





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































) MIC5890 \ DUPLEXER
r Advance Information
MICROWAVE
SOLID-STATE
DUPLEXER
INTEGRATED CIRCUIT
MICROWAVE SOLID-STATE DUPLEXER
This unique solid-state circuit is designed to operate at frequen-
cies between 400 MHz and 500 MHz with 40 Watts maximum input.
@ High input Power Capability — 40 Watts max
® Low Transmit-Mode Insertion Loss — 0.1 dB typ
® High Transmit-Mode Isolation — 25 dB typ
® Small, Lightweight Package
(Top View)
ANTENNA PORT
6
MAXIMUM RATINGS (T = +250C unless otherwise noted) L '
Rating Symbol Value Unit g&g““n 8 l—a EI*"“‘;UND
Forward dc Current (Pin 1) Ig 0.10 Ampere 1 —
RF Power Input (Pin 1) Pin 40 Watts l '
Operating Temperature Range Ta 0 to +120 oC ;glnx]glswnen ggglvsn
Storage Temperature Range Tstg —65 to +150 oc PLASTIC AND CERAMIC

PACKAGE
CASE 631
PARALLEL WIRE REPRESENTATION
ANTENNA
PORT
o- Pt 2 °
TRANSMITTER ‘! RECEIVER
PORT - PORT
o— —0
Ag
X

THE CHARACTERISTIC IMPEDANCE OF EACH ARM IS 50 OHMS.
Ag IS THE WAVELENGTH.

See Packaging Information Section for outline dimensions.




MIC5890 (continued)

ELECTRICAL CHARACTERISTICS (All ports terminated in a 50-ohm load, T = 250C unless otherwise noted)

Characteristic Min Typ Max Unit

Isolation Between Transmitter Port and Receiver Port 20 25 - dB
(Pin = 10 Watts, Ip* = 10 to 20 mA)
f = 400 MHz, 460 MHz or 500 MHz
(See Figure 1)

Insertion Loss from Transmitter Port to Antenna dB
(Pin = 10 Watts, Iy, = 10 to 20 mA)
f =400 MHz - 0.2 0.3
f =460 MHz - 0.1 0.2
f =500 MHz — 0.2 0.3

(See Figure 1)

Insertion Loss from Antenna Port to Receiver Port - 0.4 0.6 dB
(Pin = —10dBm, Ip = 0)
f =400 MHz, 460 MHz or 500 MHz
(See Figure 2)

Spurious Signal Level at Antenna Port dB
(dB down from Transmitter Signal)
(Pin = 10 Watts, Ip, = 10 to 20 mA)

_ 2nd Harmonic 35 40 —
f= 400 MHz { 3rd Harmonic 30 40 -
_ 2nd Harmonic 38 43 -
f= 460 MHz { 3rd Harmonic 50 55 -
_ 2nd Harmonic 33 38 -
f= 500 MHz { 3rd Harmonic 50 60 -

(See Figure 1)

‘lb = dc bias current applied to Pin 1 thru a 1.0 k ohm resistor.

FIGURE 1 — TRANSMIT—-MODE TEST CIRCUIT

oc
POWER
POWER
SUPPLY METER
POWER
AAA 208 METER
POWER % BAND MONITOR ) ! —“V\V10d8
0S¢ PASS 1" TEE
2 | eiten 2048 | TRANSMIT
3d8 6
MIC5890 =
ANTENNA 2048
POWER é oc 2
METER [ST| BLOCK [ peceive “ANVV- 2008/ 20W
2048
SPECTRUM
ANALYZER

FIGURE 2 — RECEIVE—MODE TEST CIRCUIT
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MIC5890 (continued)

APPLICATIONS INFORMATION

The MIC5890 duplexer is a three port network (see Figure 3)
that can be thought of as a single-pole double-throw switch con-
necting an antenna to a transmitter or receiver.

Antenna Port
1
Pin
Pout
Aol

Transmitter Receiver
Port Port

FIGURE 3 — THREE-PORT REPRESENTATION OF DUPLEXER

The MIC5890 is designed to operate from 400 MHz to 500
MHz, at an RF input power level of 40 Watts or less. The unit
consists of two-step recovery diodes and a quarter-wave trans-
mission line mounted on a 25-mil thick alumina substrate that is
%-inch wide and 1-inch long. A parallel-wire representation of the
MIC5890 is shown in Figure 4, and a description of its operation
follows.

Antenna Port

CR1 /’
o—P—¢ o
Transmitter Receiver
Port | CR2 Port
o— 0
I N
A
[ 3
T

FIGURE 4 — PARALLEL WIRE REPRESENTATION
OF THE MCH5890 DUPLEXER

The MIC5890 Duplexer has two modes of operation:

1. Transmit Mode — The antenna is connected to the trans-
mitter and the receiver is disconnected.

2.  Receiver Mode — The antenna is connected to the re-
ceiver and the transmitter is disconnected.

In the transmit mode the diodes are forward biased (by an ex-
ternal bias source of 10 mA to 20 mA) and are therefore low im-
pedances. In this state of operation the transmitter is connected
to the antenna via the low impedance of diode CR1. The receiver
arm is effectively disconnected since diode CR2 (which is shunted
across the receiver arm) appears as a high impedance when trans-
formed a quarter-wavelength to the junction of all three arms
(position T1 in Figure 4). Hence, the transmitted power is trans-
ferred to the antenna. An equivalent circuit of the duplexer in this
mode of operation is shown in Figure 5.

===
o.:.n‘Mva_;_ Antenna
L R Port
L___"y 2

. (Equivalent circuit
Transmitter  of forward biased
Port diode)

T

L = Diode lead inductance

Ry = Diode forward bias resistance

ZgR = Impedance looking into receiver arm at

position Ty
z Zy
SR Zrewr Zdiode/ Zreur * Zdtiode)
2= Ch istic impedance of ission line

Zdiode = !mpedance of CR2 in forward-bias
state.
Z. .., = Impedance of the receiver measured at the

reve *
receiver port of the duplexer

FIGURE 5 — TRANSMIT MODE

Consider next the MIC5890 when operated in the receive
mode. In this mode the bias is zero and the diodes appear as high
capacitive reactances in series with resistors. Thus the effect is to
disconnect the transmitter arm since diode CR1 appears as a large
capacitive reactance. Diode CR2 does not appreciably load the
receiver arm since it also appears as a large capacitive reactance.
The equivalent circuit of the duplexer in this mode of operation

is shown in Figure 6.
} Antenna Port

—_————— /
! \IA.I

o._'_f‘flﬁf\j'____nv VT —
S W (I
(Equivalent circuit of diode) | L
(Equivalent | | .
Transmitter circuit | I Receiver
Port of diode) Ry | Port
| Gl
LT

L = diode lead inductance
Ci = junction capacitance
R = zero bias resistance

FIGURE 6 — PARALLEL-WIRE PRESENTATION OF
DUPLEXER IN RECEIVE MODE OF OPERATION

The primary application of the duplexer is to connect the
antenna either to the -system receiver or transmitter. Another
possible use for the MIC5890 is as a monitor network in a trans-
mitter circuit. Using the duplexer in the transmit mode, the port
usually designated as the ‘‘receiver’’ port can be used to monitor
the frequency or output power level (if the port is previously
calibrated) of the transmitter. An extension of this last appli-
cation would be to use the MIC5890 duplexer as the sampling
unit in an AFC or an AGC circuit. The energy from the “receiver’’
port can be fed back to appropriate comparatory circuits to estab-
lish an error signal for use in a feedback network. In a pulsed sys-
tem, the pulse waveform could also be observed. Other applica-
tions will become apparent as the user becomes more familiar with
the MIC5890.




OPERATIONAL AMPLIFIERS

MLM101AG
MLM201AG
MLM301AG

OPERATIONAL AMPLIFIER

MONOLITHIC OPERATIONAL AMPLIFIER MONOLITHIC SILICON
INTEGRATED CIRCUIT

The MLM101AG, MLM201AG, and MLM301AG are func-
tionally, electrically, and pin-for-pin equivalent to the National
Semiconductor LM101A, LM201A, and LM301A respectively.

® |ow Input Offset Current — 20 nA maximum Over Temperature
Range

® External Frequency Compensation for Flexibility

® Class AB Output Provides Excellent Linearity

METAL PACKAGE
® Qutput Short-Circuit Protection CGSOE-:SDO)’
® Guaranteed Drift Characteristics Case connected to pin 4 through substrate
FIGURE 1 — STANDARD COMPENSATING
AND OFFSET BALANCING CIRCUIT FIGURE 2 — FAST-SUMMING AMPLIFIER
\' 3pF
(14
LAY
INVERTING AA
INPUT 30k
ouTPUT 30k
NON-INVERTING _3 5 BALANCE Vi @—AN—
INPUT
—eo v,
BALANCE 1
1oMe $
<
v-
20k Slew Rate: 10 V/us
FIGURE 3 — DOUBLE-ENDED LIMIT FIGURE 4 — CIRCUIT SCHEMATIC
DETECTOR
ALANCE 8 © COMPENSATION
BALANCE 9 1 NSATIO -
3 2 J !
Vur ® WPUTS
- ——
Vo 3 s
500
2 ﬁwur
MZ4622 or equiv. 3.9 V 5
Vin
3 ) ——K
450 E
N
P a0k 40k 80k
v 2 Vo= 48V for pe 1< | |
e ° Vir<Vip<Vyr
Vo=-04V 5k g0k 210K 1k
Vip<VLTorVin>Vyr l 4 v-
20 aALANCE b5

See Packaging Information Section for outline dimensions.



MLM101AG, MLM201AG, MLM301AG (continued)

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

VALUE
Rating Symbol MLM101AG MLM201AG MLM301AG Unit

Power Supply Voltage v,tv— o422 122 +18 Vdc
Differential Input Voltage Vin +30 Volts
Common-Mode Input Swing (Note 1) CMVin *15 Volts
Output Short Circuit Duration (Note 2) tsc Continuous
Power Dissipation (Package Limitation) Pp

Metal Can 500 mW

Derate above Tp = +75°C 6.8 mW/°C

Operating Temperature Range TaA 55 to +125 -25 10 +85 J 0 to +70 °c
Storage Temperature Range Tstg ~4—————————— 6510 +150 ———mM8M———— - °c

Note 1. For supply voltages less than £ 15 V, the absolute maximum input voltage is equal to the supply voltage.

Note 2. Unless otherwise specified, these specifications apply for supply voltages from +5.0 V to 120 V for the MLM101AG and MLM201AG,
and from 5.0 V to £15V for the MLM301AG

ELECTRICAL CHARACTERISTICS (Tp = +25°C unless otherwise noted, see Note 2 above.)

MLM101AG )
MLM201AG MLM301AG
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = <50 k$2) Viol — Q.7 2.0 - 2.0 7.5 mV
Input Offset Current [tiol - 15 10 - 3.0 50 nA
Input Bias Current Ip - 30 75 - 70 250 nA
Input Resistance Rin 15 4.0 - 05 2.0 - Megohms
Supply Current Ip mA
Vg=120Vv - 18 3.0 - - -
Vg=2*15Vv - - - - 1.8 3.0
Large Signal Voltage Gain Ay V/mV
Vg=#15V, Vo =110V, R >2.0kQ 50 160 - 25 160 -
The following specifications apply over the operating temperature range.
Input Offset Voltage (Rg << 50 k) Viol - - 3.0 - - 10 mvV
Input Offset Current ol - - 20 - - 70 nA
Average Temperature Coefficient of lTC\/iol
Input Offset Voltage uVvi°c
TA(min) STASTA (max) - 30 15 _ 6.0 30
Average Temperature Coefficient of ITCy;, ! ’ . . nA/°C
input Offset Current ‘
25°C<TA<T A (max) Co— 0.01 0.1 - 0.01 0.3
TA(min)<Ta< 25°C - 0.02 0.2 - 0.02 0.6
Input Bias Current b — — 100 — — 300 nA
Large Signal Voltage Gain Ay V/mVv
Vg=#15V, Vo =110V, R >2.0kQ 25 - - 15 - -
Input Voltage Range Vin \
Vg =*%20vV +15 - — - - —
Vg =115V - - - 12 - -
Common-Mode Rejection Ratio CMyej dB
Rg<50 k&2 80 96 - 70 90 -
Supply Voltage Rejection Ratio st s~ dB
Rg<<50 k2 80 96 - 70 96 -
Output Voltage Swing Vo \%
Vg =115V, R = 10kQ 12 14 - +12 +14 -
RL=20kQ *10 +13 - 10 +13 -
Supply Current (Ta = TA(max), V' = £20V) ) - 1.2 25 - - — mA




APPLICATION NOTE ABSTRACTS

The application notes listed in this section have been prepared to acquaint the circuits and systems
engineer with Motorola Linear integrated circuits and their applications. To obtain copies of the notes,
simply list the AN number or numbers and send your request on your company letterhead to: Technical
Information Center, Motorola Semiconductor Products Inc., P.O. Box 20924, Phoenix, Arizona 85036.

AN-204  High Performance Integrated Operational

Amplifiers

Two new high performance monolithic opera-
tional amplifiers feature exceptionally high input im-
pedance and high open loop gain. This note describes
the function of each stage in the circuit, methods of
frequency compensating and dc biasing. Four appli-
cations are discussed: a summing circuit, an integra-
tor, a dc comparator, and transfer function simula-
tion.

AN-247  An Integrated Circuit RF-IF Amplifier

A new, versatile integrated circuit for RF-IF ap-
plications is introduced which offers high gain, ex-
tremely low internal feedback and wide AGC range.
The circuit is a common-emitter, common-base pair
(the cascade connection) with an AGC transistor and
associated biasing circuitry. The amplifier is built on
a very small die and is economically comparable to a
single transistor, yet it offers performance advantages
unobtainable with a single device. This application
note describes the AC and DC operation of the cir-
cuit, a discussion of Y-parameters for calculating op-
timum power and voltage gain, and a variety of applica-
tions as an IF single-tuned amplifier, IF stagger-tuned
amplifier, oscillator, video-audio amplifier and modu-
lator. A discussion of noise figure is also included.

AN-248 A High Voltage Monolithic Operational

Amplifier

This note introduces a high voltage monolithic
operational amplifier featuring high open loop gain,
large common mode input signal, and low drift. The
function of each stage in the circuit is analyzed, and
methods for frequency compensating the amplifier
are discussed. DC biasing parameters are also exam-
ined. Four applications using the amplifier are dis-
cussed: a source follower, a twin tee filter and oscil-
lator, a voltage regulator, and a high input impedance
voltmeter.

AN-261 Transistor Logarithmic Conversion Using an

Operational Amplifier

The design of a log amplifier using a common
base transistor configuration as the feedback element
of an integrated circuit operational amplifier circuit
is discussed in this application note. Six decades of
logarithmic conversion are obtained with less than 1%
error of output voltage. The possible causes of error
are discussed followed by two applications: direct
multiplication of two numbers, and solution of the
equation Z = X1,

AN-299 An IC Wideband Video Amplifier With AGC

This application describes the use of the MC1550
as a wideband video amplifier with AGC. The analysis
of a single stage amplifier with 28 dB of gain and 22
MHz bandwidth is given with the results extended to
a 78 dB video amplifier with 10 MHz bandwidth.

AN-400 An Operational Amplifier Tester

A simple and inexpensive tester for Motorola’s
line of operational amplifiers is described which will
measure the open loop voltage gain, the equivalent in-
put offset voltage, the maximum positive and nega-
tive output voltage swing, and a view of the transfer
function which shows the linearity of the device.

Included is an elementary discussion of the
parameters measured and their relationship to closed
loop performance.

AN-401 The MC1554 One-Watt Monolithic Integrated

Circuit Power Amplifier

This application note discusses four different
applications for the MC1554, along with a circuit des-
cription including dc characteristics, frequency re-
sponse, and distortion. A section of the note is also
devoted to package power dissipation calculations in-
cluding the use of the curves on the power amplifier
data sheet.




APPLICATION NOTE ABSTRACTS (continued)

AN-403 Single Power Supply Operation of I1C Op Amps

A split zener biasing technique that permits use
of the MC1530/1531, MC1533, and MC1709 opera-
tional amplifiers and their restricted temperature
counterparts MC1430/1431, MC1433 and MC1709C
from a single power supply voltage is discussed in de-
tail. General circuit considerations as well as specific
ac and dc device considerations are outlined to mini-
mize operating and design problems.

AN-404 A Wideband Monolithic Video Amplifier

This note describes the basic principles of ac
and dc operation of the MC1552G and MC1553G,
characteristics obtained as a function of the device
operating modes, and typical circuit applications.

AN-405 DC Comparator Operations Utilizing Monolithic
IC Amplifiers
The use of the MC1533 operational amplifier
and the MC1710 differential comparator are dis-
cussed. The capabilities and performance are given
along with typical operating curves for both devices.

AN-407 A General Purpose IC Differential Output

Operational Amplifier

This application note discusses four different
applications for the MC1520 and a complete descrip-
tion of the device itself. The final sections of the
note discuss such topics as operation from single and
split power supplies, frequency compensation. and
various feedback schemes.

AN-411 - The MC1535 Monolithic Dual Op Amp

This note discusses two dual operational ampli-
fier applications and an input compensation scheme
for fast slew rate for the MC1535. A complete ac
and dc circuit analysis is presented in addition to
many of the pertinent electrical characteristics and
how they might affect the system performance.

AN-421 Semiconductor Noise Figure Considerations

A summary of many of the important noise
figure considerations related with the design of low
noise amplifiers is presented. The basic fundamentals
involving noise, noise figure, and noise figure-frequency
characteristics are then discussed with the emphasis
on characteristics common to all semiconductors. A
brief introduction is made to various methods of data
sheet presentation of noise figure and a summary is

given for the various methods of measurement. A
discussion of low noise circuit design, utilizing many
of the previously discussed considerations, is included.

AN-432A A Monolithic Integrated FM Stereo Decoder

System

This application note discusses the circuit ap-
proach that has been taken in the realization of the
first monolithic integrated stereo multiplex decoder
built for consumer usage, as well as some of the details
concerning its incorporation in an FM stereo receiver.

AN-439 MC1539 Op Amp and its Applications

This application note discusses the MC1539, a
second generation operational amplifier. The general
use and operation of the amplifier is discussed with
special mention made of improved operation over
that of its first generation predecessor—the 709 type
amplifier.

In addition to the detailed discussion on the
dc and ac operation of the device, considerable em-
phasis is placed on operational performance. Many
applications are offered to demonstrate the device
capability, including a high frequency feed-forward
scheme, and a source follower application.

AN-459 A Simple Technique for Extending Op Amp

Power Bandwidth

The design of fast response amplifiers is pre-
sented without the use of “tricky” compensation
procedures or calculations using data sheet informa-
tion. Circuit analysis for compensation procedure
is given.

AN-460 Using Transient Response to Determine

Operational Amplifier Stability

This application note describes a technique for
evaluating the stability of any particular feedback
amplifier configuration by analyzing its response to a
step-function input. A theoretical analysis is given
along with an example.

AN-475 Using the MC1545 — A Monolithic, Gated-

Video Amplifier

Because of the unique design of the MC1545,
this amplifier can be used as a gated video amplifier,
sense amplifier, amplitude modulator, frequency shift



APPLICATION NOTE ABSTRACTS (continued)

keyer, balanced modulator, pulse amplifier, and many
other applications. This note describes the ac and dc
operation of the circuit and presents applications of
the device as a video switch, amplitude modulator,
balanced modulator, pulse amplifier, and others.

AN-489  Analysis and Basic Operation of the MC1595

The MC1595 monolithic linear four-quadrant
multiplier is discussed. The equations for the analysis
are given along with performance that is characteristic
of the device. A few basic applications are given to
assist the designer in system design. )

AN-490 Using the MC1595 Multiplier in Arithmetic

Operations

This application note discusses the use of the
MC1595 linear four quadrant multiplier in arithmetic
operations. Included is a discussion of the MC1595
used in the multiply, divide, square and square root
modes of operation. Actual circuits for these functions
are shown with measured data and a discussion of the
errors occurring in each mode.

AN-491 Gated Video Amplifier Applications

The MC1545

This application note reviews the basic operation
of the MC1545 and discusses some of the more popu-
lar applications for the MC1545. Included are several
modulator types, temperature compensation of the
active gate, AGC, gated oscillators, FSK systems, and
single supply operation.

AN-513 A High Gain Integrated Circuit RF-IF Amplifier

With Wide Range AGC

This note describes the operation and application

the MC1556, highlighting its capabilities, and points
out its characteristics so the reader may make effective
use of the device.

AN-531 MC1596 Balanced Modulator

The MC1596 monolithic circuit is a highly versa-
tile communications building block. In this note,both
theoretical and practical information are given to aid
the designer in the use of this part. Applications include
modulators for AM, SSB, and suppressed carrier AM;
demodulators for the previously mentioned modula-
tion forms; frequency doublers and HF/VHF double
balanced mixers.

AN-533  Semiconductors for Plated-Wire Memories

An introduction to the operation and electrical
characteristics of plated-wire memories is provided in
conjunction with the applications of semiconductors
that interface with the plated-wire memories.

Devices discussed include drivers, sense ampli-
fiers, and decoders. Memory organization and memory-
related semiconductor applications are also mentioned.

AN-543  Integrated Circuit IF Amplifiers for AM/FM

and FM Radios

This application note discusses the design and
performance of four IF amplifiers using integrated
circuits. The IF amplifiers discussed include a high
performance circuit, a circuit utilizing a quadrature
detector, a composite AM/FM circuit, and an econo-
my model for use with an external discriminator.

AN-544 A Printed Circuit VHF TV Tuner Using Tuning

Diodes

A printed circuit VHF varactor tuner was de-
signed and built in the Motorola Applications
Laboratory. The design was centered around high
capacitance tuning diodes,PINband switching diodes,
the dual-gate MOSFET, and a cascode mixer. This
note describes the tuner, the design procedure, and
the tuner performance.

of the MC1590G, a monolithic RF-IF amplifier. Includ- AN-545  Television Video IF Amplifier Using Integrated
ed are several applications for IF amplifiers, a mixer, Circuits

video amplifiers, single and two-stage RF amplifiers. This applications note considers the require-
ments of the video IF amplifier section of a television
receiver, and gives working circuit schematics using
integrated circuits which have been specifically de-
AN-522  The MC1556 Operational Amplifier and its signed for consumer oriented products. The inte-
Applications grated circuits used are the MC1350, MC1352,

This Application Note discusses the MC1556, a MC1353 and the MC1330.
second generation, internally compensated monolithic
operational amplifier. Particular emphasis is placed
on its distinct advantages over the early 709-type

AN-546 Solid-State Linear Power Amplifier Design

Linear amplifier design techniques and new

amplifier and the more recent 741-type amplifier.
Along with a description of its operation this
note presents a discussion on various applications of

RF power transistors developed specifically for
HF (2-30 MHz) linear amplifier services are
discussed.
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