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Radar Receiver

RIAE BEGRE WES | OHERAE  GERES;  SHSERH |

FM DEM & AUDIO

H H LC-2001-08
| LC-2001-02  LC-2001-07 i (CH 16)
{(CH3&4) (CHI3&14) g ek

Oscillator 2 -
LC-2001-04 C-2001-05

! (CH7&S8) |« (CH9&10)
C-2001-01 : RUMERUA SR
(CH1) -

Per. M | AUDIO
mrzEane [ ‘ o

LC-2001-08
.2001-01 LC-2001-03  LC-2001-03 . : (CH 16)
(CH2) i H 6) 5

EHRESE

Radar System Design

Receiver Types

« Superregenerative receiver

- A single tube is used for the RF amplifier in RX and TX sources.

- Advantages: Simplicity and low cost

- Disadvantages: gain instability, poor selectivity, high receiver noise level
« Crystal Video Receiver

- Advantages: Simplicity and low cost

- Disadvantages: Poor sensitivity (No RF amplifier ™" [oercron }—{ i J— rorrocesson

filter effect), Poor selectivity, poor pulse shape of video

(8) crystal video receiver

amplifier
- 30 ~ 40dB loss than those achievable in = Coereoron | o |
. RFIN DETECTOR
Superheterodyne receivers. et | AUELEER
* TRF Receiver ) TR roceiver

- Add a RF amplifier prior to the detector in the
Crystal Video Receiver REm

VIDEO
AMPLIFIER

RF
AMPLIFIER

- Improve sensitivity (reduce noise produced by the detector) et
and selectivity (RF amp. filtering), Reduce the video gain

« Superheterodyne Receiver (6 sparhstarodyne recaer

Figure 7-1. Simple block diagram of (a) a crystal video receiver, (b) a TRF receiver, and (c) a
superheterodyne receiver.

F
AMPLIFIER
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Radar System Design

The input at RF is down converted to an
intermediate frequency (IF).

Advantages: Excellent sensitivity, much
lower conversion loss in detection.

IF amplifier is more effective and stable
than RF amplifier

IF signal simplified filtering (narrow filter)
— improve selectivity

LO OSC can be changed to track the TX
frequency — IF and filtering

Duplexer: switches the common antenna
between TX and RX (TR switch).

Input of RX to output of processor can
vary from 100 to 200dB

STC (sensitivity time control): gain as a
function of time (range)

AGC (automatic gain control): may

Superheterodyne Receiver

O—[ DUPLEXER ]c—| mmsun-rm|

not used due to unavailability
of low-noise amplifiers and
excellent of RF mixers

RF GAIN-
ATTENUATION

RE AVPLIFIER « Noncoherent:

IF GAIN-
ATTENUATION

FILTER

/

protect the sensitive
mixer from saturation
or burned

e Low IF: lower cost
* High IF: Wideband

3

LOG AMPLIFIER] LINEAR
DETECTOR AMPLIFIER

VIDEO
DETECTOR

[ coro | | LIMITER ]

PHASE
DETECTORS

sing cos @

SYNCHRONOUS|
DETECTORS

VIDEO AMPLIFIERS I

-

DISPLAY PROCESSOR
Figure 7-2. General block diagram of a superheterodyne receiver.
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® Radar Receiver Noise Figure
® Dynamic Range
- Bandwidth
[ ]

IF selection and Filtering

Noise

Performance Considerations

Dynamic Range

Radar receiver
noise figure
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Radar System Design

Considerations on Noise

« Usually the first characteristics specified for a radar receiver

« The understanding of the receiver noise as the ultimate limitation on radar range performance is
important.

* The ability to detect received radar echoes is ultimately limited by thermal noise, even if receiver
adds no additional noise

LOCAL
OSCILLATOR

« The lowest-noise receiver
may need great a sacrifice in
system performance and INPUT

RF FEINE’;}JJORK P ogreuT
cost MIXER AMPUFIER [

WITH LOSSES

 Itis seldom a dominant factor  AEWa
because the noise
contribution has been Gy= Mg Gp=1ig G3= G
reduced sufficiently. Fo= L Fa= Lo Mo Fa=Fi

Fr=F +(Fy-1)/8y+(Fy- 1/ GGy 4o

where Lop = front end RF losses
L = conversion loss of mixer

Figure 7-3. Factors affecting the overall receiver noise figure.
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Thermal Noise Characteristics

* The average thermal noise input to the
receiver can be determined as N = KTB

wherek = 1.38x1023 (k/w)

Receiver
or Device

_T: Noise Temperature of input _ S So
impedance T, = 290°k : standard noise \ N,
temp. B : Bandwidth T GF(kT; B)

. . Noise Factor = F
« We generally defined Noise Factor

S; /N N
=2 N -1l% g5 =
S,/N, GN
Receiver
 Noise Figure = NF = 10Log(F)( dB) or Device
S
« Output noise N, = GFN, = GF(kT; B) _'» _I_ So
: : . N, N,
* Total equivalent input noise = FN, f GF(kT, B)
i

« Total equivalent input noise generated by

receiver = (F-1)N, Equivalent input noise

(F- 1)Ti generated by the receiver
« Effective noise temp =T ;; = (F-1)T,

Chapter 7: Radar Receiver 7-5 Dr. Sheng-Chou Lin



Radar System Design

Noise of a Cascaded

System 1 System 2 System N
System 1 System 2

Total output noise
System N

—

‘~
"'~--___.> Total input noise =

(F,-1)kTB (Fz 1)kTB (F;-1)kTB (F, 1)
G,

kTB

G, G.G, 1+ (F -1+ e ke
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Cascaded Noise Figure

T 1 = (Fl_l)T System 1 System N

4>

s

Total output noise
Ny = (G,G,...GyYF(kTB)

Receiver Temp

Total input noise =

(F-1)
G,

1+(F,-1)+ +...kTB
[ }

- [F1+(F2_1)+...+ (Fn—-1)
Gy GG Gy

» The noise factor for a system consisting of
N cascaded network can be found to be

0T T
}kTBz k(T+TEl + L2 —E
G, GG,...Gy 1
» The effective noise for a system consisting
of N cascaded network can be found to be

)B = K(T+Tp)B

_ _ — TE2 TEN
G, GGGy ; SR
>’J = (F;—-1)T
(FT -1)kTB Whole system
If the first-stage network has adequate
gain _he n_oise figur_e of the total_ network
is primarily determined by the first stage. GTFT(kTB)

kTB

-
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Radar System Design

An Example (RF receiver)

RF Amplifier Mixer IF Amplifier
RF input Q > IF output
—_ G”: = 30dB
Grr = 30dB B
p— s 1248
Fre = 2.3dB M= M~ -
e 7500 =
M 62 KToBiy, = —114dBm
F,—1 Fy—1 _ _
Fer ey B g gog,(5.62-0), (1.31-1)

G GGG, 1000  199.6 x 1000
= 1.698 +0. 00462 +1.59 x 106 = 1. 703 = 2. 31dB

Te = (F;—1)T = (1. 703-1)290°k = 203.87°k . if BW = 1MHz

Ni equ = FrkTB = 1. 703 x (1. 38 x 10-23) x 290 x (1 x 10%) = -111. 65dBm
Ny = N ¢quG =-111.65+(30 +23 +30) = -28. 8dBm
Chapter 7: Radar Receiver 7-8 Dr. Sheng-Chou Lin
Radar System Design
Sensitivity & Max. detection Distance)
2 —2)2
P, GA,o L4 A, = Mg = (8x1072)2) 400
max = T 4w 4n
(4m)7Si i = 0.0716
- [100000.x 1000 0. 0716 x 4}1/4 L
(4m)2x 2.5 x 1012 Le”T LT o=am
= 16416m = 164. 16km Rmax »* _-*
-7 .’
P ,«'
G = 30dB s - » 7 Bandwidth is too wide, such that the sensitivity
.7 is too high. Then, the maximum range is limite:

P, = 80dBm = 100kW -*  _<
&

Maximize the receiver SNR — Matched filtedB~1 /1

f = 10G
B = 200IVHz SI _ SO SO _ SI _ SO
So F =5dB - N—i—FXN'Oj'N;—M—mf%—(FNi)XN;
N ' L EN
< Si min = FrkTBx(So/No)i i
e
(So/No)yi n = 0B = [-114 + 101 09 (Byi)] + Fr ag *+ (So/No)yi n g
(SO/NO)m‘ n.dB = 10 ~20dB for reliable detection — — 114 + 10l 09(200) +5+0 = -86dBm
=S, yin=-66~-76(dB) = 2. 5x10-°mW
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Radar System Design

Radar Receiver Noise Figure

* DSBNF(double sideband noise figure)
ﬁxﬁ f“:
— radio astronomy noise figure

— radiometer noise figure

— Radiometer-type receiver: echo

occupies upper and lower
sidebands

Lo
7'
— Fpes = 1 N IMAGE (t;) SIGNAL (f)
Y
Gk TO(Z B) 4 4
* SSBNF(single sideband noise figure) \
— Radar: echo occupies only noise at
the signal frequency [ F—p— F —»
1 N,
= = Fpggx2 = F +3dB
SSB DSB DSB, dB
Gk TO(B) fs =fgrr
. = foc -
— NF (venders) +3dB for radar NF fi = fae - 2f
Figure 7-4. Mixer response to both the signal frequency and an image frequency.
Chapter 7: Radar Receiver 7-10 Dr. Sheng-Chou Lin
Radar System Design
Dynamic Range
* The radar receiver is required to receives and
detect signal levels near the receiver noise
THIRD ORDER INTERCEPT [ .
e 1% level, also be able to tolerate echo signals
Q 1-dB COMPRESSION Polm—-\,,f from large RCS target at close range
o / Receiver Dynamic Range
L
% / » Nonlinearity
a - . .
5 AESPONSE somovs | T INTERMODULATION * Minimum signal level = noise
g E?E‘zg'c o * Maximum signal level = no distortion to input
3 \ power
A | » 1-dB compression point
- ‘ NOISE LEVEL
% SFDR > * SFDR (Spurious Free Dynamic Range)
RF INPUT POWER - dBm + 1-dB SFDR: 70~100dB

Figure 7-10. Mixer input-output relationship.

» Generally, is determined by mixer. Various
stages following mixer do not saturate prior to

. RZ} mixer
Dynamic Range R ‘,7/”/— < ) ) ) )
< > &&. « linearity from receiver noise level to a power of
ﬁ,[] about -10db
} i& ! 72% * Without RF gain control, the useful dynamic
&= : : ;
: % range of a receiver is generally determined by

mixer dynamic range.

Chapter 7: Radar Receiver 7-11 Dr. Sheng-Chou Lin



Radar System Design

Dynamic Range Improvement

J’é:-'?..:f'-‘-l":'."e

« Various following the mixer (IF amplifier, detector,
video amplifier) do not saturate prior to the mixer in =%
order to preserve dynamic range

) . . . Dynamic Range D3 > D2 > Dl
Power Control increasing dynamic range without

degrading long-range detection performance @~ & ﬁl} e ﬁ&
« AGC (Auto gain control): prior to the mixer will T ---—-———- | J% - - =

increase the effective dynamic range. % R(To)
- 212 |
- May fluctuate due to variations in the target -
cross section P, G = 40LogR

- Result in additional loss prior to the mixer. Noise
level | , sensitivity and DR |,

| R !

« STC (Sensitivity Time control): may be better to vary
gain as a function of time to provide more * DR is particularly important for processing
amplification for targets that are farther away farina  Multiple echoes. Large signals may cause
pulsed radar system saturation in the receiver — masking of more
- Receiver sensitivity is reduced in detecting distant echoes
small targets at close-in range, since gain is  Provided the radar utilizes a pulse that is
small at close-in range. sufficiently short so as to discriminate at various
- may be helpful in reducing the effects of close- ranges between R; and R;, Gain can be variable
range _target without degrading the long-range to keep received power Pr ~Constant
detection performance
Chapter 7: Radar Receiver 7-12 Dr. Sheng-Chou Lin
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IF Selection and Filtering

Bandwidth of signal » The gain and filtering in the receiver usually
distributed over stages of varying gains and

* The basic rule of the thumb for a pulse radar
losses.

application is that receiver bandwidthB~ 1 /7 .
« Gain must be distributed so that IF stages do

not saturate prior to saturation at the RF
- Pulse has spectral characteristic H(f ) , the converter (RF mixer)

matched filter should have spectral « Narrowband filtering is most easily and
characteristic H*(f ) .

B T , hoise T .100ns pulse, B= 10MHz

RFAMp — > IF Amp

IF selection

« Mixer/LO implementation:

- IF |, Mixer-and- LO induced noise | . Select IF components
. . i 10dBm for their gain, BW and
- IF 1, noise from IF amplifier 1 , since output power
frequency 1, noise 1 . » Transmitted waveform characteristics
- IF 30M~4G are common in radar application - At the higher millimeter wave frequency
- Availability of IF processing components. (140G), a higher IF is required. A minimum
. . separation of LO and TX frequencies if 750M
- IF signal-processing components (Log IFs, to 1000M Hz is required.
pulse compression, surface acoustic wave ] )
devices SAW, limiters) are available at lower - Broadband systems also require higher IF
frequency (30~500M) frequency to minimize spurious response.

Chapter 7: Radar Receiver 7-13 Dr. Sheng-Chou Lin



Radar System Design

UP-Down Converter (Example)
Three-stage up-down converter

* Flitter out Image, Local leakage, IM ....

fIF2|<_
<—--<—0<—-
flao—fip =7 fleo =f Lo —
B=400

4_@ fLow

= —
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Receiver Components

Mixer Amplifier Diode
 Single-ended, * RF Limiter

» Balanced - IF Accumulator

Duplexer

| ERIMAE DEEES RS Oscillator

Isolator
: : : LC-200108 | Switch
| LC-2001-02 LC-2001-07 Sty (CH16) |

ol CH 13 & MIXE LC-2001-08 : o
H3&4) (CH13& 14) B ans I 15 Phase shiftier

Filter

Switch

Oscillator

f +2001- LC-2001-05
L bt el | "(‘l;g"é 2,4 _ (CH9& 10)
LC-2001-01 = AIEEAES
(CH1) :

PR IR ; ‘ > -
= LC-2001-08

LC-2001-01 Y -0 .C-. -03 -05 (CH 16)
(CH2) b 5

SRARESE
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Radar System Design

Duplexer

» A single antenna for both transmission and reception.

» responsible for protecting the receiver during transmission

and for switching the antenna between TX and RX.

Types
» High power radius employs power

-sensitive gas discharge

tubes to direct the TX or RX energy

- Transmit-receive (TR)

- anti-transmit-receive (ATR) tubes

* Ferrite duplexer (circulator)

- Do not employ gas tubes

- use circulator, use ferrite materials

- 25~ 30dB isolation

DUAL DIODE
PRETR PROTECTOR

T

TRANSMITTER

U

RECEIVER

S T ERE

L

ANTENNA

— DUMMY
308 HYBRID LOAD
COUPLERS
Figure 7-7.

Figure 7-5. Cross-sectional view of a gas TR tube. | Figure 7-6. Balanced duplexer with dual TR (shown in transmit). (From ref. © ref. 7)

Ant.

Receiver Protection

duplexer

ﬂolation

A

DUAL DIODE
PRETR PROTECTOR

I

TRANSMITTER

17

- DUMMY
308 HYBRID, LOAD
COUPLERS

ANTENNA
Balanced duplexer with dval ATR and diode protector (shown in receive). '

Chapter 7: Radar Receiver
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Diode limiters

» Designed to perform the same function as the receiver

Protector TR discussed above

» Reflect or absorb essentially all
a certain level

incident RF power above

e Ferrite or semiconductor — more reliable than TR

tubes, Low insertion loss
» Pin Diode Switches
- fast 5 to 25 ns switching time
- 15-30dB isolation
- Insertion loss 2 ~ 4dB

Open

X switching time
[ R

Isolation

o

Receiver Protection

308 HYBRID
COUPLER

ANTENNA

TRANSMITTER

)4

DUMMY
LOAD

RECEIVER

DIODE
PROTECTOR
- ,?E:"

FOLDED
MAGIC TEE

=

ANTENNA

TRANSMITTER

Figure 7-8. Example of a ferrite duplexer (shown in receive). (From ref. 7)

duplexe

A

r

Ant.

Limiter

x ™

isolation
25~30dB

Switch

more isolation
Insertion loss P; RX provided by switch
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Table 7-1. Receiver Protector Characteristics.

Receiver Protection Characteristics

Insertion
Device Input Power Loss Leakage or Recovery
Frequency (Single) (Peak) (dB) Isolation Time (us)
UHF TR tube 2 MW 2.0 1 W peak 150
TR tube 10 kW 6.0 2 W peak 50
L-band TR tube 50 kW 04 1 kW peak 10
Solid state 1 kW 0.4 0.1 avg. 20
Balanced duplexer 50 MW 0.4 0.35 avg. 300
Branch duplexer 2 MW 0.7 0.25 dvg. 35
S-band TR tubes 100 kW 0.7 0.3 avg. 5
TR limiter 100 kW 0.5 0.1 avg. 3
Ferrite limiter 20 kW 1.4 0.1 avg. 20
X-band TR tube 100 kW 0.7 0.2 avg. 1.5
TR limiter 100 kW 0.8 0.1 3
K,-band TR tubes 10 kW 0.5 0.15 avg. 1.1
Ferrite switch 0.5 W avg. 1.1 40 dB 1.0
TR limiter 100 kW 1.7 0.2 avg. 1.0
PIN switch 10w 1.5 40 dB 0.1
W-band Ferrite switch 0.5 W avg. 1.8 35dB 1.0
PIN switch 10w 1.5 30dB 0.1
Chapter 7: Radar Receiver 7-18 Dr. Sheng-Chou Lin
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Mixer

« At microwave frequency, mixer are usually
obtained using point contact or schottky
barrier diodes.

« in some applications, the mixer may be the
first device in your receiver system

* NF (noise figure) =1 dB at 5G, 5dB at 95 G

« The nonlinear mixing process produces many
sum and difference frequency of the signals,
LO (local oscillation) and their harmonics.

« Mixing action generally described by

I =f(v) = ag+a,v+a,vi+..+a,v"

* Given that
V(L) = VgeSi n(Wget ) +V oSi n(W ot )

the primary mixing products, W otWge,
come from the second-order term and
proportional to a, in amplitude.

FO: out put Freq. FZ:

LO Freq. Fj:

input Freq.

z“‘ \ ""

t\!

vo"* ’\

A‘ i
""‘WV g

’z‘ V
AV W'

by
"'» ’3% .
w\\- '

u\\/fl o

4‘v
)

0 008 0.1 0.2 03 o4
|ff?
us chart. (By permission

Figure 7-9. Mixer spurio
Wiley & Sons, Inc.)

»m Manessewitsch, ref. 12;

0.6 0.7 0.8 0.9 10

1976 John
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Mixing

VZ(t) = [VreSi N(Wget ) +V oSi n(w ot )]?

Mixer

All harmonics and IMPs must

IF

= V2 _gj n2 2 gin2 RF
= VEeSI NeWget +VEgsi new ot +

2VreV| oS1 N(Wget )si n(w ot )

b d by fil i
VRFVLO[COS (WRF _ WLO)t _ COS (WRF + WLO)t ] 10dBm € suppresse y filtering
. . . . LO
* When the signal is mixed with the LO frequency
offge—f o =T, anfige+f o results LAO
» Similarly, when the image signal is mixed with Image Signal
the LO frequency f g —2f | —f o = —f ¢ and - | =
f re—2f | g+ o may results
f o — 2f f
» But recall that because of the many other RF I'F RF
powers that are generated, many harmonics
and intermodulation products (IMPs). e.q.
cos2x = 1/2(1+cos2x),
cos3x = 1/4(cos3x +3cosx)
* Non-linearity: Harmonics, Spurious - fie
Chapter 7: Radar Receiver 7-20 Dr. Sheng-Chou Lin
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Mixer Dynamic Range

In many applications dynamic range Low end )
is limited by mixer dynamic range Thermal noise High end
(DR) ——— DRl ——p
Three definitions for DR -~ gy ————————>
. : i + . i
Low end: Thermal noise + NF,ix, High - hy >
end: saturated output ~Lo power
conversion Loss
THIRD ORDER INTERCEPT / s
* Low end: Thermal noise + NF,iyx, High = ,//
. . . 1-dB COMPRESSION POINT
end: 1 dB compression point (input 8 L
power at which conversion loss o« /
increases by 1 dB. g /
. . ; . ; o) /
Low (?nd. Thermal noise + NF@X, High & PAMARY / _ tworone
end: input power level at which two 5 RESPONSE SPURIOUS -~ INTERMODULATION
third-order IMP just equal mixer output & DVRAMIC
noise level. > RANGE
conversion (Insertion) loss for IF (5 ~ 10 dB) 8
_—> =
Mlxer P . § (O
| NOISE LEVEL
radlate P S ,
Rl';"-oz';gg‘“c’” LOJ/IF Isolation (10 ~ 20 dB) RF INPUT POWER - dBm
( - ) Figure 7-10. Mixer input-output relationship.
5~13 dBm |
Harmonics down |
IMP down ¢——— SFDR ——»

Chapter 7: Radar Receiver 7-21 Dr. Sheng-Chou Lin
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Mixer Configurations

LOW-PASS

IF
INPUTO FILTER ouTPUT H\?IgEID =
RF CHOKE
RF CKOKE RF
- R OU'[FPUT
IN‘E‘%T LO
Figure 7-11. Sch i ion of a single-ended mixer. INPUT ©
Single-ended mixer RF GHOKE
« The simplest form _ . o _
Figure 7-12. Sch P of a bal d mixer:
* LO energy can be radiated by the receiver antenna Table 7:3. Mixer Comparison Guids
H H able 7-3. xer Comparison Guide
(RF/LO isolation) -
Mixer Type
. AII h_arm_onlcs a_md IMPs will be suppressed by Peomance  vengeg Pinced Bolncad  Double mager mete
flltenng’ If reqUIred Conversion Good Good Good Very Good  Good Excellent
Loss 8-10dB 8-10dB  8-10dB 6-7dB 8-10dB  5dB
Balanced mixer VSWR Good, Good  Fair Poor Good  Good
LO, RF Poor Good Fair Poor 00
H - LO/RF Fair Poor Very Good Very Good  Good Very Good
* reduce spurious response, cancellation of DC Isolaton ~ 12-18dB  <12dB  >23dB  >23dB  18-23dB >23dB
components at the IF output, and convenient fofower | ¥i3dBm . +3dEm o +5dBm  HI0dBm  wTdBm o +7dhm
Separatlon Of LO and RF InpUtS (s‘;:}:::?) Poor Fair Fair Good Fair Fair
Rejection 0dd: Fair
* The even harmonics of one of the input signals are  sumonic oo FE B VeyOmd Ben B
suppressed. Harmonics of the LO signal are * o 0w
suppressed.
Chapter 7: Radar Receiver 7-22 Dr. Sheng-Chou Lin
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Image-reject mixer

Xe(t) i
m(t) G\ m(t) cos wet USB/SSB Hybrid
() 2
,i("l-.- COS el
¢ SSB mod. o0°
oscillator IMG. rej. mixer
H(n=—jsgn (1) sin gt -
(0 ,0°
" LSB/SSB >
mt) N/ m)sin ot A\ 7 Lo
Vgecos(W gt W ot +¢) %VRFVLOCOS(VW et +d) Image A Signal
V,peos(—W, gt +w ot +
weos (“Wh ¢ Lot *¢) BALANCED %VI mVLocos (W gt —¢) - E
RF IF
4/ flooiF fiF+Lo
INPUT J To L SIGNAL %VRFVLOCOS(V\/' et +¢)+%VRFVLOCOS(\NI ft+o-m =0
o 3dB —
weor ©—1 D'(‘éf)fﬂ %V| wV L ocos (W, gt — )+ %V| mVLocos (W gt — ¢)
—>
Lo IMAGE | : 1 )
% HZ%E:D ’7 H\srgglo EVRFVLOS' n(W gt +¢)+§VRFVLOS' n(W et +¢)
= 1 ' 1 .
RF E o SVimViosinW gt —4)—3 V) WiosinWi et — ) = 0

BALANCED V| oCOS (W ot
MIXER LO ( LO ) N .
Vv ( Figure 7-13. Sc;ematic representation of an image rejection mixer. EVRFVLOSI n(W Ft +0)
Fsin(W et +Wiot +¢ 1 :
VlRMSi n(=W gt +W ot +¢) —SVimMViosin(Wi et —¢)
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Detector

J’é:-'?..:f'-‘-l":'."e

SuperheterOdyne receiver increase RF input signal until

minimum peak of video signal plus
» At least two stages of down conversion in the noise is the same as the maximum

detection prOCGSS peak of the video noise. PULSED SIGNAL

(PLUS NOISE)

* The first down conversion is accomplished by the

first detector (Mixer) NOISE LEVEL
{WITH NO INPUT)
« Information at IF consists of the phase, amplitude, /
and frequency of received echo signal.

Second-s tage detection Figure 7-15. Example of an oscilloscope display in determining the TSS.

* Square Law detection: No LO signal, output
voltage is proportional to input RF power (square e bETECTOR bEo

of RF input voltage) poYPPSp——
POWER
- Tangential signal sensitivity (TSS): R [: SPTTER P
» Synchronous detection: With an LO input, the

detection process is linear
- second LO (COHO) is at the same freq. as the IF.

- 1/Q provides amp. and phase information. INFuT ———] :ég?ﬁi
* Phase detection: IF signals are hard-limited DETECTOR
(const. amp.), only phase information. Figure 7-16. Example of in-phase (D) and quadrature (Q) synct detection stages.
Chapter 7: Radar Receiver 7-24 Dr. Sheng-Chou Lin
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Amplifier

* 1dB compression point (Output) ~ 30dBm 1dB com. pt IMP3 Saturation pi

< 3rd order 2-tone intercept point (Output) ~ 35 dB \ /

* NF ~ 7.5dB ::: | satvmateo | i 37‘//7'

- BW ~ 150 MHz wmp PowERoTH 7

- Gain ~ 16 dB Her s

* Phoise =-114 + 10 log (BW)+ NF = -114 T FUNDAMENTALN }
+10log(150)+7.5 = -84.5 dBm g-10f

1dB compression Dynamic Range é_zo_ GAIN=25 dB

* P1 (npuy = 30 - 16 = 14 Sl o

* DRigg = P1 (input) - Pnoise = 14-(-84.5) = 98dB 3 . |

Spurious Free Dynamic Range (SFDR) 3rd ORDER

« P, =35-16 =19 dBm (input) -ser

« SFDR = 2/3(P; - Ppoise ) = 2/3 (19+84.5) = 69 dB wer

Logarithmic IF amplifier/detector {og amp) S IN;éip&;‘;w—sé‘) —

« Output video is proportional to the logarithm of the - Figure 7-20. Typical input-output istics of MIC amplifies. (From re. 16)
RF input. Pt — 0 5

« Extremely wide dynamic range (70 ~ 80 dB) - PR1 = 98PB ‘ i

» No AGC to achieve the wide dynamic range. ‘8asdem O "
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Radar System Design

Coherent Radar Receiver Design

Fully Coherent Detection

» RF transmitted signal — the combination of a
STALO (stable LO) and a COHO (coherentLO) IF
oscillator

PULSE
MODULATOR

CIRCULATOR g + 0

« The sum is formed in an up-converter and

amplified using a pulsed RF amplifier. AWPLRIER

* On receive, IF signal (60MHz ~ 4 GHZz) is the same
frequency as the COHO,

RECEIVER
PROTECTOR

 IF signal is amplified, filtered...., and then down-
converted to baseband Doppler by mixing with
COHO.

» Orthogonal mixer — 1 and Q sighal components

» Signal-processing circuitry consist of MTI or pulse-
Doppler filtering.

LIMITER

ORTHOGONAL

Coherent on Receive MIXERS

* maximum coherence or MTI improvement is not
required.

Figure 7-23. Fully coherent receiver.

» A noncherent transmitter can be employed
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Radar System Design

Coherent Receiver on Recelve

Tuned COHO Tuned COHO
e recejve phase tracks transmitter phase N d h|gh|y stable COHO to tune transmitter to match

stability can be maintained in COHO during it in frequency — stability can be realized.

the time bet. transmission and reception,

and repeatability of phase locking of
COHO from pulse to pulse.

CIRCULATOR

» correct each target echo before applying the
signal to moving target filter

ANTENNA

ANTENNA  clpcULATOR

UNING <
TRANSMITTER ELECTRONICS

RECEIVER

PROTECTOR IVER

RECE
PROTECTOR

T[]

PHASE
SYNCHRONOUS
SYNCHRONOUS OR NOMBER
OR PHASE
PLASE DETECTOR
DETECTOR
(b) Coherent-on-receive system (tuned transmitter)
(a) Coherent-on-receive system (tuned COHO) Figure 7-24. Examples of coh on-receive impl ions
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Radar System Design

Allow a radar to use a long pulse
to achieve high radiated energy
and simultaneously to obtain
range resolution

Use freq. or phase modulation to
wider the signal bandwidth

Linear FM pulse compression
A stable but noncoherent LO

RF and IF processing circuitry
must be broadband

IF amplifier must have sufficient
bandwidth and linear phase over
the band

Compressive filters used are
surface acoustic wave (SAW)
devices. analog device is used to
obtained a compressed video
output.

Pulse Compression

ANTENNA

Tnmsmmsnl._[ FRseh |

IF AMPLIFIER "0 INDICATOR

Figure 7-25. Example of an FM pulse compression receiver.

-— T —»

ANy

DISPERSIVE
DELAY

AN
—DI'( IQ—

RF
SCURCE

ANTENNA

A
A

AMPLIFIER

DETECTION

4—( COMPRESSION | ¢——|
DISPLAY FILTER

—>( \+ T \/\”\

-—2T—»

AMPLIFIER

— T —

Figure 15-1. Pulse compression processing in a radar system.
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Radar System Design

High-range resolution

Wideband frequency stepped
waveform

processing the received echo using
FFT

Coherent or noncoherent detection

Coherent processing can increase
the receiver SNR

STALO with a frequency
synthesizer whose output
frequency is selectable in N

discrete steps of Af step size

Total bandwidth = N x Af

Wide bandwidth requirement for the
receiver front end (circulator,
protector, RF mixer

effectively generates a wideband
signal while maintaining a
narrowband receiver.

Frequency Stepped Coherent Receiver

Range Resol ution = c¢/2B; Br = NxAf
c = 3x10%0(cnvs)
(S/N)i mpr = 10| og(BT/B) B = inverse of TX pulse wic

(matched filter approx. )

Ex: 128 10MHz steps and a 100-ns pulse width
10
= 3x10°(€Ws) _ 93 72cm

R
res 2x128 x10M
— 1280 x 106\ _
(S/N)j ppr = 101 og(————a-?————) = 21dB
fF“=0 fRFt fRF2 tre i fRFn.l
—bl 1/PRF  [¢—

Figure 7-26. Transmitted stepped frequency packet. The time between pulses is the radar interpulse
period (PRF)~!.
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