Upgrades to the CSO
A 280-420 GHz Technology Development Receiver (Trex) and beyond....

J. Kooi, A. Kovacs, M. C. Sumner, R. Ceria, D. Miller, T. G. Phillips
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Talk Outline

Used to demonstrate a Varity of Technologies
Allow Extended Baseline Observations with the SMA.

4-8 GHz IF

Dual Frequency Operation (230/460 GHz and 345/650GHz Atmospheric Windows)

Tunerless
4-8 GHz IF

/

Single Polarization, Continuous Comparison Rx

Tunerless :
100 puK (100MHz) in 8 hours Integration
4-8 GHz IF




Needed: Technology Demonstration Receiver.




v'Wide Bandwidth Waveguide to Microstrip Transition (to couple to the mixing device)




Thin Film Radial Probe

59 Thin Film Microstrip Mode

Concept: Stafford Withington,
Quartz 50 um THz Conf, UVa 1999
" Advantages:

Full Height Waveguide
45-50% Fractional BW

Fixed Backshort

Split Block, with Capacitive
Tuning Step

Suspended substrate




Kooi, 12/2000

Scale model with HFSS Simulation Scale model with HFSS Simulation

Rprobe=9.30mm (366 mils), Cu Ground to WG Wall
SMI[S11]  SMI[S11] Rprobe=9.30 mm(366 mils). 2 section RF Choke DB[S11] DB[S11] probe=9.30mm (366 mils). Cu Ground to a

Substrate: Er=4.15, Tand=0.020 (Measured)
SCIRIS8 IRIS_350 Substrate: Er=4.15, Tand=0.020 (Measured) SPIRISE RISI00 £ height Waveguide (45 5% RF-BW)
HFSS  Scalemodel Full Height Waveguide (45.5% BW) HFSS o Scalemadsl Iris (11% reduction b_dim guide. 10.83mm in frant of substrate
BS=711mm  BS5=7.63 mm

[ Zprobg=51.2+j 2D Ohm
Zprobe=51.2 + | 20 Ohm i

'
()]
T

Input Return Loss (dB)

Full Height ¥Waweguide (45.5% BW) T T N T \ .... /

. 44
J3. Kooif2001 34-K4 Frequency [GHZ] Frequency [GHZ]




Input Return Loss (dB)

Impedance (Ohm)

]
a
T T T T

350 375

325

Frequency (GHz)

Zim

300

325 350 375
Frequency (GHz)




Transmission (dB)

R TSR R R
325 350 375

Frequency (GHz)
















v'Balanced & Correlation Mixer Block Design




Possible Balanced Mixer Configuration

180 degree hybrid Vi(t) —1,(t)
: N
Wo(t) C s Uo BPF | ? —Flf(t

Vee(t) © BPF |
Vg({ii il ]_2

90 degree hybrid Vi(t) —=1,(t)
DU
Vio(t) O >< >+ BPF ? —=1u(t)
Ve (L) © | j |

b b0926d_j8_350-2_ 1+07 dat - Rn=5 68, Reg/Rn=1- | i ]

[ —— b0926a_j5_350-1_1x07.dat : Rn=5.49, Rsg/Rn=
B0926¢_j1_350-13_1x07.dat: Rn=5.44, Rsg/Rn=
b0926c_j6_350-2_1x07 dat : Rn=5.29, Rsg/Rn= 10
b0926d_ji_350-7_1x07 dat : Rn=5.30, Rsg/Rn=9.73

[ —— b0926c_j3_350-13_1x07.dat: Rn=5.52, Rsg/Rn=11.3

[ | Freq=350 GHz
F| Area=1x 0.7 um

...................................................




Hﬁm} = LO Source Unit
Koln 4 GHz
10 o 330 or 460 Rx Hybrid AOS

SIS 1

1GHz AOS

IF Processing 1 GHz A0S
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280-420 GHz, 580-720 GHz ; LO Source Unit
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90 Degree Hybrid Branch-Line Coupler

Output Side

Input Side
-3dB

-3dB

Phase (Deg)




Branch-line Coupler /Mixer for Balanced Rx

Phase difference Mixer 1 & 2. Measured thru Loss-Hybrid Dos21) Ders21)
4 PORTIZMEY  PQRTISMHY Power Imbance between Mixer 1 and 2 (thru lossy hybrid)
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v'Optics Design: - Single-Ended Mixer
- Balanced Mixers
- Correlation Mixer










350 GHz and 650 GHz Balanced Mixer Optical Configuration

350/650 GHz Cryostat with
Balanced Mixers

350/650 Beam




230 GHz and 460 GHz Balanced Mixer Optical Configuration




345 GHz Balanced Correlation Rx Optics

280-420 GHz Correlation Rx
1F: 4-8 GHz




v New Set of SIS Junctions (JPL)




Meet Th e Fam | Iy .. -Designed with Supermix (Kovacs et. al).
. . . -Optimized for: Minimum Noise
The new fix-tuned mixer designs e S

IF Flatness
for the CSO Conversion Gain
580 - 730 GHz RF/IF Stability
400 - 540 GHz Saturation
280 — 420 GHz -Jc=25 kA/cm? RnA=7.6, AIN tunnel barrier.
180 - 280 GHz JIF Impedance: 20 Ohm (0.5 — 13 GHz)

J.W. Kooi, A. Kovacs
4/16/2003,
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Batch: B030925, Area: 1 x 0.68 um, RnA=8.22, Vgap=2.55 mV Batch: B030925, Area: 1.0 x 0.62 um, RnA=8.22, Vgap=2.45 mV
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— b0925¢_j8_460-22_1x08.dat. Rn=6.04, Rsg/Rn=8.95 | — b0925c¢_j4_650-17_11x07.dat: Rn=6.58, Rsg/Rn=8.36 | ]

Freq=650 GHz
Rn=6.58 Ohm
Rsg=55.0 Ohm
Rsg/Rn=8.36

Freq=460 GHz
Rn=6.04 Ohm
Rsg=54.1 Ohm

Rsg/Rn=8.95
Vgap=2.55 mV Area=1.1x 0.9 um

Vgap=2.45 mV
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Measured Data on Single-Ended DSB Rx 'Barney’
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v'4-8 GHz IF Match, Bias Tee, In-phase Power Combining circuitry

v'4-8 GHz Low Noise Cryogenic Amplifier (Chalmers Univ).

v'4-8 GHz Warm IF + Stability requirements
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Bp1

Wil l=d2=0.80Y
Id1=ld2=5.0mA
Tavg=1.7TTK

Bp2
Will=\d2=0 a0
Id1=ld2=3.0m#A
Tavg=2.09k

Bp3
Wil=\d2=0.10
Id1=ld2=0.9mA
Tavg=38.94k

=— PMoise (k) Bp1
=— PMoise (k) Bp2
== PMoise (k) Bp3
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v Synthesized LO + Balanced Power Amplifiers
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60-105 GHz Balanced Power Amplifier (JPL)

L. Samoska, T. Gaier, J. Ward, D. Pukala, and J. Pearson

Input Return Loss Transmission

H-DB(|S(1,1)])
HFSSwr11aloxH4R21huObsOacisfinbond

/\/\ q

60 65 70 75 80 85 90 95 100 105 65 70 75 80 85 90 95
Frequency (GHz) Frequency (GHz)

BDB(|s(2,1)))
HFSSwr11aloxH4R21huObsOacisfinbond




Performance Verification: Meet Virtual Trex...

A 280-420 GHz Single-ended (DSB) Receiver 345 Single Ended Mixed Block for

linkup with the SMA.




Now meet the Real Trex...

A SIS Bias
\-i_ . a {‘ D L \ S
LO Power ) i g \- JFCwear :
management : | .

...E..

. N Ext Oscilator/
| | Osciloscope Switch




Synthesized LO (M. C. Sumner)

Millitech 6x

multiplier
\

\ Shielded DC
\“\ breakout box

JPL power
amps (2)

Waveguide
attenuator

multiplier




Results/Installation CSO




v' Performance
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Gmix DSB (dB)

Gmix DSB (K)
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345 GHz Receiver Noise Temperature vs SIS Bias

Optimal Bias Conditions: Trec345GHz
Vsis: 21 mV

. — Tmix345GHz
Isis: 82 UA Tif345GH
Magnet: 30 +- 2mA ! z
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*Improvements: Balanced Rx gains ~13K in Optics noise.




Total Power Response vs Airmass
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Continuum Stability as measured on the Telescope
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Measured Receiver Noise Temperature
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f =345 GHz

Vsis=2.2mV
|sis=82 uA
B-field: 29.4 mA

~~

Trec DSB (K

\
{>

35 40 45 50 55 60 65 70 75
IF Frequency (GHz)

22
o



Predicted Balanced Mixer Performance
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— ¢ — Measured Data on Single-Ended DSB Rx 'Barney'
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Barney 345 GHz Beam Profile on Secondary CSO
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Fit_FWHM: 313.11 mm ( 12.327 ")

| fwhm=wo/0.85
wo=sqrt(8.886/3)*(fwhm/2)

Total Power (mV)

Te=8.686 * (Dia/(4*wo%)))
Dia_secondary=580 mm(22.835")
Te_secondary= 10.31 dB
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Trex at night on the Telescope




1069; 2 ORIUH 12C03—-2—-4 CSO 4CGHz IF4 O: 07-0CT-2006 R: 05—NOV—-2006

RA: 05:32:47.000 DEC: —05:24:21.00 (1950.0) Offs: 0.0 0.0 Eq
Unknown  Tau: 0.2400 Tsys: 1037/. Time: 33.46 El: 46.27
N: 6661 10: 5608, VO:  9.000 Dv: —0.5607 L SR
FO: 347796.011 Df: 0.6505 Fi:-  332795.856
Image Frequency (GHz)
3.36 10° 3.35 10° 3.34 10° 3.33 10°
T T I T T T I T T T I T T T I T T
80 - C0O3-2 -
60 | —
*C.U - _
— _ 4
40 -
i ~105mK rms 7
20 -
O | 5 I 5 5 5
3.45 10 3.46 10 3.47 10 3.48 10

Rest Frequency (GHz)



1121; 2 W30H 12C03—-2—-4 CSO 4CHZ IF4 O: 08—-0CT-2006 R: 26—0CT—-2006

RA: 02:27:04.720 DEC: 61:52:24.70 (2000.0) Offs: 0.0 0.0 Eq
Unknown  Tau: 0.1840 Tsys: 1272. Time: 40.31 El: 46.39
N: 6662 10: 5608. VO: —48.00 Dv: —0.5605 LSR
FO: 347795.546 Df: 0.6502 Fi:  332798.873
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Conclusion: »Successful Installation of Trex: The wide band 280-420 GHz Rx
»Proven a variety of underlining technologies
»Balanced and Correlation Mixer Hardware Complete
>Bottléneck: Bias Electronics (~60 bias boxes neededl)
Shortage of manpower

» Timeline Correlation Rx: End 2007
> Timeline Balanced Rx: 2008
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