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Abstract

Multi Channel Voice Transceiver can be divided into 5 parts , Input , Signal Modulating
, Amplifier and Broadcast , Receiver and Audio Output Amplifier. The basic function of this
project is modulating signal twice times. First , modulate each audio signal with carrier signal by
Amplitude Modulation (AM) method , then combine these modulated signal. Second , modulate
the signal from the previous part by Frequency Modulation (FM) method with carrier 40
megahertz to broadcast all channel simultaneously.

This project can transmit 4 channels of audio signal to 4 receivers. Each receiver has its
own channel with one frequency. Multi Channel Voice Transceiver will be used in a part of
Automatic Presentation Machine Project. It cooperates with Voice Recorder that records voice in
computer and manages to transmit data (voice) depends on what user need. The way to transmit

voice to user is to use this Multi Channel Voice Transceiver.
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Natonal
Semiconductor

Corpcration

MF5 Universal Monolithic Switched Capacitor Fiiter

General Description

The MF5 consists of an extramely easy to use, general pur-
pose CMOS active filter building block and an uncommitted
op amp. The fitter building block, together with an external
clock and a few resistors, can produce various second order
functions. The fiiter building block has 3 output pins. One of
the output pins can be configured to pefform highpass, atl-
pass or notch functions and the remaining 2 output pins
perform bandpass and lowpass functions. The center fre-
quency of the filter can be directly dependent on the clock
frequency or it can depend on both clock frequency and
extemal resistor ratios. The uncommitted op amp can be
used for cascading purposes, for obtaining additional alk-
pass and notch functions, or for various other applications.
Highar order filter functions can be obtained by cascading
several MF5s or by using the MF5 in conjuction with the
MF10 (duai switched capacitor filter building block). The
MFS5 is functionally compatible with the MF10. Any of the
classical filter configurations (such as SButterworth, Bessel,
Czuer and Chebyshev) can be formed.

Features

u Low cost

B 14-pin DIP or 14-pin Surface Mount (SO) wide-body
package

m Easy to use

8 Ciock to center frequency ratio accuracy =0.6%

m Filter cutoff frequency stability directlty dependent on
external clock quality

=B Low sensitivity to external component variations

® Separate highpass (or notch or ailpass), bandpass, low-
pass outputs

® 1, XQ range up to 200 kHz

= Operation up to 30 kH2 {typical)

8 Additional uncommitted op-amp

Block and Connection Diagrams

v e st

X D'—' SHIFT cLocK I
5 3 12 13
sorvo0[} CONTROL Ju me ¥a
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TLLH/5068-1
All Packages
gp—d4 1 14 f=e LP
N/AP/HP —4 2 13 = Vo2
INvV1—] 3 12 p—INV2 Order Number MF5CN
s1—d4 11— agnp See NS Package Number N14A
- Order Number MFSCWM
Sa—45 10—V See NS Package Number M148
AL 9 }— 507100
Lsh—7 8 —cux '

TIL/H/5068~2

Top View



Absoiute Maximum Ratings
if Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Distributors for availabllity and specifications.

Suppiy Voltage (V+ — V™) 14V
Cower Dissipation Tp = 25°C (note 1) 500 mW
Storage Temp. 150°C

Scldering information:
N Package: 10 sec. 260°C
SO Package: Vapor phase {60 sec.} 215°C
Infrared (15 sec.) 220°C

See AN-450 "Surtace Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
tace mount cavices.
Input Voitage (any pin)
Cperating Temp. Range
MF5CN, MFECWM

V=< Vi £V~
Tmin < Ta < Tmax
0*C < Ta<70°C

Electrical Characteristics v+ =5v £ 0.5%, V= = -5V £ 0.5% unless otherwise noted. Boldface limits
apply over temperature, Ty < Ta < Tmax. For ali other limits Ta = 25°C.

Tested Design
Parameter Conditions (‘Ly;l::l) Limit Limit Units
{Note 7) (Note 8)
Supply Voitage Min : 8 v
v+ =v7) hiax 14 v
Maximum Supply CuTent Clock applied to Fin 8 4.5 6.0 mA
Na Input Signat
Clock Fiitar Cutput 10 mv
Feedtrough [ p.amp Output 10 mv

Filter Electrical Characteristics v+ = 5vz 05%, V- = —5V% 0.5% unless otherwise noted. Boldface
limits apply over temperature, Tyin £ Ta S Tpax. For all other liruts Ta = 25°C. {

Al Tested Design
Parameter Conditions &);pt'f;; Limit Limit Units
(Note 7) (Note 8)
Center Frequency Max 30 20 kHz
Range {fo) Min 0.1 0.2 Hz
Clock Frequency Max 1.5 1.0 MHz
Range {fc1x) Min 5.0 10 Hz
Ciock to Center Viing = +5V z
Frequency Ratio lgg‘aio Fovx =250 kHz 50.11 = 0.2% 50.11 £ 1.5%
e/ fo) M C =
ode 1 | Vping = =5V v -
) P = 500 Kz 100.04 = 0.2% | 100.04 = 1.5%
fcix/ty Temp. Vping = + 5V -
+10 m/~C
Coetficient (50:1 CLX ratio) PP
Vping = —5V + /°C
(100:1 CLK ratio) eas PPM
Q Accuracy (Max) Vping = +5V
{Note 2) gfﬂo FoLi=250 kHz 6 i
Mode 1 | Vpine = =5V ) -
FoLk =500 kHz 6 *
Q Temperature Vping = +5V
- ~
Coetficient (50:1 CLK ratio) 200 ppm/~C
Vping = —5V
-70 m/*C
(100:1 CLK ratio) pe
DC Lowpass Gain Mode 1 +0.2 d8
Accuracy (Max) R1 = A2 = 10k e
DC Oftest Vos1 +50 mvV
Voltage (Max) Vosz | Vping = +5V —-185 mv
Vos3 | (50:1 CLK ratio) +115 mv
(Nots 3) Vos2 | Vping = -5V -310 mv
Vosy | (100:1 CLK ratio} + 240 mv




2.0 Modes of Operation
The MFS is a switched capacitor (sampled data) filter. To
fuilly descrina its transfer functicns, a time domain approach
is appropriats. Since this is cumbersome, and since the
MF5 closely approximates continuous filters, the following
discussion is based on the well known frequency domarm.
Each MF5 can produce a full 2nd orger function. See Table
1 for a summary of the characteristics of the various modes.
MODE 1: Notch 1, Bandpass, Lowpass Outputs:

fnoteh = 1o (See Figure 7)
fo = center frequency of the complex pole pair

fok fouk

= 300 ¥ 50
frotch = center frequency of the imaginary zero pair = fo.
R2

HoLp = Lowpassgain(asf —> Q) = ~ a7

Hoap = Bandpass gain (atf = {5} = — —

Hon = Notchoutputgainasf —s

t — forx/2

Bw = the —3 d8 bandwidth of the bandpass output.
Circuit dynamics:
Hogp

Horp = or Hoap = Horp X Q = Hon X O.
HoLppeaky = Q X Houp (for high Q's)

MQOE 1a: Non-inverting BP, LP (See Figure 8)

fok  fok
f - K o CLK
o 100 > 50
Q = A2
Howp = =—1; HoLp(peax) = Q X Hoyp (for high Q's)
R3
Hosey = ~%35

HQBPZ = 1 (non-inverting)
Circuit dynamics: Hogp, = Q
Note: Vin should be driven from a low impedance (<1 k{2})

TL/H/5066~16

TL/H/5066~17

FIGURE 8. MODE 1a



2.0 Modes of Operation (Continued)

MODE 2: Notch 2, Bandpass, Lowpass: fnoteh <o
(See Figure 9)
fo = center {requency
e lﬁ— fo A2
1&’)( \/m Yorge VR
froren , fork  fouk
100~ 50
Q = quality factor of the compiex poie pair
- H2iRe +1
R2/R3
Lowpass output gain (as f = 0)
R2/R1
~ R2/Re + 1
Hosp = Bandpass output gain (atf = fo) = —R3/R1
Hong Notch output gain (as f —> 0)
A2/R1
" R2/R4 + 1

Howr

§
Hon, = Notch output gain (asf b d %) = —R2/R1

Filter dynamics: Hogp = Q vHoLp Hon, = QYHon, Howg

MODE 3: Highpass, Bandpass, Lowpass Outputs
(See Figure 10)

¢ T3 F fcu< /ﬁ
° 00

Q = quality factor of the complex pole pair

-ngg_a.
R4 R2

f _R2
Hownp = Highpass gain (asf — ——-CLK)
2 T
R3
Hogp = Barndpass gain {at f = fg} = — AT
. R4
Horp = Lowpassgain(asf —> 0) = — AT

o R2 H e
Circuit dynamics: — = OHP: Hoge *= vHowp X Howe X Q

A4  Howp
Hotp(peak) = Q X Hoyp (for high Q’s)
Hoﬂp(”“) = Q X Hopp (for high Q's)

TL/H/5066-18

*In Mode 3, the feecback loop is closed around

the input Summing amptifier; the finite GBW prod-
T3 uct of this op amp causas a signt Q enhance-

ment. If this Is a problem, connect a smai capech

tor (10 pF=100 pF) across R4 to provnde some
H phase lesd.

TUH/5066~19

FIGURE 10. MODE 3



2.0 Modes of Operation (contnueq)

MODE 3a: HP, BP, LP and Notch with External Op amip
(See Figure 11)

foux R2 foix 2
f - [ — o= -
° 100 XVAs" 50 <V Ra
’RZ R3
- ——x_
Q R4 R2
R2
R1
Hoge = -2
A1
R4
Howr = =gy
fak [Rn fox ,Hh
[/ - 1, o [ —gr—= [ —
'n notch frequency 100 RIor 50 =)
R
H,, = gain of notch at f=fg= !Q ( -Rﬁ Ho._p—% HQHP)
I h

R
Hny = gainof notch (as f —> o)-.RAXHOU,
]

fox R
Hnp = gain of notch (asf - —2—-) = -"F_ig X Howp
h

l
l

|

MODE 4: Allpass, Bandpass, Lowpass Qutputs (See
Figure 12)

o = center frequency

Q; = quality factor of complex zero pair = A1
For AP output make Rt = R2
f
H*oap = Allpass gain (ato <t <%K—)

Howp = Lowpass gain (asf — Q)
- (_RE+1) - -2

E IR S |

A1

R1
Hogp = Bandpass gain (at f = {o)

--2(-%)-=2E)
R2 R1 R2
Circuit dynamics: Hogp = (Hore) X Q = (Hoae + 1)Q
*Due 1o the sampled dats rature of the filter, & siight mismatch of f; and &
ocours cauang & 0.4 dB peaking around [ of the atipass filler amplivsde
{whicn y should be & sTaignt ina). it this is unacceos-
sbia, Mode 5 is recommended.

>
<

>
S

AA
VWV

VA

LR TS

AAA NOTOH
ouT
= opanp
TU/H/5086-20
FIGURE 11. MODE 3a
4 v
D‘ "
é
n TL/H/S088-21 ’

v VAA~

FIGURE 12. MODE 4



2.0 Modes of Operation (continueq)

MOODE 5: Numerator Complex Zeros, BP, LP
(Su Figure 7.1)

[
o -\/1-4- 1 ,/1+5-2-x&"‘ .
'k __4 1oo oyt

Q -J1+ﬁﬁ4x-a—2-

R3
=y — H1/R4 X —
Q; 1 m

) —R2(R4—R1)
Ho,y gain at CZ. output (as f —» 0 Hz) )
Ho,, = gainat CZ output (asf—»tCLTK) -%%
R2 R3
- | W —
Hosp ( A1 1) X2
H (RZ + R1) A R4
o RZ+ R4/ R
M

AAA

MOCE &a: Single Pole, HP, LP Filter (See Figure 14)
fo = cutotf frequency of LP or HP output
- Refax  R2fow
R3 100  R3 50
- _hs
A1
R2

R1

MODE 65z Single Pole LP Fliter (Inverting and Non-
Inverting) (See Figure 15)
e = cutoff frequency of LP outputs
o R2lox  R2fo
3100  R3I 50
Hopy = 1 (non-inverting)

R3
Howeo ™ — o5

YV

v VWA

TUH/5088-22
TUH/S088-23
FIGURE 14. MODE 6a
)
(NON INY) You
bk TLH/S088-24

FIGURE 15. MODE 6d



2.0 Modes of Operation (Continueq)

TABLE . Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. Uniess otherwise noicd,
_ gains of various filter outputs are inveriing and adjustable by resistor ratios.

Number of Adjustable
Notes
Mode -1 Le HP N AP resistors, teux/t
1 * * * 3 No
(2 May need input buf-
1a Hogei= -0 Hotpw +1 2 No for. Poor dynamics
Hogpa= +1 for high Q.
Yes (above
2 * * * 3 fcix/50or
feLx/ 100}
Universal State-
3 * * * 4 Yes Variable Filter. Best
general-purpose mode.
’ - As above, but aiso
3a * * * * 7 g =1 Yas includes resistor-
) tungable notch.
Gives Allpass res-
4 * * * 3 No ponse with Hoap= —1
and Hop= -2
Gives flatter alipass
5 * * * 4 response than above
if Ry=Ry=0.02R,.
6a * * 3 - Single pole.
(2)
&b Hop=+1 - 2 Single pole
g AT R/3
OLP2= "5~
3.0 Applications Information
The MF5 is a general-purpose second-order state variable From the specifications, the filter parameters are:

filter whose centar frequency is proportional to the frequen-
cy of the square wave applied to the clock input {fo k). By

connecting pin 9 to the appropriate DC voltage, the fiiter,

center frequency fg can be made equal to either fcy /100
or fo k/50. {5 can be very accurately set (within 0.6%) by
using a crystal clock oscillator, or can be easily varied over
a wide frequency range by adjusting the clock frequency. If
desired, the g k/f, ratio can be altered by external resis-
tors as in Figures 9, 10, 11, 13, 14, and 15. The filter Q and
gain are determined by external resistors.

All of the five second-order filter types can be built using the
MF5. These are illustrated in Figures 7 through 5 along with
their transfer functions and some related equations. Figure
& shows the effect of Q on the shapes of these curves.
When filter orders greater than two are desired, two or more
MF5s can be cascaded. The MF5 also includes an uncom-
mitted CMOS operational amplifier for additional signal pro-
cessing applications.

3.1 DESIGN EXAMPLE -

An example will help illustrate the MFS design procedure.
For the example, we wil! design a 2nd order Butterworth
low-pass filter with a cutoff frequency of 200 Hz, and a pass-
band gain of —2. The circuit wili operate from a =5V power
supply, and the clock amplitude will be = Sv (CMOS) levels).

{g=200 Hz, Horp= -2, and, for Butterworth response,
Q=0.707. -
In saction 2.0 are several modes of operation for the MF5,

- each having different characteristics. Some allow adjust-

ment of foyk/fo, others produce ditferent combinations of
filter types, some are inverting while others are non-invert-
ing, etc. These characteristics are summarized in Table |. To
keep the example simple, we will use mode 1, which has
notch, bandpass, and lowpass outputs, and inverts the sig-
nal polarity. Three external resistors determine the filter’s Q
and gain. From the equations accompanying Figure 7,
Q=A3/Ry and the passband gain Ho p = —Ra/RAy. Since
the input signal is driving a summing junction through R4,
the input impedance will be equal to R4. Start by choosing a
value for Ry. 10k is convenient and gives a reasonable input
impedanca. For Ho p = —2, we have:

Rz = —R4Hporp = 10k X 2 = 20k.

For Q = 0.707 we have:

Ra = RyQ = 20k X 0.707 = 14.14k. Use 15k

For operation on +5V supplies, V+ is connected to + 5V,
V= to —5V, and AGND to ground. The power supplies
should be “clean” (regulated supplies are preferred) and
0.1 uF bypass capacitors are recommended.



3.0 Applications Information (continued)
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FIGURE 16. 2nd-Order Butterworth Low-Pass Filter of Design
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FIGURE 17. Butterworth Low-Pass Clrcuit of Example, but Designed for Single-Supply Operation



3.0 Applications Information (Continueq)

For most applications, the outputs ara AC coupled and DC
offsets are not bothersome unless large signals are applied
to tha fitter input. However, larger offset voitages will cause
cfipping to occur at lower ac signal levels, and clipping at
any of the outputs will cause gain nonlinearives and will
change f, and Q. When operating in Mode 3, offsets can
- become excessively large if Ap and R, are used to make
taix/ o significantly higher than the nominal vaive, especial-
ly it Q is also high. An extrame exampie is a bandpass filter
harving unity gain, a Q ot 20, and fo x/fo = 250 with pin 8
tied to V— (100:1 nominal). R/R3 will therefore ba equal to
6.25 and the offset voltage at the lowpass ouiput will be
about + 1.9V. Where necessary, the offset voltage can be
adjusted by using the circuit of Figure 20. This allows adjust-
ment of Vg, which will have varying effects on the different
outputs as described in the above equations. Some ouiputs
cannot be adjusted this way in some modes, howsver
(Vosiopy in modes 1a and 3, for example).

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS

The MF5 is a sampled data filter, and as such, differs in
many ways from conventiona! continuous-time fiters. Anim-
portant characteristic of sampled-data systems is their ef-
tect on signals at frequencies greater than cne-half the
sampling frequency. (The MF5's sampling frequency is the
same as its clock frequency). If a signal with a frequency
greater than one-haif the sampling frequency is applied to
the input of a sampled data system, it will be “reflected” to
a frequency less than one-half the sampling frequency.
Thus, an input signal whose frequency is f¢/2 + 100 Hz will
cause the system to respond as though the input frequency
was /2 - 100 Hz. This phencmenon is known as “alias-

ing", and can be reduced or eliminated by limiting the input
signal spectrum to less than fy/2. This may in some cases
require the use of a bandwidth-limiting fiter ahead of the
MF5 to limit the input spectrum. However, since the clock
frequency is much higher than the center frequency, this will
oftan not be necessary.

Another characteristic of sampled-data circuits is that the
output signal changes amplitude once every sampling peri-
od, resulting in “steps’ in the output voltage which occur at
the clock rate. (Figure 27) !f necessary, thess can be
“smoothed™ with a simple R-C lowpass filter at the MF5
output.

The ratio of fork to fc (normally either 50:1 or 100:1) will
also affect performance. A ratio of 10Q:1 will reduce any
aliasing problems and is usually recommended for wide-
band input signals. In noise sensitive applications, however,
a ratio of 50:1 may be bettar as it will result in 3 dB lower
output noise. The 50:1 ratio also results in lower DC offset
voltages, as discussed in 3.4.

The accuracy of the fgLx/fo ratio is dependent on the vaiue
of Q. This is illustrated in the curves under the heading
*Typical Performance Characteristics”. As Q is changed,
the true value of the ratio changes as well, Unless the Q is
low, the error in ok /o will be small. if the error is too large
for a specific application, use a mode that allows adjustment
of the ratio with extemnal resistors.

1t should aiso be noted that the product ot Q and f, should
be limited to 300 kHz when {, < 5 kHz, and to 200 kHz for
fo > 5 kHz. :

TL/M/5086-32

FIGURE 21. The Sampied-Data Output Waveform
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m SEMICONDUCTOR v

TECHNICAL DATA

BALANCED MODULATOR! DEMODULATOR

These devices were designed for use where the output voitage
is a product of an inout voitage (signal) and a switching function
{carrier). Typical applications include suppressed carrier and
amplitude modulation, synchronous detection, FM detection,
phase detection, and chopper aoplications. Sese Motorola
Aoplication Note AN531 for additional design information.

® Exceilent Carrier Suopression — 65 d8 typ @ 0.5 MHz
-— 50 d8 typ @ 10 MHz

® Agjusiabla Gain and Signal Handling

* Zalanced Inouts ana Outoucs

® Hign Common Mode Rejection — 8548 typ

MC1496
MC1596

BALANCED
MODULATOR/DEMODULATOR

FIGURE 1 -
SUPPRESSED CARRIER
QUTPUT WAVEFORM

FIGURE 2 -
© SUPPRESSED CARRIER
SPECTRUM

FIGURE 3 ~
AMPLITUDE MOOULATION
QUTPUT WAVEFORM

PIN ASSIGNMENTS

Signat Inout E
Gan Adjust E
Gaia Adjust E
Signal Inout G
3ias (5
Output @

ne (1

L SUFAX
CZRAMIC PACKAGE
CASE 832

D SUFFIX
PLASTIC PACKAGE
CASE 7SiA
iS0-14)

P SUFAIX
PLASTIC PACKAGE
CASE 546

= e

—

s Ne
E Jutsut

T ~e

“3 Camer inaut
3 Ne

3 Inguz Camer

ORDERING INFORMATION

‘Device | Temperature Range™  Package

MC14960 | ;SO
MC14a36L 0°Cio -70°C , Caramic TP
MC1496P Plastic CtP

MC1s96L ! -35°C i3 -125°C Caramic OIP

FIGURE ¢ - AMPLITUOE-MODULATION SPECTRUM |




MC1436, MC1536

MAXIMUM RATINGS® T4 = = 25T uniess otherwise noted]

Ruting Symbol | Veiue | Usit
Applied Voitage v 20 Voe
{Vg-Vvg. V10~ V1. V12 - Vg V12 -V10- V8~ Vi
Vg =V1.Vig=Ve Vg -V1g, V2 - V5. V3 - Vs)
Ditferentiai inout Signad Vg-Vyg -50 | vee
Vi-Vy | =iSeisty |
Mammum Bias Current ° Is 10 | ma
Thermal Resistanca, Juncoon 1o Aie Resa ‘cw
Cararnie Ouat In-Line Pecxage- 100
Plastic Oual In-Line Pacxage 100
Maetal Peckage 160
Ooerating Temoerzture Range TA g
MC1496 G ~-70
“C1598 -5510 125
Storage Temoersture Asnge Lg -6510 ~150; T

ELECTRICAL CHARACTERISTICS (Voo = -12Vde.Veg = ~3.0Vde.lg = 1.0 mAse. 3 » 19k 3, = 1.0 Ta = ~35°C.
M 1NoUt ING OUIDUL CNBFECIENSNCS are single-ended. uriess Otherwise noted.)

[ [ mcisss MClme |
Choraqteriete Fig. | Nows | Symboi | Min | Typ | Max | Mes | Typ | Mams | Usie
Carrier Fesctirough 5 1 YerT AVl
Ve = 50 mVimms) une wave and e = 1.0kH2 — 40 - p— @0 i
offset acjusted to zero ic = 10 MH2 - 140 — -_ 14 | —
Ve = 300 mVo-o sousre wave: m¥inma)
offsat acjusted to rero o= 1.0 kMz — |ooe| 02| — |00s] Qa
affset not adjusied o = 1.0 k2 — 0 100 -— 0 e
Carrieor Suopression ] 2 vYes B
s = 10 \itz, 308 mVisms)
{e = 300 tHz, 60 mVirms) sine wave 50 85 - 0 &5 —_—
o = 10 MMz, 60 mVirms) sne weve —_— 0. —_ - 5 - 3
Te i & Mey: Ry, = 50 onmsi 3 8 BWaap e
Camner inout fort, V¢ = 80 mVirms) sine wave — | 300 i - | 00 -
fg = 1.0 tHz, 300 mvinms) sine wave
Signai Inout Port, Vg = 300 mvirms} sine weve - 11 _ -— 0 .
Vi = 0.5 Voe
Signal Gain 10 3 Avs | 28 5 - 5 s -— vy
Vg = 100 mvirmsl, ! = 1.0 iz Vot = 0.5 Voe |
Single-Ended Input Imoedanca, Signal Port, f = 3.0 MHz [ -
Parzilet Input Resistance fio - 2007 | - - 0 - L
Paratlel Inout Canaciance So -— 20 - - 0 - oF
Singte-Ended Cutput imoedance, | = 10 MHz 8 -
Paralel Output Aessstance oo - 0| - —_ o — 0
Parztiet Qurout Caoacriance o - 5.0 - —_ 50 - oF
Input Bias Current: W/ - P
Iy =t ig »hg ng - 7 b4 - ! ko
g = ——$: o 310
bS =T et Ty we | =izl -1zl x
input Offset Current 7 -— A
ligs = =g lioC = ig—10 bogt | — | 07| s0] — | a7} 70
ot —~ {07 ] 80} — |97} 78
Average Tempecsture Costficient of tnout Otfset Current [ - T | = | 20| = | = ! 20 . - I AT
(T4 = ~55Cto ~125°C0) |
Qurout Offset Current l 7 - [ - I 1w ] 0] =] 4] o ‘ ak
llg=te) : |
Aversge Temoersture CoerSicient of Outout Otfset Cusrent 7 - | TCiox [ - | %) =] - l 0| = | T
T = =55Ci0 =125 ) P |
Common-Mode Inout Swwng, Signal Port, fg = 1.0 kMz L] 4 | Qo | — ] 54 - | =i s50}] — Yoo
Common-Mode Gaut. Signal Port, I = 1.0 tHz, | 9 - I ACM | — | e8] =} ~ -tsl -] za
Vgt = 0.5 Vae | i
Common-Mode Quisscent Outout Vaitage (Pin § or Pin 9) 10 - | Vag | — i 80} =} = ]20] = | Voo
Diffterennat Output Voltage Swwng Canacitity 10 — | Vo | —lag ] -] — ]300} — | Yoo
Power Suopty Cusrent 7 8 | mace
'g » 112 e} — | 20| )] — 120} a0 |
l1a s — 130 ) 4«0} - | 30| 50
OC Power Oissication l 74 s | pp =11l =] <] 31 ~ .




MC1436, MC1536

GENERAL OPSRATING INFORMATION

Carrier Feadthrough

Carrier feedthrougn is defined as the output voltage
at carrier frequency with only the carrier applied (signal
voitage = 0).

Carrier nuil is achieved by balancing the currents in
the differential amplifier by means of a bias trim coten-
tiometer (R of Figure 5).

Carsrier Suppression

Carrier suppression is defined as the ratio of each
sideband output 10 carrier outout for the carrier and
signal voltage levels specified.

Carrier suppression is very dependent on carrierinput
level, as shown in Figure 22. A low value of the carrier
does not fully switcn the uoper switching devices, and
results in lower signal gain, hence lower carrier
suppression. A higher than ootimum carrier level
resuits in unnecessary device and circuit carrier feed-
through, which again degenerates the suporession fig-
ure. The MC1536 nas been characterized with a 60
mV(rms) sinewave carrier inout signai. This level pro-
vides. optimum carrier suppression at carrier frequen-
cies in the vicinity of 500 kHz. and is generaily recom-
mended for balanced modulator aoplications.

Carrier feedthrougn is independant of signal levei, Vs,
Thus carrier suopression can be maximized by cperating
with large signal levels. However, a linear coerating mode
must be maintained in the signal-input transistor pair —
or harmonics of the modutating signal will be generated
and appear in the davice outout as spunous sidebands
of the sugpressed carrier. This requirement places an
ugoer limit on input-signal amplitude (see Figure 20). Note
2iso that an optimum carrier level is recommended in
Figure 22 for good carrier suppression and mimmum spu-
rious sideband generation.

At higher frequencies circuit layout is very important
in order to minimize carner feegthrougn. Shieiding may
be necessary in order !0 prevent capacitive counling
between the carrier input leads and the output leads.

Signal Gain and Maximum Input Level
Signai gain (singte-enced) at low- frequencies. is
cefined as the voltage gain,

v A 26 mv
2o R L Bmy
AVS T Vg T Rerzrs M2 T iimal

A constant dc potential is aopliea o the carner input
terminals o fully switcn two of the uoper transistors
“on" and two transistors “off” Vo = 0.5 Vdcl. This in
affect forms a cascoce citferential amolifier.

Linear operation requires that the signal ingut be
betow 3 critical value getermnea by Rg and the bias
current lg.

Vg = I5 Ae (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds
10 3 maximum vailue of 1 volt peak.

Common Mode Swing

The cammon-mode swing is the voitage whicn may
be applied to both bases of the signal cifferentiat ampli-
fier, without saturatng the current sources or without
sawraung the differenual ampiifier itseif by swinging it
into the upper switching devices. This swing is variable
cepending on the particular circuit ana biasing condi-
tdons chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit
package shouid be caiculated as the summatdon of the
voltage-current oroducts at sach port, i.e. assuming V12
=Vg,i5=lg=i12andignoring base current Pp=2!5(Vs
= V14 » 15} V5 - V14 where suoscripts rafer o nin
numbers, .

Design Equations
The following is a partial list of cesign aquations
needed to aperate the circuit with other suppty voltages
and input conditions.
A. Qperating Current
The internal bias currents are set By the congitions at
pin 5. Assume:
Ig=lgalyy,
iIg<<Ig for all transistors
then:

Ve s00 n “vnere: Rs is the resistor between

Rg= Is pin 5 and ground

b =075V atTy = =25C

The MC1596 has been characterized for ihe condition
Is = 1.0 mA and is the generaily recommenceq vaive.
8. Common-Mode Quiescent Qutput Yoitage

Vg=Viz=V+-ig Ry
Biasing

The MC1596 requires three dc bias voitage levels
which must be sac externally. Guidelines for setting up
these three levels include maintaining ac least 2 vaits
collector-base bias on all transistors while not axcaed-
ing the voitages given in the absolute maximum rating
table;

30 Vdc 2 ({Vg, V12) - (V8. V1g)l 2 2.Vde
30 Vde 2 {{(Vg, V1) = V1, VUl 227 vde
30 Vde 2 [(V1, Va) = (Vg)] 2 2.7 Vde
The foregoing conditions are based on the following
approximations:
Vg=Vi2, Vg=Vig, V1aVy

Bias currents flowing into pins 1, 4, 8. and 10 are
transistor base currents and can normaiiy be neglected
if external bias dividers ars designed to carry 1.0 mA or
more.

Transadmittance Bandwidth

Carrier transadmittance bandwidth is the-3 ¢S
bandwidth of .the davice forward transaamitance as
defined by:

ig {eacn sidebanag) ! Vg =0

rac = vg i51gnat)

Signal transadmittance bandwidth is the 3 d8
bandwndth of the device forward transacrance as
defineg by:

o inlsignall |y o vee vy = 0

TS L (signan |
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Coupling and Bypass Capacitors

Capacitors C1 and C7 {Figure 5 should be selected for
a reactance of !ess than 5.0 Q at the carrier frequency.

Qutput Signal

The output signal is taken from Pins 8 and 12 aither
balanced or single-enaed. Figure 11 shows the output
tavels of each of the iwo output sidebands resuiting
from variations in bath the carrier and modulating signal
inputs with a single-ended output connection.

Negative Supply

VEE should be de oniy. The insertion of an RF choke in
saries with VEE can enhance the stability of the internal
current squrces.

Signal Port Stability

Under certain values of driving source imoecance.
oscillation may occur. In this event, an RC suopression
network should be connected directly to 2acn incut
using short [sads. This will reduce the Q of the source-
tuned circuits that cause the ascillation.

SIGNAL INPUT o
{(PINS 1T & &)

S 100f
]

An aiternate method for low-frequency apoiicadons is
to insert a 1.0 kQ rasistor in saries with tha inout {Pins 1,
4). In this case input current drift may cause serious
degradation of carrier suopression.

TEST CIRCUITS

FIGURE 5 — CARRIER REJECTION ANO SUPPARESSION
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FIGURE 7 — BIAS AND OFFSET CURRENTS
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FIGURE 9 — COMMON MODE GAIN

e ¢

FIGURE 10 — SIGNAL GAIN AND QUTPUT SWING
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TYPICAL CHARACTERISTICS

Tyoieal CNaracTanistics were ODaned with SIFCUIL Shown in Figure 5. I = 500 kHZ (sine wavel,
Ve = 60 mVtrm, tg = 1 kHZ, Vg = 300 mVirmu), T4 = ~257C uniess atnerwise noted,
FIGURE 12 - SIGNAL-PORT PARALLEL-EUUIVALENT

n

IGURE 11 ~ SIDEBAND QUTPUT versus CARRIER LEVELS
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TYPICAL CHARACTERISTICS (continued)
T/0ICHM CABIBCTArINCS Were QDIIINEd Wil CI7CUIL NGwA 18 Figure T, fo = 500 «MT {sine waves,
Ve » 30 mvirmas, tg = 1 kH2, Vg = 300 m¥trms, T 4 * =25°Cuntess otnerwise nated.

FIGURE 15 — SIDEBAND AND SIGNAL PORT
TRANSAOMITTANCES versus FREQUENCY
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FIGURE 21 - SUPPRESSION OF CARRIER HARMONIC
SIOEBANDS vermus CARRIER FREQUENCY
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OPERATIONS INFORMATION

The 4C1596/MC1:96, a cir.
cuie, is thawvm in Figure 21

This aircuit connists of 0 uooer quaa differantial amotifier
Sriven by 2 sancarg ditfersntial amaiifier with dual current
ources, The output corlectors are or 30 that full
Satanced multiohaanon af (e wo inout voitages occurs. Thatis,
:Ne Oulout SNl is & CONSTaNt IMes the oroduct of the fwo inout
ngnais,

Matnematical nalyns of Linesr ac sgnal multiniication indi-
cates that the outout soecrum will conast af only the sum and
ciitference of the wo nout trecuencies. Thus, the device may De
wied a8 a . caukly % mixer, product

tor, fr . and Otner 200LCITIONS rEQUInNG
INese carticular Cuout 1gnal charactenstics.

The :ower ditterennal amohtier nas s emiTters connectad (o
INE DaCKkage 31N 30 (N 3N 2xTerNA erPrcTer resistance may be
used.  Also, extwnat ‘0ad reustors are smMoloved at the device
outout.

Signat Lavets
The upoer quas c:lhnntm amoiifier mav ce ooerated esther

FIGURE 23 ~ CIRCUIT SCHEMATIC
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FIGURE 24 = TYPICAL MOOULATOR CIRCUIT
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‘3 linear or 3 wXurates mode. The lower aitferential fi
3 Ooeramd in-a linesr moge for most acohcations.

For love-lvel cDeraTION at DOLN 1NOUL COrtS, the CUDut signai
wiil contain sum ang aifference ireguency comoonents and have
3n amolitude wien s a function of the arogduct of tne nout signat
wmotiniaes.

For high-level 00eranion at the carfiar 1nOut DO/ and linear
J0eranon at the moduiating signal cort, iNe Guiout signel wril
sontan sum ang difference fraquency comoonents of the modu-
atng signat fr and tne unaamenat ana oad harmonics of
he carrier frequency. The outout will be 2
e (he modulsting signal amot tude. Any amohtude vanauons
10 the carriey tignai will NOt 200N in (Ne Outout.
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The lnessr signas handling cacsortities of 2 drMerential amalitier
are w~eil delined, Vitn NO smitter Cegeneralion, ne Maximum
inout voItage for inear aoewmnON .3 acoromimately 25 mV deax.
Since the uoper differential amonfier nas s emntters internally
cannected, tMs voOitage ocwes (0 Nhe carrer nout oot for ail
conaitions,

Since the lower cifferential amol nas srovisions for an
2x08rNA1 2TILtEr ~2USIANCE, (3 NN HIGNAIN NINGING range May be
1Q)ustad Dv the usser. The Maximum noul +oitage for linear 0o
aranon may oe 200r0xiMated ‘rom e ‘ollowing exoression:

W 715} jAc)votts cesx.

Thig axoression mav oe tsed 0 COMOuU? Ine Mimmum value of
Rz lor 3 given noul vOitige Imokitude.

FIGURE 25 — TABLE 1
VOLTAGE GAIN AND QUTPUT FREQUENCIES

Carrier lnocut AQDIOxXHMtE Dutout Signal
Signal Vit Yoitage Gan Freguencyist
. ‘ e p
Low-level cc ———e v
i ARg ~ 2eg | 2T
g o
rtigh-ievel ac ‘ -—i'—- i fi
i | Ae - 2r, i ¥
i 3 Votrmo
Low-ievetac |~ =T, fc=fm

{228 iRe - 2,

i 0.637R ‘r o2y, e =)
| Hign.avet ac i > S _C M- Sfe =M.
: | < ghld Ste =i,

i

APPLICATIONS INFORMATION

Double si0eDana sucoressed Carfrer TOQuianion s.the basic
joclicaton at ing MCIS36/MCI486. The suqgeste circuit for
s goancation i SIOwWN On tNe ‘ront dage of s ca sheet.

'n jome iopncanons, it Tav D& Necessary 0 doerate ine
“IC1536/MC1396 with 3 single CC sucaly voltage instead of dual
suooies. Figqure 25 nows 3 c o for
2097300n with 2 single - 12 Voo succiy, “erformance of ths qir-
Susd s sieiar 10 (Nat of the GU! SUCOIV MoQuator.

AM Modutator

The crcuit snown w7 Figure 27 ‘mav Se used as an amohcs
moduiator it 3 muinor moaificaton.

All :nat .5 required ‘2 snift ‘rom sudoressed camier 10 AM
J0eraton 1 (0 2aIust INe carfier Auil OOTENGOMEeter OF the 0roCer
amaunt of carmer Insertion i tNe OulUL SIGNaL.

“owever, tne sucoressed Crrier Auil CICUILFY 35 SNOwn N
Figure I7 coes not nave sufficient aaustment range. Therefore,

The cain from he MaduUIating SIGNat iNDUL DOFT 1O tNE OULDUL 3
the MC 1536/MC 1396 gain garamater wingh s most oiten of interest
10 tne cesigner. This gan nas siguiticance onty woen the lomer
differential amatifisr 13 Operated in a iinear mcow, Jut (his includes
most aooticanons of the dsvics,

As previcusly mentioned, the uooer auad ditferential amokfier
mav 08 oOerated sither n 3 linedr Or 3 saturated MOde. ACOroxX»
mate Jan axoressions have Deen Jevelcosd ‘or me MC1S3&/
MC1496 for a low-level Mmoaulating signas iINEut and the toltlowng
2arrief OUl CONALIONS:

11 Low-ievei dc
2} “hignlevel dc
3) Low-level ac
2 Higndlevel ac

Thete jains are summanzed n Table 1, 3i0ng with e fre-
Juency cCaMpanents contaned In the ouiout sIgnas.

NMOTES:

1. Low-level Moaulating Signal, Yy, assumed in il cases.
V¢ 13 Camrier (nout Voitage.

3. '‘Nhen the output signat conTns multiow frecuencies.
:ne gain exoression given is for the outsut amotitwos of
sacn of the two Cesired ouiDuts. ic = iy ana fc - hy.

3. ANl gain exoressions are for 3 singie~enced outdut. For

3 differantial cugut Connection, MUty Z8CH 2xOres-

5100 QY wo.

Ay, = Losa resistance.

Ag * Srutier resistance between oins 2 3na 3.

"« Transistor dvnamic amicae renstance, 3¢ ~25°C:

DU

.

.
. 25 mv-©
g ig (MA)
7. € = 3onzmann’'s Conitant, T » lamoerature n degives
Kalvin, 3 » (e Charge QN an eectron,

-:—T =3 26 mV 2t room temperature

This zroguct getector has a3 sensitivity of 3.0 merovois and a
dvnsmic range of 90 0B wnan coerating at an A rmMeaiace fres
quency of 3 MHz,

The cetector is orosabana for :ne entire hign frecuency range.
FOr 00eration at verv lOw .ntermeaiate irequencies oown to 30
“Hz tne 0.1 LF caoecitars on oINS 8 ana 10 shoud dDe incrmsed
1.0 uf. Also, :he cutout filter a3t 3tn 12 can Se (niOred T 2
soecific intermeciate frequency and uaic amonfier Nouk M-
sedance.

As .0 aib aponcations of tne VCIS96/MC1296, ne emrmter
re315T2NCE DeTween oins 2 3InG J Mav OR ‘ncreased or Cecreassd 1o
3diusl Sircuit gain, sensitivity, ana avnamc range.

This crrcliit Mav 3150 be used 23 an AM cet®cIior Jv INTTCSLAING
carmer 5ignal at the carrer 1NDUC And In AM signat IC the SSB
nout.

The carrier signai may O cerved ‘rom the intermeciste fre-
suency nignal or senerated !ocatlv, The carner ugnat mav e in-
Mmth O without mogulatian, Jroviaed G <ved 13

he moduiawr mav oe moqitied for AM by gHng
WO "esistor vaiyes 1n the nusl circuit as shown i Figure 28,
Product Dsmector

The MC1536/MC1496 maxes an excerient $538 orcouct aetec:
1or (see Figure 29).

sufficiently hign (0 taturate (e uooer Quaa dif ferential amaonfied.
il the carner signsi 1s moauiatea, a 200 mVirms) inout levet 13
recommenced.
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Doubly Satenced Mixer

The MC1596/MC1496 may be used as a3 douDly balanced
Muxer withh either broacband of tuned narrow Dand nput and
outout networks. .

The local sgnal ig int at the carier inout
JOrT with 3 recommended amolitude of 100 mVirms),

Figure 30 thows 3 mixer with 3 Broaaband inout and a tuned
outoul.

Frequency Doubler

The MC1596/MC1498 will coerare as 1 frequency douoter Dy
ntroduaing the same frequency at DotR 1RouL 5O,

Fiqures 31 and 32 snow a bi ha v ler and a
tuned Qutout very hign frequency (VHF) couoler. resoectively,

Phase O and FM D

The MC1596/MC 1488 wiil function as a chese cetector. Mg
level input ugnals are Ntroduced 2t BOth inouts. ‘When DO inouts
are &t the same frequency the MC1596/MC1496 wiil asliver an
output wnich is 3 tunction of the Dhass difference Detween the
two inout signals,

An FM detector mey be constructsa by using the phase cetec-
tor drinciole. A tuned Circust 18 added at one af the iInouss to
Cause the two iINDUL 11GNals 1O vary 1n onase 23 3 funcuion of free
quency. The MC1596/MC 1496 will then prowde an outout wmen
183 function ot the inout signal frequency.

TYPICAL APPLICATIONS

FIGURE 26 - BALANCED MOOULATOR
{#12 Vde SINGLE SUPPLY}

FIGURE 27 - BALANCED MODULATOR-DEMODULATOR
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FIGURE 30 = DOUBLY BALANCED MIXER

(BROADSAND INPUTS, 3.0 MMz TUNED QUTPUT) FIGURE 31 - LOW-FREQUENCY DOUBLER
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TECHNICAL DATA
MC3356

WIDEBAND FSK RECEIVER WIDEBAND

FSK

. includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature
9 RECEIVER

Detector, Audio Buifer, Squeich, Meter Drive, Squelch Status out-

out, and Data Shaper comparator. The MC3356 is designed for

use in digital data communications equipment.

e Data Rates up to 500 kilobaud ngL:\T:E'g 2::53:,

® Excellent Sensitivity: —3 dB Limiting Sensitivity
30 uVrms @ 100 MHz

® Highly versatile, full-function device, yet few external parts are

required
P SUFRX
PLASTIC PACKAGE
CASE 738
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM FIGURE 2 — PIN CONNECTIONS
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MAXIMUM RATINGS

Rating i Symbol Value | Unit
Power Supply Voltage ! Vectmax) 15 | Vde
Ocerating Power Suppiy Yoltage Range (Pins 5. 10} , vee i 3.01t0 9.0 | ee
Operating A.F. Suoplv Voltage Range (Pin 4) ] RFvee | 3.0t0 120 | vde
Junction Temperature | T i 150 | C
Ooerating Ambient Temperature Range } Ta -40t0 +75 ! c
Storage Temperature Range Tstg -85to =150 | o4
Power Dissipation, Package Rating Pp 1.25 | w

ELECTRICAL CHARACTERISTICS (Veg = 5.0 Vde, fo = 100 MHz, fage = 110.7 MHz, 3 = =75 kHz, fmog = 1.0 kHz,
source. T = 25°C, test circuit of Figure 3, unless otherwise noted.)

300

Characteristics | Min [ Typ l Max { Unit
Drain Current Total, RF Vg ana Vee = 20 | 25 | macde
tnout for -3 d8 limiting Po—- 3 | — | avems
. {§ =N — 60 — wVem
input for 50 dB quisting ( m ) * s
Mixer Voltage Gain, Pin 20 to Pin 5 i —~ | 20 1.0
Mixer input Resistance. 100 MHz - | 260 - a
Mixer input Capacitance, 100 MHz - 5.0 - of
Mixers/Oscillator Frequency Range (Note 1) ! - — 200 MHz
{FQuadrature Detector Frequency Range (Note 1) i 0.2 - 50 MHz
AM Rejection (30% AM. AF Vin = 1.0 mVrms) ] = 50 - i a8
Cernodulator Output, Pin 13 | = 0.5 - Vrms
Meter Drive I — 7.0 - i uwAdS8
Squeich Threshoid | — i o8 | — | Vac
Note 1: Not taken in Test Circurt of Figure 3: new comoonent vailues required.
FIGURE 3 — TEST CIRCUIT
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FIGURE 7 — APPLICATION WITH SELF-ADJUSTING BLAS ON DATA SHAPER
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APPLICATION NOTES, continued

Cepending on the external circuit, inverted or non-
inverted data is available at Pin 18. Inverted data makes
she higher frequency in the FSK signal a ‘one’ when the
local osciltator is above the incoming RF. Figure 6 sche-
matic shows the comparator with nysteresis. in this cir-
cuit the dc reference voltage at Pin 17 is about the same
as the demodulated outout voltage {Pin 13} when no
signal is present. This type circuit is preferred for sys-
tams where the data rates can drop (o zero. Some sys-
tems have a low frequency limit on the data rate, such
as systems using the MC3850 ACIA that has 3 start or
stop bit. This defines the low frequency limit that can
appear in the data stream. Figure 6 circuit can then be

changed to a circuit configuration as snown in Figure
7. In Figure 7 the reference voitage for the comoarator
is derived from the demodulator output through a low
pass circuit where = is much lower than the lowest fre-
quency data rate. This and similar circuits will comoen-
sate for small tuning changes {or arift) in the quaarature
detector.

Squeich status (Pin 15) goes high {squelcn o) when
the input signal becomes greater than some creset level
set by the resistance between Pin 14 and grouna. Hys-
teresis is added to the circuit externally by the resistance
from Pin 14 to Pin 15.

’



k4

- a
nanssulszma

- = o d’ o 9/ a v g - vt’:
Yyantinusatufiduseaslddof deswenswveunszguensd vilugr ugas

I'd - I'4 A a d'l 9/ [} -~ o ot LY
HATDINITYBATUNT AUNAR N l?’ﬂ'ﬂmm‘mUmaaua:muu:mmqq mamu‘lnmm

A v

I'd & - Y a wa
YA I InTeallamTeeld uavdenlliaau
v oA & PR Y o o ) - o
uazveveunmIuiuaziiounn lnsrslifmuzi nazarwsromied uglnsal

¥ b4
@ne feoq atsddeludusdrnnoudTyaninusagduiiduieqase 18d20a





