Correlator System Design NTU PHYS

o System Block Diagram:

Output of = .
Recpeiver QrY 131#3?560??0(,\]7 13, & 19 elements) QTY =24, 48, 72 updated: Dec-9-2002
Assembly /_\/\_/\ 2ND SECTION D. Kubo
. [1] g . o -
8.0 dBm 10.0 dBm 23.0dBm  +9.0 dBm +4.5 dBm 0.0dBm  -7.5dBm 13.0 200 270 450 85
‘ dBm dE?m dqm dBm dBm
55dB | | 75 . ‘
-7.0dB +32.0dB -1.5dB -1.5dB PD1 -75d8 (25 \fx/7z.6m) ; . +32.0dB PD2 P
EQ1 AR1 ‘ FL1 bel XX 217 | st AR2 EY
wi ] 9o [ xxy =¥ ‘
Slope Equalizer LPF £9 K £9 % cables phase
S odn ‘ a» (- Y*Xx . N7 %—5 matched to
3 (9}[: 2.8m) 3 3 3 3 1 - self calibration ’ ; within +/- 7.5
dB dB dB dB dB dB psec
X-Polarization CR1
Output 3U plug-in Eurocard l 6 IFPI?:E Aslsembly
of a Typical (1 card per IF channel) ( channels per assy) W3
Antenna TP Detector
_ -3dB
QTY = 36, 96, 216 ciim
3RD SECTION
-11.5dBm -10.0 dBm
REF. SUPPLIER PN COMMENTS ‘ U1 QTY =49, 169, 361
w2 Andrew FSJ1P-50A() semi-rigid corrugated cable CM1
EQ1 Inmet EQ1251-13M 13 dB slope equalizer, 2-18 GHz w4 2 ! Correlator (
AR1 Celeritek CSA-203093 2-18 GHz, +32 dBm, P1dBc=+20 dBm ‘ 9o [y z Module
FL1 K&L 11SL10-18000/X24000-0/0 |18 GHz LPF, 5 on order for prototype «D—D £ % 2
DC1 Krytar 1822 10 dB coupler Yoo el %7 :lj
CR1 Krytar 201A detector dB  dB | 19548 ||
- ©
PD1 Merrimac PDM-44M-10G 4-way divider =
w1 Microcoax UHJ205A flex cable Push-on Assembly =
S1 Dow-Key 521-420803A SPDT, terminated, DC-18 GHz
i _ Notes:
gg; '\C/lele_”tek P%?AA4240|\:/3|0]?O3G SAIelas ggi [1] Output power from receiver has been reduced from -5 dBm to -8 dBm (2 to 18 GHz).
errimac - - same as
W3 RF Coax S141LLMM-60S 60 inch UT141-LL semi-rigid cable, phase matched [2] Chip amplifiers are Triquint TGAB300-SCC.
Ul ASIAA custom in-house assy _ |will utilize 2 TGA8300 + custom 4-way (3) W2 = Andrew Heliax FSJ1P-50A-(), 0.06 db/ft @ 1 GHz, 0.22 dB/ft @ 10 GHz, 0.3 dB/ft @ 20 GHz.
CM1 | Meridian Microwave TBD Custom design, 2 on order
71 Weinschel 081 phase shifter, 2-18 GHz, +/-96 psec (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). 1




Correlator System Design

Al

1

A2

A4 A5

 |F Interconnect, 7-elements: E E
R R
1st Section ‘ ‘ ‘ ‘ ‘ ‘
PEL AL L
2nd Section

(includes phase
shifters and
switches)

3rd Section and
Correlator Boxes

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|
g
X1
F)

[arx ] e

£ BE Bl b Bl Bl

_—~

D. Kubo 2
Dec 9, 2002



p)
>-
I
ol
i)
—
Z

-
=
7p)
(ab)]
A
=
(@b
e
7p)
=
dp)
—
(@)
)
©
(ab)]
o
—
(@)
@

elements:

IF Interconnect, 13

A13

\/

A12

\/

All

/

4

xv v
5

v, A \ / \ /,, [ \ //
Y WS
// A\

W\ = \
// = m //,, \,3, \a A
SR\ I
“ /,« Mo /Mo /g I
\ N

N/
><Y

\
/N
/)
() \.. 0o
Lo [oor]
[ Trv] [y ] [mv] [mv] [me7] [mov el
° 17 \0o0 \ooo \oog \loo \\oo b
P f \ \ \
|l \
o) Il \
i \ \
| \
Il
/]
/




D)
>
L
ol
i)
—
Z

-
=
7p)
(ab)]
QO
=
(@b
e
7p)
=
dp)
—
(@)
)
©
(ab)]
o
—
(@)
@

IF Interconnect, 19-elements:
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Note 2nd section power dividers are 5-way

- pad to equalize for power
- delay line to equalize delay

existing

H
H

2nd Section
(phase shifter
not shown)

3rd Section
and Correlator
Boxes

e
ines to match switch

Notes:
1) Swi
2) P
with delay |



Correlator System Design

*  First Section Assembly:
— 3U Chassis Consisting of 5 Plug-in Modules:

Self Calibration Module Custom Readout board Custom Readout board

g with DC Amplifier circuitry
S
m ° m
o] iy Q
[ 5 =
E
DC Amplifier portion
(4-channels)
> > =
2 b} g50
=3 =3 S =}
383
o ® o
g8
gy
m m
[ B 288
® = ®
@

diyo nopeals
|auueyd-i7

diyd 1nopeal
Jouueyd-i7

e e}
o] o
cots = cots =
Divider Divider
A ﬁj [ﬁ [j [ﬁ 2 2 T T I:‘ :lk
Total Power Detector
Signals (x2)
y
4
vvyYyYy YyvyYy
to 2nd to 2nd DC Power and 4-lag Analog
Section Section Signals
v A 4
to Data to Data
Acquisition Acquisition
Antenna Antenna
1X-input 1Y-input



Correlator System Design NTU PHYS | i;

*  First Section Assembly (cont’d):
— |IF Distribution Module (2/chassis):

Panel mount SMA

female/female pad FRONT VERSION 101702A
mounts from outside PA’EEL
3x32
FROINT STANDARD
CONNECTOR
IF IN i 0.062 INCH THICK ALUMINUM PLATE ‘
3 INMET J
O EIN l:[ ]:]D EQ FIM CELERITEK AMP M/F
L d =0.360 h =0.435
) S
DET OUT | N
N
H [
]
DET OUT
<> - KRYTAR 10 DB COUPLER Kf': ;PBF
i h=0.38 -
= N +V
£
<)
o
S In @)
IF OUT 1 Q IF OUT 1 Py Ri
! ® u1
S
il [
o
IF OUT 2 Q IF OUT 2
i MERRIMAC 4-WAY PWR DIVIDER -
| T ]
[ REGULATOR
IF OUT 3 Q IF OUT 3 | BOARD
| return
IF OUT 4 Q IF OUT 4 VTR
— \ | T‘
|
|
|
B 160.0mm
Notes: D
1) Blue items are located on the far side. Detector held in place
2) UT-141 is 0.141 inch diameter semi-rigid coaxial cable. by clamp
3) RG-316 is flexible coaxial cable.

4) Ulis +12 VVDC regulator, mounted directly to plate for heatsinking.
5) R1is 5W power resistor, mounted directly to plate for heatsinking. 6



*  First Section Assembly (cont’d):
— Photo (face plate missing):




Correlator System Design

First Section Assembly (cont’d):

X-Y Calibration Module (2/chassis):

X-IN

O E

Lossy UT047 semi-rigid
cable to add slope

NTU PHYS {217

-
|

Correlator Module

(Bare DC Amplifier Board
located on back side)




Correlator System Design

*  First Section Assembly (cont’d):
— Calibration Readout Module (1/chassis):

INPUT1

4-channel readout
chip

READOUT




Correlator System Design

i 2l 4l
NTU PHYS & Q 5
*  First Section Assembly (cont’d):
— Total Power DC Amplifier & Readout Module (1/chassis):

TP1-IN J

O i

O L f

4-channel DC amplifier circuit
4-channel readout
chip
T\

L]

=)
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First Section Assembly (cont’d):

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

Correlator System Design

DET OUT

O

IFOUT 1

IF OUT 2

IFOUT 3

IFOUT 4

IEIN

OO0 00|

DET OUT

O

IFOUT 1

IF OUT 2

IFOUT 3

IFOUT 4

IFIN

OO 0O

X-IN

Y-IN

TP1-IN TP1-IN
TP2-IN TP2-IN
TP3-IN TP3-IN

INPUT1 INPUT1
READOUT | READOUT

11



Correlator System Design

Second Section Plate Assembly:
— -1 Plate Assembly:

NTU PHYS W

ww g6z~

704.85 mm
(SAME DIMENSION AS
CORRELATOR FRAME)

12



e Seco

Correlator System Design NTU PHYS

nd Section Plate Assembly (cont’d):

WEINSCHEL 981
PHASE SHIFTER,
+/- 96 psec
ADJUSTMENT
(+/- 3.8 LAGS)

-2 Plate Assembly:

OUTPUTS OUTPUTS OUTPUTS
14 T INPUT 3 INPUT 4 =i 9-12 0 INPUT 7 INPUT 8 o 17-20 0 INPUT 11 INPUT 12 T

038
038

HOLINS IN3 1Y
038

HOLIMS IN3 1Y

h=
h=
h=

MERRIMAC 4-WAY PWR DIVIDER
MERRIMAC 4-WAY PWR DIVIDER
MERRIMAC 4-WAY PWR DIVIDER

-y

sevo
AWV ¥31037130

AGILENT SWITCH
8E0=u

UIAING B AV OV WRRIEIW

AGILENT SWITCH
se0=u

UIAING B AV OV WRRIEIW
8e0=1

H3AING B AN OV WRREZ W

O INPUT 1 INPUT 2 | OUTPUTS O INPUT 5 INPUT 6 O OUTPUTS | INPUT 9 INPUT 10 DO OUTPUTS
] 57 12-16 20-24

RETRACTABLE
ADJUSTER (SHOWN
EXTENDED FOR
ADJUSTMENT)

704.85 mm
(SAME DIMENSION AS
CORRELATOR FRAME)

Y

13
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Correlator System Design NTU PHYS ¥/

e 3rd Section Assembly:
— Custom 4-Way Power Divider:

Q
a
]
MORN000—
Q
@
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=]

14



Correlator System Design

e 3rd Section Assembly:
— Custom 4-Way Power Divider — 2 Stage MMIC Amplifier:

Mol
Cooper-Maty
LiF
(1.7
I sl
\pr
1
0.075
. 0 D
0

15



Correlator System Design NTU PHYS

e 3rd Section Assembly (cont’d):
— Readout Board Schematic:

1 I ] I 3 I i
i D
et
i)
1
2
3
:
5
Gral & |
® HEADER § &
EP1 P
E -‘E 1 e by ;2 CLE 2 e veg) : 3;[-)‘-1"-[‘
] BB BT L il = -
o = o = P e i
> Slawe Tramp AE E <
L o VadA Han ‘: ;:m = & - 2 E::‘y
P Frs 5553 - [ e x
LEST-VIC hae = AR M b [—= = B ; ,mm!
- Vearaml GudDa TH [
I TEST-VIC BRt iy b A ) a1 B¢ —
TR LoopFiler Wddh 2 CrdD 10 [ o] ™1
Brif OndP
5 - GrdG Fdah1 hidl TALCIHST .
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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

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)

mV
oo

=R
——R4
—eR6

15

——[7

o b

qurelator output phase difference with respect to lag L1

1080

900

720

540




O Fem Correlator System Design

e Correlator Module (cont’d):
— Meridian Microwave 4-lag Correlator module:

— Dimensions of upper half module:
* length = 88.90 mm (3.500 inches)
e width =50.80 mm (2.000 inches)
* height = 12.065 mm (0.475 inches), with cover

18
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P5V_REG

e Correlator Module (cont’d): A

~  DC Amplifier Board Schematic: j% ﬁc}—'kﬂ%zgm

LAG2
A + 5
: U4
2
) us 4 OPA277UA
¢, A PSVREG 4 OPAG27AU
}—0
o >
P 100
e [+
8 oy N5V_REG
d N5V_REG
h =
1 — R
L1 OFFSET_2 R oK
U1l VVV—
OPA2277UA
OFFSET_2

S +
P5V_REG e g OFFSET_1 2/ } }
c
7 82p

_ DC Amplifier (1 of 4 circuits)
Input from Mixer

i
T

v Y N5V_REG
1111111

J5
¢. A PSVREG o— LAGL
> G— LAG2 .
Tﬁ — o ws Voltage Regulation
GC— LAG4
N5V_REG d C— GND
la 2 OFFSET_3 G— GND i
7 d (L;|1=3\2277UA 2= l P5V_REG
ld 4 OFFSET_4 G e
G— NC
Offset Control S 1 l
u10
JU—" /0 connector

T LR

19

v Y N5V_REG Lz TNsv REG
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44.45 mm (1.50 in)

° 7 .
Correlator Mc_xjule (cont’d): ) Regulator and offset circuitry  [©
— DC Amplifier Board Packaging: et AT i R

88.90 mm (3.00 in)

COMBINED MODULE
25.400 MM
(1-0001N) 54 350 Mwm N,
(0.800 IN) \/
13.335 MM
(0.525 IN)  10.160 MM |
(0.400 IN) TBD MM 0 A A
(TBD IN) o V1
0.000 |
1.587 MM 1.587 MM .. |
NS
(0.0625 IN) (0.0625 IN) : | Y
0.000 50.800 MM
(2.000 IN)

20
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e Correlator Frame:
— Populated for 7-elements (1 of 2 frames):

Front 3rd Section Power
Dividers (x10) "
B Readout Board (x10) Rear 3rd Secion Power
Dividers (x8) Correlator Modules (x21)

298,450 MM
(11.750 INCHES)

374.650 MM
(14.750 INCHES)

J

38.100 MM
y (1500 INCHES)

38.100 MM ‘ /L ‘

(1.500 INCHES)

STAND-OFFS (X8) XXURRL  704.850 MM

A ) : g
(27.750 INCHES)

‘ ‘ ‘ ‘ 2ND SECTION -1 ASSEMBLY

2ND SECTION -2 ASSEMBLY

-« -

A

21
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o 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

A

298,450 MM
(11.750 INCHES)

450,850 MM
(17.750 INCHES)

38.100 MM
(1.500 INCHES)

‘38.100 MM

(1.500 INCHES) -2 ASSEMBLY

(1.500 INCHES)

38.100 MM ‘

38,100 MM
(1.500 INCHES)

PR PR PR P
- ||

STAND-OFFS (X16)

XK 704.850 MM .

) (27.750 INCHES) 22
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Correlator System Design NTU PHYS Ml
§§;¢§ ;,\yxs
» Correlator Frame (cont’d): Side View
— Interconnect from 2" Section : -
plates to 3' Section power R 3 Tor w0 serrousces o e
dividers will be via 60 inch = t=) REAR PONER DIVIDERS
. . . 2) RIGHT PIECE 5 HAS BEEN OMITTED TO
(152.4 cm) semi-rigid UT141- e SO HORZONTAL DIDERS, PIECES 1 AN
LL MicroCoax cable (low phase = | — S
vs Temperature coefficient) 2 [
= il
= P
— Cables phase matched to within ="
i —i il
+/-7.5 psec (< 1/3 lag spacing) = P
- . ’7 1.587 MM
— Expansion to 19-elements : L1t s
requires: aa
.- — [
« Addition of 2 more 3 row — =
frames e
A nd : = =
« Modification of 2" Section o [
late assemblies N
DI = =
« Addition of a total of 4 e comEeons
more 2"d Section plates ] -
=i [
(1.000 IN) \ .
ﬁ#(ooezaw)
REAR VERTICAL POWER DIVIDERS (X4)
23
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Data Acquisition:

CORRELATOR FRAMES
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