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Anritsu Synthesizer
20‐35 GHz, ‘Sidecab’

Anritsu Synthesizer
20‐35 GHz, ‘Sidecab’ +16 dBm

+16 dBm J. W. Kooi
31 Feb 2011

LO Power Supply
Bottom ‘Sidecab’

GPIB

GPIB
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54” (137cm)

Sidecab to scale

CSO Frequency Scheme

#2 #3
230 Rx: 20.3‐31.1 GHz (X9)

345 Rx: 23.3‐35.0 GHz (X12)

460 Rx: 26.6‐34.6 GHz (X15)

CSO Frequency Scheme

230/460 345/650

ve
 B
ox

e 
Bo

x

650 Rx: 21.5‐26.6 GHz (X27)
( )

m
m
‐W

av

m
m
‐W

av

Mu‐box Mu‐box230rX: 20.3‐31.1 GHz/4.5ft

650Rx: 21.5‐26.6 GHz/4.5ft

345 Rx/11”460 Rx/11”

460/650 230/345 23.3‐35 GHz26.6‐34.6 GHz

Anritsu Synthesizer
20‐35 GHz, ‘Sidecab’

Anritsu Synthesizer
20‐35 GHz, ‘Sidecab’ +16 dBm

+16 dBm

GPIB

GPIB
20‐35 GHz/8ft (3.8‐5 dB Loss)

20‐35 GHz/8ft (3.8‐5 dB Loss)

J. W. Kooi
31 March 2011



Mm‐wave box, thermally weakly
coupled to Cryostat

Optical beam
(from M4)

coupled to Cryostat

/

345/650

230/460

M5

Mu‐box

M5

J. W. Kooi
31 March 2011

Bal JPL  PA
(next slide)



MU-Box Layout (BLF)



Mu‐Box

YIG,
80 C

20‐35 GHz

USB interface

R.A. Chamberlin/J. W. Kooi/B. Force/D. Miller



33C



15-20C

33C [If too cold the Heater may max out (9W)]



YIG Tuning Characteristics

YIG 1 was overheated (100C), 
Been send back for repair. Under warranty
Setting re-adjusted by micro-lambda





YIG Drift Characteristics



230/460 Cryostat

Dual color

LHe stage

( )

J. W. Kooi
31 March 2011

JPL PA Bias (2x)



mm‐Wave Box 230/460

PWM x3
(passive)

Marki
35 GHz
LPF, 15 pole

Norden PA
20‐35 GHz
+24dBm

Bal JPL  PA

PWM x3
(passive)

Harmonic LPF: <= 210 GHz
and <= 320 GHz

Bal JPL  PA

Injection point

J. W. Kooi
31 March 2011

Injection point
Gunn/Filter if so 
desired



mm‐wave box
Will be covered with 
Neoprene for insulationNeoprene for insulation
against air currents. 

Harmonic LPF < 210 GHzHarmonic LPF: <= 210 GHz
and <= 320 GHz

J. W. Kooi
31 March 2011



mmWave Box detail

4 H-Bends for 230/345 Rx and 
0.75” Straight for 460/650 Rx



Harmonic Analyses



Measured 210 and 320 GHz LPF
db

S
21

Limit NA



MARKI 35 GHz Filter Characteristics

Marki 35GHz
LPF

Marki 35GHz
LPFLPF



Thermal behavior JPL Power Amplifiers

RAC, Dec 2010



CSO Synthesized LO



CSO ‘mu’ Boxes (YIG filter + conditioning for dual colour)



CSO mmWave Layout (x4) [230, 345, 460, 650 Rx] 



Micro Coax

8ft/UFB142A



8ft8ft

L=0.48(L/12”) + 0.01(L/12”)*(F-20 GHz), L in inches



Breadboard 1
Norden N09 2414 S/N 1003Norden N09‐2414, S/N 1003



Measured Output Power muBox #1 (Norden Amp S/N 1003)



(Norden Amp S/N 1003)

0 5 dB t l i YIG

(Norden Amp S/N 1007)

0.5 dB extra loss in YIG,
-0.5dB in Psat different PA 

Need to have 6-8dBm at the
input of the Norden amp 
keep loss <= 2.5 dB if possible

+16dBm16dBm



Breadboard 2Breadboard 2
Norden N09‐2414, S/N 1007



Norden N09‐2414, S/N 1007

Output muBox #2

Need 6-8 dBm to saturate Noden N09-2414 
Keep canle loss <= 2.5dB (35 GHz)
Use 4ft micro-coax cable between dewars.

Norden N09‐2414, S/N 1007 Norden N09‐2414, S/N 1007



14” = 1.8 dB cable loss at 35GHz
14” = 1.8dB cable loss 

at 35 GHz

At output muBox #2

dB
m

D=1 dB
at 35 GHz

D=2.5 dB

Norden N09‐2414, S/N 1007
Norden N09‐2414, S/N 1007

14” RFCoax:At 20 GHz:1 dB,  35 GHz: 1.8 dB
These numbers are the total loss of the cable. (Divide by 14/12 = 1.167 to get dB/ft.)

Bm P t b t d

dB

Psat can be compensated
with 1,2,or 3 dB Attn Psat can be compensated

with 1,2,or 3 dB Attn

Original



Output power going to PMW Tripler with a 14” RF Coax interconnect (Incl a 3dB Attn). 
14 dB RF Coax ~1.8 dB attn at 35 GHz

With the Marki  Filter use 
~ 1-2 dB Attn. Power at 
input PWM needs to be 
measured for each 
frequency band. 



Output power going to PMW Tripler with a 14” RFcoax interconnect (Incl 3dB Attn) 
14 dB RF Coax ~1.8 dB attn at 35 GHz



Output power going to PMW Tripler with a 14” RF Coax interconnect (Incl 3dB Attn) 
14dB RF Coax = 1.8dB attn at 35 GHz

8ft Microcoax, 5dB loss at 35 GHz (too much) Comparison with 14” RFcoax interconnect



Combined effect of a different PA & a 1dB 
difference in output attenuation

Scatter in 3dB
attenuators`

Different 3dB attn



Loss Calculations
mmWave Box N09‐2414 P.A. Input Requirement: >= +6dBm

230 Rx: 20 3 31 1 GHz (X9)230 Rx: 20.3‐31.1 GHz (X9)

650 Rx: 21.5‐26.6 GHz (X27)
345 Rx: 23.3‐35.0 GHz (X12)

460 Rx: 26.6‐34.6 GHz (X15)

Pin >= +6dBm



Gsat Characteristics for N09‐2414

Goal at Input 
mmwave Box P.A.



Psat Characteristics for N09‐2414

G lGoal

Sat signal gain: 17-18 dB
P1db = +20 dBm
Psat  = +24dBm



Measured Loss Calculations
230 Rx: 20.3‐31.1 GHz (X9)

3”mu-box mmwave-box
4.5ft Microcoax

RFcoax

10” RFcoax



Measured Loss Calculations
345 Rx: 23.3‐35.0 GHz (X12)

3” + 10”mu-box mmwave-box

11” MicrocoaxRF + Microcoax
3” RFcoax + 11” Microcoax



Measured Loss Calculations
460 Rx: 26.6‐34.6 GHz (X15)

3” + 10”mu-box mmwave-box

11” MicrocoaxRF + Microcoax

8” RFcoax



Measured Loss Calculations
650 Rx: 21.5‐26.6 GHz (X27)

3”mu-box mmwave-box
4.5ft Microcoax

RFcoax

6.5” RFcoax



Pin Norden Amp mmWave Box Summary (Measured data)

`

`

Can tolerate more loss in midband

`

`

Can tolerate more loss in midband



Total (Measured) Coaxial Loss for each Frequency Band

Can tolerate more loss in midband

Can tolerate more loss in midband


