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ASIAA NTU PHYSCorrelator System Design
• System Block Diagram:
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Notes:
[1]  Output power from receiver has been reduced from -5 dBm to -8 dBm (2 to 18 GHz).

[2]  Chip amplifiers are Triquint TGA8300-SCC.

(3)  W2 = Andrew Heliax FSJ1P-50A-(), 0.06 db/ft @ 1 GHz, 0.22 dB/ft @ 10 GHz, 0.3 dB/ft @ 20 GHz.

(4)  W1 = Microcoax Utiflex UHJ205A, 0.1 dB/ft @ 1 GHz, 0.25 dB/ft @ 10 GHz, 0.3 dB/ft @ 18 GHz, phase stablle.

(5)  W3 = 0.141 semirigid coax, 0.03 dB/ft @ 100 MHz, 0.5 dB/ft @ 10 GHz, 0.7 dB/ft @ 20 GHz.

[6]  Z1 and S1 are necessary only on half of the 2nd section assemblies (will be replaced by pad and delay line).
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REF. SUPPLIER PN COMMENTS
W2 Andrew FSJ1P-50A() semi-rigid corrugated cable
EQ1 Inmet EQ1251-13M 13 dB slope equalizer, 2-18 GHz
AR1 Celeritek CSA-203093 2-18 GHz, +32 dBm, P1dBc=+20 dBm
FL1 K&L 11SL10-18000/X24000-O/O 18 GHz LPF, 5 on order for prototype
DC1 Krytar 1822 10 dB coupler
CR1 Krytar 201A detector
PD1 Merrimac PDM-44M-10G 4-way divider
W1 Microcoax UHJ205A flex cable
S1 Dow-Key 521-420803A SPDT, terminated, DC-18 GHz

AR2 Celeritek CSA-203093 same as AR1
PD2 Merrimac PDM-44M-10G same as PD1
W3 RF Coax S141LLMM-60S 60 inch UT141-LL semi-rigid cable, phase matched
U1 ASIAA custom in-house assy will utilize 2 TGA8300 + custom 4-way

CM1 Meridian Microwave TBD Custom design, 2 on order
Z1 Weinschel 981 phase shifter, 2-18 GHz, +/-96 psec

B
M

A(f)

BM
A(m
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ASIAA NTU PHYSCorrelator System Design

ASSY NO. 4 (R vs. L)

1L 2L 3L 4L 5L 6L 7L 8L 9L 10L 11L 12L 13L 2L 3L 4L 5L 6L 7L 8L 9L 10L 11L 12L 13L

1R 1 2 4 7 11 16 22 29 37 46 56 67 X X X X X X X X X X X X

2R 3 5 8 12 17 23 30 38 47 57 68 X X X X X X X X X X X

3R 6 9 13 18 24 31 39 48 58 69 X X X X X X X X X X

4R 10 14 19 25 32 40 49 59 70 X X X X X X X X X

5R 15 20 26 33 41 50 60 71 X X X X X X X X

6R 21 27 34 42 51 61 72 X X X X X X X

7R 28 35 43 52 62 73 X X X X X X

8R 36 44 53 63 74 X X X X X

9R 45 54 64 75 X X X X

10R 55 65 76 X X X

11R 66 77 VERTICAL  POWER DIVIDERS X X

12R 78  IN GROUPS OF 4-WAY X

13R (BACK SIDE)

1R X X X X X X X X X X X X

2R X X X X X X X X X X X

3R X X X X X X X X X X

4R X X X X X X X X X

5R X X X X X X X X

6R X X X X X X X

7R X X X X X X

8R X X X X X

9R X X X X

10R HORIZONTAL  POWER DIVIDERS X X X

11R  IN GROUPS OF 4-WAY X X

12R (FRONT SIDE) X

ASSY NO. 3 (L vs. R)

1R 2R 3R 4R 5R 6R 7R 8R 9R 10R 11R 12R 13R 2R 3R 4R 5R 6R 7R 8R 9R 10R 11R 12R 13R

1L 1 2 4 7 11 16 22 29 37 46 56 67 X X X X X X X X X X X X

2L 3 5 8 12 17 23 30 38 47 57 68 X X X X X X X X X X X

3L 6 9 13 18 24 31 39 48 58 69 X X X X X X X X X X

4L 10 14 19 25 32 40 49 59 70 X X X X X X X X X

5L 15 20 26 33 41 50 60 71 X X X X X X X X

6L 21 27 34 42 51 61 72 X X X X X X X

7L 28 35 43 52 62 73 X X X X X X

8L 36 44 53 63 74 X X X X X

9L 45 54 64 75 X X X X

10L 55 65 76 X X X

11L 66 77 VERTICAL  POWER DIVIDERS X X

12L 78  IN GROUPS OF 4-WAY X

13L (BACK SIDE)

1L X X X X X X X X X X X X

2L X X X X X X X X X X X

3L X X X X X X X X X X

4L X X X X X X X X X

5L X X X X X X X X

6L X X X X X X X

7L X X X X X X

8L X X X X X

9L X X X X

10L HORIZONTAL  POWER DIVIDERS X X X

11L  IN GROUPS OF 4-WAY X X

12L (FRONT SIDE) X
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Y
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3-
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A5-Y
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A7
-X

A8
-X

A9
-X
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0-

X
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1-
X

A1
2-

XA1-X
A2-X

A3-X
A4-X

A5-X
A6-X

A7-Y
A8-Y

A9-Y
A10-Y

A11-Y
A12-Y

A1-Y
A2-Y

A3-Y
A4-Y

A5-Y
A6-Y

A8-X
A9-X

A10-X
A11-X

A12-X
A13-X

A2-X
A3-X

A4-X
A5-X

A6-X
A7-X

Notes:
* = to self calibration matrix (not shown)

1) Switches shown in X*Y and Y*X position

2) Paths without switches will be equalized
with delay lines to match phase shifter and
switch

D. Kubo
Dec 9, 2002

X Y X YX Y X Y X Y X Y X Y

A1 A2 A3 A4 A5 A6 A7

* * * * ** ** ** ** **

1st Section

2nd Section
(includes phase
shifters and
switches)

3rd Section and
Correlator Boxes

• IF Interconnect, 7-elements:
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ASIAA NTU PHYSCorrelator System Design
• IF Interconnect, 13-elements:

Notes:
* = to self calibration matrix (not shown)

1) Switches shown in X*Y and Y*X position

2) Paths without switches will be equalized
with delay lines to match phase shifter and
switch

X Y X YX Y X Y X Y X Y X Y

A1 A2 A3 A4 A5 A6 A7

* * * * ** ** ** ** **

1st Section

2nd Section
(includes phase
shifters and
switches)

3rd Section and
Correlator Boxes

X YX Y X Y X Y X Y X Y

A8 A9 A10 A11 A12 A13

* * ** ** ** ** **

ASSY NO. 3 (L vs. R)

1R 2R 3R 4R 5R 6R 7R 8R 9R 10R 11R 12R 13R 2R 3R 4R 5R 6R 7R 8R 9R 10R 11R 12R 13R

1L 1 2 4 7 11 16 22 29 37 46 56 67 X X X X X X X X X X X X

2L 3 5 8 12 17 23 30 38 47 57 68 X X X X X X X X X X X

3L 6 9 13 18 24 31 39 48 58 69 X X X X X X X X X X

4L 10 14 19 25 32 40 49 59 70 X X X X X X X X X

5L 15 20 26 33 41 50 60 71 X X X X X X X X

6L 21 27 34 42 51 61 72 X X X X X X X

7L 28 35 43 52 62 73 X X X X X X

8L 36 44 53 63 74 X X X X X

9L 45 54 64 75 X X X X

10L 55 65 76 X X X

11L 66 77 VERTICAL  POWER DIVIDERS X X

12L 78  IN GROUPS OF 4-WAY X

13L (BACK SIDE)

1L X X X X X X X X X X X X

2L X X X X X X X X X X X

3L X X X X X X X X X X

4L X X X X X X X X X

5L X X X X X X X X

6L X X X X X X X

7L X X X X X X

8L X X X X X

9L X X X X

10L HORIZONTAL  POWER DIVIDERS X X X

11L  IN GROUPS OF 4-WAY X X

12L (FRONT SIDE) X

A7-X
A8-X

A9-X
A

10-X
A11-X

A12-X

A1-X
A2-X

A3-X
A4-X

A5-X
A6-X

A8-Y
A

9-Y
A10-Y

A
11-Y

A12-Y
A13-Y

A2-Y
A3-Y

A4-Y
A5-Y

A6-7
A7-Y

ASSY NO. 4 (R vs. L)

1L 2L 3L 4L 5L 6L 7L 8L 9L 10L 11L 12L 13L 2L 3L 4L 5L 6L 7L 8L 9L 10L 11L 12L 13L

1R 1 2 4 7 11 16 22 29 37 46 56 67 X X X X X X X X X X X X

2R 3 5 8 12 17 23 30 38 47 57 68 X X X X X X X X X X X

3R 6 9 13 18 24 31 39 48 58 69 X X X X X X X X X X

4R 10 14 19 25 32 40 49 59 70 X X X X X X X X X

5R 15 20 26 33 41 50 60 71 X X X X X X X X

6R 21 27 34 42 51 61 72 X X X X X X X

7R 28 35 43 52 62 73 X X X X X X

8R 36 44 53 63 74 X X X X X

9R 45 54 64 75 X X X X

10R 55 65 76 X X X

11R 66 77 VERTICAL  POWER DIVIDERS X X

12R 78  IN GROUPS OF 4-WAY X

13R (BACK SIDE)

1R X X X X X X X X X X X X

2R X X X X X X X X X X X

3R X X X X X X X X X X

4R X X X X X X X X X

5R X X X X X X X X

6R X X X X X X X

7R X X X X X X

8R X X X X X

9R X X X X

10R HORIZONTAL  POWER DIVIDERS X X X

11R  IN GROUPS OF 4-WAY X X

12R (FRONT SIDE) X
D. Kubo
Dec 10, 2002
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ASIAA NTU PHYSCorrelator System Design
• IF Interconnect, 19-elements:

Notes:
* = to self calibration matrix (not shown)

1) Switches shown in X*Y and Y*X position

2) Paths without switches will be equalized
with delay lines to match switch
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X Y

A1

* *

X Y

A2

* *
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A6-X
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A
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Note 2nd section power dividers are 5-way
    - pad to equalize for power
    - delay line to equalize delay

2-w
ay

4-w
ay

existing

new

1

2

3

4

5

IN

1L 2L 3L 4L 5L 6L 7L 8L 9L 10L 11L 12L 13L 14L 15L 16L 17L 18L 19L

1R 1 2 4 7 11 16 22 29 37 46 56 67 79 92 106 121 137 154

2R 3 5 8 12 17 23 30 38 47 57 68 80 93 107 122 138 155

3R 6 9 13 18 24 31 39 48 58 69 81 94 108 123 139 156

4R 10 14 19 25 32 40 49 59 70 82 95 109 124 140 157

5R 15 20 26 33 41 50 60 71 83 96 110 125 141 158

6R 21 27 34 42 51 61 72 84 97 111 126 142 159

7R 28 35 43 52 62 73 85 98 112 127 143 160

8R 36 44 53 63 74 86 99 113 128 144 161

9R 45 54 64 75 87 100 114 129 145 162

10R 55 65 76 88 101 115 130 146 163

11R 66 77 89 102 116 131 147 164

12R 78 90 103 117 132 148 165

13R 91 104 118 133 149 166

14R 105 119 134 150 167

15R 120 135 151 168

16R 136 152 169

17R 153 170

18R 171

19R

1R X X X X X X X X X X X X X X X X X X

2R X X X X X X X X X X X X X X X X X

3R X X X X X X X X X X X X X X X X

4R X X X X X X X X X X X X X X X

5R X X X X X X X X X X X X X X

6R X X X X X X X X X X X X X

7R X X X X X X X X X X X X

8R X X X X X X X X X X X

9R X X X X X X X X X X

10R HORIZONTAL  POWER DIVIDERS X X X X X X X X X

11R  IN GROUPS OF 4-WAY X X X X X X X X

12R (ATTACHES TO FRONT SIDE OF MATRIX) X X X X X X X

13R X X X X X X

14R X X X X X

15R X X X X

16R X X X

17R X X

18R X

19R

 -

2L 3L 4L 5L 6L 7L 8L 9L 10L 11L 12L 13L 14L 15L 16L 17L 18L 19L  -  -

X X X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X

X X X X X X X X X X X X X

X X X X X X X X X X X X

X X X X X X X X X X X

X X X X X X X X X X

X X X X X X X X X

VERTICAL  POWER DIVIDERS X X X X X X X X

 IN GROUPS OF 4-WAY X X X X X X X

(ATTACHES TO BACK SIDE OF MATRIX) X X X X X X

X X X X X

X X X X

X X X

X X

X

1R 2R 3R 4R 5R 6R 7R 8R 9R 10R 11R 12R 13R 14R 15R 16R 17R 18R 19R

1L 1 2 4 7 11 16 22 29 37 46 56 67 79 92 106 121 137 154

2L 3 5 8 12 17 23 30 38 47 57 68 80 93 107 122 138 155

3L 6 9 13 18 24 31 39 48 58 69 81 94 108 123 139 156

4L 10 14 19 25 32 40 49 59 70 82 95 109 124 140 157

5L 15 20 26 33 41 50 60 71 83 96 110 125 141 158

6L 21 27 34 42 51 61 72 84 97 111 126 142 159

7L 28 35 43 52 62 73 85 98 112 127 143 160

8L 36 44 53 63 74 86 99 113 128 144 161

9L 45 54 64 75 87 100 114 129 145 162

10L 55 65 76 88 101 115 130 146 163

11L 66 77 89 102 116 131 147 164

12L 78 90 103 117 132 148 165

13L 91 104 118 133 149 166

14L 105 119 134 150 167

15L 120 135 151 168

16 136 152 169

17L 153 170

18L 171

19L

1L X X X X X X X X X X X X X X X X X X

2L X X X X X X X X X X X X X X X X X

3L X X X X X X X X X X X X X X X X

4L X X X X X X X X X X X X X X X

5L X X X X X X X X X X X X X X

6L X X X X X X X X X X X X X

7L X X X X X X X X X X X X

8L X X X X X X X X X X X

9L X X X X X X X X X X

10L HORIZONTAL  POWER DIVIDERS X X X X X X X X X

11L  IN GROUPS OF 4-WAY X X X X X X X X

12L (ATTACHES TO FRONT SIDE OF MATRIX) X X X X X X X

13L X X X X X X

14L X X X X X

15L X X X X

16L X X X

17L X X

18L X

19L

 -

2R 3R 4R 5R 6R 7R 8R 9R 10R 11R 12R 13R 14R 15R 16R 17R 18R 19R  -  -

X X X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X

X X X X X X X X X X X X X

X X X X X X X X X X X X

X X X X X X X X X X X

X X X X X X X X X X

X X X X X X X X X

VERTICAL  POWER DIVIDERS X X X X X X X X

 IN GROUPS OF 4-WAY X X X X X X X

(ATTACHES TO BACK SIDE OF MATRIX) X X X X X X

X X X X X

X X X X

X X X

X X

X
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ASIAA NTU PHYSCorrelator System Design
• First Section Assembly:

– 3U Chassis Consisting of 5 Plug-in Modules:

LP
F

S
lope E

qualizer

EQ
1

AR
1

FL1

COTS
Divider

PD
1

D
C

1C
R

1

LP
F

S
lope E

qualizer

EQ
1

AR
1

FL1

COTS
Divider

PD
1

D
C

1C
R

1

C
orrelator m

odule
w

ith bare D
C

 am
plifier

board on rear side

Custom Readout board

4-channel
readout chip

Custom Readout board
with DC Ampli fier circui try

DC Ampli fier portion
(4-channels)

4-channel
readout chip

Antenna
1X-input

Antenna
1Y-input

Sel f Cal ibration M odule

to  Data
Acquisi tion

to  Data
Acquisi tion

to  2nd
Section

Total  Power Detector
Signals (x2)

DC Power and 4-lag Analog
Signals

to  2nd
Section
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ASIAA NTU PHYSCorrelator System Design
• First Section Assembly (cont’d):

– IF Distribution Module (2/chassis):

MERRIMAC 4-WAY PWR DIVIDER
h = 0.38

IF IN

IF OUT 1

IF OUT 2

IF OUT 3

IF OUT 4

CELERITEK AMP
h = 0.435

F/M

VERSION 101702A

F/M

M/F

DET OUT

U
T-141

R
G

-316

10
0.

0m
m

160.0mm

Notes:
1) Blue items are located on the far side.
2) UT-141 is 0.141 inch diameter semi-rigid coaxial cable.
3) RG-316 is flexible coaxial cable.
4) U1 is +12 VDC regulator, mounted directly to plate for heatsinking.
5) R1 is 5W power resistor, mounted directly to plate for heatsinking.

Panel mount SMA
f emale/f emale pad
mounts f rom outside

Detector held in place
by  clamp

FRONT

INMET
EQ

d = 0.360

UT-141

3x32
STANDARD

CONNECTOR

FRONT
PANEL

R1

+V

return

0.062 INCH THICK ALUMINUM PLATE

REGULATOR
BOARD

U1

KRYTAR 10 DB COUPLER
h = 0.38

M
/F

K&L LPF
h = 0.5M/M

DET.

IF IN

DET OUT

IF OUT 1

IF OUT 2

IF OUT 3

IF OUT 4
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ASIAA NTU PHYSCorrelator System Design
• First Section Assembly (cont’d):

– Photo (face plate missing):
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ASIAA NTU PHYSCorrelator System Design
• First Section Assembly (cont’d):

– X-Y Calibration Module (2/chassis):

Correlator Module
(Bare DC Amplifier Board

located on back side)

Lossy UT047 semi-rigid
cable to add slope

X-IN

Y-IN
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ASIAA NTU PHYSCorrelator System Design
• First Section Assembly (cont’d):

– Calibration Readout Module (1/chassis):

4-channel readout
chip

4-channel DC amplifier circuit

INPUT1

READOUT
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ASIAA NTU PHYSCorrelator System Design
• First Section Assembly (cont’d):

– Total Power DC Amplifier & Readout Module (1/chassis):

4-channel readout
chip

4-channel DC amplifier circuit

READOUT

TP1-IN

TP2-IN
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ASIAA NTU PHYSCorrelator System Design
• First Section Assembly (cont’d):

– 3U Chassis:
– 1 chassis supports 1 antennas (2 IF channels)

IF IN

DET OUT

IF OUT 1

IF OUT 2

IF OUT 3

IF OUT 4

IF IN

DET OUT

IF OUT 1

IF OUT 2

IF OUT 3

IF OUT 4

X-IN

Y-IN

READOUT

TP1-IN

TP2-IN

TP3-IN

INPUT1

READOUT

INPUT1

TP1-IN

TP2-IN

TP3-IN
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ASIAA NTU PHYSCorrelator System Design
• Second Section Plate Assembly:

– -1 Plate Assembly:

704.85 mm
(SAME DIMENSION AS
CORRELATOR FRAME)

~295 m
m

M
ERRIM

AC 4-W
AY PW

R DIVIDER
h = 0.38

AR6

M
/F

PD6

CELERITEK AM
P

h = 0.435
F/M

M/M

M
/F

M
/F

M
/F

M
/F

M
ER

RI
M

AC
 4

-W
AY

 P
W

R 
DI

VI
DE

R
h 

= 
0.

38

AR5

M
/F

PD5

CE
LE

RI
TE

K 
AM

P
h 

= 
0.

43
5

F/
M
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• Second Section Plate Assembly (cont’d):

– -2 Plate Assembly:
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(SAME DIMENSION AS
CORRELATOR FRAME)
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• 3rd Section Assembly:
– Custom 4-Way Power Divider:
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• 3rd Section Assembly:
– Custom 4-Way Power Divider – 2 Stage MMIC Amplifier:
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• 3rd Section Assembly (cont’d):
– Readout Board Schematic:
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• Correlator Module:

– Lessons learned from 16-lag prototype:
• Responsivity of >1500 Vrms/W is acceptable
• Large amplitude and phase variations prevent us 

from performing transformation for spectrum 
recovery

• Lag spacing of 12.5 psec is too small by a factor 
of 2

– New 4-lag Correlator module:
• Spec (version 080102A) captures desired 

performance goals:
– amplitude </= 3.0 dBpp (2-18 GHz)
– phase </= 30 deg pp (2-18 GHz)
– Responsivity >/= 80Vrms/W for module, 

corresponds to >/= 2000Vrms/W at mixers
• Utilizes same double-balanced mixers
• 6 dB pad added to mixer input ports to absorb 

reflections
• Lag spacing has been corrected to 25 psec
• Shorter delay lines allow more space for meander 

lines (less inter-coupling)  
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• Correlator Module (cont’d):

– Meridian Microwave 4-lag Correlator module:

– Dimensions of upper half module:
• length = 88.90 mm (3.500 inches)
• width = 50.80 mm (2.000 inches)
• height = 12.065 mm (0.475 inches), with cover
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• Correlator Module (cont’d):

– DC Amplifier Board Schematic:
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• Correlator Module (cont’d):
– DC Amplifier Board Packaging:

88
.9

0 
m

m
 (3

.0
0 

in
)

44.45 mm (1.50 in)

Regulator and offset circuitry
not shown on board



21

ASIAA NTU PHYSCorrelator System Design
• Correlator Frame:

– Populated for 7-elements (1 of 2 frames):
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• Correlator Frame (cont’d):

– Populated for 13-elements (1 of 2 frames):
– Platform spec calls out a space allocation of 750 x 500 x 500 mm
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• Correlator Frame (cont’d):

– Interconnect from 2nd Section 
plates to 3rd Section power 
dividers will be via 60 inch 
(152.4 cm) semi-rigid UT141-
LL MicroCoax cable (low phase 
vs Temperature coefficient)

– Cables phase matched to within 
+/-7.5 psec (< 1/3 lag spacing) 

– Expansion to 19-elements 
requires:

• Addition of 2 more 3 row 
frames

• Modification of 2nd Section 
plate assemblies

• Addition of a total of 4 
more 2nd Section plates
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• Data Acquisition:
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