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MICROWAVE RECEIVER SYSTEMS

1. SINGLE/DUAL POLARIZATION
2. SUPERHETERODYNE PRINICPLE
3. RECEIVER NOISE

Jon Hagen,  Sr. Staff Engineer
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SINGLE AND DUAL-MODE TRANSMISSION LINES
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FRONT-END PHOTOS

BAND
PASS
FILTER

 AMPLIFIER AMPLIFIER  AMPLIFIER

TO BACK END

BAND
PASS
FILTER

SIG. FROM 
ANTENNA

BAND
PASS
FILTER

SIGNAL FREQUENCY MAY BE TOO HIGH FOR PRACTICAL NARROW BAND FILTERS

DIFFICULT TO CHANGE THE CENTER FREQUENCY

TOO MUCH GAIN - MUST BE WELL SHIELDED OR WILL OSCILLATE

BACK END MUST BE NEARBY TO AVOID TRANSMISSION LOSS

SIGNAL FREQUENCY MAY BE TOO HIGH FOR AMPLIFIER TECHNOLOGY

PRE-SUPERHETERODYNE RECEIVER BLOCK DIAGRAM

SINGLE-KNOB TUNNG

Philco Model 39-70   http://www.grandcanyontuberadio.com/philco/philco10.html

SUPERHETERODYNE

Atwater Kent Model 4560
Western Historic Radio Museum
Virginia City, Nevada

PRE- SUPERHETERODYNE

ARMSTRONG & THE
SUPERHETERODYNE

http://www.geocities.com/neveyaakov/electro_science/armstrong.html

RF  AMPLIFIER

LOCAL OSC. VOLTAGE
(SINE WAVE)

FREQUENCY CONVERTER
A.K.A. "MIXER"

SIG. FROM 
ANTENNA

TO BACK END

I.F. AMPLIFIER I.F. AMPLIFIER

BAND
PASS
FILTER

BAND
PASS
FILTER

BAND
PASS
FILTER

BAND
PASS
FILTER

FRONT END

IF/LO

SUPERHETERODYNE RECEIVER BLOCK DIAGRAM
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MULTIPLIER
Vsig

SUPERHETERODYNE SYSTEM  
1917, E.H. ARMSTRONG  

Vmult = Vsig x Vosc

Vosc

BAND PASS FILTER Vout

Vsig Vosc Vmult

Vout

500 MH Z
LO W -P A S S

11-7

500 MH Z
LO W -P A S S

11-7-10 18

-10 18

-10dB
- 1 0

FP

0.5 -  1.0 G H Z- 3

- 7 - 3

0 .5  - 1 .0
  B P F

- 1 0
18

- 6

- 6

- 6

- 6
-7

-7

-7

-7

11

11

11

11

500 MH Z
LO W -P A S S

500 MH Z
LO W -P A S S

500 MH Z
LO W -P A S S

500 MH Z
LO W -P A S S

- 3

- 3

- 3

- 3

18

- 6
- 3

- 6
- 3

11

11

B A N D P A S S
1.25-1.75G H Z

B A N D P A S S
1.5 - 2.0 G H Z

B A N D P A S S
1.0 - 1.5 G H Z

23

-3

-3

18

-3

0.5 -  1.0 G H Z0 .5  - 1 .0
  B P F

0 .7 2 -0 .7 8
  B P F

-3

500 MH Z
LO W -P A S S

11
-7-10

18 - 6
- 3

LO  7B

11

11
500 MH Z
LO W -P A S S

11
-7-10 18

- 6
- 3

-6

LO  1 C H B

FR O M 
U P S TA IR S
IF/LO
S Y S TE M

-9

11

11

11

11

V LB I LO  B

4

-9

1.0 - 2.0 G H Z

23

23 -3

MIX E R S  P O L A   C H  1-4
R A C K  4
(S E E  S C H E M. S H E E T 7)

SW ITC H  2  PO L  A C H  1 - 4
R AC K4
( SEE SC H EM . SH EET 9 )

S W ITC H  2 P O L A   C H  5-8
R A C K  4
(S E E  S C H E M. S H E E T 10)

MIX E R S  P O L A   C H  5-8
R A C K  4 
(S E E  S C H E M. S H E E T 8)

S W ITC H  1 P O L A   C H . 1-4
R A C K  4 
(S E E  S C H E M. S H E E T 4)

S W ITC H  1.5 P O L A   C H  5-8
R A C K  4
(S E E  S C H E M. S H E E T 6)

-6

-6

-6

N O M. 200 MH Z - 400 MH Z

N O M. 200 MH Z - 400 MH Z

A LFA  FIB E R  R E C E IV E R
(S P E C TR O ME TE R  R O O M)

7

A LFA
FIB E R S
P O L A

7

A LFA
FIB E R S
P O L B

D A TA  
S E LE C TO R
(1 O F 14)

E TC .

FR O M 
A LFA  
FR O N T E N D

V LB I  
0.5-1G H z 
O U T

A LFA  1A
A LFA  2A

A LFA  3A
A LFA  4A

A LFA  5A

A LFA  1B

A LFA
5A

LO  5A

LO  6A

LO  8A

LO  2A

INPUT DISTRIBUTOR:
 if2  "if2_inpfrq 1500"
 if2  "if2_inpfrq 750"
 if2  "if2_inpfrq 750nb"
 if2  "if2_inpfrq 300"
 if2  "if2_inpfrq alfa"

1750

1500

1250

750

"750"

"750nb"

"300"

720-780

0.5-1 G H Z

0.2-0.4 G H Z

1.0 - 2.0 G H Z "1500"

MIXER SOURCE
8 INDEPENDENT SWITCHES
if2  "if2_mixer m1 m2 m3 m4 m5 m6 m7 m8"
where m1-m8 are all 750 or any mixture
of 1750, 1500, and 1250

CORRECT SWITCH 2 POSITIONS
ARE SELECTED BY if2_inpfrq

3

1
2

1

2
3

4

4

N O IS E  
S O U R C E
35 dB  E N R

R P

-6

R P
TE S T 
P O R T

1 0 d B

1 0 d B

-6

-6

-6

-6

-10
-10

-10

2G H Z
LO W
P A S S

-10
-10

2G H Z
LO W
P A S S

-10
-10

2G H Z
LO W
P A S S

-10
-10

2G H Z
LO W
P A S S

19

19

19

19

-10

-10

-10

-10

3

3

3

3

2G H Z
LO W
P A S S

2G H Z
LO W
P A S S

2G H Z
LO W
P A S S

2G H Z
LO W
P A S S

LH C  FIB E R
FR O M
D O ME

R H C  FIB E R
FR O M
D O ME

FIB E R  R E C E IV E R
R A C K  5

R E V E R S IN G
R E LA Y

-6

P O L. B  
(TO  P A G E  2)

E X T.
C A B LE

1 .  "FP"  =  FR O N T PAN EL
2 .  "R P"  =  R EAR  PAN EL
3 . IF  AM P IS C ASC AD E O F 1 , 2 , O R  3   1 0 d B AM PS
4 .  1 0 .5  d B AM PS: C O U G AR  AC 2 5 4 6 C , 1 6 d Bb  O U T @  1 d B C O M P.
5 .  1 1 d B AM PS: C O U G AR  AC 5 5 9 C , 2 0 d Bm  O U T @  1 d B C O M P.
6 .  1 8 d B AM PS: C O U BAR  AC 2 5 6 4 C , 1 5 .5  d Bm  O U T @  1  d B C O M P.
7 .  2 3  d B AM PS: M C L  ZX6 0 - 2 5 2 2 M , 1 8 d Bm  O U T @  1  d B C O M P.
8 .  1 6  d B AM PS: M C L  ZX6 0 - 2 5 1 4 M , 1 6 .5 d Bm  O U T @  1 d B C O M P.
9 .  1 3  d B AM PS: M C L  ZX6 0 - 2 5 1 0 M , 1 5 .5 d Bm  O U T @  1 d B C O M P.
1 0 . 2 1  d B AM PS: M C L  ZFL - 5 0 0 H L N , 1 7 d Bm  O U T @  1 d B C O M P.

NOT ES

A LFA  MO N ITO R

A LFA  6A

A LFA  "7A "
       P W R  
S P LITTE R

FIB E R  R E C E IV E R
R A C K  5

O rtel 10450
.01-6 G H z

1,2,...11dB
18 -6

10,20,30dB

C A S C A D E  O F 1, 2, O R  3
10.5dB  A MP S3

-10

FP

IF C H  A   TO
V IS ITO R S '
R O O M

-20 

-6

-6

-6

-6

FP

FP

FP

FP
-20

-20

-20

-20

G P IB
R E A D -
O U T

-10

H P 4412
P W R  H E A D

-10

H P 4412
P W R  H E A D

FR O M
P O L B  IF A MP
(R A C K  6)

D U A L
C H A N N E L
P O W E R
ME TE R    #1

H P  E 4419A

R A C K  5 
LE FT H A N D  P W R  ME TE R

TRANSFER (REVERSING) SWITCH:
EXAMPLE:   if2  "if2_xfnormal  T"
(USE  F FOR REVERSED)

4 -W A Y
P W R

DIV ' DR

=-6
C IR C LE S  R E S P R E S E N T 
P W R  S P LITTE R S :  E X A MP LE

DOW NSTAIRS IF-LO SYSTEM  
FUNCTIONAL BLOCK DIAGRAM

PAGE 1 OF 3: POL. A SIGNAL PATHS
FIBER & HELIAX INPUTS, POW ER 
METER 1 ,  ALFA MONITOR

GAIN:
EXAMPLE:   if2  "if2_gain 14, 10"
(CHANNEL A: 14dB, CHANNEL B: 10dB)
RANGE: -11 TO 30

SIGNAL SOURCE
EXAMPLE:   if2  "if2_sigsrc  grg"
(gr=greg, ch, noise)

A LFA  0A   (TO  S W .2, P O L A )

A LFA  0B   (TO  S W . 2, P O L B )

TR A N S FE R  S W ITC H
R A C K  5
(S E E  S C H E M, S H E E T 0)

P O L  A   FILTE R S
R A C K  4 
(S E E  S C H E M, S H E E T 3)

S W ITC H  1 P O L A   C H  5-8
R A C K  4 
(S E E  S C H E M. S H E E T  5)

IF A MP  P O L A
R A C K  4
(S E E  S C H E M, S H E E T 1)

IF S W ITC H  P O L  A
R A C K  4 
(S E E  S C H E M, S H E E T 2)

750

1500

VLBI SIGNAL SOURCE:
EITHER  if2  "if2_vlbainp 750"
OR   if2  "if2_vlbainp 1500"

R H C  
A U X  O U T

LH C  
A U X  O U T

A LFA
6A

A LFA
4A

A LFA
2A

A LFA  
0A

"A LFA  1"

"A LFA  2"

"A LFA  3"

"A LFA  4"A LFA  
"7A "

A LFA
3A

A LFA
1A

"A LFA 1"

"A LFA 2"

"A LFA 3"

"A LFA 4"

LO  1A

LO  3A

LO  4A

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

-3

-6
1 1

1 1

1 1

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

-3

-6
1 1

1 1

1 1

11

1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

-3

-6
1 1

1 1

1 1

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11

1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

-3

-6
1 1

1 1

1 1

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

-3

-6
1 1

1 1

1 1

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

1 1

1 1

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

-3

-6
1 1

1 1

1 1

-3

-6
1 1

11
1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

11

1 7

1 7

1 7

1 7

-6

-1 0
-6

-1 0

-3

-6
1 1

1 1

1 1

2

6

7

1

3

4

5

2

6

7

1

3
4

5

2

6

7

1

3
4

5

2

6

7

1

3
4

5

2

6

7

1

3
4

5

2

6

7

1

3
4

5

2

6

7

1

3
4

5

2

6

7

1

3
4

5

AM PS 7 &8
PO L  A
R AC K 4

AM PS 5 &6
PO L  A
R AC K 4

AM PS 1 &2
PO L  A
R AC K 4

AM PS 3 &4
PO L  A
R AC K 4

FPFP

FPFP

FPFP

FP

FP

FP

FP

FP

N C
N C

N C

N C

N C
N C

N C
N C

N C
N C

N C

N C

N C
N C

N C

N C

N C

N C

N C

N C

N C

N C

N C

N C

8:1 S W TC H  (FO R  P W R  ME TE R  2)

8:1 S W TC H  (FO R  P W R  ME TE R  2)

8:1 S W TC H  (FO R  P W R  ME TE R  2)

8:1 S W TC H  (FO R  P W R  ME TE R  2)

8:1 S W TC H  (FO R  P W R  ME TE R  2)

8:1 S W TC H  (FO R  P W R  ME TE R  2)

8:1 S W TC H  (FO R  P W R  ME TE R  2)

8:1 S W TC H  (FO R  P W R  ME TE R  2)

G A LFA

G A LFA

G A LFA

G A LFA

G A LFA

G A LFA

G A LFA

W A P P 1 B O A R D  2A

W A P P 4 B O A R D  1A

W A P P 3 B O A R D  1A

W A P P 2 B O A R D  1A

W A P P 1 B O A R D  1A

W A P P 4 B O A R D  2A

W A P P 3 B O A R D  2A

W A P P 2 B O A R D  2A

P LA N E TA R Y  D E C O D E R

260 TO  30 C O N V E R TE R

C O R R E LA TO R

C O R R E LA TO R

C O R R E LA TO R

C O R R E LA TO R

H A N K IN S  1

H A N K IN S  2

V IS ITO R S '  R O O M

1

2

5

6

LH C  C A R R IA G E  H O U S E  S IG N A L
(C O N V E R TE D  TO  260 MH Z)
FR O M p. 3

R H C  C A R R IA G E  H O U S E  S IG N A L
(C O N V E R TE D  TO  260 MH Z)
FR O M p. 3

file:  ifdwn1.ecw  
last rev . APR. 7, 2005

DOWNSTAIRS IF/LO SYSTEM

http://www.naic.edu/science/generalinfo_set.htm

FILTER:
1 MHZ BA NDWIDTH

EXAMPLE

POWER METER

R @ T1 R @ T2

READS -114dBm
i.e.  10^(-11.4) mW. RESISTOR AT

290 DEG.K
 (17 DEG C)

POWER  = kT1 BPOWER  = kT2 B

FILTER:
BANDWIDTH = B

WHITE NOISE PRODUCED BY RESISTORS

Gamp

S_in S_out =  G S_in  + G kTamp

IMAGINARY RESISTOR
AT TEMPERATURE
Tamp

AMPLIFIER WITH EQUIVALENT NOISE SOURCE

3-AMPLIFIER CASCADE

T1

G1

G1 T1
G1 G2 T1
+ T2 G2

T2

G2

T3

G3

=  (T1 + T2/G1 +T3/G1G2 )  G1G2G3

T1+T2/G1+T3/G1G2

G1G2G3

EQUIVALENT AMPLIFER

T1 G1 G2 G3 
+ T2 G2 G3
+  T3 G3

T1 G1 G2 G3 
+ T2 G2 G3
+  T3 G3

NOISE ANALYSIS FOR CASCADED AMPLIFIERS

FINDING THE NOISE TEMPERATURE OF AN ATTENUATOR

Gattn=

Tattn  = Tphys(1/Gattn  -1)

RESISTOR AT PHYSICAL 
TEMPERATURE Tphys

Tattn

ATTENUATOR AT
PHYSICAL TEMPERATURE Tphys

Pout = kTphys Pout = kTphys Gattn  +  kTattn Gattn
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Noise Figure - Alternate way to express
the internal noise of an amplifier:

NFamp=  (290 + Tamp)/290   = 1 + Tamp/290

Note:  NF is the ratio of the output noise power 
to the part of the output noise power attributable 
to the source when the source has a temperature
of 290K.

Berkshire Technologies, Inc.

K. W. Kobayashi, D. K. Umemoto, T

R. Block, A. K. Oki, and D. C . Streit

NRAO 100  GHz   75-110 GHz

700   MHz  Balanced Amplifier

Leif Roschier¤ and Pertti HakonenHelsinki University of Technology, 

LOW-NOISE AMPLIFIERS


