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ABSTRACT

In this thesis, we proposed the up convertor is used NE 602 for convert VHF —

low band to VHF FM radio frequency. VHF-low band (30-50MHz) is not more use in

broadcast communication cause have no receiver which can receive and detect signal

in that band.  So that,this project shown method to use FM Radio Receiver to receive

and detect its.
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2.3 MaunInszeAauINg (Radio Wave Radiation)
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2.3.3 paulnsiwaileSa (Tropospheric Wave)
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Signetics

Linear Products

DESCRIPTION

The SA/NE602 is a low-power VHF
monolithic double-balanced mixer with
input amplifier, on-board oscillator, and
voltage regulator. It is intended for high
performance, low power communication
systems. The guaranteed parameters of
the SA602 make this device particularly
well suited for cellular radio applications.
The mixer is a "Gilbert cell" multiplier
configuration which typically provides
18dB of gain at 45MHz. The oscillator
will operate to 200MHz. It can be config-
ured as a crystal oscillator, a tuned tank
oscillator, or a buffer for an external L.O.
The noise figure at 45MHz is typically
less than 5dB. The gain, intercept per-
formance, low-power and noise charac-
teristics make the SA/NE602 a superior
choice for high-performance battery op-
erated equipment. It is available in an 8-
lead dual in-line plastic package and an
8-lead SO (surface-mount miniature
package).

BLOCK DIAGRAM

NE/SA602

Double-Balanced Mixer and

Oscillator

Product Specification

FEATURES
® Low current consumption: 2.4mA

typical z
® Excellent nolse figure: < 5.0dB
typical at 45MHz

e High operating frequency

® Excellent gain, intercept and
sensitivity

e Low external parts count;
suitable for crystal/ceramic filters

® SA602 meets cellular radio
specifications

APPLICATIONS

e Cellular radio mixer/osclllator
e Portable radio

e VHF transcelvers

o RF data links

® HF/VHF frequency converslon

@ Instrumentation frequency
conversion

e Broadband LANs

PIN CONFIGURATION

D, FE, N Packages

eyt A (1]
wpuT B[ 2

—
GROUND L3

ouTPUT Al 4

8 IVcc

7 lOSCILLATOR
6 IOSCILLAYOR
5 IOUYPUT 8

TOP VIEW

ey 7] [ [ st}
Vee }
LTAGE .
R;guugoa GSCILLATOR
4
»
L GROUND
] L2 ] [z ]
';‘w‘s
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ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE602N
8-Pin Plastic SO 0 to +70°C NE602D
8-Pin Cerdip 0 to +70°C NEBO2FE
8-Pin Plastic DIP -40°C to +85°C SA602N
8-Pin Plastic SO —-40°C to +85°C SA602D
8-Pin Cerdip -40°C to +85°C SA602FE

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 \"
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature range 0 to +70 °C
NE602 -40 to +85 °C
SA602

AC/DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vcc = 6V, Figure 1

1 2 3
s T
INPUT .209 to 0.283,H =
220pF
100nF

TCo2701S

Figure 1. Test Configuration

September 13, 1985

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Veo Power supply voltage range 4.5 8.0 \4
DC current drain 24 28 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 45MHz 5.0 6.0 dB
Third-order intercept point RFny = -45dBm: f; = 45.0 -15 -17 dBm
fo = 45.06
Conversion gain at 45MHz 14 dB
* Ry RF input resistance 1.5 : kQ
Cin RF input capacitance i 3 35 pF .
Mixer output resistance (Pin 4 or 5) i 15 |k |
; DESCRIPTION OF OPEXRATION
The NE/SA602 is a Gilbert ceil, an oscilator/
0.5 10 1.3:H IzzpF l l= buffer, and a temperature compensated bias
——  44.545MHz THIRD OVERTONE CRYSTAL network as shown in the equivalent circuit. The
oo -E__ 1nF, 5.6pF Gilbert cell is a ditferential amplifier (Pins 1 and
Vec b . 2) which drives a palanced switching cell. The
8.8,F 1000F I"E\ differental input stage provides gain and deter-
‘:E‘ I wﬂp:rc = = mines the noise figure and signal handling
= = ’ i '_—lwop;: performance of the system.
SUTeLT The NE/SA602 is designed for optimum low
NE602 1.5 to I 3Z0pF power performance. When used with the .
4.2 == SA604 as a 45MHz cellular radio 2nd IF and
L Bl demodulator, the SA602 is capable of receiv-
L___I‘ZOPF = ing ~119dBm signals with a 12dB. S/N ratio.
4 Third-order intercept is typically —15dBm
LE I 4 (that's approximately +5d8m output intercept
because of the RF cain). The system designer
f s must be cognizant of this large signal limita-

tion. When designing LANs or other closed
systems where transmission levels
are nign, and small-signal or signal-to-noise
issues not critical, the input to the NE602
snould be appropriately scaled.



Signetics Linear Products

Product Specification

Double-Balanced Mixer and Oscillator

NE/SA602

Besides excellent low power performance
well into VHF, the NE/SA602 is designed to
be flexible. The input, output, and oscillator
ports can support a variety of configurations
provided the designer understands certain
constraints, which will be explained here.

The RF inputs (Pins 1 and 2) are biased
internally. They are symmetrical. The equiva-
lent AC input impedence is approximately
1.5k Il 3pF through 50MHz. Pins 1 and 2 can
be used interchangeably, but they should not
be DC biased externally. Figure 3 shows
three typical input configurations.

The mixer outputs (Pins 4 and 5) are also
internally biased. Each output is connected to
the internal positive supply by a 1.5k resis-
tor. This permits direct output termination yet
allows for balanced output as well. Figure 4
shows three single ended output configura-
tions and a balanced output.

The oscillator is capable of sustaining oscilla-
tion beyond 200MHz in crystal or tuned tank
configurations. The upper limit of operation is
determined by tank "Q" and required drive
levels. The higher the "'Q"" of the tank or the
smaller the required drive, the higher the

=
318 : l,ux
< <
] —L{e]
—
Bus BUAS
' e Saeh
< < <
3 15 3 3 15
. O YT T
= = RS =
T™20008
Figure 2. Equivalent Circu't
> NESOG2 > nesa2
g | L’z__, Lr_J LIJ
4 I |
WNPUT
: I ?_ é #
T TCD2040S 7 TC02050S
a. Single-Ended Tuned Input t. Balanced Input (For Attenuation
of Second-Order Products)
Figure 3. Input Configuration

D
o7
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permissible oscillation frequency. If the re-
quired L.O. is beyond oscillation limits, or the
system calls for an external L.O., the external
signal can be injected at Pin 6 through a DC
blocking capacitor. External L.O. should be at
least 200mVp.p.

Figure 5 shows several proven oscillator
circuits. Figure 5a is appropriate for cellular
radio. As shown, an overtone mode of opera-
tion is utilized. Capacitor C3 and inductor L1
Suppress cscillation at the crystal fundamen-
tal frequency. In the fundamental mode, the
suppression network is omitted.

Figure 6 shows a Colpitts varacter tuned tank
oscillator suitable for synthesizer-controlled
applications. It is important to buffer tha
output of this circuit to assure that switching
spikes from the first counter or prescaler do
not end up in the oscillator spectrum. The
dual-gate MOSFET provides optimum isola-
tion with low current. The FET offers good
isolation, simplicity, and low current, while the
bipolar transistors provide the simple solution
for non-critical applications. The resistive di-
vider in the emitter-follower circuit should be
chosen to provide the minimum input signal
which will assure correct system operation.

When operated above 100MHz, the oscillator
may not start if the Q of the tank is too low. A
22kS§2 resistor from Pin 7 to ground  will
increase the DC bias current of the oscillator
transistor. This improves the AC operating
characteristic of the transistor and should
help the oscillator to start. 22k will rot upset
the other DC biasing internal tu the device,
but smaller resistance vaiues should bc
avoided.

i
1

¢. Single-Ended Untuned Input
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Product Spec;iﬁcaﬁon

Double-Balanced Mixer and Oscillator

'NE/SA602

Cr

a. Colpitts Crystal Osclllator
(Overtone Mode)

b. Colpitts L/C Tank Oscllilator

Figure 5. Osclllator Circuiis

12pF
[ L r‘_‘—‘—i(— =1 —i
i rJ—I I J 21006 75 “""T_”:: _T_ mH;éz-WpF
CFU4sS %
OR EQUIVALENT
> e ) iy TCY MATCHES 3.5K00 TO MEXT STAGE.
-
TCo20108 TCo070S
a. Single-Ended Ceramic Filter b. Single-Ended Crystal Filter
oY [
- s
oL b
NESO2 = NESG2 o 3
b - 3F )
4 < 4
TC020808 TC22000S 1
c. Single-Ended IFT d. Balanced Output
Figure 4. Output Configuration
LB T _[o, I 1—.— S T
_Eﬂm_*__:;' == XTAL L
= )]l K B = =
c
A\ B\ P 1 e : r]7:| E&l Sy
> NE602 > NEB802 > NESO2
o] 2:]ora e A Tat] [z | 500 L= ] Liz=] L) (]
TCO2100S TCo211CS TCo21208

c. Hartley L/C Tank Oscillator
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- Product Specification

Double-Balanced Mixer
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by Donald Anderson

INTRODUCTION

For the designer of low power RF systems,
the Signetics NE602 mixer/oscillator pro-
vides mixer operation beyond 500MHz, a
versatile oscillator capable of operation to
200MHz, and conversion gain, with only
2.5mA total current consumption. With a
proper understanding of the oscillator design
considerations, the NE602 can be put to work
quickly in many applications.

DESCRIPTION

Figure 1 shows the equivalent circuit of the
device. The chip is actually three subsystems:;
A Gilbert cell mixer (which provides differen-
tial input gain), a buffered emitter follower
oscillator, and RF current and voltage regula-
tion. Complete integration of the DC bias
permits simple and compact application. The
simplicity of the oscillator permits many con-
figurations.

While the oscillator is simple, oscillator design
isn't. This article will not address the rigors of
oscillator design, but some practical guide-
lines will permit the designer to accomplish
good performznce with minimum difficulty.

Either crystal or LC tank circuitry can be
employed effectively. Figure 2 shows the four

AN1982

Applications

Application Note

most commonly used configurations in their
most basic form.

In each case the Q of the tank will affect the
upper frequency limits of oscillation: the
higher the Q the higher the frequency. The
NE602 is fabricated with a 6GHz process, but
“the emitter resistor from Pin 7 to ground is
nominally 20k. With 0.25mA typical bias cur-

Applying the Oscillator of the
NE602 in Low Power

Mixer

rent, 200MHz oscillation can be achieved with
high Q and appropriate feedback.

The feedback, of course, depends on the Q
of the tank. It is generally accepted that a
minimum amount of feedback should be
used, so even if the choice is entirely empiri-
cal, a good trade-off between starting charac-
teristics, distortion, and frequency stability
can be quickly determined. .

[
BUFFER /& S
S S
20K
: 2
sus

3 sk 3 3

i = e

¥ = . GND

TCo1851S
Figure 1

February 1987
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a. Fundamental b. Overtone c. Colpitts d. Hartley
Crystal Crystal L/C Tank L/C Tank
Figure 2
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Applying the Oscillator of the NE602 :
in Low Power Mixer Applications
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Crystal Circuit Considerations
Crystal oscillators are relatively easy to imple-
ment since crystals exhibit higher Q's than LC
tanks. Figure 3 shows a complete implemen-
tation of the SA602 (extended temperature
version) for cellular radio with a 45MHz first IF
and 455kHz second IF.

The crystal is a third overtone parallel mode
with 5pF of shunt capacitance and a trap to
suppress the fundamental.

LC Tank Circuits

LC tanks present a little greater challenge for
the designer. If the Q is too low, the oscillater
won't start. A trick which will help if all else
fails is to shunt Pin 7 to ground with a 22k
resistor. !n actual applications this has been
effective to 200MHz with high Q ceramic
capacitors and a tank inductor of 0.08uH and
a Q of 90. Smaller resistor value will upset DC
bias because of inadequate base bias at the
input of tha oscillator. An external bias resis-
tor could be added from Vg to Pin 6, but this
will introduce power supply noise to the
frequency spectrum.

The Hartley configuration (Figure 2D) offers
simplicity. With a variable capacitor tuning the
tank, the Hartley will tune a very large range
since all of the capacitance is variable.
Please note that the inductor must be cou-
pled to Pin 7 with a low impedance capacitor.
The Colpitts oscillator will exhibit a smaller
tuning range since the fixed feedback capaci-
tors limit variable capacitance range; howev-
er, the Colpitts has good frequency stability
with proper components.

Syathesizad Frequency Control
The NE602 can be very effective with a
svnthesizer if proper precautions are taken to
minimize loadirg of the tank 2nd the introduc-
tior of digital switching transients into the
spectrun. Fiqure 4 shows a circuit suitable for
aircraft navigation frequencies (108 - 118MHz)
with 10.7MHz IF.

The dual gate MOSFET provides va high
degree of isolation from prescaler switching
spikes. As shown in Figure 4, the total current

February 1987
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Figure 3. Cellular Radio Application
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TCo18208

consumption of the NE602 and 3SK126 is
typically 3mA. The MOSFET input is from the
emitter of the oscillator transistor to avoid
loading the tank. The Gate 1 capacitance of
the MOSFET in series with the 2pF coupling
capacitor adds slightly to the feedback ca-
pacitance ratio. Use of the 22k resistor at Pin
7 helps assure oscillation without upsetting
DC bias.

For applications where optimum buifering of
the tank, or minimum current are not inanda-
tery, or where circuit complexitv must be
minimized, the tuffers shown in Figure 5 can
oe consiu.red.

The effectiveness of the MRF931 (or other
VHF bipolar transistors) will depend on fre-
quency and required input level to the pres-
caler. A bipolar transistor will generally pro-
vide the least isolation. At low frequencies the
transistor can be used as an emitter follower,
but by VHF the base emitter junction will start

4-88

to become a pidirectional capacitor and the
buffer is lost.

The 2N5484 has an IDSS of 5mA max. and
the 2SK126 has IDSS of 6mA max. making
them suitable for lovs parts count, modest
current buffers. The isolation is good.

Injected LO

If the applicaticii calls for a separate local
oscillator, it is acceptable to capacitively-
couple 200 to 300mV at Pin 6.

Summary

The NE602 can be an effective low power
mixer at frequencies to 500MHz with oscilla-
tor operation to 200MHz. All DC bias is
provided internal to the device so verv com-
pact designs are possible. The internal bias
sets the oscillator DC current at a relatively
low level so the designer must choose fre-
quency selective components which will not
load the transistor. If the guidelines men-
tioned are followed, excellent results will be
achieved.
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DESCRIPTION

The NE612 is a low-power VHF mono-
lithic double-balanced mixer with on-
board oscillator and voltage regulator. It
is intended for low cost, low power
communication systems with signal fre-
quencies to 500MHz and local oscillator
frequencies as high as 200MHz. The
mixer is a "'Gilbert cell" multiplier config-
uration which provides gain of 14dB or
more at 49MHz.

The oscillator can be cornfigured for a
crystal, a tuned tank operation, or as a
butfer for an external L.O. Noise figure at
49MHz is typically below 6dB and makes
the device well suited for high perfor-
mance cordless telephone. The low
power consumption makes the NE612
excellent for battery operated equip-
ment. Networking and other cornmunica-
tions products can benefit from very low

NE612:.

_Double-Balanced Mixer and

Oscillator

Product Specification

- FEATURES

® Low current consumption
® Low cost

® Operation to 500MHz

® Low radiated energy

e Low exterral parts count;
sultable for crystal/ceramic filter

® Excellent sensitivity, gain, and
noise figure

APPLICATIONS

® Cordiess telephone

® Portable radio

o VHF transcelvers

e RF data links

® Sonabuoys

e Communications recelvers
® Broadband LANs

® HF and VHF frequency

PIN CONFIGURATION

18] B4
=N
[16] 86
[15] Bs
[14] 8

o] (9] 9] 1] T3

By GND By B, B,

radiated energy levels within systems. conversion
The NE612 is available in an 8-lead dual
in-line plastic package and an 8-lead SO
(surface mounted miniature package).
BLOCK DIAGRAM
] 8 ' I 7 I 6 ! ] 5 l j
Vee l
(J
1
l ,.‘:’gbl‘i‘iéa I OSCILLATOR J

D

GROUND

(B

O

BO01601S

September 13, 1985

4-90

853-0391 80472




Signetics Unear Products

Product Specification

Double-Balanced Mixer and Oscillator

NE&6412
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE612N
8-Pin Plastic SO 0 to +70°C NE612D
ABSOLUTE MAXIMUM RATINGS
| svmsoL PARAMETER RATING UNIT
' Veo Maximum operating voltage 9 \
Tsta Storage temperature -65 to +150 Ho;
Ta Operating ambient temperature range 0 to +70 o)
AC/DC ELECTRICAL CHARACTERISTICS Ta =25°C, Ve =8V, Figure 1
’ SYMBOL PARAMETER TEST CONDITION SIS UNIT
Min Typ Max
Vee Power supply voltage range 4.5 8.0 \%
DC current drain 24 2.8 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 49MHz 5.0 dB8
Third-order intercept point at 49MHz RFjny =-45dBm -15 dBm
Conversion gain at 49MHz 14 dB
Rin RF input resistance 1.5 k2
Cin RF input capacitance 3 pF
Mixer output resistance (Pin 4 or 5) ) k2

—

=171

L

C.St01.3H
5. wth v S
ntaid b nF S.6F
' Yo e =
s.8.F 100nF i
=
I 10nF = s 7 s

> NE6T2

>

Figure 1. Test Configuration

IRD OVERTONE CRYSTAL
|
s

1 l 150pF
OUTPUT

120pF =

TCoz711S
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DESCRIPTION OF OPERATION
The ME612 is a Gilbert cell, an oscillator/
buffer, and a temperature compensated bias
network as shown in the equivalent circuit.
The Gilbert cell is a differential amplifier (Pins
1 and 2) which drives a balanced switching
cell. The differential input stage provides gain
and determines the noise figure and signal
handling performance of the system. _

The NE612 is designed for optimum low

.Power performance. When used with the

NE614 as a 49MHz cordless telephone sys-
tem, the NE612 is capable of receiving
=119dBm signals with a 12dB S/N ratio.
Third-order intercept is typically —15dBm
(that's approximately + 5d8m outputintercept
because of the RF gain). The system design-
er must be cognizant of this large signal
limitation. When designing LANs or other
closed systems where transmission levels
are high, and small-signal or signal-to-noise
issues not critical, the input to the NE612
should be appropriately scaled.
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Besides excellent low power performance
well into VHF, the NE612 is designed to be
flexible. The input, output, and oscillator ports
can support a variety of configurations provid-
ed the designer understands certain con-
straints, which will be explained here.

The RF inputs (Pins 1 and 2) are biased
internally. They are symmetrical. The equiva-
lent AC input impedance is approximately
1.5k || 3pF through 50MHz. Pins 1 and 2 can
be used interchangeably, but they should not
be DC biased externally. Figure 3 shows
three typical input configurations.

The mixer outputs (Pins 4 and 5) are also
internally biased. Each output is connected to
the intemal positive supply by a 1.5kS2 resis-
tor. This permits direct output termination yet
allows for balanced output as well. Figure 4
shows three single-ended output configura-
tions and a balanced output.

The oscillator is capable of sustaining oscilla-
tion beyond 200MHz in crystal or tuned tank
configurations. The upper limit of operation is
determined by tank "'Q' and required drive
levels. The higher the Q of the tank or the
smaller the required drive, the higher the

[ vee
DUFTER s S s
< <
—{<] —{5]
Bus L' BlAS

permissible oscillation frequency. !f the re-
quired L.O. is beyond oscillation limits, or the
system calls for an external L.O., the external
signal can be injected at Pin 6 through a DC
blocking capacitor. External L.O. should be
200mVpp minimum to 300mVpp maximum.

Figure 5 shows several proven oscillator
circuits. Figure 5a is appropriate for cordless
telephones. In this circuit a third overtone
parallel-mode crystal with approximately 5pF
load capacitance should be specified. Capac-
itor C3 and inductor L1 act as a fundamental
trap. In fundamental mode oscillation the trap
is omitted.

Figure 6 shows a Colpitts varacter tuned tank
oscillator suitable for synthesizer-controlied
applications. It is important to buffer the
output of this circuit to assure that switching
spikes from the first counter or prescaler do
not end up in the oscillator spectrum. The
dual-gate MOSFET provides optimum isola-
tion with low current. The FET offers good
isolation, simplicity, and low current, while the
bipolar circuits provide the simple solution for
non-critical applications. The resistive divider
in the emitter-follower circuit should be
chosen to provide the minimum input signal
which will assume correct system operation.

a. Single-Ended Tuned Input

——
E}——Kl J——[
sus ||
3 i $ s
\) L) (@) T
% s =
TCo21808
Figure 2. Equivalent Circuit
NES12 > NESI2 2
' ) NEG.R
] LTJ tal- Lal
mNPUT
1 :—:— 7T e
i r E I
TCo2190S = TCo22008 3 1022108

b. Balanced Input (For Attenuation
Of Second Order Products)

Figure 3. Input Configuration

c. Single-Ended Untuned Input
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Figure 4. Output Configuration
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Figure 5. Oscillator Circuits
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