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Topics

✓ Design steps in 250 W power amplifier at 3 GHz - From block 
diagram to measurement results

✓ Progress in the design of 200W and 1.6 kW solid state power
amplifer at X-band 
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Design requirements for S band-PA 

➢Center frequency 3GHz

➢Minimum output power 250 W (up to 500W is also allowed)

➢Linearity is not an important factor as it could be compensated by LLRF

➢Input power >10 dBm (so we need at least 45 dB signal gain-31000 times)

➢Pulse Repetition Frequency (PRF) <1% with 4.5µs pulse width 

➢Protected against full power reflection condition
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Block diagram of 250W SSPA @ 3GHz -
initial
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Block diagram of 250W SSPA @ 3GHz –
updated
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Driver and Pre-driver design



AWAKE project 8

Design and characterization - Driver
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Design and meas. of the PA
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Pre-driver embeding

10

Pre Driver Driver PA
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Test & Measurement set-up

DUT

10 dB coupler

Dummy load

Power meter

Signal Generator 
up to 20 GHz

10 dB coupler
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Measurement results
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Freq 3 GHz, 
Vdd=32V, Vgg=1.8V, 
Pin is sweeped and Pout is measured

Freq 3 GHz, 
Pin=8dBm, Vgg=1.8V, 
Vds is sweeped and Pout is measured

Freq 3 GHz, 
Pin=8dBm, Vdd=32V, 
Vgg is sweeped and Pout is measured

Using this data, LLRF can be further developed to tune the amplitude of the output signal
For the phase we need a VNA.
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Development process - itterative
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Development process - results

Remaining – next steps:
• Box design and related simulations
• Final measurement simple
• Final measurement with LLRF
• Field test at CERN
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X band solid state power amplifer

• 200 W @ 12GHz

• 1.6 kW @ 12GHz



AWAKE project 16

SSPA @ 12 GHz – available transistors

NO. Part number Company
F (min)-
F(max)

Pout (sat) Package
Match//U
nmatch

1 TGA2590-CP Qorvo 6-12 GHz 30 W Flange

2 TGA2590 Qorvo 6-12 GHz 30 W Die

3 FMM5061VF Eudyna 9.5-13.3 GHz 2 W Flange

4 P1006-BD Mimi Asia 8.5 – 11GHz 10 W Die

5 MB6.0018G434820 Elite 6-18 GHz 20 W Connectorized

6 TGF2979 Qorvo DC-12 GHz 25 W plastic package

7 TGF2978 Qorvo DC-12 GHz 20 W plastic package

8 QPD1022 Qorvo DC-12 GHz 10 W plastic package

9 TGM2635-CP Qorvo 8-11 GHz 100 W Flange Matched

10 QPM1021 Qorvo 10-12 GHz 100 W Flange Matched

11 CGHV96100 Cree 8-9.6 GHz 100W Flange Matched

12 CGHV1F025 Cree DC-15GHz 25W plastic package
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SSPA configuration
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1kW X-band SSPA
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Equipment needed

M5180 2-Port 26.5GHz VNA – 20 k€

350W-WA67 FIXED ATTENUATOR

3dB-6dB-10dB-20dB

SA Ceyar 4051 Series – 50 k€
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Questions ?


