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ABSTRACT

This project proposes a digital transmission system which is transmitted by using the 8PSK.
A 8PSK s a form of digital modulation which the digital information is contained phase of the
transmitted carrier. This project uses the carrier signal frequency and the pilot tone signal frequency at
76.8 kHz and 48 kHz, respectively. All of the system is controlled by clock at 9600 bps. By using
2 to4 level converter to convert the digital signal to be the PAM signal is carriered out before passing
the signal to the balanced modulator. The output signal is changed every 3 bit input data. The results

show that 8PSK has more bandwidth efficiency than BPSK, at the same bt rate.
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10MHz  Hz cycle

BPSK : BWelfficiecy =

10Mbps _ 2bps _ 2bit
SMHz Hz  cycle

OPSK : BWefficiecy =

$PSK : BVefficiecy = 10Mbps _ 3bps _ 3bit
333MHz.“Hz.._ cycle

Ay v g Y < 1 = a a e P a a
waf Iduaaaliifiudy BPSK HisyanSamdiga waz 16QAM Hilszanininga
qa iz SPSK @oamaifios 1/3- vesnuauaililu BpSK  Tudasriinsnauwaiiniiy oz

minsaagidiouand1aes FSK , PSK 1Az QAM Tl uansiah 2.3

Modulation Encoding Bandwidth Baud Bandwidth efficiency
(bps/Hz)
FSK Single bit >, £ ¥
BPSK Single bit i f, 1
QPSK Dibit £72 £72 2
8PSK Tribit £/3 £,/3 3
SQAM Tribit f/3 f./3 3
16PSK Quadbit f,/4 f /4 4
16QAM Quadbit f,/4 f./4 4

A1319% 2.3 ﬂqﬂgﬁmmmhwm FSK , PSK 1182 QAM
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UMD UNA 8-PSK agasa lldaInsanRmamod( Product detector J¥B404 I 1Az Q 1Az 1T
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9y o a c_‘l?l q (Y v w A 9 9 (Y 1 9 1
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THIdRRMANEINIEAIY Q 11ANRUe I NsFARMAIND Ao dya 1M PAM 4 520U ( 4-level PAM )
#1019 12995 4-to-2-level analog to digital converter ABLN LAY C - ITWRBITVIOIANAIINYO
Ay Q 1907910 4=t0-2-Tevel converter AOTM Q LAz € 1Wasvuilueynsy aaaning 1/C

Y 1

VY a o A g 4 A
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2.3 uaanwwamas( Active Filter)
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= = ° a2 Jd . o a L 5
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o A A o | aq ¥ =i s o Y a s 2
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HUY el

1. Tlamos (Filter) ¥1in011a0A (Analog) 1350AI00A (Digital)

Aamosszmnnuoni (Active) N30 LWaTN (Passive)

!\J

Hamos e1inumides (Audio Frequency) 11%@611&?\’.]13@"3‘1/1@ (Radio Frequency)
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AafuioIANe 1AZUNAYE2995 B ganthuen inHamesid Tuaes
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I a o .
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I's a o
A, uyuanianames (Band Pass Filter : BPF)
o 4 = d a o v : -
1. HUUATRAN KTo nuuaaaedilamos (Band Reject or Band Stop Filter :BSF)

9. eeawianamos (All Pass Filter)
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Gain ’Vo/Vin' Gain |VO/Vi" |

A

Ideal response

Ir'd

Ideal response

e EE——
Pass band Stop band Stop band Pass band
—p : >
fi Frequency fi Frequency
(a) (b)
o |
Gain |Vo/Vin| Gain }VO/vm'
A

A

[deal response
Ideal response

,,A 1
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I e P8 LT > < :
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fi TRt

(c)
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Frequency fi ety

(d)
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(e)

= = A s '
Z‘IJ(V] NRY U,ﬁﬂ\‘]ﬂ'ﬁTV\IﬂTﬁGl@cﬂﬁuﬂQﬂ'ﬂllﬂﬂl@\??ﬂﬂﬁwﬂmailiﬂug’]%‘]ﬂ



12

~ = o s = =
E‘]J’Vl 2.7(a) uﬁmmﬁﬂ’emﬁummmammTawmﬂamm fl“Ulﬂ@Lﬂu (gain) AIN 1NNTUD
= q' @ . 1 Jda X " W ~ A o [
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. ¥ i 1 ' '
Awd lafnoerhiuaunuazanad 3 MFwa (dB) HAzNANUANINND £, Uufio N > f, 8A31N13

a a

g 1 1 4 { o a 3 '
YUIWNTDIAUVDINDTNIZAAAINAVULOOIIADITIDT  ATUANUDTYYIUDUNATANTY 329904

e
=

= 1 =1 T o : [l ] s v & a
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g B I~ 1 A o a < ' 1 ~
Twduilse vaasldirunilamesilugaund ﬂzﬁmsaﬂmmﬂuﬂuﬂﬁaaﬂmqummuﬁ Hnagi

I s o 1 o 4
Myaanowiueiua lussanetuuua

= 4 = s A < | o
517 2.7(b) namsmseevauesnNudveslavadames o fiiluniwdlan uag £ it
= o Y I3 % ' e ]
a1 laAnoov (Low cutoff Frequency :f,) HAITNAA0UIVUAILOYANIND 0 <F < f, HALHIIWE

!
HUBAREN £> £,
= P J S 4 1 1 '
51001 2.7(c) HARINIADVAUDINNUDVOWLURMIAHAIADT  FIIWIAIVUADYTZNINADA
A o 1 @ =) @ b o o T
arwadnood 1dun ledvesdnsinaud £, uaz TaaneoWdSmaus £ Futludumiunuaaaa
! o st o ~ A 2 oo @
3 dB UAz a0 UUUUATIFNN 0< f< £ AU £> £, laoh f> £, WuauuuaIsvoauuama
a) J 1w < d ~ = a A o '
Wamosny £, — £ uaziunoTHIInIue (Center Frequency) 88nnun £, Usinghdimua
: ' %
NINA1T I AUUAINY (Pass Band Gain) WoR
= = oy A d = o Y
TUM 2.7(d) waaen1IRUALBIANNDIVBLUATRATAMDT  InTAUANYUEATIVIN
o 4 N 4 A ' oy P11 ' Ao A o .
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PV AIVUADYTENABYTLMINANLD £> £, 1Az 0< < f o1EonTRalanes N uuua
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a a s ' a S @ J &
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= s A wa ST S Y oo A ] Y
vosooavaflames Tnuainialuns idyamgaanudandamiaiu aane 10 v, iy
v VY i ' .
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b4 b4
@ ) "W (N va a Ia R
v fanailvineminu Juegiuguanifgiamuuuads (Unity Gain Bandwidth) voeouaui]
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. v 9 g
Wnnuatnladhifatiusznie v, nu v, aziiaigaga

2.4 lNﬂﬂqDﬂqﬂ (Phase-Lock Loop :PLL)
g Y I v = ' A ' PR = o '
wnsmlanengliszneuaivilintundendinne  duniunlaamanes @
o Ao 1 ~ ~ a s a @
ﬂﬁ'ﬂJﬂfyfgﬁ]!ﬂ’ﬂllﬂGHN'lul,IﬁZ?\‘lﬂi Iamanou Insanoavalames ( VCO ) 131920 UIYNANNIT

A o A & aa o o 2 & it
fugnmoaadonglTassuiingannneiaioimladongl uaasuaonlaeziniudigii 2.8
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Vi Ve(t Vd(t Vo(t
i(t) Phase e(t) LPE (t) VCO o(t)
Comparator

a <
511 2.8 namsvdonlaezunsuvonsadongl

B 1ock range
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TUNNN ﬁluﬁlilWﬁﬁ@ﬂQﬂUQ\lM@Q{luﬁﬂ'I'JZﬁE]ﬂ mmmmﬁmmmmaauﬂu (1)I = (’00
a ~ = o oJ// @ o = Eap
+ A(D NIT VCO 99TLWAANAINNDINA (DO muuﬁaumunmt,am u, %@ﬂﬂ\?ﬁ]ilﬂﬂ'ﬂﬂ’lﬂmaﬂ’lh

= & g o [ an o < a " a A‘IZI
A Ao Failudyanalady auu@dn Ao daunnsunizuiumsaeadu linaduy uag

4 @

auuaNlgeesnesdyRNuIDY passive lag dyana u, szgaaaneulaggiilames dyaim

oo

s g o 1 o v A ) &y A
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Binary Code Gray Code
000 000
001 001
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011 010
100 110
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110 101
111 100
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MOTOROLA
SEMICONDUCTOR 7TECHNICAL DATA

Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators, a
voltage—controlled oscillator (VCO), source follower, and zener diode. The
comiparators have two common signal inputs, PCAjn aind FCOjn. input FCAin
can be used directly coupled to large voltage signals, or indirectly coupled
(with a series capacitor) to small voltage signals. The self-bias circuit
adjusts small voltage signals in the linear region of the amplifier. Phase
comparator 1 (an exclusive OR gate) provides a digital error signal PClout,
and maintains 90° phase shift at the center frequency between PCAj and
PCB;, signals (both at 50% duty cycle). Phase comparator 2 (with leading
sdge sensing logic) provides digitai error signals, PC2out and LD, and
maintaing 2 0° phase shift between PCAjp and PCBjp, signals (duty cycle is
immaterial). The linear VCO produces an output signal YCOgyt whose
frequency is determined by the voltage of input VCOjp, and the capacitor and
resistors connected to pins C1a, C1g, R1, and R2. The source—follower
output SFout with an external resistor is used where the VCOip signal is
needed but no loading can be tolerated. The inhibit input Inh, when high,

Adimmbhioma dinm VMM memdd mmstom o Salia -~ Tomfomm o = b oam d e cr
disabies the VGO and souice Toliower 10 minimize stanuoy power
consumption. The zener diode can be used to assist in power siupply
regulation.

Applications include FM and FSK modulation and demodulation, fre-
quency synthesis and multiplication, frequency discrimination, tone decod-
ing, data synchronization and conditioning, voltage—to—frequency
conversion and motor speed control.

« Buffered Outputs Compatible with MHTL and Low—Power TTL

o Diode Protection on All Inputs

e Supply Voltage Range =3.0t0 18 V

¢ Pin—for—Pin Repiacement for CD4046B

e Filase Comparaior 1 is an Exclusive Or Gate and is Duty Cycle Limited

« Phase Comparator 2 switches on Rising Edges and is not Duty Cycle
Limited

BLOCK DIAGRAM

e G A~ S, =t
och. 14 oL | SELFBIAS PHASE [ onn orr .
n 977 cireurr —»| COMPARATOR1 [| -~ ™
| PHASE H—0 13 PC2qy
PCBy, 3 o COMPARATOR2 H—o1 LD
Voo, 9o ‘ VOLTAGE =04 VCOqy
‘ ! CONTROLLED [0 1y
Vpp=FIN16 i OSCILLATOR L 06 Cip
Vg =PiNG ; (VCO) | 7 Cig
INH 50 | SOUHCE FOLLOWER [H—0 10 SFout
)
|

' v o—#‘k— {0 15 ZENEF
1 SS J

10/97

MC14046B

L SUFFIX
CERANMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
SOIC
CASE 751G

ORDERING INFORMATION
v

AC14XXXBCP Piastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Ta =—55° to 125°C for all packages.

PIN ASSIGNMENT
iDfjte 16 {1 VDD
PClout [ 2 15 [] ZENER
PCBn [] 8 14 [] PCAp
VCOqui [ 4 13 [1 PC2qut
INHT 5 12 ] R2
CiAdl & 1R
Cigll 7 10 1 SFout
Vgs [ 8 9 {1 V€O

© Motorala, Inc. 1997
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MAXIMUM RATINGS* (Voltages Referenced to V gg)

Rating Symbol Value Unit
DC Supply Voltage VDD -0.5t0+18 Vdc
Input Voltage, All Inputs Vin -0.5toVpp +0.5 | Vdc
DC Input Current, per Pin lin +10 mAdc
Power Dissipation, per Packaget PpD 500 mwW
Operating Temperature Range TA —-55t0+ 125 °C
Storage Temperature Range Tstg —65to + 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
1+ Temperature Derating:

Plastic “P and D/DW" Packages: — 7.0 mW/ °C From 65°C To 125°C

Ceramic “L" Packages: — 12 mW/ °C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS(Voltages Referenced to V g5s)

Vpp —-55°C 25°C 125°C
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 == 0.05 — 0 0.05 — 0.05 Vdc
Vin =Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VOoH 5.0 4.95 — 4.95 5.0 — 4.95 —— Vdc
Vin =0 orVpp 10 & 2 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage # “0" Level ViL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — A2 — 2.25 1.5 — 15
(Vo =9.00r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo =0.50r 4.5 Vdc) “1" Level VIH 5.0 86 — 3.5 2.75 — 3.5 — Vdc
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — " 8.25 — 11 —
Output Drive Current loH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 — -1.0 —-17 — -0.7 —
(VoH = 4.6 Vdc) 5.0 —0.25 — -0.2 —-0.36 — —0.14 —
(VoH = 9.5 Vdc) 10 -0.62 — -0.5 -09 — -0.35 —
(VoH = 13.5 Vdc) 15 -18 — -15 -35 — -1.1 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 42 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 —_ +0.00001 +0.1 — +1.0 pHAdc
Input Capacitance Cin = — . . 5.0 7.5 — — pF
Quiescent Current DD 50 — 5.0 —+ 0.005 5.0 — 150 HAde
(Per Package) Inh = PCAjn = VpD, 10 =5 10 — 0.010 10 — 300
Zener = VCOj, =0V, PCBj, = VDD 15 _ 20 o 0.015 20 = 600
or 0V, gyt =0 pA
Total Supply Currentt i 5.0 IT=(1.46 pnA/kHz) f + Ipp mAdc
(Inh=*0", fo = 10 kHz, C_ =50 pF, 10 IT=(2.91 pnA/kHz) f+ Ipp
R1=1.0MC, R2 = % RgF = oo, 15 IT =(4.37 uAkHz) f + Ipp
and 50% Duty Cycle)

#Noise immunity specified for worst—case input combination.
Noise Margin for both “1" and “0" level = 1.0 Vdc min @ V pp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5Vdcmin @ Vpp = 15 Vdc
1To Calculate Total Current in General:
VCOj,—1.65 Vpp —1.35\34 VCOj — 1.65\3/4
. ) xR
R1 R2 RsF

xTzz.zvaD( +1x 103 (C+9) Vpp f+

where: |7 in pA, Cp in pF, VCOjp, Vpp in Vd, fin kHz, and

100% Duty Cycle of PCA in )
+1
100 R1, R2, RgF in MQ, C_on VCOgt.

1 x10~1vpp? (

MC14046B MOTOROLA CMOS LOGIC DATA
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ELECTRICAL CHARACTERISTICS*(C| =50 pF, Tp =25°C)

Y Minimum Maximum
Characteristic Symbol Vdc Device Typical Device Units

Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C_+30 ns 5.0 — 180 350
trLH = (1.5 ns/pF) C_+ 15 ns 10 — 90 150
trLH = (1.1 ns/pF) C_+ 10 ns 15 — 65 110

Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C_ +25 ns 5.0 — 100 175
tTHL = (0.75 ns/pF) C |+ 12.5ns 10 — 50 75
tTHL = (0.55 ns/pF) C|_+9.5ns 15 — 37 55

PHASE COMPARATORS 1 and 2

Input Resistance — PCA i Rin 5.0 1.0 2.0 — MQ

10 0.2 0.4 =
15 0.1 0.2 —
— PCBjp Rin 15 150 1500 — MQ

Minimum Input Sensitivity Vin 5.0 — 200 300 mV p—p
AC Coupled — PCAjp 10 — 400 600
C series = 1000 pF, f = 50 kHz i — 700 1050

DC Coupled — PCA jn, PCBjn — 5to0 15 See Noise Immunity

VOLTAGE CONTROLLED OSCILLATOR (VCO)

Maximum Frequency fmax 5.0 0.5 0.7 — MHz
(VCOjp =Vpp. C1=50pF 10 1.0 1.4 —
R1=5.0kQ, and R2 = ) 15 1.4 1.9 —

Temperature — Frequency Stability — 5.0 — 0.12 — %l°C
(R2=eo) 10 — 0.04 —

15 — 0.015 —

Linearity (R2 = o) g %

(VCOjp =2.5V £0.3 V,R1>10kQ) 5.0 — 1.0 —

(VCCijn =5.0V £2.5V,R1>400k Q) 10 — 1.0 —

(VCOjn =7.5V £5.0 V, R1 = 1000 kQ) 15 — 1.0 —
Output Duty Cycle — 5to 15 = 50 — %
Input Resistance — VCO i Rin 15 150 1500 — MQ
SOURCE-FOLLOWER

Offset Voltage — 5.0 — 1.65 22 \Y
(VCOjn minus SF gyt, RSF > 500 k) 10 — 1.65 2.2

15 — 1.65 2.2
Linearity — %
(VCOjp =2.5V £0.3V, Rgf > 50 kQ) 5.0 — 0.1 —
(VCOjn =5.0V £2.5V, RgF > 50 kQ) 10 o 0.6 —
(VCOjn =7.5V +5.0V, RgF > 50 kQ) 15 — 0.8 —
ZENER DIODE
Zener Voltage (1 = 50 pA) Vz — 6.7 7.0 7.3 \%
Dynamic Resistance (I z = 1.0 mA) Rz — — 100 — Q
*The formula given is for the typical characteristics only.
MOTOROLA CMOS LOGIC DATA MC14046B
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PHASE COMPARATOR 1

Input Stage

PClout

Input Stage

I\
PCAp  PCBjp
3—-State
PC2ut 0 Output Disconnected !
D 0 1 0

Refer to Waveforms in Figure 3.

Figure 1. Phase Comparators State Diagrams

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCAjp.

VCO in PLL system adjusts to center
frequency (fg).

VCO in PLL system adjusts to minimum
frequency (fmin)-

Phase angle between PCA;, and PCBjp.

90° at center frequency (fp), approaching 0°
and 180 at ends of iock range (2f} )

Always 0° in lock (positive rising edges).

Locks on harmonics of center frequency.

Yes

No

Signal input noise rejection.

High

Low

Lock frequency range (2f; ).

The frequency range of the input signal on which the loop will stay locked if it was
initially inlock; 2f|_ = full VCO frequency range = fmax — fmin-

Capture frequency range (2fc).

out of lock.

The frequency range of the input signal on which the loop will lock if it was initially

Depends on low—pass filter characteristics

(see Figure 3). fo < fi_

Center frequency (fg)-

The frequency of VCOgqyt, when VCOjp = 1/2 Vpp

VCO output frequency (f).

Note: These equations are intended to be
adesign guide. Since calculated component
values may be in error by as much as a
factor of 4, laboratory experimentation may
be required for fixed designs. Part to pari
frequency variation with identical passive
components is typically less than + 20%.

1

imin = —————————
M0 Ro(C1 + 32 pF)
f ! f
= *timin
max R1(Cq + 32 pF)
Where: 10K = Ry = 1M
10K <= Ro = 1M
100pF = C1 = .01 pF

(Vco input = Vgg)

(Voo input = Vpp)

o

Figure 2. Design Information

e
4
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9] SOURCE |10 SFout
™| FoLLower
VCOin RsF
PChin 14 EXTERNAL =
@ FREQUENCY "~ 4 PHASE | 20R13] | o) s - Vo 4 VCOout
COMPARATOR [ PC1og CLTER @ FREQUENCY Nf = f

11 12 6 i
PCBin OR Cla Clg
PC20ut R1 2 R2
B e 5 Cl

T EXTERNAL |
| EXER
I
| COUNTER |

Typical Low—Pass Filters
Typically:

(a) R3 (@) R3 6N N
INpUT O VWA~ OUTRUT e OUTPUT Ra Cz = L - M
C2 T 1 2 nfL R4
= 2c=%,r3e2 (Rg + 3,000Q) Cp = %’ — R4 Co
max

ECZ

Af=Tmax — fmin

NOTE: Sometimes R3 is split into two series resistors each R3 2. A capacitor C ¢ is then placed from the midpoint to ground. The value for
C¢ should be such that the corner frequency of this network does not significantly affect  wp. In Figure B, the ratio of R3 to R4 sets the

damping, R4 = (0.1)(R3) for optimum results.
LOW-PASS FILTER

Filter A Filter B
Definitions: N = Total division ratio in feedback loop
K¢ = Vpp/= for Phase Comparator 1 _ [KgKvco B K¢pKvCO
Ko = Vpp/4 n for Phase Comparator 2 ®n = /"NRacp | “" TV NCaR3 + Ra)
2 1t A fyco
Kvco =vy——5 v
V| -2V N, N
AP 27 . B v £=05n (RgCo + o)
for a typical design o = 0 (at phase detector input) $"VCO rl)KVCO
{ = 0707 _ 1 A R3C2S + 1
EI T RaGoB AT ) ~SIRACH + RaC) + 1
Waveforms
Phase Comparator 1 Phase Comparator 2
Vv \Y
PCAin I | | | R PCAIn | | ER
Vss | | Vss
PCB; PCB;
in VoL N | VoL

l_‘ !—| l_| I—] ===V

PC1 Lo I_l —

out VoL | VoL
— VoH VoH

VCO;, PC2out | '-—_U__

— VoL Voo
—V
Voo N ————
— Vou
Note: for further information, see:
(1) F. Gardner, "Phase-Lock Techniques”, John Wiley and Son, New York, 1966.
(2) G.S. Moschytz, “Miniature RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
(3) Garth Nash, “Phase—Lock Loop Design Fundamentals”, AN-535, Motorola Inc.
(4) A. B. Przedpelski, “Phase—Locked Loop Design Articles”, AR254, reprinted by Motorola Inc.
Figure 3. General Phase—Locked Loop Connections and Waveforms
MC14046B

MOTOROLA CMOS LOGIC DATA
5




Order this document by MC1496/D

@ MOTOROLA

Balanced Modulators/
Demoduiators

These devices were designed for use where the output voltage is a
product of an input voltage (signaly and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous  detection, EM detection, phase detection, and chopper
applications. See Motorola Application Note ANS531 for additional design
information.

@ Excellent Carrier Suppression —65 dB typ @ 0.5 MHz
-50 dB typ @ 10 MHz

e Adjustable Gain and Signal Handling

e Balanced Inputs and Outputs

e High Common Mode Rejection -85 dB typical

This device contains 8 active transistors.

ure 1. Suppressed
Carrier Output
Waveform

I\ A [\
;ymuv
A
‘F

/]
« ﬂ‘l Fig
i L 6F AW
I

AW A
AV

Figure 2. Suppressed
Carrier Spectrum

MC1496, B

U ——

|
l
|
|

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(80-14)

P SUFFIX
PLASTIC PACKAGE
CASE €46

-

PIN CONNECTIONS

Signal Input E‘ 2 E VEE
Gain Adjust [ 2| (13 NIC
Gain Adjust [ 3| (12] Output
Signal Input [ 4 | [11] NG
Bias E E Carrier Input
Output E

[amy
NG 7]

8 | Input Carrier

]

ORDERING INFORMATION

=
Device
MC1496D
MC1496P
MC1496BP

Operating
Temperature Range Package
SO-14
Plastic DIP

Plastic DIP

Tp = 0°C to +70°C

Tp = —40°C to +125°C

Figure 3. Amplitude
Modulation Output
Waveform

L

Figure 4. Amplitude—Modulation Spectrum

© Motorola, Inc. 1996



MC1496, B

amplifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.

Doubly Balanced Mixer

The MC1496 may be used as a doubly balanced mixer
with either broadband or tuned narrow band input and output
networks.

The local oscillator signal is introduced at the carrier input
port with & recommended amplitude of 100 mVrms.

Figure 30 shows a mixer with a broadband input and a
tuned output.
Frequency Doubler

The MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

Figures 31 and 32 show a proadband frequency doubler
and a tuned output very high frequency (VHF) doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High—level
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 will deliver an output
which is a function of the phase difference between the two
input signals.

An FM detector may be constructed by using the phase
detector principle. A tuned circuit is added at one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC1496 will then provide an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

Figure 26. Balanced Modulator
(12 Vdc Single Supply)

Figure 27. Balanced Modulator—-Demodulator

v
1.0k 820 1.3k ° 1;(338545 10k 1.0k P \{g\c/:d
C
A <04pF , O Re 10K L }R
1.0k 3-0% %B.OK 1 _L 51 K| uFp QRe 1 3 39K3 ik
15V="01F 3 o Vo 011" =% EOL—TF' Vo
Carrier Input M 10 6 . Carrier @ )f——— 9]
MmVrms‘—z%‘—lF'__oj — | 0.1 pF| Output mpmv 1 MC1496 l
- O S | ~ —~ L & -\
Modulating -#4 i 4 Modulating ! - X . ; e Vo
e )F—— | 12 Signal Ok K ) 51 14 b
Signat Input 10 F —Tt ‘l | 1[ ESpFJfM %5 Input i Sﬁk% i * i
300 mVims 15V L_J l lS)/ 10k R Bl ] |5§_6.8k
_ 7 L Am— L”ﬁ - VEE L
Carrier W‘wk 100 1007 Garrier Null _80Vdc -
Null gy g |
Figure 29. Product Detector
Figure 28. AM Modulator Circuit (12 vdc Single Supply)
L 50 _Vee
10K 1.UK ® 12 Vdc
| | AR |
B\ VYV RL |
l ‘ﬁfs\{\% TOIWF 9 Re 10k Q5 39k At [ l
f | LENN Yy, N | : |
Carrier Co%‘_i——/———om‘ 6 +Vp Carrier Input 0.1 uF an |
C : 0 v 10 | | 10005
|;u; o 1 MC1496 300 mVms! ~ | l F
put g T i : P 1| mciags T ! LY AF
Moddatng b L3 ! L_Tm ) At oy | 10K, 4] HF—LLLQA&{—: e
Si;]%nbil 7ao§ Sgako$ 51 351 144 ' 5 | 1_0k§ Vg Is 20 1] | R0k
LWVJ{ B | ';—éaak 13 Twl T x| Looos 0005
Corrior Adi e — VEE hi' ‘ : - = 7 — TuboTuE
Carrier Agjust _8_6 Vdc
9
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Figure 30. Doubly Balanced Mixer

(Broadband Inputs, 9.0 MHz Tuned Output) Figure 31. Low-Frequency Doubler

\
. ] Ve ® SVee
10K 1.0k +8.0 Vdc *
0001 uF o1 ] ' é ta 100
L ':I Tk 1 BrEG '1'0k —_L_25Vdc 29 1.0k3T 39k
ocal FC = ,
Oscltor T S5 L8 100 pH ok . 8 % %39.’«
Input ) ? 10 6 ’ ? Cé‘ 100 10 8
100 mVrms E0-001 uF 11 MC1496 ‘ % 0.001 pF L to0pF C2 Output
RF Input 4 9.5uF 9.0 MHz [‘nspu:Vrm—;_ 15 Vde Max MC1496
» ok [ 7 12 U, Sl‘f‘f‘ﬁm Pee Eo__.k—.
10k 351 0" %5080 . L —
Usok | ’ pF_L '90—-48“ pF é 5(k
= T 6.8k = - 10k 10k 100 c]>
Nuii Adjust Ve T T } l
; 50k
-8.0 Vdc LXAA ‘ 1S 68k
L1 =44 Tums AWG No. 28 Enameled Wire, Wound J_ v 15
on Micrometals Type 44-6 Toroid Core. EE =
Balance I 8.0 Vde
Figure 32. 150 to 300 MHz Doubler
55
0k 1.0k e 1) VEC
NN\~
‘ 0001.L Ligeil |
€L A uFLl L p'
= 0.001 3 = Rro
1003 = pF & & 068uH¢ ¢ 18H
B [ 2 36 j 1.0-10pF 300 MHz
0? B R
150 MHz o1l Mc1496 | 7~ 10-100F
Input 4 |
é 10k 5 & F I
100 4 san 414 5
0k T i T
1L Lf%‘i_x f 8 1 6.8k
= 7 \A L1 =1Turm AWG
Balance VeE 7 No. 18 Wire, 7/32" ID
-8.0Vidc
| A
2 N\ vz A
N FETEe £o bF
ole| s S A B 4 s8] %
Frequency — > Balanced Modulator Spectrum
DEFINITIONS
ic Carrier Fundamental ic +nfg Fundamental Carrier Sideband Harmonics
fs Modulating Signal nic Carrier Harmonics
fc+fg Fundamental Carrier Sidebands nfg+nfg Carrier Harmonic Sidebands
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