Vs = z15V unless otherwise specified.

5533/5634 §533A/5534A
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT .
’ | A\ lo = 30Hz 7 55 | 7 [k
nput noiss voitage fo = 1kHz 4 35 | 45 vz
, fo = 30Hz 2.5 15 pAN/HE
Input noise current fo = 1kHz 0.6 0.4 pAl\/'l-Tz
Broadband noise figure { = 10Hz — 20kHz2, Rg = 5kQ 0.8 dB
Channe! separstion f = 1kHz, Rg = 6k 110 110 dB




v
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SINGLE AND DUAL LOW NOISE OP AMP NE0533/’» AT

-

TYPICAL PERFORMANCE CHARACTERISTICS

130
TYPICAL VALUES

OPEN LOOP FREQUENCY RESPONSE

SLEW-RATE AS A FUNCTION

OF

COMPENSATION CAPACITANCE

Vg & 13gy
Cc

]
H o .
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50 ) “ R
- o
£ v ocet npN\ i3
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[) S [ |
2 ] J M
"’w 107 100 30¢ 0% 108 1p* 00 40 a v .u‘(" e lli“"“‘!‘g‘- 10r A - ’
VM) Cetond R
LARGE-SIGNAL FREQUENCY OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS i1 1IN
RESPONSE
.0 - ” e . et ~ e e
T T T 2780 ) I N == | Al
A 1 1 1 27 -
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' f B ™~ 1
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[~
" \ 3 ! e
AN /.
T YT P, 10! 85 =25 ¢ 25 s 15 100 +128 -oss B T T )
!} Tarto) AN
INPUT COMMON MODE SUPPLY CURRENT INPUT NOISE VOLTAGE DENSITY
VOLTAGE RANGE PER OP AMP
2 ' 0 T
TYPICAL VALUES 13 0 l
i
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20 , . Tvb Tvp
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-
Vi Ve ‘
/,/POS (may |1 { v Vi) ]
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A
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SEINESEE 4/55T4

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

iNPUT NOISE CURRENT DENSITY TOTAL INPUT NOISE DENSITY BROADBAND INPUT NOL3E Wi
107 10 w0
TYPICAL VALUES
100 TYPICAL VALUES
1 W 10 h il
° Lt ;o
o 10M7 TO 20n02 .
y RLTT
'Z":}"-E",: \\ vn(}n{;_ w0 / w;(':)"“ M ol Rt A
A/ R e v /R / gt
1?0 P rtaw U ot oF | 2000 YO 4ubz
o \ [~ SOURCE MESISTANCE “ o]
/
w0
101 100 ALR)
10 "w 10 1o 10 00100 00 Y0r 10 AL AL AL 10 w
o R (11) Rg (1)
TEST LOAD CIRCUITS
FREQUENCY COMPENSATION AND T CLOSED LOOP FREQUENCY RESPONSE
OFFSET VOLTAGE ADJUSTMENT
CIRCUIT
Ve
Q

Wy




UNEAR LS PRODUCTS

SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SEINE5534/5534A

NOISE TEST BLOCK DIAGRAM

CAL POWER
osc SUPPLY
= /\ nVIVFE
__]__ +Vee 4
2 BANDPASS : 1
AT 1 kHz i

VA

BANDPASS
AT 30 Hz

*For additional information, consult the Applications Section.

-
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SCL4016AB

. CMOS QUAD ANALOG SWITCH

,FEATURES

¢ Wide Range of Digital and Analog Signal Levels-
Digita! or Analog Signals to 18 Volts peak
4 Low ON Resistance —
200 §) typ. over 15Vp-p Signal Input Range, @
15Vdc
¢ Matched Switch Characteristics - 10€2 typ. Dif-
terence between Rgpn Values at a Fixed Bias
Point over 15Vp-p Signal Input Range ® 15Vdc

4 High On/OH Output Voltage Ratio - 65 dB typ.

@ fis = 10kHz, R = 10K {2

¢ High degree of Linearity - < 0.4% Distortion
typ. @ fis = 1kHz, Vis= 5Vp.p, VDD VssZ 10V,
RL = 10k§2

¢ Extremely Low OFF Switch Leakage Resulting
in Very Low Offset Current and High Effective
OFF resistance - 10pA typ. @ Vpp-Vsg = 10V,
Ta = 25°C

¢ Extremely High Control Input Impedance (Con-
trol Cirevit lsolated from Signal Circuit) -
101282 typ.

¢ Low Crosstalk between Switches - -50dB typ.
@ fis = 0.9MHz, R = 1k§2

¢ Matched Control-input to Signal-Output Capac-
itances - Reduces Output Signal Transients

¢ Transmits Frequencies up to 40MHz

DESCRIPTION

The SCL4016AB is 8 single-<chip monolithic
silicon integrated circuit containing eight N-
channel and eight P-channel enhancement-mode
MOS transistors connected to form four indepen-
dent bilateral signal switches, Each switch consists
of both P- and N-channel devices with common
source and drain connections, A single control sig-
nal is required per switch, Both P and N devices in
a given switch are biased ON or OF F by the control
signal. The CMOS switch permits peak input-signal
voltage swings equal 10 the full supply voltage, 8
considerable advantage over single-channel types.

SCHEMATIC DIAGRAM

CONNECTION DIAGRAM
{all packages)

SWITCH SWITCH SWITCH
A D o]
el ot At

Vpp € C IN OUT OUT IN
l | 1 1 I ]
14 13 12 11 10 9 8

SCL4016AB
1 2 3 4 5 6 17
T 1 ] | i ol
INOUTOUT IN C € Vgs

e N
SWITCH SWITCH SWITCH
A B

Add suffix for package:

C 14.pin Cerdip
D 14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage  Vpp-Vss 31015 Vg
Operating Temperature Ta
C, D, F, H Device 55 to +125 Y

E Device -40to +85 f

LOGIC DIAGRAM
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SCL4016AB

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

N

v, Teow® 25°C TrigH’
PARAMETER CONDITIONS [, = | 20| Lo _ e |Unit
¢ Min. | Max. | Min. | Typ. | Max. | Min. | Max,
QUIESCENT DEVICE too
CURRENT Vin * Vssor Voo | 0 5| - [o00s] - loooog 0.05] - | 1.8 | wAde
All valid input 0 ] - 0.1 - 10.001 | 0.1 - 3,0
combinations 0 5] - {02 - (0002} 02 | ~ 6.0
MINIMUM INPUT HIGH Vin
VOLTAGE Vis =Vgg 0 3 2.9 - |15 2.8 - 2.4 | Vde
{Control Input) Vos = Voo 0 100 - |29 | - s J27 [ - |24
los * 104A 0 15 - [29 ] - his 27 |- |24
MAXIMUM INPUT LOW Vie
VOLTAGE V.s = Vgg 0 5| 08 | - 07 1.5 - 104 Ydc
{Control tnput} Vos * Voo 0 10, 08 | ~ 0.2 |15 - 104 -
los = VOeA [} 15 09 | - 0.7 |1.5 -~ 104 -
SWITCH INPUT/QUTPUT lors | Ve * Ves  Vig
LEAKAGE
N 125 1.5 *1.6 - |2250| - 20,1 | 2260 ~ 22500 nAoc
(Switch off) I 16 | 6 | +5 | - |s125) - le001] 2126] - [21250
ON-RESISTANCE Row Vis
C.D. F. H device Ve = Vog  (Vdo) 4
RosOkR ros| s ers | - | 3s0| - | 200 a00| - | soo| 0
-1.6 - 360| - 200 | 400 - 600
£0.26 - 7751 - 280 850] - 1230
% | s |+ | - | 600 250 | 660 - | 960 0
-5 - 600 | - 250 | 660 - 960
20.25 - | 1870 580 | 2000 2600
415 0 +16 - 60| ~ 2001 400| - 6001 0
+0.25 - 30| - 200 [ 400| - 600
+9.3 - 75| - 300 | 850 - 1230
+10 0 [410 | -~ [ 600) - 250! 650 - 960 0
+0.25 - 600 | - 250 | 660 -~ 980
+5.6 - 1870 | - 560 | 2000} - |2600
E device Ron Vis 2
Ve * Vpp  (Vde)
RL= 10 TS ] 25] 78| - | 30| - | 200| 400 520( 0
=25 - 370 - 200 | 400§ - 520
20.25 - 790 - 280 | B850 1080
y +5 5 [ +§ - 610 - 250 660 - 80| 0
-5 - 610 | - 250 | 660| - 840 ,
$0.26 J - |1900}f -~ 580 | 2000 - 2380
+15 0 415 - 370 - 200 | 400 - $20|
+0.25 - 0| - 200 [ 400 - 520
+9.3 - 7901 ~ 300 | 850 - 1080
<10 [} 410 - 610 -~ 250 | 660 - 8401 O
+0.25 - 610| - 250 660 - 840
+5.6 - (1900 ~ 560 | 2000 - 2380
ON-RESISTANCE MATCH ARow Vis
{Same package) Ve ®= Voo  (Vde)
Ros 1S ] asfors| - | = - | 10l - |- | -{n
25 5 +5 - - - 15 - = -
NOTES. ' Remaining Static Electrical Characteslstics are listed under “SCLA00OB Saries Family Specitications”,
T.ow * -55°C #5: C. D, F, H Gevice.
» «40°C for E device.
Trigw * +125°C for C, D, F, H device.
=+ B5°C for E device.
> This device has been designed for balanced output drive current specifications Consult Family Specifications.
DYNAMIC CHARACTERISTICS (C_ = 50 pF, T, = 25'C)
o ’ Vss. Voo .
PARAMETER CONDITIONS (Ve (vdel Min. | Typ. | Max UNIT
SIGNAL INPUTS (Vi5) AND OUTPUTS (Vgs)
PROPAGATION DELAY TIME Yo,
Signal input 10 tur | Ve * Voo ] - 20 40 ns
signat output Vis = muare wave 0 10 - 10 20
Ry = 10k§2 15 - 1.5 15
BANDWIDTH (-3dB) ew Ry
{Sine Wave) Ve = Voo nal s +5 - 54 - | MHz
Vis * Vo, 10,02 - 43 -
centered 100x - -
©0.0vde ™ - 37 -
79





