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ELEMENTS OF
A RADIO TRANSCEIVER

An overview of key elements and characteristics of a radio
transceiver:

Power amplifiers & nonlinear distortions,
low-noise amplifiers & noise figures,
antennas,...
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FREQUENCY TRANSLATION:
UP & DOWN CONVERSION
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*Modulated signal s(t) has its spectrum S(f) centered at f,,.
*UP-CONVERVERTER: g(t)=s(t).cos(2nf,t)=G(f)=0.5{S(f-f,)+ S(f+f,)}
Select either S(f-f,) or S(f+f,) by filtering, e.g., S(f+f,) centered at fz=f,+f,
*DOWN-CONVERVERTER: r(t)=g(t).cos(2nfyt)=R(f)=0.5{G(f-fy)+ G(f+f)}
Select either G(f-f;) or G(f+fy) by filtering, e.g., G(f-f;) centered at f_=fg-f,

«Signal is not distorted by frequency translation
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ELECTROMAGNETIC SPECTRUM
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SOLID-STATE POWER AMPLIFIER

POWER CAPABILITY:

MICROWAVE SOLID STATE DEVICE POWER CAPABILITY
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POWER CAPABILITY:
MICROWAVE TUBE
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POWER CAPABILITY COMPARISON:
SOLID STATE & TUBES
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TWT: TRAVELING WAVE TUBE

TRAVELING WAVE TUBE
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Linear amplification of
a single-input frequency

Amplitude
— — —— — p— +
|
|
= |
1

bd |
|
I

Amplitude

(b) time domain

]

> i,

(c) frequency domain

Amplitude

———

— — n.<

Amplitude

Transceiver € Tho Le-Ngoc PAGE 9



Linear mixing with linear amplification

Linear Vour = AV, + Ay

a
amplifier o
Vi = Yy (A) fo+ fy
fy
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INPUT/OUPUT POWER CHARACTERISTICS

OUTPUT Ideal linear curve: Poy; gem= Pip,dem* Cgain.as
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NONLINEAR AMPLIFICATION OF
ONE SINGLE-FREQUENCY INPUT

Vi =V, m Vo= Av, +Bv2 + Cvd 4..e
—p amplifier o
fa (A) (B) (C) fo+2f,=3f+ ...
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NONLINEAR AMPLIFICATION
OF TWO SINE WAVES
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OUTPUT SPECTRUM OF A NONLINEAR AMPLIFIER
WITH 2 SINGLE-FREQUENCY INPUTS
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EFFECT OF NONLINEAR AMPLIFICATION
ON MULTICARRIER INPUT

= Input to the amplifier has many carriers, e.g., 3 unmodulated carriers:
X(t)=Acos(w,t)+Bcos(w,t)+Ccos(w;t)
= quasi-linear amplifier: y(t)=Gx(t)+ G; [x(V]?
= Y(t)=G,[Acos(w,t)+Bcos(w,t)+Ccos(m,t)]
+ G;[Acos(w,t)+Bcos(w,t)+Ccos(w,t)]3

s [Acos(m,t)+Bcos(w,t)+Ccos(w,t)]3
= A3 cos® (o,t)+B3 cos® (w,t)+C3 cos?® (wst)
+ 3A2 Bcos? (o, t)cos(m,t)+ 3A? Ccos? (w,t)cos(m,t)
+ 3B2 Acos? (w,t)cos(m,t)+ 3B2 Ccos? (w,t)cos(mst)
+ 3C2 Acos? (wst)cos(m,t)+ 3C? Bcos? (wst)cos(w,t)
+ 6ABCcos(m t)cos(mst)cos(m,t)
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INTERMODULATION PRODUCTS

s c0s® (o,t)= 0.75c0s(w,t)+0.25 cos(3w,t), remaining term after filtering:
0.75cos(mt)

s C0S? (o t)cos(w,,t)=0.5 cos(w,,t)+0.25 cos(wy,t)+ 0.25 coS(®,q1mt)
remaining terms after filtering: 0.5 cos(»,t)+0.25 cos(w,,_,t) where cos(w,,_t)
Is an inband intermodulation interferer

m  CoS(m,t)cos(wst)cos(m,t)=0.25[cos(®,,, 3t)+COS(®; 5 5t)+COS(®q 5, 5t+
COS(O)1+2+3t)]
remaining terms after filtering: 0.25[cos(®,,,.3t)+Cc0S(®,_, st)+Ccos(w,_,,5t] Where
0.25[cos(®q,,.3t)+Cc0S(w,_, st)+Ccos(w,_,, st are inband intermodulation interferers

= After filtering, y(t)=acos(w,t)+bcos(w,t)+ccos(w;t)+ IM where
IM= dcos(w,,,,t)+ ecos(w,,, st)+fcos(w,,, ,t)+gcos(w,,, st)+hcos(ws, 5 ,t)
+IC0S(343.5t)+ JCOS(W145.31) +KCOS(1 5 51)+ICOS(01 54 5t)
are intermod interferers
= 3RP ORDER IM PRODUCTS (IM3) HAS POWER RELATED TO INPUT SIGNAL
POWER:

Pivz. dem=3Pin aBm+9dr

A2: Wireless Channels ¢ 2006 € Tho Le-Ngoc PAGE 16



3RP-ORDER IM PRODUCTS

Pin iz
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3RP ORDER IM PRODUCTS (IM3) HAS POWER
RELATED TO INPUT SIGNAL POWER:

Pim3. dBm=3Pin. aem+9ge (IM3 LINE with slope 3)

RECALL: INPUT/OUTPUT POWER

RELATIONSHIP FOR DESIRED SIGNAL:
Pout. dm= Pm,dBm+Ggam,Db (1/0 LINE with slope 1)

3rd-order intercept point in dBm is the assumed
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EXAMPLE OF AMPLIFIER OUTPUTS

FOR 9 INPUT TONES
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Advanced PA Technologies

= Ultra Linear Power Amplifiers

= PAs are potentially 50 - 70% of future base station cost: Aim is
to develop technologies for dramatically lower cost

= Digital Pre-distortion compensates for PA non-linearities:
= Enabled by accurate modelling of power devices
= “RF” Feed-Forward is replaced by “Digital Pre-Distortion”
= DSP-based algorithms for adaptive compensation

= “Digital” based correction implementation leads to lower
cost & high efficiency
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THERMAL NOISE IN
RECEIVER |

Load

I noise

signal with noise
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Thermal noise produced by random THERMAL NOISE PSD
motion of charged particles (e.g.,

electrons) has a Gaussian distribution
and a power spectral density (PSD): ;
S, ()=h[f|/{exp(h|fi/kT)-1} W/Hz N

where k=1.38E-23 Joules/°K o
(Boltzman’s constant)

h=6.62E-34 Joules.sec (Plank’s 250 I
constant), °K= 273+ °C I

For [f|<0.1kT/h (about 1E12 Hz),
@ room temperature (290°K) -3010.E+02 1 E+04 1.E+06 1.E+08
Sn(f) ~ kKT=-174dBm/Hz FREQUENCY R

-150

PSD [dBm/Hz]
/‘
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CONCEPTS OF NOISE FACTOR,
NOISE FIGURE:

IDEAL, NOISELESS AMPLIFIER:
Input: s;(t)+n;(t)

Output: a {s;(t)+n;(t)}

Output signal part: a,s(t)

Output noise part: a;n;(t)

a,: voltage gain, A,=a,?: power gain
S;: input signal power

N;: input noise power

S, = A,S; : output signal power

N, = A,N; : output noise power

S Ideal amplifier ApSi _ S

— — = —

N, A, AN, N,
(a)

Si/N;: input SNR;,
So/N,= A, S/AN, : output SNR, ;= SNR,,

AMPLIFIER WITH INTERNAL NOISE:
Input: s;(t)+n;(t)

Output: a {s;(t)+n;(t)}+n,(t)

Output signal part: a,s;(t)

Output noise part: a;n;(t)+ny(t)

a,: voltage gain, A,=a,2: power gain

S;: input signal power

N;: input noise power, N4: internal noise power
S, = A,S; : output signal power

N, = A,N;+N, : output noise power

s, Nonideal amplifier ASi S,
N i Ap AN+ Ny N+ NyA
i Nd p'Yi d i P

(b)
Si/N;: input SNR,,
S./N,= A.S/(AN;+Ny): output SNR,,; < SNR,,

[So/No]=[S/N;].[1+Ny/NA I"*= S/N].[F ]*'where F=1+Ny/NA, =[S/N]/ [S,/N,], >1
e F: noise factor indicating the factor of SNR degradation at the amplifier output
* noise figure NF;z=10log,,(F)= SNR;, 4a- SNR, 4a

Transceiver € Tho Le-Ngoc




NOISE FACTOR, NOISE FIGURE
OF CASCADED AMPLIFIERS:

N @@ [ Ampiifier 1 Amplifier 2 | Ampilifier n SofNo [dB]
— ] NF, P NF, T NF, ==
Input Ay Nl ? Ao N2 A *‘ Apn n A output
SIGNAL POWER i : :
Si ArSi Ay AsS So=Si(AAz..Ap),
NOISE POWER
N A;N;+N, A, (A;N;+Np)+N, No
I\lo:Nn_l_Nn—lAn_l_Nn—ZAn-lAn_l_"'_I_Nz AnAn—l"'A3+N1 AnAn-l"'A2+Ni AnAn—l"'AZ Al

No:Ni(An"'AZ Al){F1+(Fz'l)/A1+(F3'1)/(A1A2)+---+(Fn'1)/(A1A2"'An-1)}: Ni(An"'AZ A1)Foverall
where Fo o= {F1+(F-1)/A+(F5-1)/(AjA) +...+(F-1)/(AlA;. . An) }
I:overaII:[Si/I\li]/ [So/NoL and SI\lRout,dB:SNRin,dB'(NFoverall,dB) Where NFoverall,dB:10|0910(Foverall)

From Fg = {F1+(Fo-1)/A+...+(F,-1)/(AA,...A, 1)} it is clear that if A; is sufficiently large
then F, is dominant (i.e., contributions of F,,...,F,, are small)
Therefore, in a receiver, the front-end amplifier is a low-noise amplifier, i.e., with small F;

and large A,

Example: 3 stages with A;,=30dB, A,=A;=10dB and NF,=3dB, NF,=8dB, NF;=10dB
Fovera= F1+(F-1)/A;+(F5-1)/(A,A,)=10%/10+(108/10-1)/1030/10+(1010/10-1)/1040/10

=103/10+(5.31E-3)+(9E-4)=2.001=3.013dB

Transceiver € Tho Le-Ngoc PAGE 22



NOISE PERFORMANCE OF LNA's
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RECEIVER: OVERALL NOISE FACTOR

BPF1 LNA MIXER1 BPF2 IF AMP DEMOD
,IZ\T\(I)'Ir'n_’ Loss » Gain: Gy, —»  loss: » Loss »  Gain G >
Leprs FLna Lyvixers Lepro Firamp Fpemop
For a matched-impedance passive component, its noise factor = insertion loss
Overall gain from input of BPF1 to input of DEMOD:
Greceiver: GLNA GIF /(LBPFl,LMIXERlLBPFZ)
Greceiver a8="Lepr1,a8™ Oina.as~ Lmixer1,ds-Lerr2,a8+Ciras
Overall noise factor (linear scale):
Freceiver= Lepr1+ (Fina1) Leprst (Lyixeri~1) Lepra/Ginat(Lepr21) Lyixer: Lerri/Gina
+(Firavp~1) Lvixerz Lepra Lepr2/ Ginat (Foemon=1) Lvixert Leprr Lepr2/ GLnaGir
OR EQUIVALENTLY, WE CAN GROUP VARIOUS BLOCKS AS FOLLOWS:
BPF1+LNA MIXER1+BPF2+IF AMP
G, =G /L d G,=G e/ (Lyerilsprs) J DEMOD
— 1—LNAY LBPF1 > 2— I/ \Lmixer1b-BPF2 > F
F1= LepriFina F2= Lvixer1 Lepr2Firamp DEMOD
I:receiver: I:1+ (Fz'l) /Gl+(FDEMOD'1)/GlGZ
Transceiver € Tho Le-Ngoc PAGE 24



equivalent noise temperature

e For areceiver with an overall F, ¢, So/Ng=S/(N; Foerar) Where N;=KT and T is the input
absolute temperature.

e The effective noise spectral density at the receiver input is
Ni FoveraII:kT I:overall

e It can be expressed as:
Ni FoveraII:kT+kT(Foverall'1)

» Since the NF and F are specified at the reference temperature T,=290°K, it is better to write
N Fovera=K(T+T,.) where T is the actual input temperature
and T.=T,(F,.1) is a hypothetical value equivalent to an excessive noise temperature
due to the excessive noise spectral density generated by the system.

e Insummary, the additional noise generated by the system or device can be expressed in
terms of noise factor (F), noise figure (NF) and equivalent noise temperature (T,) where

NF=10log,,(F) and T,=T,(F-1)

Transceiver € Tho Le-Ngoc PAGE 25



SPHERICAL COORDINATES

0: POLAR or COLATITUDE ANGLE
¢: LONGITUDE ANGLE
. FOR CONVENIENCE, CONSIDER
A SINGLE MAIN LOBE WITH AXIS
ASSUMED TO LIE IN THE xy-PLANE

A meridian
plane

>y

0: ELEVATION ANGLE
¢: AZIMUTH ANGLE

Equatorial
plane

Transceiver € Tho Le-Ngoc PAGE 26



RADIATION PATTERNS

0* (Reference)

absolute (fixed

power) relative (fixed
radiation distance)
pattern radiation
pattern
relative (fixed
relative distance)

(fixed radiation pattern
distance) in decibels for
radiation an
pattern in omnidirectional

decibels (point source)

antenna
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SIMPLIFIED EQUIVALENT CIRCUIT
OF AN ANTENNA

Dissipated

Radiated
power R
r | power
RF POWER TO ANTENNA: ' '
b —p 4p ' Re EIRP(EFFECTIVE ISOTROPIC
REAN)™7 D7 TR MWy RADIATED POWER)

ANTENNA EFFICIENCY: EIRP=PD=Pge Gt
N=Pr/Preany=R/(R+R,) POWER DENSITY PER UNIT

_ AREA AT A POINT WITH
ANT DIRECTIVITY GAIN: DISTANCE d EROM ANT:
D=P/Ppcr, WRV' p,=(EIRP)/(4nd?)
Pecr : POWER OF A REFERENCE )
(ISOTROPIC) ANTENNA R

ANT POWER GAIN: Gq=nD
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CAPTURE AREA & CAPTURED POWER

Distance d

EIRP=P;G;  poWER DENSITY PER UNIT

Tx POWER P, AREA AT DISTANCE d:  Rx ANT POWER

Tx ANT POWER P=(P{Gy)/(4nd?)  GAIN Gy

GAIN G, Rx (CAPTURED)
POWER P,

Py : AMOUNT OF POWER INCIDENT ON EACH UNIT AREA OF AN IMAGINARY
SURFACE (PERPENDICULAR TO THE DIRECTION OF PROPAGATION OF THE
ELECTROMAGNETIC WAVE).

EFFECTIVE CAPTURE AREA OF THE Rx ANTENNA: A.=(GgA?)/(4r)

where A=c/f: wavelength

Rx CAPTURED POWER: P.=A. p. =(GxP-G; A2)/ (4nd2=P.( G;GR)/ (4ndf/)?
FREE-SPACE LOSS: Legee.space=(4ndf/c)?

Pc aem =Pt.dem™ (G1.a8+Gr.ag )- Lks dB
Lrs gg= 101091 0(Legee-space) =92.44+20log,o(f gn, ) +20l0g,o(dy, )
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ANTENNA BEAMWIDTH

Major lobe

0 dB

Side lobeé Side lobes

Minor
back lobe
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ANTENNA POWER GAIN AND BEAMWIDTH RELATIONSHIP

Beamwidth

Actual antenna gain (dB)
Beamwidth (degrees)

20 | | ] 0.1 G
102 103 104 10%
Antenna area
A/A? (square wavelengths)

Note: Abscissa is actual antenna area, and actual
antenna gain is taken to be 3 dB below theoretical.
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PARABOLIC REFLECTORS

MAIN BEAM AND SIDE LOBES

Anglae idegreas)

340 350 0 I 10 20
C‘ Main lobes
GEOMETRY & " " ] %
RAD IAT I O N A A T Decibels down from main signal _ |
DIRECTIONS X Y x
\ Parabola 5L
S > 0 EL 0]
\ w ) ?;a .
0 Side lobes UE! Side lobes
> /kL» 270 ]
g >
\/ > %
) (b) focal point
(a) focal point inside the reflector o
outside the reflector
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PARABOLIC ANTENNA WITH A HORN FEED:
WAVEGUIDE HORN TYPES

Parabolic

& dish

Conical horn

Sectorial E-plane horn

/

&

Pyramidal hor\

Sectorial H-plane horn

(a)
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PARABOLIC ANTENNAS

Paraboloid reflector

RN

b
L

Spherical reflector

Primary antenna
Feed at focus

PARABOLIC ANTENNA
WITH A CENTER FEED

pal

|
. I
I
son s I
Paraboloid primary I
reflector l

,_

Feed antenna (horn
1O . gl Obstructed ray

® Focus of paraboloid
and hyperboloid

i

Waveguide

-
\
Hyperboloid
secondary reflector

\ >
PARABOLIC ANTENNA
WITH A CASSEGRAIN FEED

In-phase
plane

Direction

of propagation
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ANTENNA NOISE
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Smart Antenna Principles

=  Smart antenna (SA) systems
can be used for Rx and Tx. NEO
= They exploit the spatial SELS
dimension via spatial
sampling and coherent v ©

&)
<
- al < 80
g v | @
processing of the EM wave N
field. NEO L @
= Four main system 5
components (Rx mode):
,,,,,,, | CTL
= Antenna array: N elements, geometrical configuration.

= Radio unit: RF down-conversion, A/D conversion.
= Beam-forming (BF) network (BFN): signal weighting followed by
summation.
= Control unit: adjusts BF weight to achieve desired spatial response.
= ldeally, a set of weights is maintained and updated for each individual mobile
user.
= SA can adapt to current radio conditions and tailor individual user beam-
patterns so as to maximize SIR:
= Communication link continually optimized.
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examples of antenna patterns

an

sector antenna

180

N sets of four orthogonal beams from a four-column
antenna array with a 0.5\ horizontal element spacing

120
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EXAMPLE OF BEAMFORMING TO IMPROVE SIR

s(tye % 4 ‘

N,

y{t)

INTERFERENCE
x(el¥c!

YO = [1+Ws®e ™ +[14weMe [x e M

UPDATE
ALGORITHM

assuming x (t- A) = x (t)

where A = propagation delay between antennas

Choose W to maximize SINR = 1+ W
1 +We MeA

Transceiver € Tho Le-Ngoc PAGE 38



Smart Antenna Classification

s Switched beam (SB) systems:
= May be viewed as an extension to sectorization.
= Uses fixed set of pre-computed beams.
= Users assigned to different beams on the basis of received power.
= Requires beam switching as users roam around.

= Dynamically phased array (DPA):
= Ability to steer beams/nulls in arbitrary directions.

= Requires angle of arrival (AOA) estimation of signal and possibly interference
(several approaches available).

= AOA info used to update BF weights so that SIR is maximized.
= As users change location, AOA and BF weights continually updated.

= Adaptive antenna (AA) systems:

= Uses fully adaptive scheme to optimize BF weights, based on available
information: input/output signals, training sequence, etc.
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Non-regenerative repeaters

Repeater
RF
RF or BB RF
Tx Rx Tx Rx
IF in = Microwave Microwave [ Microwave Microwave [ IF out
transmitter receiver transmitter receiver
Receiver Transmitter
~ N7 N Receiver Transmitter
From To AN /\
antenna antenna f o ~
A From To
antenna IF Equalizer antenna
(RF,,—LO) & > and
in amplifier il
RFout shaper
RFin RF P‘Fout IF IF
BPF BPF power RF RF
amplifier RF
BPF BPF power
A amplifier
LO
Local T T
oscillator | Microwave generator |

RF

IF
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BASEBAND REGENERATIVE REPEATER

6000 MHz

— =z

6180 MHz Down - IF Up- o
Z- RF converter N\ converter
) M
,_JH p— 70 MHz —e 's ~
. IF amp/AGC BPF and
———| BPF - R?.::g::e - and —+1 Transmod power - Isolator -
equalizers amp

= 6110 MHz 5930 MHz "
] <]
é BPF é
c c
£ o
<] c
B t £
] ¥ =
o Shift : Microwave E
@ & Shift L

@ oscillator - mod - generator 8
E 180 MHz 5930 MHz @
c ]
2 2
=] (=]

™ To other From other ’
» repeaters repeaters -
Receiver Transmitter
r ™ ~ ™
Baseband
Baseband | » amplifier Baseband
and equalizer l
From To
antenna antenna

| DEMOD || MOD |

IF A IF
RF RF
> A=
A A

| Microwave gener.

ator |
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Example: 8-channel high/low freguency plan

Waest East
70 BPF Receive | 70 BPF Ch11H Ch11H Receive | 70
Transmod Ch1v Ch1v eceive d I—| BPF [—
[ [use [ | sosss 6044.8 BPF =1 mod use| | 63117 63117 med
62417
BPF
Sirie MW osc Shift Shift osc MW ose
) 5974.8 mod 266.9 6241.7
7o PR Ch2H Ch2H Receive |70 BPF ch12V Ch12v Ch12v |70
nsmod BPF Transmod e
Tra uss 60745 80745 mod i usa 63414 6341.4 BFF 6341.4
6271.4
BPF
Channel Channel Channel Channel
‘combining separation f combining i
network rd network MW osc Shift Shiftosc | | metwork s network MW osc
6004.5 6004.5 mod 266.9 6271.4
- Low-band — 5 High-band -
BPF Ch3av |6029.85-6148.75| chav BPF Receive Transrmod BPF Ch13H |629685-6415.65 | Ch 13 H Recaiva
=] Trenaod USBI *1 coaz BW=1188 | g1042 mad ransm uUSB 63711 | w1188 sa71.1 || BFF mod
{4229.7) 6301.1 14 29.7)
BPF
MW osc Shift | | Shift osc MW osc
€034.2 6034.2 mod 266.9 6301.1
70 BPF ChaH Ché4H Receive | 10 BPF Ch1av Chi14v Receive | 70
Transmod —1 PF T od |—1 BPF
- use £133.9 61339 B mod ransm use 6400.8 5400.8 mod
f s3z08
BPF
6063.9 MW asc Shift - Shift ose MW osc
6063.9 mod 266.9 6330.8
Terminal Repeater Terminal

(a) west to east
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Example: 8-channel high/low freguency plan

70 | Receive

mod

| -

BPF

MW osc
6241.7

Receive
mod

BPF

MW osc
6271.4

Ch1v
6311.7

Ch12H
6341.4

Channel

70 | Receive

mod

|

BPF

MW osc
6301.1

70 | Receive
mod

BPF

MW osc

Terminal

Ch13V
63711

Ch1aH
B400.8

(b) east to west

chny " Receive
6311.7 BFF T mod BPF |t
f 6241.7
BPF
MW osc
5974.8
Ch12H Receive
6341.4 “I BF'F|‘_‘|T""‘=*"‘°"I-'-| e BPF |~
6271.4
- ]
combining
zZ network | | Shift osc Shift MW osc
266.9 mod 6004.5
High-band
6296.85 - 6415.65 | Ch 13V __[Receive
BW=118.8 63711 BPF Transmod mod [ BPF [~
Wxaem § 63011
BPF
Shift osc shift | | MW osc
266.9 mod 6034.2
Ch14H Receive
sso0s [~ |0 Transmodf=— " BPF |~_
} e3so.s
BPF
Shift osc Shift MW asc
266.9 mod 8063.9
Repeater

Ch1H
6044.8

Chzv
6074.5

Channel
separation

Ch3H
6104.2

Chav
6133.9

Low-band
6029.95 - 6148.75

BW = 118.8
(4 x 29.7)

East
70
Ch1H BPF |~ Transmod ~—
6044.8
MW osc
5974.8
chzv 70
Channel
combining
network MW osc
6004.5
70
Ch3H BPF Transmod [~—
6104.2
MW osc
6034.2
Chav 70
1229 |~ BFF [T ”dl *
MW osc
B6063.9
Terminal
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protection switching arrangements: hot standby

{ShH H{S)-

RF RF
Tx Rx Tx Rx
| Microwave Microwave Microwave
transmitter repeater receiver
Y L
\
Working channel Quality Detector . IF :
IF in —s| Head-end and Controller =1 switch Fout
bridge
Spare channel i A
Microwave Microwave Microwave
»| transmitter repeater receiver
Tx Rx Tx Rx
RF RF

S (-
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protection switching arrangements: diversity

__( Z )— To quality
detector

Channel 1 l
Microwave Microwave - to
IF in - . = =1 IF switch }—= IF out
transmitter eceive
Ch1 S DEMOD
r
+ Spare channel
IF itch __ | Microwave Microwave
Switc " | transmitter receiver
C Quality Detector | _
1‘ 1 and Controller |
f‘ To quality
\ Z )— detector |
Channel 2 ‘IL ¥
; Microwave Microwave | . to
—a " | transmitter receiver =1 IF switch [—— IF out
Ch 2 DEMOD
. "'Z To quality
detector
Auxiliary
channel
VF lines - | Microwave Microwawve _‘_| VF lines
Transceiver Transceiver

REFERENCES: materials from various sources
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