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l. Behavioural modd of amplitude modul ation and demodulation

1) Introduction

Amplitude modulation is used since the first days of the 20" century mainly for transmitting
voice and signals through the conventional broadcast band like the long-, medium- and short-
wave bands because of its easy and cheap way of realisation.

Besides the consumption of bandwidth in comparison to usual FM isrelatively small and the
receivers could be made up very ssmple.

2) Standard AM modul ator/demodul ator model

Modulator section Demodulator section
1 3 Analogue | S Rectifier |6 Lowpass | 7
- —
Moduafing| “mme! Muttiplier A ouout Fiter | demoduiated
output

Signal
9 5 2
dc signal (1V) carrier signal

Figure 1 Standard AM modulation/demodulation block diagram

A behavioural model of a standard amplitude modul ation/demodulation consists of the
modulator and the demodulator section (Figure 1).

In the modul ator section first the modulating signal (node 1) and a DC-offset (node 2) are
added and then mixed with the carrier signa (node 4) by means of an analogue multiplier.
Thus the modulating signal is shifted to the frequency of the carrier signal and can be taken
off at the output of the analogue multiplier (node 5).

The information of the modulation signal is contained in the two side-bands with ((x+Whnod)
and (- Winod)-

The carrier wx, contains no useful information.

Hence Standard AM modulation can be expressed with the following equation:
V. = Asin(e.t)1+mcos(w,,t))

eak modulating signal
peak carrier signal

wherem = %ﬂd A = amplitudeof carrier signa

At this stage only ideal components are used for demonstrating AM modulation and
demodulation.



Mathematical justification of standard amplitude modulation:

V., = Asin(o.t )1+ moos(w,t))
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Vo = Asn(@t)= - 2isn((0s + 0. 1) =210 -0 1]
Vin = Asin(a, t)+—[Sm(( O + @, J)+ SIN((@0 ~ 0. )t)]

Thus the following frequency components appear:

A=1m=1
f. =101kHz
froa =1kHZ
iN(2x101kHz x ix t — 2x1kHz x Tix t ) +
Vm:sin(2><1OJJ<Hz><T[><t)+1 . ( )
n(2x101kHz x Ttx t - 2x kHz x TIx t)

2
@ occurring frequencies:

1) f,.q =101kHzat amplitudeA

2.) f0a . =102kHz at amplitude%A

3) f,q+f. =102kHz at amplitude%A

The (P)Spice listing, atransient plots at hodes 5, 6, 1, 7 and a FFT-analysis can be found on

the following pages.



§tandard Anpl i t ude Modul ati on
:nodulating signal at nodes 1 and G\D (0)
ynnd 1 0sin(0 0.5 1k 0 0 90)

:dc i nput voltage at node 2

ydc 2 0dc 1

*carrier signal at node 4
*

vcarr 4 0 sin(0 1 101k)
*

*sumrer with output towards node 3
*

esum 3 0 value {v(1)+v(2)}

*

*multiplier with output towards node 5
*

emult 5 0 value {v(3)*v(4)}

*

*1/2 wave rectifier nopde
*

erectifier 6 0 value {v(5)*(exp(10*v(5))/exp(abs(10*v(5))))}

*2nd order butterworth filter to renpbove high freugencies
*paraneter definitions for H(s)=al /(al + a2*s + s*s)
*

. param g=0. 707

. par am onega=1

. param f c=1k

. param pi =3. 14

. param pi square ={3. 14*3. 14}

. param al ={4*pi squar e*onega*onega*fc*fc}
. param a2 ={2*pi *onega*fc/q}

*

*realisation of H(s) with node 7 as output and node 6 as i nput
*

elow 7 0 LAPLACE {V(6)} = {al/(al+a2*s+s*s)}
*

*transi ent anal ysi s
*

.tran 0.1m20m O .1m
. pr obe

.end









3) Baanced amplitude modul ation/demodul ation System

Modulator section Demodulator section
11 Anclogue | 3 Rectificr |4 Lowpass | ° S
Moduloﬂng; Multiplier AM outout Filter demodulated
. output
Signal
2
Tcorrer signal

Figure 2 Balanced AM modulation/demodulation block diagram

Using balanced amplitude modulation the transmission of the non information covering
carrier signal is suppressed.

Therefore the DC-offset of figure 1 islet out, the carrier (node 2) and the modulating signal
(node 1) of figure 2 are directly multiplied together.

At the output of the analogue multiplier appear only the two side-bands (t.+wmeg) and
(G-Winod).-

Balanced amplitude modul ation needs a specia kind of demodulation via multipliersto get
back the original modulation signal content. By rectifier demodulation the output is not
equivaent to the input signal.

The demodulation has to be done by means of an multiplier too (see next part).

Balanced AM can be described as:
V. = Asin(o,t)mcos(w,,t)

Mathematical justification for the balanced amplitude modulation:

V., = Asin(w,t)mcos(w, )

V A% E jwt eJWmodt eJWmodt +e JWmodt)

y =-Am (emwwd) el<w+%d)+el<cmmw)ej<cwm))
m 4]

- _Amg 1 ~ L din(w -
Vm_ 4] Zan(wc-'-wmod) Zan(wc wmod)%
Vo == (e, 0,) s, - )

Vi = 2200, 4 )+ (0, =)




With the frequencies of the following (P)Spice simulation:

A=1m=1
f. =101kHz
f g =1kHz
_ 1[@in(2x101kHz* Tox t - 2x1kHZ X Tox t )+
" _E@n(zmekHzqu—2><]J<Hz><n><t) E

@ occurringfrequencies:

1) f. o +f. =100kHzat amplitude%A
2.) foqtf, =102kHz at amplitude%A

The (P)Spice listing, atransient plot and a FFT-analysis at node 5 can be found on the
following pages.



Bal anced Anplitude Mul ation with standard denodul ati on
*

*nmodul ating signa

*

vhmod 1 0 sin(0 0.5 1k 0 0 90)

*

*carrier siggna
*

vcarr 2 0 sin(0 1 101k)
*

*mul tiplier
*

emult 3 0 value {v(1)*v(2)}

*1/2 wave rectifier nopde
*

erectifier 4 0 value {v(3)*(exp(10*v(3))/exp(abs(10*v(3))))}

*2nd order butterworth filter to renpbove high freugencies
*paraneter definitions for H(s)=al /(all + a2*s + s*s)
*

. param g=0. 707

. par am onega=1

. param f c=1k

. param pi =3. 14

. param pi square ={3. 14*3. 14}

. param al ={4*pi squar e*onega*onega*fc*fc}
. param a2 ={2*pi *onega*fc/q}

*

*realisation of H(s) with node 7 as output and node 6 as i nput
*

elow 5 0 LAPLACE {V(4)} = {al/(al+a2*s+s*s)}
*

*transi ent anal ysi s
*

.tran 0.1m10m O .1Im
. pr obe
. end
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4) Model of multiplier demodulation

Modulator section Demodulator section
1 3 1 5 2" 6 Lowpass |/
> —
Modulating| ummer Multiplier Multiplier Filter demodulated
AM output
Signal = output
2 4 \
dc signal (1V) carrier signal

Figure 3 AM modulation/demodulation block diagram with two multipliers

The same way the modulation can be done with amultiplier the demodulation can be done
too. The AM modulated signal must only be multiplied again by the carrier frequency.

At the output of this 2™ multiplier are (20a:+Wmod) ; (20-0inod) and x. present, where the
unnecessary frequencies are suppressed by means of alowpassfilter.

Mathematical justification for the multiplier demodulation:

Ve :EAsin(ooctﬁE“%(sin(ooﬁoomod)tﬁsn 0, + Wy %xsmoot

v, = Er %‘ [ -e)- ATfjn (lavromd — grilonramalt 4 low-omolt _ gila-omm) )E?(
i

T L U

ok g;ogggg; D

5) Standard Diode - Demodulation

In the first listing only a simple Diode was used for demodulation. Thisis only correct
possible at Standard AM modulation. Trying to demodulate balanced AM with adiode
demodulator will fail.

The diode demodulation in the listing was done by means of the simulation of the exponentia
characteristics of the diode. The negative parts of the signal are cut off (rectified) and the
lowpass filter filters the remaining carrier frequencies out.
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A=1m=1
f. =10kHz
foa = 1KHZ

A A |];OS((Z("‘)C + wmod )t)_[
m
= —E[cos:(Zth)—l]—T B— 2cos(w, . t)+ E

5 cos{(200, = 0y )t)

Y/

dem

occurring frequenciesat node6:

1) 2xf, =20kHzat amplitude%A
1
2.)DCat IeveIEA
3)2xf +f 4 =21kHzat amplitude%A
4)2xf, —f 4 =19kHzat amplitude%A

5)f o =1kHzat ampl itude%A

where 2.) and 5.) the origina modulating signal at half amplitude represent (DC because of
standard amplitude modulation)

The (P)Spice listing, atransient plot and a FFT-analysis at node 5 can be found on the
following pages.
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§tandard Anmpl i tude Mdulation with nultiplier denodul ation
:nodulating signal at nodes 1 and G\D (0)

ynnd 1 0sin(0 0.5 1k 0 0 90)

:dc i nput voltage at node 2

ydc 2 0dc 1

*carrier signal at node 4
*

vcarr 4 0 sin(0 1 10k)
*

*sumrer with output towards node 3
*

esum 3 0 value {v(1)+v(2)}

*

*multiplier with output towards node 5
*

emult 5 0 value {v(3)*v(4)}

*

*mul tiplier denodul ation
*

emult 2 6 0 value {v(5)*v(4)}

*2nd order butterworth filter to renpbove high freugencies
*paraneter definitions for H(s)=al /(al + a2*s + s*s)
*

. param g=0. 707

. par am onega=1

. param f c=1k

. param pi =3. 14

. param pi square ={3. 14*3. 14}

. param al ={4*pi squar e*onega*onega*fc*fc}
. param a2 ={2*pi *onega*fc/q}

*

*realisation of H(s) with node 7 as output and node 6 as i nput
*

elow 7 0 LAPLACE {V(6)} = {al/(al+a2*s+s*s)}
*

*transi ent anal ysi s
*

.tran 0.1m20m 0O .1Im
. pr obe
. end
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. M odulation and demodulation using “real” parts
1) Modulation via Gilbert Cell

The Gilbert Cell is an discrete analogue multiplier. It can replace the ideal multipliersin
chapter 3 and 4, the multiplier modulator and the multiplier demodulator.

At atime only one of the two multipliersis replaced, because otherwise special coupling
facilities have to be connected between the two Gilbert Cellsin order to prevent interference
between the Gilbert Cells.

Modulator section Demodulator section

3 Gilbert Cell | 5 6 /
7,.|> Summer Mlulﬁplier i/lﬁlfde'gr] t%’:oss Wulofed
Modulating AM output Wifell : output

Signal
9 5 ¢
4 . .
dc signal (1V) carrier signal

Figure 4 Modulation using Gilbert Cell

The modulating Gilbert Cell:

| 100 J |
< <
R1 S5k R2 S5k
120
110
a3 o4 Q5 Q6

t - uq/ I 130

N £ =N =
V5 J
140 180
o va
1=
1 Q2 —
> .
v4 B A
180
210
190
| a8k 15K
"
R3 @ R4
Ipc
v2
T

Figure 5 Schematics of the modulating Gilbert Cell

V5istheinput of the carrier signal and V4 the input of modulating signal. The inputs are
coupled with voltage controlled voltage sources (nodes 51, 52 and nodes 11, 12) to separate
the Gilbert Cell from the rest of the circuit.

The signals are then multiplied together and the output is done by subtraction of node 110 and
node 120 via voltage controlled voltage source too (Esubtract in the Spice listing).

The following listing provides the replacement of the first multiplier via sub circuit Gilbert
Cell aswell asa Spice transient and FFT analysis of the concerned nodes.

The occurring frequencies are of course the same, than the ones with the ideal multiplier.
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Standard Anplitude Modulation with nmultiplier denodul ation and G I bert Cell
nodul ati on

*Subcircuit of Glbert Cell
*

. subckt gilbert _cell 130 150 170 180 110 120
.model @ NPN (bf=100 is=1le-16)
110 100 5k
120 100 5k
200 190 15k
210 200 15k
140 170 190
160 180 210
110 130 140
120 150 140
110 150 160
120 130 160
200 220 DC 2
220 0 -10V
V3 100 0 10V
.ends gil bert_cel

FERBCLRRBIR
SRRRLRS

Se

UuA

:nndulating signal at nodes 1 and GN\D (0)
ynnd 1 0 sin(0 0.5 1k 0 0 90)

:dc i nput voltage at node 2

ydc 2 0dc 1

:carrier signal at node 4

ycarr 4 0 sin(0 1 101k)

:sunnEr wi th output towards node 3
Ssun13 0 value {v(1)+v(2)}

*first mutiplier (Glbert Cell)
ecoupl e 51 52 value {v(4)}

ecoupl 2 11 12 value {v(3)}

xmult 52 51 11 12 30 40 gil bert _cel
esubtractor 5 0 value {v(30)-v(40)}

*mul tiplier denodul ation
*
emult_2 6 0 value {v(5)*v(4)}

*2nd order butterworth filter to renobove hi gh freugencies
*paraneter definitions for H(s)=al /(al + a2*s + s*s)
*

. param g=0. 707

. param onega=1

. param f c=1k

. param pi =3. 14

. param pi square ={3.14*3. 14}

. param al ={4*pi squar e*onega*onmega*f c*f c}
. param a2 ={2*pi *onega*fc/q}

*

*realisation of H(s) with node 7 as output and node 6 as input
*
elow 7 0 LAPLACE {V(6)} = {all/(al+a2*s+s*s)}

*transi ent anal ysis

*

.tran 0.1m2m O 0.1m
. probe
. end

20
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2) Demodulation via Gilbert Cdll

Now the Gilbert Cell replaces the second multiplier. But this Gilbert Cell is only working well
at small signals. It isless complex than the other one: The negative source and the emitter
resistorsin the lower part are missing.

Modulator section Demodulator section
1 3 1(ideal) |5 Gilbert Cell | 6 Lowpass | 7
Voduating | ————s
Modulating summer MUHipler [ ayy o out Multiplier Filter demodulated
Signal Ry e L | L | outpuf
2 4\ N
dc signal (1V) carrier signal

Figure 6 Deodulating with Gilbert Celll - Block diagram

The demodulating Gilbert Cell:

V4 istheinput for the carrier and V3 isthe input for the modulated carrier. The Gilbert Cell
multiplies both signals and the output can be taken of differential from nod 23 and node 24. In
thelisting it is done by means of the esubtractor function, a voltage controlled voltage source
driven by the subtraction of the two upper collector potentials.

100

50 - -
SN A SN £
W
7224‘ 25 + i

10 - ™
N 2
3
12
40

Tw

Figure 7 Standard AM modulation/demodulation block diagram

s

P@}

Although the occurring frequencies are the same than in the ideal multiplier curcuit atransient
and aFFT analysis can be following on the following pages.
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St andard Anplitude Modul ation with nmultiplier nodul ati on and
G | bert Cell denodul ation
*

*subcircuit Gl bert Cel
*
.subckt gilbert_denod 50 10 40 23 24

.nmodel QStd NPN (BF=100 | S=1E-16)
23 100 5k

100 0 10V
12 0 DC 300u

~SSRARBRCBA
BERBGT

. ends
*

*nmodul ating signa

*

vhmod 1 0 sin(0 4m 10k 0 0 0)
*

*dc
*

vdc 2 0 dc 10m
*

*sumrer
*

esum 3 0 value {v(1)+v(2)}

*carrier signa
*

vcarr 4 0 sin(0 10m 1lneq)
*

*first mutiplier
*

emult 5 77 value {v(3)*v(4)}

*2nd nul tiplier

*

xmult 4 5 77 30 40 gil bert_denod
esubtract 6 0 value {v(40)-v(30)}
*

*2nd order butterworth filter to renpbove high freugencies
*paraneter definitions for H(s)=al /(all + a2*s + s*s)
*

. param g=0. 707

. par am onega=1

. param f c=10k

. param pi =3. 14

. param pi square ={3. 14*3. 14}

. param al ={4*pi squar e*onega*onega*fc*fc}
. param a2 ={2*pi *onega*fc/q}

*

*realisation of H(s) with node 7 as output and node 6 as i nput
*

elow 7 0 LAPLACE {V(6)} = {al/(al+a2*s+s*s)}

24



*

*transi ent anal ysi s

*

.tran 5u 800u 600u . 1u
. pr obe

.end
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