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Abstract,

This thesis considers the utilization of Operational
Transconductance Amplifier (OTA) in several applications. OTA is
used the circuit desion of a new type of simulated inductance
called "Unidirectional inductors”, gyratbrs , voltage multipliers
frequency meters , frequency tripler and , finally ,impedance
invertor and convertor in conjunction with current conveyor
circuits. The treatment, of these circuits becomes much simpler
and the number of element. are much less than circuits designed by
other active elements. The use of OTA also allows flexibility in
changing the value of some parameters electronically.
Experimental results are presented to demonstrate the efficiency
of these circuit and give a good characteristics same as

theoretical performance.
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aAARUN N.

National
Semiconductor

LM3080/LM3080A

Industria! Blocks

Operational Transconduciance Amplifier

General Description

The LM30B0 is a programmable transconductance block
intended to fulfill a wide variety of variable gain applica-
tions. The LM3080 has differential inputs and high
impuedance push-pull outputs. The device has high input
impedance and its transconductance (guv is directly
proportional to the amplifier bias current {} 4gc).

High slew rate together with programmable gain make
the LM3080 an ideal choice for variable gain applications
such ‘as sample and hold, mwlitiplexing, filtering, and
multiplying.

The LM30BOAH and LM30B0AJ are guaranteed over
the temperature range —~66°C to +125°C; the LM3080N,
LM3080H, LM30BOAN and LM3080J are guaranteed
from 0°C to +70°C.

Features

= Slew Rate (unity gain compensated): 50 V/us
s Fully Adjustable Gain: 0 to gm R limit .

s Extended gm Linearity: 3 decades

a Flexible Supply Voltage Range: 12V 1o £18V
= Adjustable Power Consumption

Schematic and Connection Diagrams

ouTPUT

(41 1INPUT O
3

AMPLIFIER
BIAS INPUT s

Dual-In-Line Fuckage

' U [

NC -l— N -
2 7

Y et > L v
1 [
{1 INPUT P b— ouTRUT
4 5_ AmrLIFIER
v- ‘T [~ wiAS inpUT

1op view

.

Order Number LM3080AJ or LM3080J
Seo NS Package JOBA

Order Number LM3080AN
See NS Package NOBB

9-148




-102-

Absolute Maximum Ratings

Supply Voltane (Note 2)

LM3080 +18V
LM3080A +22V
Power Dissipation 250 mW
Differential Input Voltage 5V “
Ampiifier Bias Current {I ogc) 2mA
DC Input Voltage +Vgto -Vg
Output Short Circuit Duration Indefinite
Operating Temperature Range -
LM3080N, LM3080H, LM3080AN
or LM3080) 0°C to +70°C
LM3080AH or LM30B0AJ -55°C to +125°C
Storage Temperature Rangs -65°C to +150°C
Lead Temperature (Soldering, 10 seconds} 300°C
* -
Electrical Characteristics (Note 11
LM3080 LM3080A .
Parameter Conditions - Units
Min. | Typ. | Max. Min. | Typ. | Max,
Input Offset Voltage 0.4 5 04 . |2 mV
Qver Specified Temperature Range 6 5 mV
laac = SpA 0.3 0.3 2 mv
nput Offset Voltage Change SpA < lage < 500uA 0.1 0.1 3 mV
lnpqt Offset Current 0.1 0.6 0.1 0.6 pA
Input Bias Current 0.4 5 04 |5 uA
Over Specified Temperature Range 1 7 1 8 HA
Forward Transconductance {(gm) 6700| 9600 13000| 7700} 9600 | 12000 pmho
Over Specified Temperature Range | 5400 4000 umho
Peak Output Current R =0, lagc = 5pA 5 3 5 7 nA
R_.=0 350 | 500 | 650 350 | 500 | 650 MA
R =0
Over Specified Temperature Range 3uo 300 A
Peak Output Voltage
Pasitive Ry =0, S5uA < lage < S00pA +12 [+14.2 412 |+14.2 v
Negative Ry =, SpA Slage < S00uA -12 |-144 -12 |-14.4 v
Amplifier Supply Current 1.1 1.1 mA
Input Offset Voltage Sensitivity .
Positive AVoreseT/AV+ t20 [ 150 20 150 uv/v
Negative AVgeeseT/AV- 20 | 150 20 | 150 uvIv
Common Mode Rejection Ratio 80 1o 80 110 dB
Common Mode Range 12 [+14 t12 (214 \
Input Resistance 10 26 10 26 k$2
Magnitude of Leakage Current | lagc =0 0.2 | 100 0.2 nA
Differential Input Current fapc =0, lnput = #4V 0.02 | 100 002 |56 nA
Open Loop Bandwidth 2 2 MHz
Slew Rate Unity Gain Compensated 50 50 V/us

Note 1: These spacifications apply tor Vg = 116V and Ty = 25°C, amplifier bias current (1agc) = 500 uA, unless otherwise specified.
1tage above +22V, cantact the factory.

Nots 2: Sel to supply

9-149
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PEAK DUTPUT CURRENT Lut)

Typical Performance Characteristics
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Typical Performance Characteristics : (continued)

10 100 1000

1.0
1aRg~AMPLIFIER BIAS CURRENT (4A)
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Leakage Current Tast Circuit
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MC14066B

QUAD ANALOG SWITCH/QUAD MULTIPLEXER

The MC14066B consists of four independent switches capable of
controlling either digital or analog signals. This quad bifateral switch
is useful in signal gating, chopper, modulator, demodulator and

CMOS logic implementation.

The MC140668 is designed to be pin-for-pin compatible with the
MC140168, but has much lower ON resistance. Input voltage swings
as large as the full supply voltage can be controlled via each inde-

pendent control input.

High On/Off Qutput Voltage Ratio — 65 dB typical

Quiescent Current = 0.5 nA/package typical @ 5 Vdc

Low Crosstalk Between Switches —~80 dB typical @ 8 MHz

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Transmits Frequencies Up to 65 MHz @ 10 Vdc

Linearized Transfer Characteristics, ARQN <60 Q for
Vin= VDpp to Vss (at 15V)

Low Noise — 12 nVA/ Cycle, f 2> 1 kHz typical

Pin-for-Pin Replacement for CD4016, CD4066, MC14016

CMOS SSI

{LOW-POWER COMPLEMENTARY MQS)

QUAD ANALOG SWITCH
QUAD MULTIPLEXER

MAXIMUM RATINGS (Voltages referenced to Vgg)

L SUFFI P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 846

ORDERING INFORMATION

Rating Symbo! Vaiye Unit
DC Supply Voitage VpD -0.51tw0 +18 Vde
Input Voitage, All inputs Vin -0.5t0 Vpp + 0.5 Vdc
Through Current | i) mAdc
Operating Temperature Range — AL Device Ta -66 to +125 T

CL/CP Device ~40 10 +85
Storage Temperature Range Tstg -65 to +150 oc
CIRCUIT SCHEMATIC

(1/4 OF DEVICE SHOWN)

Voo

In/Out == ~=]
O—d-AAA—S
=10 ()

Voo

Contral =1.8

kﬂ‘]

MCIaX XX Suffix Denotes
E L Ceramic Packags
P Plastic Package
A Extended Operating
Tamperature Range
€ Limited Operating
Tempserature Range
13
Control 1 2
= —0 Out 1
in 1 O—- 8LOCK
5 DIAGRAM
Control 2 3
4 f——Q Qut 2 Y-
In2 Qo
Contral 3 9
’—'0 Out3
a
n3 H
12 Yop = Pin 14
Control 4 O—— D Vsg = Pin 7
. ——00ut4
ind4 O—

LOGIC DIAGRAM AND TRUTH TABLE
(1/4 OF DEVICE SHOWN)

in/Qut O—————

Contra) O—D)‘

Out/In

Control | Switch | Logic Oiagram Restrictions
[] OFF Vgg SVin SVpp
1 ON Vss SVour SVoD
Vcontrol | Vin t0 Vo Resistance
vsg 109 Ohms tvp

Voo 3 % 102 Onms typ
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ELECTRICAL CHARACTERISTICS
Vpbp Tiow* 25°C Thigh®
Characteristic Symbo} Vdc Min Max Min Typ Max Min Max Unit
input Voliage {Control} “0" Level Vi vdc
(Vg =45 01 0.5 Vde) 5.0 - 15 - 2.25 15 - 15
(Vo= 8.00r 1.0 Vdc} 10 - 30 - 4.50 3.0 - 3.0
“IVp= 1350r 1.5 Vde) 15 — 3.75 - 6.75 3.75 - 3.75
“1" Level ViH Vdc
(Vg =05 01 4.5 vdc) 50 35 - 3s 2.75 - 35 -
(Vg = 1.0 0r 9.0 Vdc}) 10 70 - 7.0 5.50 - 7.0 -
(Vg =15 o1 13.5 Vdc) 15 11.25 - 11.25 8.25 = 11.25 -
tnput Current {AL Dewvice} Contral bin 15 ~ +0.1 7 +0.00001 | +0.1 = +10 uAdc
input Current {CL/CP Davice) Control hin 15 - +03 - $0.00001| +03 - +10 uAde
input Capacitance Cin . pF
Vin —0)
Coniral Input - - - 50 1.5 - A
Switch Inputs 10 - - - 8.0 15 - -
Outpui Capacitance Cout 10 - - - 80 - - - oF
f eedthrough Capacitance Cin-om 10 - -~ - 05 - - - pF
Quiescent Current (AL Devicel io 5.0 & 0.25 - 0.0005 0.25 - 75 HAdc
(Par Package) 10 - 050 - 0.0010 3 050 - 15
) 15 - 1.00 L 0.0015 | 1.00 - 30
Quiescen: Curreni {CL/CP Dewvice) iQ 5.0 - 1.0 - 0.0005 10 - 15 wAdc
{Per Package) 10 - 20 - 0.0010 2.0 - 15
15 - 40 - 0.0015 4.0 - 30
ON Resistance (AL Device) Ron 50 - 800 - 250 1050 - 1200 2
10 - 400 - 120 500 - 520
15 - 220 - 80 280 - 300
ON Resstance {CL/CP Device) Ron 5.0 r 880 - 250 1050 - 1300 [}
10 - 450 - 120 500 - 550
15 - 350 - 80 280 - 320
AON Resistance Beiween Any Two al ARON 5.0 - - - 25 - - - 1]
Four Switches 10 - - - 10 4 - -
E 15 - - - 6.0 - - -
Input/Output Leakage Cusrent T 15 = $100 = +0.01 + 100 - +1000 | nAdc
Swiich OFF (AL Device}
input/Output Leakage Curremt e 15 = +300 - +0.01 1300 - +£1000 | nAdc
Switch OFF (CL/CP Device)
*The formulas given are for the typical characteristics only.
Tiow = -65°C for AL Device, -40°C for CL/CP Device,
Thigh = +126°C for AL Davice, +86°C for CL/CP Device,
This device i i Y to p

the inputs against damage due to high static
voitages or electric fields; however, it is
bdvised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vi, and Vg, be
constraingd to the renge Vgg & {Vig or
Vout) < Vpp-

Unused inputs must always be tied to an
appropriate logic voltage leval (e.g., either
Vsgsor Vppl.
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SWITCHING CHARACTERISTICS® (C|_ = 60 pF, T4 = 259C unless otherwise noted.)

: Characteristic Symbol ‘(g? Min Typ Max Unit
Propagation Delay Times Vss = 0 Vde|
Input to Output (R = 10 k) tPLH. tPHL ns
tPLH. tPHL = (0.17 na/pF) C + 165 ns 6.0 - 20 40
tPLH, tpHL = (0.08 ns/pF) C_ +6.0 ns 10 - 10 20
tPLH. tPHL ™ (0.06 ns/pF) C_ +4.0 ns 15 - 7.0 15
Control to Output (R = 1 k@)
Output “1"" to High Impedance tPHZ 6.0 - 40 80 ns
10 - 36 70
15 - 30 60
Cutput “0" to High Impedance tPLZ 5.0 - 40 80 ns
10 - 35 70
16 - 30 60
High Impedance to Output “1” tPZH 6.0 - 60 120 ns
10 - 20 40
15 - 15 30
High impedance to Qutput “0” tpZL 50 - 60 120 ns
10 - 20 40
16 - 16 30
Sine Wave Distortion Vgs = -6 Vde - 6.0 - 0.1 - %
{Vin = 1.77 vdc, RMS Centered @ 0.0 Vdc,
R = 10 kR, f = 1.0 kHz}
Frequency Respanse (Switch ON) Vss = -6 Vdc - 5.0 - €6 - MHz
Vouz
{RL = 1 kf2, 20 Logyg = -3 dB}
Vin
Feedthrough Attenuation {Switch OFF)  Vgg = -5 Vdc - 6.0 - 1.0 - MHz
Vout
(R = 1 k2, 20 Logyg =-60dB)
Vin
Crasstalk 8 Any Two Swi Vgs = -6 Vde - 6.0 - 8.0 - MHz
(R = 1 kD, 20 Logyg VOutiB) | oo
Vinla)-
{Switch A ON, Switch B OFF)
Cresstalk, Contral Input to Signal Cutput  Vgg = -5 Vdc - 5.0 - 300 - mv
Maximum Cantro! Input Frequency Vgs =0 Vde - 8.0 - 6.0 - MHz
(20 Logyg | = -6 aB) 10 - 80 -
Vin 15 - 85 -

*The formulas given are for the typical characteristics only.
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MC14066B

FIGURE 7 —~ CHANNEL RESISTANCE {Rgp) TEST CIRCUIT

Voo

Kelthley 160
Digital
Muitimeter
10k
1k
Voo &—Do« Range XY
Plotter
Vss

1

RON. “ON"™ RESISTANCE (OHMS)

AQN. “ON~ RESISTANCE (GHMS)

TYPICAL RESISTANCE CHARACTERISTICS

FIGURE8 —Vpp =75V, Vgs=-75V
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FIGURE 10 — Vpp =25V, Vgg = -25V
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FIGURE 8 ~ Vpp = 6.0V, Vsg = 6.0V
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FIGURE 11 ~ COMPARISON AT 25°C, Vpp = -Vss
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MC14066B

FIGURE 1 — INPUT VOLTAGE

TEST CIRCUITS

FIGURE 2 — PROPAGATION DELAY TIME,
CONTROL TO QUTPUT

Vpp O———] Vout

FIGURE 3 — BANDWIDTH AND
FEEDTHROUGH ATTENUATION

FIGURE 4 ~ CROSSTALK BETWEEN
ANY TWO SWITCHES <

Vg = Vpp for Bandwidth Test
V¢ = Vgg for Feedthrough Test

Vop - Vss f\

Voo-Vss .
2 \ ]

v
z \V/ K¢ 7
Ry CL
v
Vin O——— Vout DDO-I S04 I
. AL I Cu
Ve - = —E
(-] Ay Cu
Voo Vss Vss 0_‘ >°" I
FIGURE 5 — CROSSTALK,
CONTROL TO OUTPUT FIGURE 6 — MAXIMUM CONTROL FREQUENCY
N
/2 (vpp -Vss) /W\
Vin
[ : I: M Vout Vin * VDo O] Vout
- Ry CL c
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Abstract

Tunable gyrator circuit, using OTA, is realised. The
linearly tunable gyration coefficients are expected to find attractive
applications in voltage/ current - controled oscillators, filters etc.
A temperature compensation scheme for t};e gyrator circuit is also

introduced.
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Abstract

An analog multiplier with operational transconductance
amplifiers (OTAs) is presented. It overcomes the previous CTA because
of more complete temperature compensation. " More over, the presented

multiplier employs only two resistors.
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Abstract

A novel inductance simulation is presented, its behaviour is
between those of grounded inductance simulation and floating inductance
simulation. The novel inductance simulation employs only 2 OTA’s and 1
grounded capacitor. The inductance can be easily trimmed by adjusting

gm's of OTA's
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Abstract

A novel frequency meter circuit perform linear frequency to voltage
comversion with very low output ripple, theoritically zero and ideal step
response for particular operating frequency. This is superior to familiar
frequency meter circuit which have large output ripple and essentially slow

response.
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