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¥}«�¸�­q¼�«`»�¯u¼(».¿5Ò ¨�¯q¶g¥U­a²|©�»�©p¨i� «�«j©p¼=«`¥r»j¥U°^¥b»M±|¥}«�­uº�»�©p¼�¶:©�µ�¼:©.¶�¯q«�»j¬�©v¸D¬�¯a¼:¦a©�¥U¼�¯a¼q»�©p¼:¼=¯
©/Ë(§:¥U°Y¯u´U©p¼(»�»�©p²|³&©p¨D¯Y»j§�¨j©�®T¬:¥U¸D¬8¨j©.«`§:´r»�«v¥U¼8¯�¸D¬�¯a¼:¦a©c­uº.q r ©.Ëq§=¯u´�»j­*»�¬:©c¨�²{«�°Y¯a´r§:©
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­a¨?�(ÿ	¶�ýÖ·&©p´U­Y®Ö»j¬�©�º½§:¼�¶:¯a²	©/¼(»�¯u´�»j­a¼�©/«/¿

�



OMT/
Polarizer

LNA MIXER IF

FEED LO

¤�¥r¦q§:¨j©|ªeE�Ò «`¥U²|³:´r¥rµ�©.¶m·�´r­g¸D¹�¶g¥}¯u¦q¨�¯a²�­uº�¯�»M±(³�¥U¸/¯u´B¨D¯a¶g¥U­	¯q«M»�¨j­q¼:­a²�±{¨j©.¸�©/¥r°q©p¨.¿

� lm¡�ò ò õh��>
Á�¬:©�²|­(«M»m¸p­a²|²|­a¼�»�­a³&­a´U­a¦a±Ôº½­a¨3¸�©p¼(»�¥r²|©�»�©p¨j¾�®�¯R°a©�¨D¯a¶g¥U­q¯q«M»�¨j­q¼:­a²�±�¨j©.¸�©/¥r°q©p¨D«|¥U«
¶g§�¯a´b¾�³&­a´}¯u¨�¥ræ.¯Y»j¥U­a¼h¬�©�»j©/¨j­g¶g±^¼:©�®T¥r»j¬{¸�­^­a´U©/¶�%�â�ã�Á�´U­Y®�¾�¼:­q¥U«j©�¯a²|³:´r¥rµ�©/¨�«/¿�Á�¬:©�º½©/©/¶BÌ
úLã�Á�Ì�³&­a´}¯u¨�¥Uæp©p¨.Ì�¯a¼�¶ìµ�¨D«M»m¯a²|³:´r¥rµ�©/¨�«{¯a¨j©�­uº�»�©p¼�»�¬:©�²|­q«`»�¸�¨�¥b»�¥U¸/¯u´�¸p­a²|³&­a¼:©/¼q»D«p¿
à�¯u¥U¼Ô«`»�¯a·:¥r´U¥r»M±×¬=¯a«c¯8´U¯a¨j¦q©{©:9$©/¸�»	­q¼Ô¶:¯Y»D¯�Ë(§�¯u´U¥r»M±,¯a¼�¶�­q·�«`©/¨j°^¥U¼:¦�©�á*¸p¥r©/¼�¸�±�¯u¼=¶
²|­q«`»�·&©v¸p­a¼�«j¥U¶:©p¨�©/¶{¯u¼=¶{²|©/¯a«j§:¨�©/¶{¶g§�¨j¥U¼:¦ ¨�©/¸p©p¥U°a©p¨�¶g©/«j¥U¦a¼*¯u¼=¶*¸�­q¼�«M»�¨j§=¸n»j¥U­a¼y¿�Á�¬:©
´U¥r¼:©.¯u¨�¥b»M±�¯u¼=¶�³=­Y®�©p¨v¬�¯u¼�¶:´r¥U¼:¦�­aº�»j¬:©�¨j©.¸�©/¥r°q©p¨�¶g©p»j©/¨j²|¥U¼:©/«v¥b»D«�³&©p¨jº½­a¨�²{¯u¼�¸p© ¥U¼�»j¬:©
³:¨�©/«j©p¼�¸p©T­uºy«`»j¨�­a¼:¦h§�¼(®�¯u¼(»�©/¶|«`¥U¦a¼=¯u´}«�«j§�¸D¬*¯a«�¥U¼(»j©/¨`º½©/¨j©/¼�¸�©Tº½¨�­a²�²{¯u¼g¾�²{¯a¶g©�»�©p¨�¨j©.«M¾
»j¨�¥}¯u´B­a¨�«j³�¯q¸�©�¾�·&­a¨�¼:©L«j­a§�¨�¸p©/«/¿






α

¤�¥r¦q§:¨�©{ß0EcÁ�¬:©*¯a¼:¦a´U©*«`§�·g»j©/¼�¶g©/¶×·^±�»�¬:©*¨�©�Þ�©.¸n»�­a¨ ¯a«h«j©p©/¼,·(±8»j¬:©|º½©/©/¶g¬�­a¨�¼×¥}« ¯a¼
¥U²	³&­a¨j»�¯a¼(»c³�¯u¨D¯u²|©p»j©p¨.¿�Ò�«c»j¬:©3¯u¼:¦q´r©�¦a©�»D«c«j²{¯u´U´\Ì�»j¬�©*º½©p©.¶g¬:­q¨j¼Ù«j¥ræ/©�¥U¼�¸�¨�©/¯q«`©.«h¥U¼
»j©/¨j²{«h­aºT®�¯R°q©p´U©p¼:¦a»j¬�«�¥U¼�­a¨D¶g©p¨ »j­�²{¯u¥U¼(»�¯u¥U¼�¬:¥U¦a¬�©pá{¸p¥r©/¼�¸�±×¯u¼�¶�¯R°q­a¥}¶×©�Ê:¸�©.«j«j¥r°q©
«j³:¥r´U´U­Y°a©p¨.¿

OMT

¤�¥r¦q§:¨�©mû0E*Á�¬�©�úv¨j»j¬:­q²|­^¶:©mÁ�¨�¯a¼�«j¶:§�¸�©/¨mÀ�úLã8Á�Ñc«j©p³�¯a¨�¯u»j©.« ¶g§�¯a´b¾�´r¥U¼:©.¯u¨	³=­q´U¯a¨j¥Uæ/¯u¾
»j¥U­a¼=«�¯u»�¥r»�«�«jË(§�¯a¨j©�­q¨�¨�­a§�¼�¶�¥r¼�³:§g»�³=­q¨`»�¥r¼(»�­�»M®�­�­a§g»�³:§g»5³=­q¨`»D«pÌR§�«j§�¯a´r´U±�¨j©.¸n»�¯a¼:¦a§�´U¯a¨
®�¯R°a©p¦q§:¥}¶g©�­q¨�¸�­q¯uÊB¿

2



OMTPhase
Shifter
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rmsv kTR df=
−









∫4
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2 α
α

ef

f

α =
hf

kT

If  <<  1,  v = 4RkBT2
rmsα

R at T

Filter

B = f2 - f1
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P = kBTn

R at T
Filter

B = f2 - f1

R

¤�¥r¦q§:¨�©�
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»j¥U­a¼=«�¥U«T¦q¥r°q©p¼m·(±C�u�
����#1� ¿

T =
P

kB
s

n

Filter

B = f2 - f1

Unknown source
with thermal and/or
non-thermal noise

Measure Pn, calculate:
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º½¨�©/Ë(§:©p¼=¸�±*¨D¯u¼:¦q©v­aº�¥U¼(»j©/¨j©.«M».¿
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Noise
Source

Ts

Po (bandlimited to B)

Po = GkBTs + K

Define K = GkBTe

Then, Po = GkB(Ts + Te)

G
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Data courtesy M. Pospieszalski of NRAO Central Development Laboratory
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Noise
Source

Ts

Po

G2, T2G1, T1

Po = G1G2kBTs + G1G2kBT1 + G2kBT2

or,

Po = G1G2kB ( Ts + (T1 + T2/G1))

So, Amplifier Cascade has equivalent noise T1 + T2/G1

¤�¥r¦q§:¨�©×ª.ÿ0E8Á�¬�©�¼:­a¥}«`©�¯a¼�¶Õ¦q¯u¥U¼�­uºL»j¬:©�µ�¨�«`»�¯u²|³:´U¥rµ�©p¨{¥U¼Ö¯�¸p¯q«j¸/¯a¶g©�¶g­q²	¥U¼�¯u»j©/«
»j¬�© »j­a»�¯a´�¼:­q¥U«j©h»�©p²|³=©/¨�¯u»j§:¨�©a¿LÁ�¬:© µ=¨�«`»L¯a²	³�´r¥rµ�©p¨v¥r¼×¯{¨�©/¸�©/¥r°q©p¨�¥}«L¸D¬:­q«j©p¼�»�­�¬�¯R°q©
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Noise
Source

Ts

Po

G2, T2
G1 < 1

Loss

Let L = 1/G1, then for ohmic loss at physical temperature To,

the effective noise temperature of the loss is (L-1)To .

Effective noise temperature of the loss - amplifier cascade

is:   (L-1)To + LT2 .
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LNA MIXER IF

Frf Fif = |mFrf ± nFlo|

Flo

FrfFloFif

Frf FloFif
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Tchebyscheff filter response in dB:

Tcheby n ω, ε,( ) 10 log 1 ε cos n acos ω( ).( )
2.. ω 1if

10 log 1 ε cosh n acosh ω( ).( )
2.. ω 1>if

n 5 Number of Resonators

ε1 10

0.1

10 1 0.1dB Ripple ε2 10

1

10 1 1dB Ripple ε3 10

3

10 1 3 dB Ripple

ω 0.1 0.15, 3..
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Tchebyscheff for 0.1, 1, 3dB Ripple

Tcheby n ω, ε1,( )

Tcheby n ω, ε2,( )

Tcheby n ω, ε3,( )

ω

5 Poles
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Tchebyscheff Response for 3,5,7,9 Poles

Tcheby 3 ω, ε1,( )

Tcheby 5 ω, ε1,( )

Tcheby 7 ω, ε1,( )

Tcheby 9 ω, ε1,( )

ω

0.1dB Ripple
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Lowpass to Bandpass Mapping

ωlpf ω ωo, B,( )
1

B

ω
ωo

ωo

ω
.

ω1 19.8 ω2 20.2 ωo ω1 ω2. B
ω2 ω1

ωo

ω 18 18.05, 22..

18 19 20 21 22
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Lowpass Response Mapped to Bandpass

Tcheby 5 ωlpf ω ωo, B,( ), ε1,( )

ω
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Pout

Pin

Linear Saturated
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F1 F2

2F1-F2 2F2-F1

1:1

3:1

Pi

Po

Third-order

Fundamental
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