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Receiver and IF/LO Description (preexisting hardware)

AN Cryostat P/O IF/LO Module 4-m Heliax to 1%
. X-Pol 35“1': Miteq Inmet  Teledyne iSECtiO” Modules
, > 3 }m >,
o Noise Sl SHM I'l7t0432d85 68 +40 dB | 2to 18 GHz
I Coupler b 2' N 10d8 ! Y-Pol
— HPF X 2: VGA > —:4)
15 K Stage I'| p1dsq +10 dBm p1dBc+20dBm| |
A A : :
42 GHz LO, 45 dBm
0/90 dezgrees 4555\/8 3 jgm stNVZ
LNA Bias LNA Bias (zg';‘ocfl“g\r/‘)" 3 0B amb. load
* 13 dual linear polarization receivers ManualTune <=3 A || AR/ (€= Manual Tune essurements
. . [ | I
 Plan to use inner 7 elements to mitigate platform performed here)
deformations along the outer perimeter Walsh pattern, | | —
Receiver-x, Y-Pol 1 N Receiver-x, X-Pol
. Sky frequency coverage = 86-102 GHz

* SHM down converts RF to 2-18 GHz IF

* Unique Walsh pattern provided to each receiver
polarization (> 26 patterns)

» Receiver equivalent noise temperature 2 80 K

Fixed LO frequency of 84 GHz T
D

3INpPoIA 01/41 O/d

* Variable Gain Amplifier is utilized to control signal
power from each receiver

T 21GHz LO
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Receiver Photos (preexisting hardware)
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Phase Switcher (preexisting hardware)

» Existing phase shifter design produces undesirable
AM-ing of LO signal to SHM
* LO AM-ing ranges from approximately 0 dB to
2 dB depending on receiver
* (Causes AM-ing of IF and Baseband signal

e Currently mitigating AM-ing by fine tuning the LO
drive into the SHM

* Driving SHM into saturation minimizes AM-
ing at IF

*  Optimum drive, however, depends on
temperature

* We may attempt to servo the LO drive to
minimize AM-ing

* AM-ing of Baseband signal affects Analog Correlator
DC offset systematics
* How does AM-ing of the Baseband signal
affect Digital Correlator?

2015 May 12-14 Hawaii Office Hardware/Software Engineering 5



Tty KA A
R IR XX I IL BT KA YUAN-TSEH LEE ARRAY TELESCOPE

ACADEMIA SINICA
Institute of Astronomy and Astrophysics

ASTAD

IF Portion (preexisting hardware)

* 2-18 GHz IF signal
*  VGA controlled by ADAM-5000/
TCP controller

» Slope equalizer provides 10 dB of
pre-emphasis to compensate for
cable and component losses with | R .
respect to frequency In VGA Slope EQ Fixed Gain Amp  Out
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15t Section (preexisting), Prototype Down Converter and ROACH-2 Hardware (new)

AVG4-02001800-40-12V ZFL-2500VH+

) G=17t032dB M1-0212LA G>/=20dB ZFL-2500VH
4-m Heliax P1dBc >/= +10 dBm IL</=7.5d8 P1dBc >/= +23 dBm Go/20ds 1.6 GHz Clock
FSJ1P-50A .V]/\ NF</=4dB P1dBc>/=+2dBm NF</=5dB P1dBc >/= +23 dBm
X-Pol 9-m Heliax OX11.4600 9 + 7-m Heliax NF </=5d8 1mEl
- -4600- -m Flex
J) Merrimac FSJ1P-50A £ PE2505-10 X2000511  PE2210-10 748 | FSIIP-50A SLP-1400 Coax |
s | I 2R b 2 2 l S l 3 LPF 2 l 5 | z-poko kK
2zllg \ bR 2 2 2 | D[R 2| A\ © K
Y-Pol [ s N P & 23d8 & | | 3d8 I ] & *23a o 208 & | | | K
J: \ g 2tol8GH: &I s N |1 oto2eHz | | B = G I ROACH-2 [
o Mo Ta & Yesae & dde & 1de . [ [ 5 I | I | =
3 ool s a = o ! e) I IF Noise ~ Gain Control gm 5 85 GH | | | | g
3 & |5 © = ) Injecti (0 to +10V) i d B
2 | P1Bc +22 dBm @ || \ e 35 +8 dBm \ \ Baseband Plate \ & | zpok1 m
3 ‘ st . ‘ ! = ! ! (Ground) ! N°
H [ 1™ Section Module [ [ [ \ [ |
- - -12 dBm sk -24 dBm sk -12 dBm sk -15 dBm sk -11 dBm sk
igj;: ii‘vz (Platform) dBm sky dBm sky Prototype Down Converter v m sky m sky :
-14 dBm amb. load (Platform) -12 dBm sky ROACH-2

-10 dBm LN2 (Ground)
-6 dBm amb load

* A 4-channel prototype down converter was deployed in 2014
* Fixed frequency, 3.6 to 5.6 GHz IF is mixed with 5.85 GHz LO to produce 0.25 to 2.25 GHz
baseband (spectrally inverted)
* Represents 87.6 to 89.6 GHz portion of sky

« 8-bit ADCs are currently clocked at 1.6 GHz with an effective sample rate of 3.2 GSps
* Final goal after optimization of bit code is 2.24 GHz clock, 4.48 GSps
* Present Nyquist bandwidth into ADC is restricted to 1.6 GHz
* Present sky coverage is 88.25 to 89.6 GHz (0.25 to 1.6 GHz baseband)
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ASTA

15t Section Module (preexisting)

* One Electronic Box per Receiver (13 total),
located along perimeter of platform

e Temperature monitor module (x2)
e Communication (x1)
* LNA bias (x2) i
* 1% Section module (x2) | B nawne
*  X-Y module (x1) ‘
* Total power detector module (x1)

e I8t Section Module
e Plan to remove 13-dB Inmet slope
equalizer
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Down Converter Plate (new for 4-element prototype)

* Dual channel Down Converter plate
« Two plates are currently installed on the platform
* Fixed frequency filters (3.6-5.6 GHz) and LO (5.85 GHz)
* Baseband amplifiers not shown
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15t Section input (2-18 GHz) ROACH-2 input (0-2 GHz)

Agilent Technologies: N9918A, SN: MYS53103284 Agilent Technologies: N9918A, SN: MYS3103284
b o || Wed, 06 May 2015 3:24:37 PM W =] Wed, 06 May 2015 3:31:03 PM
Rx1 Spectra - L1 X - i

Ref-25.00d8m  AttenSdB RX1-IF SA  Ref-10.00dBm  AttenSdB RX1-BB

-Left plot 2-18 GHz

-Blue portion

-Right plot 0-2 GHz [ N S v A S F A, o g

-Input SNR =21 dB o B g oo S -
@ -12 dBm
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S¥P  Start 2,000000 GHz Stop 18.00000 GHz ISP Start 0.000000 Hz Stop 2,000000 GHz
Res BW 5.000 Mz #VBW 20.00 kHz Swp 21.49 s (401 pts) Res BW 5.000 MHz #VBW 30.00 kHz Swp 2,519 s (401 pts)

Agilent Technologies: N9918A, SN: MYS53103284 Agilent Technologies: N9918A, SN: MYS53103284

29% {___11] Wed, 06 May 2015 3:57:01 PM e 1] Wed, 06 May 2015 4:00:18 PM
RX2 S eCtra SA  Ref-30.00 dBm Atten S dB RX2-IF SA  Ref-10.00 dBm Atten S dB RX2-BB
-Left plot 2-18 GHz : ’

-Blue portion
3.85-5.85 GHz

-Right plot 0-2 GHz TS T T W T O T
_Input SNR = 23 dB & ,,“"“"\"';,\;9;‘““\‘"\‘M,v-.,“_\.‘ v
@-12dBm w T

Lo ‘. L ! ; :
o [N A A A 1 A ) o A
STV W NS, S— - Ll A & Tt b T T M Shegpdrarbag M\V""“\r N
o~ i

S®P  Gtart 2,000000 GHz Stop 18.00000 GHz Start 0.000000 Hz

Stop 2.000000 GHz
Res BW S5.000 MHz #VBW 30.00 kHz Swp 20,12 s (401 pts) Res BW 5.000 MHz

#VBW 30,00 kHz Swp 2,520 s (401 pts)
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15t Section input

Agilent Technologies: N9918A, SN: MY53103284

Ref -30.00 dBm

Rx3 Spectra -

50% I Wed, 06 May 2015 4:25:28 PM

Atten S dB RX3-IF

-Left plot 2-18 GHz
-Blue portion
3.85-5.85 GHz

-Right plot 0-2 GHz
-Input SNR =31 dB
@ -12 dBm
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Rx4 Spectra
-Left plot 2-18 GHz

SA Ref-30.00 dBm

Start 2,000000 GHz
Res BW 5,000 MHz

Stop 18.00000 GHz

#VBW 30.00 kHz Swp 20.39 s (401 pts)

Agilent Technologies: N9918A, SN: MYS53103284

48% Wed, 06 May 2015 4:29:08 PM

Atten S dB RX4-IF

-Blue portion
3.85-5.85 GHz

-Right plot 0-2 GHz
-Input SNR =25 dB s
@ -12 dBm :
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Start 2,000000 GHz
Res BW 5,000 MHz
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Stop 18.00000 GHz

#VBW 20.00 kHz Swp 19.68 s (401 pts)
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ROACH-2 input

gilent Technologies: N9918A, SN: MYS53103284
ke {77 Wed, 06 May 2015 4:22:02 PM

Atten S dB RX3-BB

SA Ref -10.00 dBm

L, b L AN M | \
J;}' ey e ‘hf B M»MM b .N&‘.\';"m(M“’"WM"’V\{;N\ U
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A

S%P  Start 0.000000 Hz
Res BW 5.000 MHz

Stop 2,000000 GHz

#VBW 30,00 kHz Swp 2,310 s (401 pts)

gilent Technologies: N9918A, SN: MYS53103284
]| Wed, 06 May 2015 4:54:41 PM

Ref -20.00 dBm RX4-BB

Atten S dB

A My , N
’// L‘#‘} M,‘\ \"L.\,-‘lﬂ.-mj"’wA‘M""‘W‘f‘}!‘ﬁHf m"‘-ﬁﬂ ‘ ] ‘ ‘
L4 A b, .
H Virin AV

Start 0.000000 Hz
Res BW S5.000 MHz

Stop 2,000000 GHz

#VBW 30.00 kHz Swp 2,509 s (401 pts)
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Power Linearity from 15t Section Input to ROACH-2 Input
1st Section Input to ROACH-2 Input Linearity

) o i e
-
10 RX2
S F -
11 =>=RX4
// // ——RX1 Ideal
-12 ——RX2 Ideal
/// /./ ~——RX3 Ideal
-13 //‘/ / ——RX4 Ideal
-14

-15 /
N4 /
-17 g

-18

Output Power, dBm

-25 -24 -23 =22 =21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10

Input Power, dBm
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ROACH-2 (new for 4-element prototype)

10 GbE

’|\ ’|\ Switch

F-Engine X-Engine
—ErE
IP POWER 9258 DS
Rx1, Y-pol ———— (’U: Z-DOKO Z-DOKO
ROACH-2 ROACH-2 I . ‘ ®
o 2 : WL 11 1
I . ?G': g,:‘ 2 DOk B/ NI 11 1]}
x2, Y-pol ————~ 9|z - A [ 11
||||||||||||||||||I|||‘ 11 i

Rx3, Y-pol § Z-DOKO Z-DOKO
ROACH-2 ROACH-2
= =
o o
[9) [9)]
> o o
Rx4, Y-pol ‘@ Z-DOK1 (o (] Z-DOK1

1.6 GHz Walsh  1PPS
Clock Interrupt
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. ALC/MLC Mode
Proposed I/Q Design Approach L
ZFL-2500VH+ I;:gs 1.6 GHz Clock
m2-0218LA G>/=20dB
IL </:c7>.5_df . P1d<Bc_>/: +23 dBm TBD-m
Pldbe e N ‘ Flex Coax ! 1-m Flex I/;L
) . 2 ‘ [ 2 2 Coax 0 >, ks
‘;STlll;l-eslgAx 2 | I-Channel D) ‘ 2 tPF Z‘ & 2 I-Channel | | g_ #00K0 K—1
X-Pol .V(\ 1-m Heliax 4-16 GHz ; ‘ et \I/ | 3
"J_f’ N FSIIP-50A v |— Go/=t15d8 } ALC/MLCLeveI} :‘;op : ?
3B o m; ; § ; |_P } 0-2.5GHz [ Amp Ogsz‘l | ROACH2 | @
S35 3 | =
Y-Pol \ < -1dB o | |
S35 e T T ] | % a
I "o . b | | |
=S sl 5 — ! ! ! N2 NN 3 2 2
g % } Pldbe 22 dbm =7cL } ’ } : : J2 | Q-Channel R ; 2 i /? & 2 Q-Channel I\i oot
38 . I I |
g \ 1% Section Module \ \ \ \ \ ‘ |
o j; js? SLEVZ (Platform) -12 dBm sky -16 dBm sky -23dBm  -37dBm 17 dBm } Baseband Plate ; ROACH-2
1 dBm amb. load I/Q Down Converter | (Ground) |
(Platform) TBD dBm 12 ij sky (Ground)
-10 dBm LN2
4-16 GHz LO -6 dBm amb load
2 4 6 8 10 12 14 16 18 GHz
LSB USB
2.0-0.0 GHz I 0.0-2.0 GHz

» Utilizes Sideband Separation within ROACH-2
* (Can down convert any 4 GHz portion of the 2-18 GHz IF spectra
* No IF filter bank required
* Demonstrated > 25 dB sideband separation in lab

Example LO = 14.0 GHz

* Requires one F-engine ROACH-2 per IF
* 14 F-engine ROACH-2s required for 7-element dual polarization
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Prototype I/QQ down converter

* Single channel I/Q Down Converter plate
* Currently have 2 plates
* Plan to demonstration 1-baseline sideband separation and fringes on sky
*  With current 3.2 GSps ADC sample rate, will process 3.2 GHz of sky bandwidth

G6LELOLESSA S

TR

PPOQWN) PRI MW Y] W]
ZHW 00081-00S 4

+S-€81-2-0LXZ
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Overall Block Diagram for Proposed I/QQ Approach

e

E-engine to Switch: 1 antenna IF, 3.990 Switch to X-engine: 498.750 MHz BW/ROACH,

GHz BW, 1824 ch, 7.98 Gbps/cable 256 ch/ROACH, 6.9825 Gbps per cable
ROACH-2 F-ENGINE . o ROACH-2 X-ENGINE
CHASSIS (1U EACH) b 4 CHASSIS (1U EACH)
New hardware — ~ 218 GHzto LL =
S ] > Corretator rame 1 1
. o =| =|
Required for expansion to 5 2 \< RX1-IF1! /‘ /‘ (@] (@) Lo L-GhE O O O O O z
13-elements Delay equalization (% é ]"Se\lca\“ \7%,‘,‘5,,‘ 9-m Baseband signals | Q CLK SoW 1PPS o) 1 Q CLK SOW 1PPS 2|
Hel o
cables i e e 0.15-2.15 GHz @ 2k
Yaeinch, 4-m Ve » . »
Heliax 2-18 GHz 10 AR . 25 - L
. 5, - ® 0.« £ ffo O o0 O Of
£ =2 x2-| 2 S &
I 3 53 | a ax sow wes 3 28 ] a ax sow wes &
& [Linear polarization [ IF1  IF2 o 21GHzLO » o 48VDC  ADAM W
3 i T | e |
T 36
. Phase (Ry1) 1of7 ! £5 |
_ R 3 ]H—S o &
eceiver o ® | £3 |
1 Package Cont et Power  Momtor] _ 29
— (Roct) Module g Comdod) ¢ 11 semi & Control | 3 |
= rigid, 0.5-m £ NewbDown © 1 cg |
o wﬁ ~  Converter : 22 :
b4 N <3
—-——— o ew ° ! . |
Yrinch, xx-m Custom | |
I Heliax cable I !
! | |
: | |
I I
-3 2 %
2 | Y —]} OB ¢ N, Y
> 1 Yivineh, xx-m flex cable (225w)
7 = 0
- | Y Rx7-IF1 ® O o wed" O O O O O=
I N N | Q 13 sow 1pps I | a <13 sow 1pps S|
S | - J
- | S e
D I ¢ . L o
| e Central cable wrap
| (15w) LO - (28 new cables)
! H Distribution ~
o o | i 8 7 6 5
| ROACH-2 F-ENGINE E-engine to Switch: 1 antenna IF, 3.990 Switch to X-engine: 498.750 MHz BW/ROACH,
| H ‘;|" i Custom CHASSIS (1U EACH) GHz BW, 1824 ch, 7.98 Gbps/cable 1y 256 ch/ROACH, 6.9825 Gbps per cable
A | i A L . o ROACH-2 X-ENGINE
! / ar— 4 \ CHASSIS (1U EACH)
I
8 = 9
[ | @ O @ O0;f 20 O O O O
] Heliax cable x1- 8 {
[ —_—— | I Q CLK SOW 1ppPs —| 1 Q CLK sow 1PPS |
| 70f7 2 Q 8
| EarET— EE— / N, s
N ) _ PEIF . <=
= H H = g€ 0 i
: - ! % Newooun <[} EN - ® 03 . g3 =0 0 O O O:
| UT-141 Semi- —  Converter — PR | Q ci sow 1pps = @ | a a sow 1pps S|
- | g 05m 3 el £ e
| | Power Control | g | g H |
R | __ = I ; g |
- 5o ! e !
6 ! 53 “SdfCal' 48vDC  ADAM : 3 E :
: Delay equalization w2 | 22 |
o - - Contar rame CEmEED | I %3 I
[ | V‘"Egn;]:"‘ = RF Synthesizer | = |
v 5 ~_ | |
Se — Yirinch, 9-m
53 |a [Jrsettcar 7 Heliax QIQ (300w) O | |
-———- g | |
Linear polarization | IF1  IF2 o 21GHz L0 »Q lad
gk——— 5 = \ | 2-18GHztoRR z cors | |
Receiver “ Phase (Ry7) _] T Corelator rame H : 2 ors 3 :
- o 3K 7 Ethernet N / / ———44 o § \ 3
7 _ ;I: P?;";fe Module o, Control (3x7) o W)
X 3 [k—omrel ) ¢ = 1
-] ] S|, 16be =
: o o f0 O O O O:
£ B[ | a ci sow 1pps S | a K sow 105 5
e £
] .
Platform Level ( 2.240 GHz Clock (x14) Ground Level
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Calibration, Photonic Noise Approach

Secondary

|
|
Equal Length Fibers | WR-10
|
| Reflector

PDI
Teraxion Variable .
I rima
Narrow Band Atenuator DCPS o ! R?;;zr
Laser PM3
155621 nm }
(192.643 THz) |
+18 dB, cPl s O
" 10dB Swith Isolator | 1:8 P PM4 Corrugated
o | G 5] O »| Optical | Feedhom
omiesl | —~T1—»|  EDFA Pt [t Single-Mode Fiber Divider I
RS-232 comtiner IR @ - | Through Cable Wrap |
I | O o
| | ] Rsound to
uare
| 1 +15 dBm Tn:lisltmn
+10 dBm
Variable RS-232 RS-232
Attenuator VA};Z C':::;e“
-10dB
Photonic Noise Source Straight W/G
A 4 (in place of
phase shifter)
Test Point Test Point
+13dBm - — — —[— |
1 1 1 1 RS-232 5 dBm
Thorlabs SLD
Ground Level 1550 +/- 25 nm RS-232 Hub Platform Level
(190343 -
196.585 THz) T
USB to PC
I X-Pol I Y-Pol
Fraction of SLD noise translated down to 86 to 102 GHz = 10*Log(16/6242)=-25.9 dB
-20.0dBm  Typical PM output
-259dB Bandwidth ratio loss
-45.0 dB Waveguide to feed loss
. . . TeraXion Laser
-90.9 dBm Equivalent noise input presented at feed horn
I SLD BW = 6,242 GHz I
I I
AMiBA | |
86— 102 GHz | |
| | | | | | | | | | | | | | | | | | | | >
| | | | | [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
0 1.0 2.0 190.0 191.0 192.0 193.0 194.0 195.0 196.0 197.0 THz
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Schedule

Version - 2015 May 11
7-ELEMENT, SINGLE POLARIZATION SCHEDULE Task Dur. | May | June | July | August | September October November December
Item Task Staff Weeks [ [ [ [ I 20 [ 27 [ 4 [ 11 ] 18 [ 25 | 1 8 | 15 | 22 [ 29 | 6 | 13 | 20 | 27

1 |Rack ion (2 more) PO h

Construct wood frames
Paint

Install racks

2 |Order ROACH-2 (x15 + 2 spare) HM
Ship to Hilo

Modify F-Eng w/ clk PD
3 [Order 10 GbE cables (x60 + 6 spares) HM
Ship to Hilo
4 _|Install ROACH-2s in rack, cable up PO ‘
5 |ID and order Clock i PO

6 |Clock Distribution Chassis m
Design

Order Parts
Fabrication
Assembly/Test
S |1/QPlate (x7) JK
Finalize EE & ME design
Order parts

Plate fabrication details
Assembly

Test

6 |Install I/Q Plates on ic Boxes (x7) |PO - -
7 Chassis (x7 RC
Finalize design

Order parts

Plate fabrication details
Assembly

Test

8 |Loop Board (P/O BB Chassis) RC
Design/schematic

Order parts

Board fabrication details
Assembly

Test

9 |Install Chassis in Rack & Cable  |PO - -
10 |LO Distribution Plate DK
Finalize design

Order parts

Plate fabrication details
Assembly

Test

11 [ID and order 4-16 GHz i PO
12 |ID and order long flex cables DK
13 |Modify 1st Section Modules (x7) PO | SH
Modification

Test S21 Response
14 |ADAM {may combine w/ BB Ch) [RC | JK
Plate & power supply design
Fabrication

Assembly

Cable harnesses
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