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This dissertation focuses on the and pleme:nt,ltloln of an X-band receiver for use 

in the South The SAR will be 

to demonstrate the lva\JaU'HH resolution X-band UU",,""5 radar in 

The fllTTPT,p'nT tar-

over a swath width with "'''''''Ht~'''6 incidence 

with the power return from a 1"'l'A.-lVI as max-

imum power and thermal noise as the minimum power to the receiver. The 

of the which ha<; to be fed to the of an analogue-to-digital converter 

the ADC's maximum power. attenu-

ators and mixers were chosen to downconversion a radio 

of 9300 MHz to a IF of 1300 MHz and then to a IF of 158 MHz. 

A is implf!m1ent:ed in receiver to cater for the HUU' .... '" 

The power return varies with range and an 

and STC will correct low return power, at far range, the received 

return power, at close range, a fairly constant power 

A manual control is also needed in the return at the receiver 

such that none of the are driven into saturation. The control is switched 

on when are eXt)ected to fall in the swath otherwise it is switched 

to a UHU .... UU,'u Oa(:Ks:cal[Iel:ea power. tests that were carried out 

on the receiver co:mtIOn,eniS the very close to 

cascaded filters work well in the front-end 3-dB bandwidth 

to close to the 3-dB h<lnr1u/t The receiver was "'",,."' •. ,'""'" to have '"''''JU,,",'' 

to boost the maximum power received to within the 

"tllr"tITHT any in the receiver. The noise 

4.20 dB. This is 1.73 dB than the calculated noise 

result of an nal~re:mrnatl0n of the losses in the 
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relative to a fixed ,.",t·",,.,>,,,.,·,,, 

",n'",."u"", ... pfAr.>",.,·., axis of the aircraft or satellite. 

range from 8 GHz to 12.5 GHz. 

north or the 

Baseband-The range of treqw:mcles 

demodulation close to dc. 

the signal before modulation or after 

of an antenna in the 

as a result of the 

the mainlobe of the radiation "",ct" .. ·" 

or other 

' ...... ''''A'''"'' of the beam of an antenna. 

of the basebanded I & Q channel. 

shift in the radio "'-"4'""'U'- of the return from a 

radial motion relative to the radar. 

in dB power measured at the COiTIo-On(!n 

Vi ... ·" .... ' .... on the 

distance from a radar to a 

or other 

and 

Slj2:nal-pTOl;essIElg tt~cn,nI(~ue for ' ...... ,...r'.,,"',., 

azimuth resolution the beamwidth of the 

the 

used in the 

radar This is done of a very MuvlU'V.I\.Ull'; array 

antenna 

microwave remote """'''HJ'f", device used to measure the '-'.",fl."", .... ,,. 

return off the ocean. 

energy that is not <>h,,,,r',,,,rl 

covered the antenna 

which interferes with the transmitted wave and reflects 

of its energy. 

xvii 
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This dissertation describes the and Imple,mtmt:,lllcm 

radar receiver for the SASAR II Radar is a tec:hnlqlle 

that resolution of extensive areas of the Earth's surface 

form of weather conditions or darkness [6]. The first 

of 

(fPlnPT'Clt"r1 at 3 em a group the 

Illinois 

SASAR II is an airborne 

of the .... a.IJalJlH 

wide 

in March 2004 as a 

resolution X-band UU<1./5J'U5 radar. As a first 

of a 

The aim of this consortium is to consolidate and de-

to these on 

The consortium commissioned the Radar and Remote Sens-

and a SAR radar 

to demonstrate local and manpower 

the is considered core to the success of this initiative. 

1 
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CHAPTER 1. INTRODUCTION 

radar achieves and it well at 

cloud and rain. Its use has been demonstrated in diverse ice 

maumug:. resource and law enforcement 

UeI1CH!S SAR have ,,,,,.t.r-., 

waves r"lP"",tt·«t" and buried and this 

is of 

The 'eQll1n;~mf:nts were "LJ~"""""U for the receiver of SAR the 

system ~"J",'U~~' 

• should have a square 

• The 
DaJranlet,ers of the available power UU1.l}UUv. 

411 The transmitted power is 3.5 kW. 

resolution of about 2 x 2 

are set C0I1Sl<ler:me: the 

411 The transmitted carrier l-:"an"a~,'" is set to 9.3 GHz . 

411 A of 3 km above sea 

• number range ofS 

411 The swath width should be determined 

the slant range resolution and incidence 

411 Maximum instantenous receiver 

411 The have a near incidence 

• antenna hp,u'n\Xll,cfl should be 30° in 

• The 
RF 

shall have 2 IF 

MHz. 

at 

411 should ensure maximum 

411 An converter 

mum of 8 bits and with maximum 

the received 

2 

the selected number range 

should be 100 MHz. 

of 40°. 

and 3° in 

MHz and 1300 MHz ~a~'~a~';"o and an 

''''UHIJ.ll:O rate of 210 MHz and a mini­

of 13 dBm should be used to Ull',UH'" 
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1.5. OVERVIEW OF THE CHAPTER 1. INTRODUCTION 

• The transceiver shall have switchable Le. both ...... .a ... , ... and automatic 

• Time Control should be UHliJ • ...,u ..... ·.u~'u in the 

Built-in to allow for 

• The 
ceiver mode 

~~c,.,.., •.• ~~ with default nne'nlt1n 

not in BIT mode. 

mode i.e. function in re-

The starts with an overview radar in 2. In this 

that is used to The derivations of 

the terms formulas used in the are n ... ,>cpnt.",; ~eCl[lOn 2.2 

describes the radar I"nr'('P1-.t planatLon of the radar 

1"rP/111,,,,,('" used is 1nllr"\nrt<> in cnc)Osmg the size of the antenna and the 

The centre 

radar 

antenna The relates to the swath 

and hence antenna size. Section 2.3 introduces the SAR C01I1Ct~otS. vital in 

the with reference to the geIDm,etI'Y 

is to boost the 

DIanalLOn of the 

airborne radar 

power of a 

between the PRF and 

over noise. 

is 

In ..... "' ...... L<v. 3 the front-end power return of SASAR II The terms and 

considered 

UCTis 

in ,-,ualJ"'-'l 2 are used in the radar 

to estimate the 

of are 

The corner reflector at RRSG-

1.1 shows the 

of the antenna \JU<U,,<'/; to the Earth with the axis closer to the 

near-swath. Two 

squared and 

simulations have also "~."-' 1 cosecant-

in Section 3.4. The 

to be the more aPl)roonate Section 3.5 the 

distributed ~~,n .... ' ... such as trees and wheat fields and are chosen from 

models described Point-like are also to be in the 

swath width their radar cross section are calculated in Section 3.5.3. The backscat-

"'-"CA ... ' ....... ' ... at the front-end in for 

includes the U"'~"V'" scenarios with the axis of the antenna at mid-

swath and far-swath. The incidence for is set to 40° to a 

3 
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, , 
Boresight axis : , , 

$, , Elevation Beamwidth 

Incidence Angle, 8 

Near-swath 

slant range 
swath width 

1.1: Side '-'<;;·VB',"," with the 3-dB I-< "'.,,.,., "} the Swath Width, 

maximum range of 11513 m range bins. The .... "'TlrI""rlT 

used in simulation for front-end was set to MHz 

of the 

WU.Ul~;U to reach 100 MHz 

as CAILJld.llIC;U 

The receiver is broken into 2 and a radio 

to match 1.2. The 

those freqw~ncles such that future could 

be ..... "',..t".rn-'''rI 4 describes the RF and IF of the receiver. The use of a 

dual conversion receiver is to relieve the streneous cut-off _~r ... ;,_~rl for the RF 

response to a minimum. A filter in 

of different COlffir;lonents used is laid out in this the transfer function of 

the out. The theory and the I..UIIHL'UIJLC;Ul1> are 

noise I.Lm'.1JUII.f':f in the to set 

the noise the receiver as is in Sections 4.2 and 4.4. UUUll1Ull~ are 

done with so as not to saturate the comrlorlents of the 

receiver and a maximum of 22 dB is selected. The use of the U::;'I<CvUU'll filter in 

the RF in Section 4.5. Section 4.6 deals with conversion loss 

and intermodulation distortions. The relative of the 2 which consists of the 

"""~tu,,, 4.7 shows of the function 

llU+JlI,U'VU1'-'U using an electronic attenuator and 

"'"-c,,,o'n' the receiver from overloaded 

the STC is used to lower the 

increases the for the 

return from the far range. This in causes the return power to be constant over 

the From simulations in 3, an attenuator of 20 dB 

4 
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THE THESIS CHAPTER 1. 

} '" 3 IP 

} tIP 

RECEIVER 

1.2: Receiver Block 

should 

The The Hllun;Ull;,ll a attenuator is 

described in Section 4.8. Its main function is to switch the to different U"I;;! -''''CIIHI;:;U 

values on the terrain HUa.;e;'ICU. From the receiver level tables of Section 

4.11 and simulations of maximum return and noise an attenuation of 

range of 30 dB is 

The rpr·pn'pr .. nnulPr_ table and the are two 

tools in ........ H[',uu"5 

saturation 

a receiver such no COmr)Onlents are driven into 

of 1 

maximum power return from 

a 60 dB 

7 dBm. For an antenna 

converter 

the maximum is 13 dBm. The 

as modelled in 3, is -55.3 dBm and 

UC~>1J;l.lI;;U to boost the up to a maximum of 

which is the Earth for this the noise 

ternOleractUl:e is 290 K. The thermal noise is thus calculated at the antenna is 

down the receiver with noise the different like 

the IF and attenuators. theoretical receiver noise ~~¥~~,~¥ 

ature is worked out to be a minimum of 222 K from the available of the 

\.,VHIL1VIJII..<U'" with attenuation at its minimum. 

5 
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1.5. OVERVIEW 

The power return and noise at the of the receiver a 

range of 40 dB. is to boost the but at the same time noise 

has to be taken into account and ways of this noise are 

discussed. The filters and used are Intermodu-

lation pn)(1ucts are ~~ •• ",u •• ~~ .~"'~.u~. with the effects of 

in UW,","'Hll.1U"5 

tests peJrtOl~mf:d on the IFs of the The 

tests are npri-l1,r,.,.,pri on each of the 4 sections 

1. IF or 

2. IF or 

3. IF (l st IF 

4. IF IF 

The insertion loss tests are uel~tOlm(!d on each 

is mesaured for different of interest. The insertion loss tests U"",,.,",G'" 

ascertain that no cOlnpon1ent are driven into saturation. A 

level ~~c .. ,.." •• ~~ in the receiver-level table for minimum MGC <1llvlllU:<1l.1UII, in each of the 

four sections and the is measured and f"n1rnn.<>".,.r! with the eXI)ected 

the i-rp,mH''" 

sections. 

of the 

tests are ""'·...tnrTn 

in the cut-off of the 

on the as a whole minimum 

in the different 

attenuation of the MGC attenuator in Section 5.7 and the power level of the 

at band centre versus on either side is measured in Section 

6 

based on the 

the conclusions and re(;ornrrlendations for future work on the receiver 

and tests DelltOJrmt~d The receiver works "N,~ .. rlin to the U,",,'A"-U. 

The simulated power return for a comer reflector is -55.3 dBm. The are 

not driven into saturation when a of -50 dBm is at the 

The cascaded in a 3-dB bandwidth of MHz at the 

6 
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The of the Airborne SASAR II is 

this ""AU"IJ~"'A of the terms used in the of the radar receiver is UIC;;'Cl,llCIU. 

as appear in the radar which remains fundamental to radar Section 

2.2 introduces the radar with the of a radar that 

transmission a out the basics of of the 

"r",rn'>tp'r~ crucial to the radar receiver An characteristic of a SAR im-

age is its which is defined in terms minimum distance at which two 

may be resolved. SAR and radar achieve 

slant range resolution in a similar way 

is distinctive in 

and is defined in terms of the antenna dimension 

The UClC\,.UU'U range of a radar is a function of three 

1. Transmitted Power. 

2. Antenna Gain. 

3. Receiver 

An increase in power will increase the amount of energy radiated and 

the backscattered power from the will be The antenna is a measure 

7 
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2.2. 

the radiated energy T"'UIQ1:"(1C to uniform radiation of energy. Receiver 

is a measure of the ""'IJ"LH"'J of the receiver in """rp(,TlTI 

to which an antenna concentrates 

... uf, ..... ""' beam. The two palran1erers associated with the 
and rllrPf'j-,," The of an antenna serves as a 

'''''Tnln1f' source with the 

are the directive 

relative to an 

definition 

an antenna 

returns. 

Ul1I"'!",U";;ll'-' en-

of an antenna 

of merit 

to 1 

The directive of an antenna at a is defined as the ratio 

G = 

total power radiatedl41f 

The far-field is assumed in this nr(,,,>,~t unless otherwise stated and is the 

defined the [14, 

d is antenna Qn,>rh,-,'p 

R>­- A 1) 

This ratio can also be in terms of maximum radiated power at a 

far-field over the power radiated an source at that same 

G 

2.2 shows how much maximum power than it 

would be if the radiated was 

is defined as the value of the directive in the direction of its 

maximum value 

The of an antenna is related to the "'1:"P(,'-"" is 

8 
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2.2. PULSED RADAR CHAPTER 2. THEORY OF AIRBORNE 

where 

radiated. 

The 

G E 

E, is 

E 

is the power '""'-"'\-"'''''' into the antenna and the actual power 

of an antenna also varies with the of antenna ... ~1fta, .... as vAI""«"",",,'''' in 

It relates the distribution of leC'[rolmagnt!t1c energy in space. For a pen-

cil beam antenna with a the normalized radiation in 

azimuth 1>. is 

2 

where 7] is the off 

The directive of an antenna can also be in terms of its dimension. 

The <>n,,·rtllrp of an antenna is to its nrn"prtpfi on a "',"""VH<'" to 
the direction of the mainbeam. The directive is 

G (2.6) 

where is the effective 

The derivation of '-''"'I' ....... ,''-'u 2.6 to antenna is "'".'-' ..... LH~'U in The 

3-dB beam width of an antenna with <lnp,rtnrp d, is 

0.88'\ 
¢ = 

,\ 
~ 

d 

2 
2.1 shows " " antenna for a beam antenna with the a 

3 dB beamwidth of 6°. 

9 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.2. PULSED RADAR CHAPTER 2. THEORY OF AIRBORNE SAR 

The 

Power Gain 
in 

-40 

-50 

-60 

-70 

--40 -30 -20 -10 

I I 

s./r.sig~t 
I + I 

10 

Angle off boresight in degrees 

Half power baamwldth 

20 30 40 

2.1: Radiation Pattern of an Antenna with 3 dB Beamwidth of 6°. 

cross section "n""r,~nt area of the as by 

the radar and is a measure of how by and re-

radiated towards the radar As a measure the return power at the front end of the 

are used here to simulate the return. The can be 

[15, 

• Distributed 

Modelled as an ensemble of centres distributed in po-

sition over the Inrnu""t,>ri area, 

• Point 

that scatter incident power almost uniformly with lH~.lU'''U~.v 

A distributed 

is illuminated 

is to the 

incident beam 

consists of a number of aU'''V1JlU distributed scatterers, When it 

a coherent wave, the of the scattered 

sum of all the returns from all of the scatterers illuminated the 

The is dellnf:d as, 

10 
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PULSED RADAR 2. THEORY OF AIRBORNE 

where 0'0 is the ual"fi.~'l.a'~lCl COi~rnClell1 as vA'"'-'UUl'-,U in Section and 

the clutter area. 

the radar. 

2.2 shows the scatteI'ing area, within the 3 dB of 

Clutter Ac 

2.2: Area in r>.LHUUlU Pulse Duration on 
Ground. 

The ua,,"",,"a'.'''l 0'0, used in L\..juaLlVH is the radar cross section of a 

small increment of area, defined from 

= 

It an average radar cross section unit area or the ReS of a 

of horizontal area normalized with l1;O"~""vL to A I;OW"".'Ul which concentrates its re-

flected energy over a limited direction may have an ReS for a direction 

ReS are which exceeds its " .... """,""«." area and hence ua'VJ'..~,,,a'lll;OJ coefficient 

with 

The radar rr""~1"" n- the of a 

radar. The derivation is in many texts, 

and [14, 2.3 shows the backscattered power from a with radar cross 

at, at a range, The radar the range from the to the 

11 
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2.3. SAR Llr:>oJ.lL.>J 

radar is 

where 

the antenna 

CHAPTER 2. THEORY OF AIRBORNE SAR 

beamwidth 

tlaCk!;Caltter From a 

---,;;:--- [W] 11) 

losses. The radar 

that the maximum 

is used to simulate the return power at 

power to the receiver is known. 

The on which the is mounted is an aircraft or satellite. 2.4 

shows the SAR geIDm,eU'Y and radar ,-,V,;)H'.ViA relative to the A burst 

of a towards the "''';u'", .... and the 

backscattered power is collected with the ",v'''','pVU'''''''h to each The SAR 

histories of the responses at each uv,,,uvu as the real beam moves 

prcICe~;SlI1lg it and sums them up to on one 

at a time and suppresses all 

An is the radar In with 

bandwidth will mean the range of over which the 

data are collected. The receiver bandwidth is determined the 

of the traJ1Srrl1W~d . The half power bandwidth of the radar receiver is the of 

up to the where the response to of its maximum 

and is known as the 3-dB bandwidth. The radar 3-dB bandwidth is related to the 

12 
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As the radar moves 

the in1t!gnltlOIll 

0.886 

T 

1 

T 

OF AIRBORNE 

as shown in 

Azimuth 

bandwidth consists of the 

as a result of scatterers in the beam width of the 

the The for a narrow azimuth 

is the and CPa is the 3-dB 

"<UHIJHHi", in SAR mode 

> 

13 
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2.3. SAR LUA .......... _ • ...., 2. THEORY OF AIRBORNE SAR 

Synthetic aperture length, L 

.... ... 

Point in a Radar Beam. 

a minimum PRF such that the cross range data is not au.a",-,u in 

resolution can detme:d as the ~pr'Qr'Ulr," between before can 

seen as two rather than one A SAR lO;:;~.Vll1l1LIH element is defined 

in terms of both the slant range and the ULJIIU'",Ul range resolution. 

Resolution 

To meet the criteria each echo uu,-,,,,,,,u from a of m..,,,,,,,, 

to be "<UlljJJl'-'U per second. The ,"""JAUL>VU is 

defined in terms the time between the echoes if the 

rd, is rn·, • .,t,>r are "seen". If 

the are closer than the 

the range resolution of a radar from 2 consecutive 

resolved when are more than a pulse 

unresolvable when are less than a 

and resolvable when are ~pr"'r"tp'rI 

The slant range resolution is 

14 

cr 
2 

as can be seen in 

as shown in 

~--- .. - .. ---~ ..... ~ --- .. ~ 

the two 

become 

15) 
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2.3. SAR CHAPTER 2. THEORY OF AIRBORNE SAR 

Resolution of Two Pulses 

Translation to the as shown in 2.7 

CT 

data of slant range ,."'''11' ... ",C 

fADe> 

where is the ,",v.'UjJJ"" "'UUUJ.JU," 

The azimuth resolution on the azimuth beamwidth. The SAR antenna ho·",.""".rli 

differs from real antenna beamwidths in that is 

before the antenna is formed The azimuth beamwidth of the SAR is derived 

from the to 

L 

15 
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2.3. SAR BASICS CHAPTER 2. THEORY OF AIRBORNE SAR 

Elevation Beamwidtlil>. 

Nadir Point 

Ground Range 

2.7: Radar Scene 

where the 3-dB azimuth 

The CUM,,,,,, • ., can be written as, 

L 

The beamwidth of the SAR antenna is 

the factor "2" comes 

The resolution on the 

range and is by, 

This "''-I'A~'.'VU does not account for 

imuth and range resolution. 

16 

A 
d 

d 

d 
2 

ct, 

Incidence 
Angle.S 

Far-swath 

as 

(2. 

of the _ .. ,.,_"_ resolution and the 

factors which affect both az-
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2.3. SAR CHAPTER 2. THEORY OF SAR 

The PRF of the SAR is the number of that are transmitted per second. It 

has an HHIf.'H'_"'U.VH on the rate of data that must be recorded and as far as the 

receiver is it dictates the average power which is 

XTX 

The minimum PRF is set ~~,.~.·~u,'''' to LAlluaUUH 2.14 while the maximum is set by the 

maximum ~U'~WVA6 range the radar among others. A mono static radar can 

backscatter power between two suc:ce:SS1'{e 

The time between transmission of two 

T > 

This leads to a maximum PRF for ..,Lu ... " .. "F .... 

17 

c 

1 

T 

c 

transmitted from a range 

in succession is 
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The consists of iterations such that the user 

volves the simulations of the power return at the antenna 

transmit-receive cell and nlJ,"'_"J<'" 

radar pr1lH.t.n" The antenna 

is used the received power ",UJ,,",U'Ue.lVU 

Oa(;Ksl:::atlten~a power with the 

~ .. "vu,~ are met. It in­

with the losses due to the 

taken into account in the 

in Section 

of terrain 

The 

of 

ferred from Skolnik [ 

are while that of UV,UU'-H"''"' are in­

The uv.''"''''Fc'H axis is varied in its uv".",vu on the swath width 

to vu •.• ,..,w.v the relation between the antenna 

nprTnrrr1,prI in the simulations in Section 3.6. 

and the U"'I-',"",,"U'-'''''' attenuation as 

would 

and with the test 

ment 

converter The 

'"'u" .. v ..... "''' as shown with 

the different in the receiver by use of switches 

fed from the transmitter. In ~V'''bUH''O the receiver for the 

certain values were obtained from the docu-

3.1 shows the made in order to an idea of the realistic 

values in the simulations carried out. 

18 
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3.3. BANDWIDTH 3. RETURN 

(STALO) 

To 

ADC 

(STALO) 

Local 
Oscillator 
@ 1142i\1Hz 

3.1: Receiver Block .ula.~jla.ljlL 

Table 3.1: ,,<:OJ. -L'<:O"lH<:U Parameters. 

Transmitted Power 3.5kW 
3000m 

2m 

27 dB 

To achieve a From Section 2.3.3 of, .11.""Ir1 

2, the slant range resolution is 

c 
1) 

For a 2 m slant range resolution this results in a bandwidth of 

c 
2 = 

(3.3) 

As specified in the user and also, to limit the effect that 

has on the end bandwidth of the receiver is chosen as 100 MHz. The front-end 

bandwidth is set to 200 MHz and tailored down a series of cascaded filters to 100 MHz 

to relieve the filter transfer function as '-'.""u ........ in '-..-l.I.aU'lCl 4. 

3.2 shows variation slant range resolution with bandwidth. A 1.5 m resolu-

19 
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3.4. GAIN CHAPTER 3. RETURN POWER SIMULATION 

Resolution in m 

2.8 

2.6 

2.4 

I 2.2 

.§ 
:; 
g 2 
~ 

~ 1.8 <Il 

1.6 

1.4 

1.2 

1 
50 60 70 80 90 100 110 120 130 140 150 

Receiver bandwidth [MHz] 

3.2: Resolution with 3-dB Receiver Bandwidth. 

tion will be achieved with a 3-dB bandwidth of 100 MHz. 

The antenna one of the r<lrnpfpr" detenninant in the radar is chosen 

as to increase the backscattered power The 

includes two antennas of their and size. 

'''''',",UL'UF> a dish diameter of 1 m and a 60% ernlCH!ncy the 

G 

where 

--_ ... _._---

5783 

37.6 

20 
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GAIN 3. RETURN 

The slotted JRC (from the UCT-RRSG microwave lab'of<ltOlry 

or a similar antenna is another Table 3.2 shows the antenna SPf:ClIlCanO]JS 

Table 3.2: of JRC antenna. 

where A and B are shown in 3.3. 

! 

3.3: Antenna Dimensions. 

The power for an aw,,",uua, errlcl,~nc:y is by [14, 

G 

27.1 

The to 

"n,,,,n,,.,,.,.r! the ....... "'''' .... UH_''rm • .,r'.r! antenna ",.,u,UU'-'H n.,H,~,.n of 

the antenna, in elevation with a 3-dB elevation antenna of 30°, is shown 

in 3.4. 

21 
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3.4. GAIN CHAPTER 3. RETURNPOWERSnwULATION 

Power Gain, dB 

-3 

-10 

-20 

-30 

-40 

-50 

-60 -40 -20 20 40 60 

Angle off boreslght In elevation plane (degrees] 

3.4: Elevation Antenna Pattern. 

From the v ... , ..... "' .. ,JU" of swath a3-dB of 37.8° is rprl1111r",rI to 

illuminate 8192 range bins at 40° of near incidence An aplJroxl[nallOn to the 

for an antenna with an azimuth beamwidth of 6°, is calculated to be 

G 
47r 

r:::! --
cPacPe 

47r 

6 x 37.8 
22.6 

where cPa and cPe are the 3-dB beam width in the azimuth and elevation 

In the actual of the return power, a 30 azimuth ,",p-"m,,,, 

beamwidth were used. From and 

IThe beamwidth was calculated 
at 40° . See C. 

A 
¢a 
0.0322 180 
---x-

3 7r 
0.617 [m] 

simulations for the 

22 

11) 

12) 

and 30° elevation 

near-incidence 
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3.4. GAIN 

the of 

is 

G 

>. 
¢a 
0.0322 180 
--x-

30 11" 
0.0617 [m] 

411" X 

411" X 

295.05 

24.7 

x 0.6 

x 0.6 

SIMULATION 

U.U"~UHU, with 

A different for the antenna 

ceived power from a 

is the cm;ec;ant-sq,uaJred where the re­

constant mdePt~ndent of range as 

shown in 3.5. The 

G(¢) 

where limit is 

with ¢o is the fan berumwidth and is the end limit of the cosecant beam. 

The of the received power for an antenna berum is 

as follows: 

The received can be rej:lre~.en[ea 

23 
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3.5: 

where is 

From 

in L\.IU'U'VU 

h 
sin¢; = R 

3. RETURN POWER 

h 

arget constant altitude 

Antenna Beam. 

the received power is 

shows simulation of the with 

elevation np''''1'","1th of 30° and fan of 6° were used in the 

with elevation such that a constant is achieved for 

same .u",."'~'''u, .. range. 

A 3-dB 

The 

at the 

to known. To 

Different have U'"'f''"'UUU';:;' on their size and their orientation 

relative to the radar. 

The radar cross section describes the nn·, .. "".r area of the as 

the radar and is a measure of how power flux is the and re-

radiated to radar As a measure of the return power at the front-end of the 

different 

into two 

are used to simulate the return. The 

24 
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3.5. RADAR CROSS SECTION CHAPTER 3. RETURN POWER SIMULATION 

-10 

-20 

-25 

10 20 30 40 50 60 70 80 
elevation angle [degrees] 

Antenna Pattern. 

1. 

2. Point 

of a distributed such as a 

0-0 is the va •• A" ... a ..... "! co~~tnlclent as 

clutter area. 

field is 

(tJ) x 

The lJa(;KSCallermg cm:rn(;lellI values for the rl1"t·t",,.,~nt 

and 

90 

used in the sim-

ulation of the return power, are obtained from 

by, 

and are U"'Y''''~'Y statis-

+ + + 

where is the LV"'UH'", 

The distributed used can be '-'.~''''''''u .. · .... into 4 main groups ----.. ----J 

25 
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CHAPTER 3. RETURN POWER 

1. Barren and 101':"",.,'10 ... land. 

2. Ve.!l:etaJed land. 

3. 

4. Sea. 

Barren and 

Barren land is characterised by the "f'<lrf';!t" of egletatlOn and is defined as of 

desert n<l'"",rnptU and soil. 

land 

crops and can 

• Trees and Forests such as broadleaf trees and needle-leaf evergreens. 

• and include natural 

root crops. 

• Grasses. These include natural ,«.A."' ........... . and small cereal 

oats and 

land is defined as extended surfaces constructed man or areas of land donunat:ed 

man-made structures. The was inferred from Skolnik 

[7] with ""T"<l1n,cr incidence 

The instantenous return power at the antenna an indication of the maximum 

power that the receiver is to handle before <U"'P"'U~'~uvu occurs. The rpC'P1'"'''''' has 

a front end bandwidth of 200 MHz. the for the of the 

waveform to rise from its minimum to its maximum is by 

1 
1) 

26 
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3.5. RADAR '--" .. ,J ..... u SECTION CHAPTER 3. SIMULATION 

on the results in the Ul<lAH.UU'.ll return is 

2 

c 

2 

e is the incidence 

The " comes from the that travels to and from on the 

illuminated tr The 

by an antenna with a 3-dB azimuth h"'~lrn\XJl 

clutter area, 

rPa, shown in 

at a range, 

2.2 is 

R x x 

The at, is 

at = (0) x Ac 

aO (e) is the radar at (lltten~nt InCidence 

Some 

such '_J"'~'U, 

power return. 

of the corner reflector 

and is as, 

to size and orientation and conse­

values for the RCS of 

are used in the simulation of the maximum 

of 

atRRSG-UCT 

20379 

43.1 

at 

1 

. The 

is 

RCS for the corner reflector, in Table 3.3, was worked out from actual dimensions of the one at 
UCT and not obtained from the same reference. 

27 



Univ
ers

ity
 of

 C
ap

e T
ow

n

FRONT END POWER POWER SIMULATION 

Table 3.3: ReS of cnPI'ln,. pg44]) 

VH',-"""'U return power at the antenna the 

The losses in the and transmit-receive ofPlQralteCl in the " term 

an antenna eIIICll~n(:v of is assumed and Hll,.,'U'~"'U term. 

scenarios are .,.UlU." .... '..., and the return power with 

IvU"..,U!.al<C • .1. A smc-s:quare:a antenna 

of the antenna is in its 

is used in 

on the 

distributed are modelled for a clutter area, 

is 

simulations and the ~~"""U"E>" 

width. The O"t, the 

as "'''L''<U'U'''U in U""4LV'U 3.5.2. The 

results of the simulations ... ",.+nrrn are shown in Subsections 3.6.2 and 1. 

the incident power. To cater 

received was simulated for 

will appear very 

so 

with 

and of 

For the power return the "seen" the radar was as­

sumed to be the comer reflector in the far-field of the antenna with the antenna DOf'esl,gm 

on the axis of the comer reflector. Table 3.4 shows the power of such a 

28 
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3.6. FRONT END POWER 3. RETURN POWER SIMULATION 

3.4: Power for Corner ... "VHVV ........ 

Other man -made that will like have also 

in the simulation of return power as shown in 3.7. The antenna is assumed to have 

3-dB elevation beamwidth of 30° and a 3-dB azimuth beamwidth 30
• 

-50 

-60 

-70 

E -80 
CD 
~ 
(j; 
3: -90 0 
"-
E 
~ cr: -100 

-110 

-120 

Bird 

3.7: 

* Man 

...... Truck .. 

* 

4 
Point-Like Targets 

Power Return of Point-Like 

'* Corner Refleqlor 

5 6 

Road 
Traffic 

at X-Band. 

The power received from the distributed allows one to the 

receiver such that the are not driven into saturation and 

29 
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POWER 3. RETURNPOWER~MULATION 

q.. , Elevation Beamwidth tP. , Elevation Beamwidth 

Mid-swath 

Near-swath Near-swath 

3.8: ..... " .. ve,..''''AL Axis Position on Swath Width 

unwanted harmonics. The rro,nl-·ena power return at 

for 8 range of the different 

is to various points on the swath 

l1li The near-swath. 

l1li The 

l1li The far-swath. 

The ba(:ksl:::at1~ere~d power is """, .... u ..... '..., for the front-end of 

is in calculations. This 

the inverse of the bandwidth of the front-end of the 

,",AI",a'u,-,,", in Section 3.5.2. 

antenna is simulated 

and the antenna 

receiver hence the 

T, to 

which is 200 as 

show the antenna iJV,Ja',VH on the swath width for the near-swath 

and the far-swath 

~ ~~ 

the 

the increase in due to the 

The results of the power return simulations are 

30 

of the antenna at different on 

in the 

of the antenna. 

below. 
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FRONT END POWER CHAPTER 3. RETURN POWER SIMULATION 

shows the return power at the antenna versus the from the 

close to the near-The near-incidence is 40° and the antenna 

swath. The increase in the power level in the near-swath and the short range contribute in 

the power received for in the 3-dB beamwidth of the antenna. 

E 
III 
:!1. 
E 

Power Tx ~ 3.5kW, all. = 3000 m, Bandwidth = 200 MHz, Near Incidence Angle = 40 degrees 
-90~-=~~~~---'----~---'----'----r----r----r~~ 

-100 

/,,-
-110 

~~ __ ~---c--- shrubs 

-; -120 
a: 
ii> 
;: 
0 
"-

ces 
-130 

-140 

12000 

Ground Range with Boresight Axis close to Near-swath 

3.9: Peak Power Return with Axis Close To Near-Swath. 

3.10 shows the variation of front-end power return at the antenna with the 

of the antenna on the swath centre. ('n,rrlt".r.",n to 

for the 

of 

the received power 

for the near-incidence 

of the antenna. 

3.11 shows the variation of the front-end power return with the of the 

the far-antenna close to the far-swath. This has a considerable '"nT'.Hl''''' in hnnc'!,n 

swath power return. such as trees have their backscattered power increased 

7 from -121 dBm to -113 with the radar in such a __ ...• ".,_. 

as VlJlJv.>v .... to the axis closer to the near-swath. 

31 
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3.10: Peak Power Return With Axis On Swath Centre. 

Power Tx = 3.SkW, all.=3000m, bandwidth 200M Hz, Near Incident angle = 40 degrees 
-95 

-100 

-105 

-110 

E -115 OJ 
:2. 
E 
iil -120 
a: 

~ -125 a. 

-130 

-135 

-140 
sea 

4000 5000 6000 7000 6000 9000 1 0000 11 000 12000 

Ground Range with Boresight Axis at far-swath [m] 

3.11: Peak Power Return With Axis Close To 

32 
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The receiver has to be fed into the converter for 

tisation and the "n'"lrll.n1"1 power level is 

is limited 

Noise limits the smallest detectable 

while the 

receiver COlmr:lonents 

from of the 

The receiver is made up mixers and blocks. A pre-

receiver is shown in 4.1 with the two downconversion 

time control control This describes the 

mentation of an receiver from obtained from 3. Section 4.2 

treats noise and cascaded noise The choice of the is described 

in Section 4.3. The use of the low noise in Section 4.4 while 

Section 4.5 deals with the choice of the RF filter and its use in noise 

in the receiver. The mixers chosen is described in Section 4.6 with an of the 

factors The IF the STC and are treated 

in 4.7 and Section 4.10 shows the actual detailed receiver 

The receiver level table and 

detailed in Section 4.11. 

that were used in the 

The receiver encounters two of thermal noise 

• Noise ".,.,t".r",rI an antenna a U!<' ..... lJUU is 

of 290 

• Noise gelLlerate:a the COlmplOnen1[S in the receiver. 

33 
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(STAID) 

Oscillator 
@1l42MHz 

4. THE RECEIVER 

(STALO) 

4.1: Radar Receiver Block 

The noise power at the antenna is 

]V 1) 

1.38 x x 290 x 200 x 

-90.97 [dBm] 

The noise needs to be tracked down 

at the ADC. 

receiver such the -H'-II"""'" ratio is known 

of a is a of how a I..UJlUU'Ull'CUl or a 

system measured in U':;LII."'" . The noise is ~'.n~ .. ~,,,l over the linear of 

the range of the and is by, 

F 

noise to a concise way of the noise teIllPenltUJre of the com-

UV'"''''H.lO in the receiver. 4.2 below shows the circuit of the receiver. The 

noise to the receiver is 

where B is the noise bandwidth. 

34 
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4.2. NOISE CHAPTER 4. THE RECEIVER DESIGN 

r------

______ ..J 

Receiver 

The thermal noise the receiver is rej:";lreS;efll[ea by an noise tpn1T .. pr~tl 

rpr,3~f'~tothe~uvHHv. The total noise is thus 

G 

The noise is related to the Te. and is 

F=l+-

For calculations of the noise tenlpe:rature the sideband noise 

noise. IOrm,Lucm but 

The receiver is ,.,,,0',.,"''' ..... 1 n ,",V'U""JU~"H'" 

in terms of losses and noise 

cascaded blocks in a receiver. Each COlnponlent is with its 

and 

35 

each 

was used as the 

own 

4.3 shows the 

noise F 
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4.3. 

Gl,Fl,Bl G3,F3,B3 

1 2 3 

Cascaded Circuit 

The overall noise is as 

F= (4.8) 

The intermediate has been chosen to be MHz after the 

""'''LUIl'BU.),; rate of the ADC. The maximum rate of 210 MHz was assumed in the 

of the band of With a bandwidth of 100 the band of -"'~~"'e 

has centre of 157.5 MHz with the 2.5 MHz band as shown in 

4.4. The choice of 158 MHz results from the nr,,·'tp~'pnl~p of an ,n'PUI'r value for ""V'''V.~ ... HE> 

the local oscillator. In view of the TWTA wave tube the 

carrier has been set to MHz. 

100 100 

" I Nyquist ,,' 2 Nyquist 

105 157.5 210 Frequency {MHzl 

4.4: 

36 
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4.3. OPERATING 4. THE RECEIVER DESIGN 

STAlO at 9142 MHz 

116 Hz 

I- - -

8884MHz 9084MHz 9200MHz 9400MHz 

8984MHz 9300MHz 

Image RF 

4.5: Downconversion. 

984MHz lJOOMHz 169B4MHz 11300Ml'lz 

Downconversion. 

A downconversion has been chosen to the need for a sharp cut-off since 

the will be centred at 8984 MHz as shown in 4.5 for a 

downconversion to 158 MHz and the 116 MHz. 

a 

a first down conversion 

the rpf1nlr,>(j IF 

from the 

at L-band is used 

centred at 9300 

a second downconversion to 

the in the dual 

shows a schematic of the different downconver­

mnlrnv,>rl from 116 MHz to 2400 MHz with 

shifted to 6700 MHz. 
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4.4. AMPLIFIER 

An RF . .uu ..... uu"'. is a network device that increases the 

also sets 

anLNA with 

choice of 22 dB 

the receiver. 

nr(\nprtv of the 

and low noise 

and 0.9 dB noise 

as can 

of the 

DESIGN 

ofa weak 

~ .. t''''''~'' The 

RF but low vU'JU~'" such that the receiver is not driven into C'.Olmnrp.«:«:1 

in the 

in the later 

An RF filter is a range of desired treqw~nc:Ies to pass the network 

and outside the A order butterworth filter is used in 

the receiver chain to tre:QUlen(:1es outside the jJi:I.~;:SUi:tllU and to limit the noise 

the receiver chain. It offers a flat 1-""~'''U'~Uu. response that is nonlinear 

about the cut-off with a group that increases towards the band 

A ",v.,ul-''''''''''''''' has to be made to ensure low 

hence the use of a Butterworth filter '"''"'''':0;.11, t''''U~''~'''' filter of 200 MHz bandwidth is 

used to 

the noise 

from outside the IJU< .. "U,;tUU from the LNA and to limit 

Mixers are used to translate an RF 

HVUUUv'''''''' Y is 

a mixer driven 

from a level to a lower IF in the re-

e.g. diodes or 

treqW!nCleS not p' ... """" 

because 

The RF and stable LO are by an amount to the IF. The 

The downconversion is the difference between the RF and LO Trprn"~nr'v 

has the n",nnT+"T.itu to mix with the LO for an IF response and care must be 

and The filter and a dual-

conversion receiver and 

A double-balanced mixer is used for both the and downconversion as it of-

fers in third order intermodulation distortion to 

ended mixer of the balanced and isolation of the RF and LO 
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4. THE RECEIVER DESIGN 

RF IF 

RF 

'-__ --1. ____ ........ _______ -'--__ -'--__ -'---"''''--_ fl'eq 

IF 

4.7: RF and from a Mixer [18]. 

While mixers r.n,>r<>Itp in the linear of the diodes or an increase in IF 

power relates to an increase in the RF power. With a diode the mixer is 

and has a conversion loss. 4.8 shows the 1 dB which is where the the power 

is 1 dB lower than the power of the linear Care must taken not to 

drive the mixers near their I dB cOlnnressicln or else the loss in power will 

increase and harmonics and intermodulation will be CfPlnpr"<>U'11 

loss 10 

Intermodulation ~~r"'''n'~ are PH)OlICeO when two or more "'E,U"'"") at freqw;nc:tes and 

are ulJfJU'-· .... to a nonlinear device 

± 

two-tone rmra··or,oer are 

These may be the second-order ± 
and so on. 
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4.7. IF FILTER CHAPTER 4. THE RECEIVER DESIGN 

A 

4.9. 

Output 
Power 
Pout 
dBm 

Floor 

4.10 and 4.11 shows the 

point 

power level of 

the two mixers used as per their data sheet relative to the IF 

8umt 

1 dB Compressi on 
point 

of undesired intennod­

where the 

crn"tl1lejpc as shown in 

intermodulation n",,,,h,,,"·t,, of 

The IF have been chosen to be of the same order as the RF filter ....... "','''.'' •. lU'''U or-

der ""TTP""'I"\'" filters are used in all the downconversion with the 3-dB bandwidth 

"'.U·"U"!'. up from 200 MHz to reach 100 at the 

4.12 shows the theoretical filter transfer function of receiver with the 

MHz at dB relative to the RF and the attenuation of unwanted 

go down from the downconversion U"''-'U!'','' to the 

The rate for an order butterworth filter is dB/octave 

H"''''U'''u\~''''''. RF and LO treqm~nc:tes are shown with their attenuation relative to the centre 

40 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4.7. IF FILTER 

Magnitude [dB] 

-10 

-20 

-30 

-40 

-50 

-60 

-70 

CHAPTER 4. THE RECEIVER DESIGN 

dBm 
point 

Third-order, two-tone 
inwf'moou!atinn 

product 

IL--------'---!:----;:L-::------ RF level 

4.9: Third Order Int,ewept Point [ 

Mixer harmonic intermodulation (relative to desired IF output) 
from X-band to L-hand Miteq MixuI,-

RF-LO 

LO RF 

2LO-RF 

2RF-LO 

2RF-2LO 

3LO-RF 

2LO 

----+- ----'----t--'--- ---U\h-'--- -+---'----'--yl\--r-_L_---'--_____/> 
1225 1375 2600 V 9300 f[MHz] 

1300 6700 8000 10600 14700 

1000 1600 

4.10: Levels at the X-band to L-band mixer. 
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4.8. 

I 
Magni tude[dBI 0 

-10 

-20 

-30 

--40 

-50 

-60 

-70 

GAIN CHAPTER 4. THE RECEIVER LJLj'cHLA 

Mixer harmonic intermodulation (relative to desired IF output) 
Mini-Circuits ZFM-ll 

RF-LO 

~ 
LO 

I" 
RF 

2LO-RF 3LO-RF 

~ 
(2126MHz) 

2RF-2LO 

210 

II- 2RF 

t ... 
0 98 158 218 316 984 1142 1300 _2600 

f[MHz] 

4.11: Levels at the Mixer for the Downconversion 

IF. 

The 1 st IF is 

control 

the 

Power return from 

time control 

may have 

and manual 

am-

such that the range of the receiver may be exceeded. This will a 

on the ADC where power return from some at far range may be 

outside the range of the ADC and therefore such will not be resolve 

theADC. 

The is a with where the UUl'PU''''''''", 

at far range are boosted. To achieve a constant return with the 

STC must have at a variable of up to 20 dB. 4.13 shows the variation of 

with range is related to for the different terrains modelled. This 

STC curve has to be in the receiver controller board. This is uUI-'''~U''''U'_'-'U In 

the receiver an electronic attenuator which has an attenuation that varies with an 

"'U.1>"',.. control current. 
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ATTENUATION AND GAIN CHAPTER 4. THE RECEIVER DESIGN 

Filter Transfer function for butterworth 5th order 
relative to input RF 

-3d 

6700 8000 9200 

F [iIT,age] 

3dB Bandwidth 

9300 

200MHz 
3dB 

9400 

Filter Transfer function for butterworth 5th order 
relative to output of X-band mixer 

3dB Bandwidth = 150MHz 

-3dB 3dB 

-4.1dB 

-12.8ciB 

-56.5dB 

63dB 

1300 
.• 1400 

1375 1600 2600 2750 

Tor Tor 

Filter transfer function for butterworth 5th order 
relative to output of L-band mixer 

3dB Bandwidth = 120MHz 
3dB 

25dB 

-7LldB 

-93dB 93dB 

49 83 • 158 
... 

218 233 383 436 
98 Tor 

3dB Bandwidth lOOMHz 
-3d -3dB 

158 

4.12: Filter Transfer Function. 
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4.9. SWITCHES CHAPTER 4. THE RECEIVER DESIGN 

Gain [dB] 

20r---,----.---,----.---,----,----r---,----,~'" 

Shrubs 

15 

10 

5 

o 

3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

Ground Range 1m] 

4.13: STC Curve with Ground 

attenuator followed blocks. to the 

that corneI·-renec:ror-rYlpe will not be '''"UH.O'''''.O'' when the SAR over certain 

distributed like wheat field or the MGC is used to boost the 

When or other terrains where 

clOJm11tlate, the MGC is switched on to limit the power in the receiver and 

hence the receiver from driven into An attenuator of 30 dB 

range is used to attenuate the from 

of the transceiver test have been included in the of the As an 

receiver. The double throw switches are chosen to cater for power 

and centre HVIo.("'_"\.- of the different IF. The SPDT switches are to be connected to the 

transmitter such that each of the three IF can be tested at a time in the 
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4.10. THE SAR RECEIVER CHAPTER 4. THE RECEIVER DESIGN 

4.14 shows the receiver as it has been ~v,u", •.• v~ with the constraints taken into 

consideration. The cOlnp,on(!n are built in modules and connected via SMA male-ended 

coaxial connectors and were chosen ac(;Or,dlnlg 

data sheets. The LNA is connected to the 

"v,;"",,,,,, in their ,.",e,...",,""'" 

reduce cable 

the acronyms 

and 

a barrel connector to 

The cornp()ne:nts are referred to, 

of this dissertation. 

1 

The receiver the receiver level ,..uu,,,,''''''' in an easy way, 

the the cascaded blocks in order to nrP'''PTuthe saturation 

of the <uuvn,.",,,,, thus j.lH.,yuvUJl" harmonics. 

From 

4.7. 

the noise level at each node can be calculated 

At node 1, 

where is the bandwidth of the u<Ululla"", filter to the LNA. 

At node 2, 

+ x 

where 

(4.11) 

12) 

the noise 

btame,o, in 

"AL'"'-''''''' from the de-

of the receiver with minimum attenuation. The worst-case noise 

to be 7.96 dB as can be inferred from the cumulative noise 

from Table 4.2. 
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4.11. BUDGET ANALYSIS 

A 

Local 

Mixer 

[M5] 

ToADC 

ToADC 

[L03R] 

[SW4] 

Local 
Oscillator 
@ 1142 MHz 

LNA 
[AMP 4] 

3rd IF 

Antenna 
Output 

2nd IF 

Electronic 
Attenuator 

1st IF or STC 

Splitter 

[SP2] [AMP 9] B = 100 MHz 

[FL8] 

1st IF or MGC 

CHAPTER 4. THE RECEIVER DESIGN 

B = 120 MHz 

[fL7] 

Antenna 

A 

Digital Electronic 
Attenuator 

[MGC] 

C 

4.14: The SAR Receiver 
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~ ...... 
:-

~ 
b::l 

§ 
(1) @ 
f'" ...... ...., 

> 

~ 
Components Input FL5 LNA ~4 M5 FL6 AMP5 M6 FL7 STC AMP6 MGC AMP7 AMP8 AMP9 FL8/SP2 

Stages 1 2 3 5 6 7 8 9 10 11 12 13 14 16 

~ 
Ci:l 

("') 
Bandwidth (MHz] 200 900 18000 500 150 5000 4300 120 2000 500 1000 500 500 500 100 e:.. 

() 

Noise Figure [dB] 1 0.9 1.5 6 1 1.5 7 L2 20 3.8 5 3.8 3.8 3.8 4 E. 
Gain [dB] -I 22 -1.5 -6 -1 28 -7 -1.2 -20 20 -5 20 20 20 -4 

!a 
0" 

Cumulative Gain [dB] -1 21 19.5 15 14 42 35 33.8 13.8 33.8 28.8 48.8 68.8 88.8 84.8 

Signal (max) [dBm] -50 -48.74 -26.74 -28.24 -32.74 -33.74 -5.74 -12.74 -13.94 -33.94 -13.94 -18.94 1.06 21.06 41.06 37.06 

i:l 
C/O g '1j 
0 
'"1 > 

Noise [dBm] -90.97 -90.97 -65.88 -67.29 -71.78 -72.76 -44.501 -51.49 -52.49 -72.09 -51.90 -56.90 -36.89 -16.89 3.11 -0.89 

1 dB compression pI. [dBm] 8 -1 10 16 16 16 16 

Cum. Noise Figure [dB] 1.9 1.91 2.00 2.03 2.10 2.10 2.10 2.25 2.46 2.46 2.47 2.47 2.47 2.47 

~ '"i:l ...... ~ i:l 

s" ::d 
c: ~ 
S 
~ ~ 0 tr:i 
("') 

» ,.... 
(it 
i:l c: 
I>l ,..,. 
O· 
? 
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Components 

Stages 

Bandwidth {MHz] 200 900 18000 500 150 5000 4300 120 2000 500 1000 500 500 500 100 

Noise Figure [dB] 0.9 1.5 6 1.5 7 1.2 20 3.8 35 3.8 3.8 3.8 4 

.j:::.. Gain [dB] -1 22 -1.5 -6 -I 28 -7 -1.2 -20 20 -35 20 20 20 -4 
00 

Cumulative Gain [dB] -I 21 19.5 15 14 42 35 33.8 13.8 33.8 .-1.2 18.8 38.8 58.8 54.8 

Signal (max) [dBm] -50 -48.74 -26.74 -28.24 -32.74 -33.74 -5.74 -12.74 -13.94 -33.94 -13.94 -48.94 -29.94 -8.94 11.06 7.06 ~ 
'4 

Noise [dRm] -90.97 -90.97 -65.88 -67.29 -71.78 -72.76 -44.501 -51.49 -52.49 -72.09 -51.90 -82.19 -60.53 -40.52 -20.52 -24.52 ~ 
I dB compression pt. [dRm] 8 -1 \0 16 16 16 16 ~ 

Cum. Noise Figure [dB] 1.9 1.91 2.00 2.03 2.10 2.\0 2.10 2.25 2.46 5.59 7.94 7.96 7.96 7.96 
S" 
t: 
S 

> ..... ..... 
<1> 
:;:J 
t: 
§. 
0 
? 
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4.11. BUDGET ANALYSIS CHAPTER 4. THE RECEIVER DESIGN 

80 -+-cum. Gain .... R.(MAX) = clBm __ Noise. in dBm 

6(] 

40 

20 

;;:: 

3 

-20 

-40 

-6(] 

-80 

-100 

4.15: Receiver Level of and Noise. 

Table 4.2 is used to the receiver level 4.15 shows the behaviour of 

the and noise from the front-end of the receiver up to the of the ADC for a 

e.g. corner with the front-end noise of the 

ADC. The power were monitored such that remain 2 dBm or more below the 

The connpOlnerlt. An 

of 13 dBm was assumed. 

to the receiver was limited to the maximum ~~=¥r,~;~ 

power of the ADC. 

maximum at the is 11 dBm. The 

noise input at the is - 90.97 + 60 - 30.97 dBm. In 

in the the least bit 

level. This results in an ADC with the 
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4. SUMMARY 4. THE RECENER 

max 

0.7934 [V] 

noise 

::::::; 0.0063239 [V] 

No of level 
0.7934 - 0.0063239 

0.0063239 
124.45 

::::::; 125 

Minimum of bits 
lOg102 

6.97 

::::::; 7 

n,"OIUHJlHIl"> an 8-bit the ua"""""UL'U level is 

7.8125 [mY] 

where n is the number of bits. 

The \.jU'UAU...,' .. 'VH noise power for the 8-bits ADC with 50 n 

30 + 10 

This describes the of the receiver to acheive a workable The 

merm,al noise at the of the receiver is tracked up to the of the ADC. The 
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4.12. CHAPTER 4. THE RECENER 

backscattered power that the receiver sees is also simulated for a known power 

and receiver is used to ensure that none of the receiver comr)orlents are 

driven into saturation. A summary of the is described below: 

• The series of cascaded filters are used to limit the noise that 

receiver and are with a front-end -3-dB 11m,,,,,,,, Hl111 

with a -3-dB 

• The receiver in 3 IF to 

tests of the receiver at IPs. 

the 

MHZ and a last 

Built-in Test 

• The theoretical noise is calculated for the best-case to be 2.47 dB at minimum 

attenuation 

• The 
for an 

for the worst-case to be 

UC1>1l';11CU to be at least 9 dB below thermal noise level 

is apIJroxirna1tel) set to the noise level that 

in 
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The receiver is divided into 3 main sections 

L The 1st IF. 

2. The IF. 

3. The IF. 

where the IF is further into the manual control 

",",~,LLV'U as shown in 5.1. 

np,"f,-u'"",rl on the different sections to 

the receiver. A list of the Pll.,in."""nt below: 

DC Power 

Oscillator 

Multimeter 

Power Meter 

Automatic Noise Meter 

Barrel Attenuator 

GHzE4470B 

- HP 8350B 

Escort EDM-2116 

- HP 435A 1 % of Full 

"''''''v'U N8975A 
o 6 dB 

7 - 20 dB 

21 - 30 dB 

52 
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5.2. AMPLIFIER GAIN TEST 

To ---­
ADC_ 

MANUAL 
GAIN 
CONTROL 

The four ~''''I-'uu"", 

1st IF 

used in the 

obtained from the datasheet 

STALO@ 
1142 MHz 

IF STAGE 
@ 1300MHz 

2nd IF 

5.1: Sections of the Receiver 

AND RESULTS 

STALO@ 
8000 MHz 

RFSTAGE 
@93OOMHz 

3rd IF 

IF are similar and Table 5.1 shows their nr'",np'rtll~" 

Tests need to be carried out to measure the of the 

and ascertain whether are up to 

Table 5.1: of ZFL-500HLN 

DC power INMET barrel attenuators, Power 

Mli1t1Jmel[er, Test Cables. 

Test: 
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5.2. AMPLIFIER GAIN TEST 

20 dB Barrel 
Attenuator 

5. RECEIVER 

5.2: rl.UAjJHU'''' Test 

The equllpnaents are as shown in 5.2. The oscillator is first cOlme:cte:d 

to the power meter which has an accuracy of ± 1 % and the power is 

noted when the meter is used at a 10 dBm scale H_aUUl}',. The is with a 

dB barrel attenuator and the power out of the attenuator is measured with 

the power meter. the attenuator and are connected in line and 

the of the is on the power meter at 158 MHz. The DC 

is set to + 15 V the mulitimeter. 

Table 5.2 of the measured <UHpU"'" 

Table 5.2: and Gain 

The used in Section 5.2.1 is re~)eated for the <UH!,""'"" in the IF Table 5.3 

shows the of the ~U'puu",. as ".., .. ,"' ... "' .... in data sheet. 
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THEMGCUNIT 5. RECEIVER TESTS AND RESULTS 

Test: 

Barrel 
Attenuator 

5.3: MGC test 

The test is as shown in 5.3. The sweep oscillator is connected to the attenu-

of the oscillator is set the power meter and the 
is TT"' .... 'tn'·.,.rl on the ,,,,,,~,..t,..,,,",, the 

in the MGC unit. For a 10 ± 0.5 dB barrel this ensures that the power at the 

attenuator is set to -13.9 ± 0.5 

the in the test measurements. 

Barrel 

Allenuator 
set at 10 dB 

set at 35 dB 

power in from 
sweep oscillator -3.9 dB 

---}'---...f 

Digital ElecllOnic 
Attenuator 

IMGCl IAMP7! 

5.4: Initial MGC 

The COlmplonents are then interconnected with the 

amplifiers 

IAMPS1 

with losses in 

B = 100 MHz 

fAMP91 [FL81 rSP21 

the meter as shown in 5.4 and the power level the 

connected to 

MHz response is 

The of 

that occurred. 

Results: 

The 

were and Ul1Jll-'''"U'-,Y 

was "H'"Hi',''''' to that of in order to suppress the 

contained harmonics in the 

60.8 dB. The power level at certain 

57 
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5.3. THE MGC UNIT CHAPTER 5. RECEIVER TESTS AND RESULTS 

line with the power level at the is shown in 5.5 with 

power level below the l-dB of the 

Barrel 

Auenuator 

sel allO dB 
set al35 dB 

Gain=20.3dB Gain=20.2dB Gain=20.3dB 

power in from 
sweep oscillalor -3.9 dBm 

Digital Electronic 
Attenuator 

[MOC] [AMP 71 lAMP 81 lFL8J lAMP9l 

5.5: Final MGC with Power Level Indicated 

Table 5.7 shows the 

from Table B.1 of 

Table 5.7: 

5.6 shows the 

is shown in 

oftheMGC 

B. 

and 

with the "AIJ""""U 

Power Level of MGC 

as measured on the cn""t,..,,,,... 

as measured with the initial 

5.8 shows the 

anlsernerlt shown in 

58 

as can be inferred 

and the measured 

on the 

5.4. 

Splitter 

ISP21 

7.6 dBm 

7.6 dBm 
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5.3. THE MOC UNIT CHAPTER 5. RECEIVER TESTS AND RESULTS 

The test is similar to the one described in Section 5.2.1. The 

is fed in the LNA at -20 dBm well below the I-dB ('()nnnn~" 

of the LNA is measured the power meter. 

The was measured the meter and shows 

Table 5.6: LNA Test Result 

The MGC is made up of the 4 cOIlllponents 

1. attenuator. 

2. "'U~'V""'~ filter. 

3. 

4. 

This test determines the loss in the MGC subsection when a is fed 

attenuated 

and the 

result. 

the one 

from the sweep oscillator and the power meter. 

DC Power INMET Barrel Attenuator (10 ± 
Power Cables 

56 
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AMPLIFIER CHAPTERS. TESTS AND RESULTS 

5.3: IJrn,np,-t. of ZEL-1217LN 

Test: 

The eqtupnnents are as in 5.2 the nrr,,,prn is peIT01~m~~a as ex-

I./AU," ......... in Section 5.2.1 with the set to 0 dBm and ~a.'"Uo;;;'U dB 

attenuator. The 

nected line and 

from the sweep ~".., ... ~.v., the attenuator and ~ .. ,,, ...... ..,, are con-

of the ~ .. t-''''''''''' 

Results: 

Table 5.4 shows the measured 

dB was achieved with 

Table 5.4: ZEL-1217LN 

The Low Noise Am,nll:fler 

is measured the power meter. 

in the IF A 

and Gain 

the unl,-villU noise 

Table 5.5: LNA IJrn,np,-t, 

INMET Power 

MtUtllmelrer, Test '"-'uv ..... ". 

Test: 
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5,]. THI::;' MGl' WI/IT CIIArTr'R 5. Rr'CEH'ER IE~IS ,,\0'-<1) I<LSI.'I.'IS 

H.. I.: 

f'iglU~ 5,' ~j(jC Signal Ou tPLIi L<'wl 
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5.3. THE MOC UNIT CHAPTER 5. RECEIVER AND RESULTS 

This test is to determine the combined of the with the 

Test: 

The test eqlllpments are 

-13.9 ± 0.5 

as shown in 

at I MHz. The "",.",..,.. 

5.5 with an attenuated 

sweep oscillator is then 

varied. The power level of each of these ..-"""",,,,,,,, .. ,, ~ln".('·tr,::j is measured at the 

SP2. 

Results: 

The 3-dB bandwidth for the filter in the MGC section is 100 MHz. 5.9 

shows the filter transfer function. The 158 MHz has a relative of 21.5 dBm. Table 

shows the power level as measured the power meter. The last column 

relative of each as the was varied. This allows """'-"HUJlVU of 

any non-linearities in the sweep oscillator 

Table 5.8: Level of MGC Unit at SP2 

21.5 

3 ! ~ ~ ~ -~;.~ ------ ------i9~2 ------f 2.3 

14.3 

7.9 7.9 

90 10M 158 208 21~ 234.6 Frequency [MHz] 

5.9: Relative Gain MGC '-' ..... u .... at FL8 
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5.4. THE STC UNIT CHAPTER 5. RECEIVER TESTS AND RESULTS 

The STC is of 4 C01TIP;[)nemts 

1. double throw switch. 

2. .uUJL ..... !"U".:> filter. 

3. Electronic attenuator. 

4. 

As '-'AI"' .... Hn ...... in Section 5.3.1, this test ~u •• ,...~,,~u the insertion loss of the STC subsec-

tion IF at 158 MHz. 

INMET Barrel Attenuators 

Power 

Test: 

Coaxial Cables 

Barrel 
Attenuator 

5.10: STC Test 

Power Meler 

The test is as shown in 5.lD. The sweep oscillator is connected to the atten-

uator via the coaxial test cable. The power of the is calibrated the 

power meter which has a 1 % The is monitored on 

the before in the STC unit. This ensures that the power at the 

attenuator is set to -12.7 ± 0.5 of 158 MHz. The level 

of -12.7 dBm is chosen to ensure that the <uUVULA,"" is well the (,nlmnrp<: 

as can be inferred from Table B.l of 
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5.4. THE STC UNIT CHAPTER 5. RECEIVER TESTS AND RESULTS 

power in from 
sweep oscillator 

-2.7dBm 

Barrel 

Attenuator 
set at 10 dB SPDT 

ISW6J {FL7J 

Attenuation 
set at 20 dB 

Electronic 
Attenuator 

fSTCl 

14.3 dBm 

fAMP61 

5.11: co:mp,one:nts Test 

cornpl:me~nts are then 

meter as shown in 

Results: 

nterconm~cte~d with the 

5.11 and the 

of "UA'JAU"~A connected to the 

level of the MHz 

The measured the power meter for a full scale • <O"-'111J:;;:' of 20 dBmis -14.3±0.2 dBm 

as laid out in Table 5.9. 

Table Table and 

Test: 

test eqlJlpments are as in Section 

is at constant power level and 

ueIlCH~S of interest. The STC filter has a 

the actual 3-dB bandwidth is measured from this test. 

Results: 

Power Level of STC 

1. The oscillator T1''''''11'P",...'' 

re~;p(mSie is IH~''''''UI 

of 120 MHz and 

The characteristic transfer function of the filter embedded in the STC is measured 

for 

from an 

the 

Uvll"UO" of interest. Table 5.10 shows the relative 

at 

is varied. 

5.12 shows the 

MHz and the cut-off effect of 

at the as u .... ,a" •. u 

63 
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5.4. THE UNIT 5. RECEIVER TESTS AND RESULTS 

Table 5.10: Level STC Unit at 

120 MHz 

-1.6 

-4.6 -4.9 3.3 

-11.4 -IL9 

87.5 98 158 218 246 Frequency [MHz 1 

5. Filter Transfer Function 
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5.5. THE IF UNIT CHAPTER 5. RECEIVER TESTS AND RESULTS 

Barrel 
Attenua10T 

5.13: IF Test 

This test is to the IF unit to ensure proper .. un,uu'u",,!", of the cornOI:me:nts 

of -32.7 ± 0.8 dBm is to the and the "trp,rnH'n of the 

A.3 the IF unit is monitored on the 

A 

of 

A. power the is then measured the power meter with full scale 

of 20 dBm. The power level of this unit to the return power a 

<UH!-,"J""""" by the X-band or IF section. 

INMET Barrel Attenuators 

Coaxial Cables 

Test: 

The test is as in 

uator via coaxial. The power 

5.13. The sweep oscillator is connected to the atten­

of sweep is set the meter. 

This ensures that the power at the attenuator is set to -32.7 ± 0.8 dBm into 

account the of a 30 dB attenuator. 

The are then interconnected as shown in 5.14 and the power level of 

the MHz response is measured the power meter at the of M6. 

Results: 

The is measured the power meter as 15.2±0.2 dBm for a full scale 

of 20 dBm. Table 5.11 shows the and level the IF as 

measured the power meter and the COlTe~;POll(11lllg .. Y'~ .. rt",r! level. The Py,"\",rt",r! 
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IF UNIT 5. RECEIVER TESTS AND RESULTS 

30 dB Barrel 

f,= 1300 MHz 

B = 150 MHz 

lFL6] [AMPS] lSW5] 

2nd IF 

5.14: IF Lornpo,nenlts 

[L02R] 
Local 
Oscillator 
@ 1142 MHz 

LO input 8 dBm 

Q 

[M6] 

is 2.5 dB due to an underestimate in the losses in the '-''''Ull.1:; 

and the com}:,onlents used. 

Table 5.11: and Power Level of IF 

5.15 shows the ...... -I ... ,,·u ... :1 response with the marker on the 1142 MHz 

which is the LO attenuated the combined effect of the mixer filter to 

dBm from 10.4 dBm. 
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'cc'e, _,' H"'ccC'c'_'_' '"F_c ." •• ,'" , ___ -'''.H,..I1-'1 HI' 1<)'( -FWFII n,'STS A.'\'D RESl'U, 

1 

5 . .'1.2 '2'''',' I~ Fn'(JIl('II('~ I~('&ponsc 

I h,- I,'" '-'lll il'J\ll'llb :lYc" '~llIp '" III s"uion 5.5. I , 'lhe ,we~ p ",cillatorfreqllCncy js ,'arj~d 

~'" I Ill<: f fl''! LlCIl~)- re', III H' " . " " " ." "IT ,·d for ,he r,! : I c f r"<j II C' Jl Cl '" () j i ni en." I. 'I II,.' ,''\ p,-"'i; I "d 

jilt~r 3-dlJ bal1dwidth i, 1'i0 \1IJz. 

Rcsuh 

Tabk -'_ 12 ,how, [h" IlOW" .. 1.:0\-.:01 of the OUII' LlT "~nJL "-, ,,,cusLlrcd by Ih" power mO · 

Ter. l "i~ Ll'C 5.1 6 ,lIow, II,: mC"'ll"x] "\l Ip"! W 11,,: mix,'r. M6, Wl1h Ih" input fr,',!u,'nc}, 

heing 1ll<H",,1I1), ""'"lOt trom j'!07 '\IHz I" 1404 MHL ami ( h~ 'Iable LO being- hxed"1 

1112 t-IlIz 

L;bj~). 12. OlllpU( Le"~l of 2"o} I I' 1I1l il at .\15 

I Fr~q 1\11171 SwpO,c IclIlml I J'; t. , C Idllm I ,,' Gain I dL> I 
(''i _327 -2(,_2 6.5 

8' -.11.7 -18.2 p, ~ 

15~ -32,[ -152 1[,5 

2:1:1 _:12.7 17,1 

l-
I '; ,1 

26;' --'2.7 -28,5 ~,2 
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5.6. THE IF CHAPTERS. TESTS AND 

17.5 

15.4 2.1 

e 
"I :;;:, 

" >-
j 6.5 

~ 42 
0 

"" 

65 81 158 233 262 Frequency [MHz 1 

5. Relative Gain of IF 

INMET barrel attenuators (20±O.5 30±0.8 

Coaxial 

Test: 

The eqlnplmelnt is as shown in to the attenuator is measured 

by the power meter as 0±0.2 dBm. The to the filter is 1-1", ............ down set to -50 ± 

0.9 dBm two cascaded barrel attenuators where the n",('prt<ll1nhl is as, 

0.9 

This power level cOITes:polnds to the simulated return power from a comer reflector at 

antenna 3. 

Result: 

The level is shown in A.4 of Appendix A and the and filtered 

level of -34.6±0.4 dBm is measured the meter for a full 

ono dBm. 5.13 shows the and 

the COlTe~;POn(1:mg pvr,,,,.,t,,,r! level is cOlnp:arabl 

The 1.9 dB difference is due to an underestimate of the losses in the "V'UVV'H""'~" 

and __ ,,, .... ,., of the IF 
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A 

Test: 

The test 

IF as the 

IF 

30dB 20dB 

Table 5.13: 

f,= 9300 MHz 
B = 200 MHz 

[FL5] [AMP 4] 

5. RECEIVER 

[SW4] 

3rd IF 

5.17: X-Band Test 

Power Level of IF 

[L03R] 
Local 
Oscillator 
@ 8000 MHz 

LO input = 8 - 13 dBm 

[M5] 

B 

Section 5.6.1 is used to test the cut-off effect of the filter FL5 of the 

The is over a range 

of rrell1UenCles the mixer M5 is measured the power meter. The 

is n~r.~'~·"~ before measurement to that 

oscillation is not The stable LO was set to 8000 MHz at a 

power level of 10 dBm and UU1HL,""o;;;U the "V1n"'~ rn"nl 

Results: 

Table 5.14 shows the as the ofthe was varied man-

The 3-dB bandwidth of the filter FL5 is 200 MHz. 5.18 shows the 

IF. The 9198 MHz and 9405 MHz which downconvert to a 
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5.7. NOISE FIGURE TEST CHAPTER 5. RECEIVER TESTS AND RESULTS 

lSA 

1206 
1203 

s 
o:l :s:. 
OJ 

502 > 
~ 408 
~ 

" <f 

970 1198 1300 1405 1860 Frequency [MHz] 

5.18: Filter Transfer Function of 3rd IF 

IF of 1098 MHz and 1505 MHz have ,.",,,,.,,,,,,·ti power levels of 3.1 dBm 

and 2.8 dBm below the center u...,.-j ....... ou"y of 1300 MHz. 

Table 5.14: Level of 3rd IF unit at M5 

1 
1300 
1405 

The 

based on the "1-","" ........ 

sheets. The 

result. 

Noise 

meter also 

-37.7 
-50 -34.6 
-50 -37.4 
-50 

overall noise 

in their res:oel:tnre data 

an u ............. ",·u of the of receiver as an 

'lJ"''-'lU.'Ul.l1, DC power INMET barrel 

'-"!",UtH MUlJtlrnetler Test Cables. 

Test: 

The noise source was 

at the 

measured the noise 

the Noise Source 

filter and the 

meter, as shown in 

70 
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5.7. NOISE CHAPTERS. TESTS AND 

Results: 

The noise 

and 

Noise 
Source Drive Automatic 

Noise 
Meter 

Input 

Noise 
Source i---------j 

5.19: Noise Test 

was calculated for a range of Ifeqw~nc:tes over a 

5.20 shows the measured noise of the receiver. 

iii' 
"-

~ 
I 

" z 

J 

4.26 

4.24 

4.1~·'::OO---C9:-:':'5::-0 --:::92C:::OO---'9:-:':25::-0 --:::93C:::OO:--9:-!:3SO::---::9400-!::-::--9:7:4SO::---::9S::-:00=--:::-:95S=-O ---::!960·0 

Carlier Frequency (MHz] 

5.20: Plot of Receiver Noise Test 

of 500 MHz 

A noise of 4.20 dB was measured at 9300 MHz and this rnlTP<,nnnll" to the mini­

mum attenuation of the MGC which was set to 5 dB. The overall of the receiver is 

a result of the noise meter. 5.21 shows a of 

The total of the receiver at 9300 MHz is 80.5 dB. From Table 4.1 of 4, the 

total of the receiver measured is close to the theoretical of dB. This dis-

crepancy is due to an underestimate in the losses in the receiver as " ... HUJl", losses were not 

considered in the "''"',HF, .... 
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5.7. NOISE TEST CHAPTER 5. RECENER TESTS AND RESULTS 

00.5 

80A9 

80.48 

80.47 

~ 80AB 
iii 
'" ~ 80.45 
.~ 
a: 

~ 
80.44 

80.43 

80.42 

80.41 

00 .. 
9100 9450 9500 9550 9600 

5.21: Plot of Overall Gain of Receiver 

This noise relates to the noise terno;eratm'e and is 

(F - 1) x 1) 

x 290 

473K 

where F is the noise factor. 

The worst-case noise 

uation of 35 dB when 

is attained when the is switched on to maximum atten-

are in the swath width. 5.22 shows the 

noise of the receiver over a 500-MHz 

at MHz sits at 9 dB resulting in a noise teIlaoe~rature 

5.23 shows a 

(10°·9 - 1) x 290 

2014K 

of the calculated cumulative noise 

chain. The of the LNA is up to the 

HH;al>Ul~;U noise 

down the receiver 

of the SP2. 

An noise is at minimum attenuation. This in a 
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BANDWIDTH CHAPTER 5. RECEIVER TESTS AND RESULTS 

9.07 

9,06 

9.05 

., 
"" 9,04 

; 
if 
I 9.03 
'0 
:z 

9.02 

9.01 

5.22: Worst-Case Noise 

theoretical receiver noise tpnnnp· ... <ltnrp ."A,UUL.LVU 5.1 as, 

(10°.247 
- 1) x 290 

222.2K 

~ 222K 

noise measured differs 1.73 dB whilst the worst-case noise 

is 1 than "V'r\",,,,·t,,,rI 

receiver COlTIplone:nts and ,",,,,,,uUF,' 

This is nr/-.n<.n to a loss in in the 

The cascaded filters are tested in this section to the cut-off Trp,nnf'n and the -3-dB 

" ... ".,.,trl1rn on either side of the centre 1""P.f'111~·"" of 158 MHz. 

DC power 

Test Cables. 

INMET barrel U ...... UL .. "LU' . ." 

Test: 

The eX1Jerlmient was as shown in 5.24. The and the two LO's were 

fed from 3 calibrated sweep oscillators. The was then 

over a bandwidth of 200 MHz with the centre AA"'''''~'''A~ at 9300 MHz. The of 

was measured and the l<nf'f'Tlm 
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5.B. BANDWIDTH TEST CHAPTER 5. RECEIVER TESTS AND RESULTS 

Noise figure {dB} 

2.5,-------------------------, 

2.3 

22 

2.1 

1.9 

1 .• L.-----------------------' 

LNA M5 AMPS 

5.23: Theoretical Plot of Noise 

STALO@ 
8000 MHz 

STALO@ 
1142MH.1. 

15V 5V 

OV 

DC Power Supply 

STC MGC 

of the Receiver 

5.24: Receiver Test 
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BANDWIDTH TEST CHAPTER 5. RECEIVER TESTS AND RESULTS 

Table 5.15: Power Level Relative To The Centre "'r"'n"a.~~, 

94 MHz 

-1.98 

-4.98 -4.97 

-11.98 -11.98 

--98 108 158 202 216.5 

5.25: Relative "'t,,~,..h·<> Power Level 

Results: 

From the a marker was fixed on centre IF of MHz at -1.98 dBm 

and a second marker was used to read off the different ,,"p,rtr<> power level relative to the 

centre and the result is tabulated in Table 5.15. 

5.25 shows the relative power level of the downconverted from 

9300 MHz to 158 with an overall-3-dB bandwidth of 94 MHz. This is 6 dB short 

of the resultant 3-dB bandwidth of 100 MHz that the receiver was for. 

5.26 shows the as on the with the second marker on 

the -3-dB relative to the centre Uv''"IU,jUv 
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SUMMARY 5. RECEIVER TESTS AND RESULTS 

The tests are to the of the receiver. The best-case 

worst-case scenarios were tested. The receiver was broken down into 4 and the 

tests are below: 

• Gain Test. 

test was used to the actual of 

• Insertion loss tests of the of receiver 

l. MGC section. 

2. STC section. 

3. IF section. 

4. IF section. 

The tests include the a at a power level U,",'H!<,'''''''' in B.l of 

B for the IF ",",,",''v,,,, and the power level. The 

of the au._ .. y.",,] varied and 

verified and the actual 3-dB bandwidth is measured. 

filter transfer ruI1CtllOn is 

5.16: 

• Receiver noise test. 

The theoretical noise 

case "" .... u"'''v. A 

MGC. 

• Receiver I-<rp-{1n,>n 

The 1"1""',"''''" 

centre 1" .. ",.-.n,3"o"'" at 9300 

,,,,",u,,,,,,",,,, to be 94 MHz. 

and I .. ivlnpr-t",rl Power Level 

of the receiver is tested for worst-

4.20 dB is measured at minimum attenuation of the 

is varied over a bandwidth of 200 with the 

and the transfer function of the combined filters is 
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--."0 ...... 1:> this .. "''''''''','''... the conclusions can be drawn: 

• A receiver of dB is sufficient in vV'.",",,'Ul". the to within the op-

power of the ADC. An power of - 50 dBm ',-,"'UH'OU in a receiver 

dBm. The power of the receiver was dBm. 

Losses in the ~~., .... , ... and ,",VjHl~',","JH'. and un'~Hlli5 are the main 

in a",v,a'<UJlUi5 to -1.98 dBm. 

• The ""U.pHll .... ' are within the manufacturers' ........ "U .. va..JlVU". The DC 

was V. Table 6.1 shows the different «H'PU"'" used in the receiver and 

their rp"np,~t",p. e:l{pe~ct{~d and measured 

• The transfer IUnlcw::ms of the ValA",",""" filters are aY'_'"!u .... , .. in "tt,,,,.,,,,,t,,,., 

RF to A series 4 .... a"·'"'a'l~u 

3-dB bandwidth 100 MHz. The measured 

3-dB bandwidth of the receiver is 94 MHz. 

Table 6.1: bX1Decte£1 and Measured rl.1.UPJlHl'~' Gain. 

19 20.4 
19 20.3 

AMP8 19 20.2 
AMP9 20.3 
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• The dual downconversion ensures that responses are attenuated the 

filters from the to the 1 st IF. The attenuation of the stable LO for the is 

measured to be 25.6 which is due to the of This 

ensures that the 1142 MHz stable LO will be 

attenuated further down thr,nl1crh the use of the IF filters to reach a minimum. 

• the antenna vv'v~"I;'a axis closer to the in vV'V"".'''!'. the 

return power from in the 3-dB beamwidth at the range. The 

in the power level of the at is small and is due to the fact that the 

at near range fall outside the 3-dB beamwidth. 

• The UWlnAi'CU.'vu noise is 15.4 dB below the thermal noise for maximum attenuation 

for in Maximum 

attenuation occurs when 

the 3-dB beam width of the antenna. 

• minimum zero of the 

mainbeam close to the is -54.5 dB at an H!v!uv.Uvv 

• The noise was measured to be 4.20 

an antenna with 

of 55°. 

ture of 473 K. This is achieved with a minimum attenuation of the MGC. 

• None of the COmT)Orlents are driven into saturation. The receiver works well in 

,.,n'''nf'{'\1'''p'rT11' .... , .. 1">" .... " from RF of 9300 MHz to an IF of 158 MHz. The power 

level at the of the is lower than 4.3 dB. 

Based on the PYlnPT'PT'/,P 

tions are made: 

and the conclusions 

• The receiver and the transmitter should be 

receiver tested. This would allow the 

• To cater for the lower than eX1JeClea 

the 

of the 

• The antenna VVJlHp .. '''"H5 of the ""'I,"""'''' and TR 

recommenda-

range of the 

the 

an additional 

should be included in 

pel:101~mf~a to test 

the power reflection from the antenna and attenuation of the TR cell. 
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AND RECOMMENDATIONS 

• The transfer should be 1m' ....... ,..." .. " to achieve the 3-dB of 

100 MHz in the user 
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Appendix A 

Spectrum Analyser Output 

l igures 1\.1 ,,"d A2 ,how, Ih~ two spedf" at 3 cil belo,,· the 15~ "HT7.cerm~ f,.~qll"ncy_ 

, 
" , 

Fi~'Jfe AI: Low Slue Signal Le\'d of 3-uB Filter CtuDff. 
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___________ --"A I'PE,\'IJIX A SPHTRUM ASMYSrl< 0(."11'(/'1' 

Figm~ A.2: High Si(ie SigLlJI L"v~j ur ~-JB Filler Cul-O!]', 
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IIPPf:,\' IJIS A SI'IXTRUM ANAL'I'SEII. OUTI'lIT 

The mixer ~j(, outpll1 signal of the 2"" lI' is , h"wn In Fi~Ll'" .'\,3 a, <ii'pl,,}<,d ,'" Ih" 

sp..;ClrUl1l Wl"I",a, 

~ ... l ", 
lS8.~~ Mitz 
-14.1 iIJ.a , 

FJgu,-~ A . .l' Oll1l'Ul Signal at 15H -'H17 

Figme A A- Inpllt Signal tor :1'" IF 
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API'E .... 'DlX A. SPErrnr:tv/ Ar..'AI.YSER OU11'U1 

The OUlp lll test 'lgnJ] nf the 3'" IF ,uge i, shown here in tiglLre A.S 

... , .. r ... 

11.il.er 
1. 3I:~H:I)b'eB 6Hz 
_345":; cI;l _ 

Figure A5. O",I-'u[ Signal L~,·cI fllr yo IF 
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Appendix B 

Receiver Level Table For Max 

Attenuation 
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Appendix C 

Swath Width Simulation Code 

V'j.~'" M,,'''-'''''''" 
~~5/C2/C] 

de 

; ::"; 0 , 

'·~0, 1-

t.Uj _ 9. <oj 

." '.J'" 

'1'_ ,, -, o:! 2i.g.\< 

,Vt ", ~~ _ ~'(\ __ d~, 

\!'_"'~"_"" ;",, -,~., 
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'it s·,,~o" ·,,:' dt~, _ I(J'l.n'd, ; 

rrrin,<' ' __ 'o_""t Ban"o 0',' "'>' ,,-,d:' 
,------Ci,' ~ r 'np.' ",; .,','e' ~ r,,~"- ,n'" ·]~ .c • .-~ " .C9"0 _"'-' _".e~ "'""-------------------, 
,------."' ] ,,_.P' d'~ ."'c~'-' "'."'" ', y .' ~ 

'L .. 'L_~_"'- ;, P" 

~"t.r,!ot~'t _"o,,1<';oi 18:, ; 

.'qrc(t,·-·2, ~rO _ '-' ''~0 .tut A;'., 

. LI 

_,_'Lh 

:'u,idHC~ ~'_'J_' :' 2 . 1t o, ·. "c'~ ~n"_ ' 1 

; u,' 

"'"c"~".~,,' .• , "."'." '" ~ncHi.,,,-~ ""Y" .-:,.,,~ J-dB ~ j,,~·Co L~~:"'Ld[_" 

.,_c·p _ :'n:·ct( ' __ >S00P ,i'0 in c10"cc'o< (0 . " . _' .' 

·'tl,;.-hc] t'," ','~ ", ,' .cd ," ,., ."'~ 

.~,. _",<'-00 ,- st " " __ " '''i l s 'I'.-i / 18a -' .. 

, -- - - --- -- - -- -- -- - -- ------- -- -------------- -------------- -- - -- -- ---

J.1,'J._~n~ _ . ~0" i"uo __ ",glc ' , HP ' _'O'-'p_. "~- " ; 

. "_'-H_,-~d ;"c, _ "qh_d.c.'!jO:'i_'O: ; 
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APpr,..,'DlX C 5'\\;11 H WIDTH ~IMl:L,rflO,\' CODE 

" -~iq "" ct ,'rc,y 
,_ LuqLhl'nc; ; xl," ",d,I, 

" '~'" P''T,J~ ~~~~n~~n<: on ;r_c,~, ,'cQ •• nd'" 

'F'-" "\,C~'00'~ r~:'" ~ot,i-__ ~t:.i ,"J'ITn:' or ~ 'C"'C'U '-c Cc'"":c ~ ,- n'\r ' 

choio~ _ ll'vm1 ' __ ,'r;,,,c- j ~Ol' CO"-'H 2 to" "lq,,~_'; 

," ,''''' _0"1,' 
ci'ILlnh'Oc'i I 1-;'-J. 6 i - "c'O IJnci_ ,n'I,-Q_ ""d: , 

IEA_1.1:' · o c'"~;OC' , nJ ~ ,,-I~ 

"'lr-,."N 1_0'-2 . 0: ·"",:;)' 0' ''"- J_~ ""~:, 

~ "H' oh' G~ 

',-,,1uo , 

!; , ; , (-' 

4''''-'1 . "'2; ,:3 ' :"IT~~,' '2: 

, , 

_'"'" ,-s _ : _ ,; (ll :0 SO o'nnH' ' ~ I-IH_tO' 1,; 

HI _ /1';:' ; 

: 0 _ ; 
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