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$:& [ilabaan The GOAL

To develop a prototype and test a CW, all-solid-state,
1.497 GHz power amplifier specialized as space-
compatible replacement of the VKL7811 klystron
with ~16”x16” footprint (and ~19” height) at >60%
etficiency and ~1.5-2 W drive power.
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. 33% = >60%
| efficiency
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14.5”
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aiell N\ PT2024 & Pallets:

MACOM.

Testmg & Tweaking

25 NPT2024 MACOM

transistors were purchased
and tested using different

boards.
B UCDAVIS

4/1 ELECTRICAL ano COMPUTER
ENGINEERING

Tweaking method is developed to maximize efficiency and minimize harmonics

Slide a shorting cap along this
GND _—

/ stub to gnd to reject at 2F"
\ Feed DC in this line

RF output

. Add a shunt cap
(hard to see)

DC blocking cap goes here k

———
GND ]

—__ Slide a shorting cap along this

stub to gnd to reject at 3F0  Nuclear Physics SBIR/STTR Exchange Meeting g\ugust
7-8, 2018
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"VSVSTEMS

* NPT2024_88: VGG=-1.5V, VDD=50V

beam

*  Harm suppression average: P2fo < -30dBc, Pout3fo < -70dBc
* - Abit better than MACOM_TB especially 3FO

FILE ~ FREQ ~
Average of PIFO  Average of PFO  Average of P3FO
60

MACOM.

PoutlFO, 2FO, 3FO (dB) vs Pout (dBm)

Values
ZFOSET_VGG ~
SET_VDD =

~&—Average of P1FO - -1.5 - 50
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~—Average of P3FO - -1.5- 50
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NPT2024 Pallet Tweaking

2nd harmonic is suppressed below

-30 dB,

and 34 harmonic below -70 dB
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Power increase: ~10%
Efficiency: by ~3%
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Conclusmn on NPT2024

* Low power, gain and efficiency;

* Poor reproducibility and degradation;

« High failure rate (>25% failed);

« Performance spread (15% saturated power stdev)
* Thermal instability.

Available GaN power MOSFETS are not sufficient for the CW
application

= Better CW power transistors are required.

Nuclear Physics SBIR/STTIR Exchange Meeting August 7-8, 2018



& Microsemi

MicroSemi 65010GN

MOSFET design approach: integrated heat
management, matching and power scalability

A novel GaN MOSFET has been developed
specifically for this project:

* Very low thermal impedance (<0.35°C/W).
» High gain ~17dB .

* High power: ~300W at 52 V.

« >250 V breakdown voltage. | Enables

« >3 GHz cutoff frequency. SWItCHig

: mode
» Very low quiescent current. operation

Nuclear Physics SBIR/STTIR Exchange Meeting August 7-8, 2018
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ol 65010GN Durability

(5 '? "'-' & Microsemi
A /‘%«:‘7 : “’“”7 5 S No any

, . '_ < 5~ @l degradation,
: ‘ power droop, or
S~ instability found
* |\ for several days
run!

Long run measurements of the 65010GN MicroSermi Demo Module
date time Input, W PM_out, dBm Qutput, W Gain,dB Id,A Pd,W T,thermocouple, C T chip, C

Measured at

~1.5GHz Sep08 14:40 420 1335 21627 1712 695 347.50 2740 5200
1540 415 1325 21135  17.07 6.90 345.00 2740 5200

1600 414 1318 20797  17.01 6.90 345.00 2740 5200

Sp0916:00 400 1315 20654  17.13 6.80 340.00 2730 5200

Sp1017:00 401 1310 20417  17.07 6.70 335.00 2740 5200

Sep111200 391 1301 19999  17.09 6.70 335.00 2730 5200

The best ever achieved long-run CW stability and durability without failures
vs. other MOSFETS: NPT2024, CGHV14250, QPD1016.

° [
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N | baom & Microsemi

B 20 x
R il gﬂ, 65010GNA
@ Pallets

Relative pallet-to-pallet
standard deviation is 6.4%

L v.; Lal .
A\~ ! 4 for saturated power and

1.6% for the gain (dB)

“Power St.défn;tainn T 1834349 02?124535 Gain st dev. AUHage off. ba%
Averaged power 284.9 17.0 Av, Gain

« Maximum power and drain efficiency: 309 W and 66%

* The lowest idle (at no RF) DC power consumption (1.1% vs. >13% for the best
QPD1016 Qorvo transistor);

» High power added efficiency (PAE up to 64%);

« Highest saturated CW gain (17 dB vs. ~11 dB for QPD1016);

« Lowered source temperature (few degrees vs. QPD1016). 4
L ®

Nuclear Physics SBIR/STTIR Exchange Meeting August 7-8, 2018



a¥ beam & Microsemi
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65010GNA Pallet Design

Plug-and-play power module:

Pallet dimensions:

[ =47 x W3 no other bias or drain

and Thickness = .250” control/protection/driving
circuitry is needed due to the
IGBT heat management
solution

Nuclear Physics SBIR/STTIR Exchange Meeting August 7-8, 2018



ol N ovel “wiggling”

beam

t e combiner
yp apy * Ultra-wideband

s * Ultra-low loss
! « High power

K « Compact NIMA 870, 2017, p. 55
' * Robust (no tuning)

S-parameters, d

0 v v -
v 6 Insertion Loss, dB
' : : : ' — Output Return Loss, dB
_5 .................................................................................................................................................................
( 1997, -13.142 )
e ( 981,-16.‘111)
(3 ( 2980, -16.134 )
Q ( 1497, -22.214)
-15 1 (981, -3.327)
Q (2980, -3.5974)
-20 -
-25 .
-30 -
-35 : :
500 1000 1500 2000 2500 3000 3500

12
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Combiner & Divider

performance
at | nsetonlos: | olton __[Way-waymsinhomogeneity
Max Min

1.5GHz Power Phase

Divider ~ 0.082 dB -21dB 26.8dB  22.5dB 1.5% 0.37°

Combiner 0.091 dB -22.3dB 249dB  10.5dB 1.45% 0.52°
S-paramaters, d&

—— Input Return Loss, dB | |Input Return Loss, dB : -18.12222 ! :
w— [nisertion Loss, dB Insartion Loss, dB : -0.3522684 ﬁ ........................

—— Qutput Return Less, dB | |Output Returm Loss, dB : -17.6365

osses at 15 GHz:

—_—— — —
O L L TTrr s e e s s rr e v urusy TOUTeust. eeseuee: A saaiaiasasIRIaRaSaEEaaaeiE P O T T O,

____________________________________________________ 0,33 dB insertion
~27% Bandwidth at ~2.5dB is

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

determined by divider (older

design, narrower)
1550 1600 1650 1697
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B ccpa Assembly & Networks

2048
VNA

T SET

|

| 29.56dB .

U | 60 dB — E
|

Electrical scheme

~40000uF, 100V] 750 61um 500 W rheostat

T 4

pallets

| S

—e/o—

200A Switch to be on
at max DC voltage
applied to pallets and
before RF is on.

Switch is off during
ramping op or down the
DC voltage applied the
pallets at no RF!

MES050B-60EABO1

+

40-50 V control with
input voltage up to 5V
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5' beam ==
"VSVSTEMS =

TS

‘ b ~13.5"x14.5” x19”

6x10°F

2%10°

¥ THPALO73 Pinyy, Pin

inIPACIS — Gain measured: 33-38 dB
Proceedings
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Drain effici d DC

power consumption

60

30

40

' ‘ ewe . |
-k a] ) “e . 1‘1-
i S 1 8«10’k -
': “ )
p .
“ .
™ i s, -'-"_ =
J - 7.5x10 ’ Ppc
LI TN I [ LS
5 11(Pin) -‘- RS 1 SO -
[ ._i h}
l 1 6.5x10° ‘ t
1 1.5 2 1.5
P_iﬂ._.“:rrph.] P‘I-'.‘El\_];,P':i:I'I

63% drain efficiency is achieved!
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Project outlines

The SSPA dimensions and gain fit well the klystron.

The SSPA max efficiency exceeds almost twice that for
klystron.

The 3W/in3 power density achieved at 100% duty
exceeds much the CPI's VSS3605 SSPA (10% duty,
n=35%)

The quiescent SSPA current is only 0.84% of the full
power current vs. ~100% for klystron.

The novel 65010GNA pallets offer excellent capabillities
for upgrade to enhance both power >370W and
efficiency >70%.

Almost perfect(as simulated) combiner-divider
efficiency is measured at high power.

o o1/
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Market opportunities

Jefferson Lab Electron-lon Collider (JLEIC).
Material processing and microwave chemisiry.
Radars and directed energy applications (defense).

CW compact accelerators: UHF-L-band Rhodotrons
(DHS).

Interest expressed

- JLab

- CPI

 Navy

 Lambda Technologies

 RF components vendors (ANATECH)

18
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Project outcomes

65010GNA to be modified to increase power and
efficiency taking advantage of MicroSemi
proprietary power-scalable technology enabling
275V breakdown =higher drain voltage ~120V.

Need accommodation to Jlab environment:
harmonics, water tfemperature, wide dynamic
range of power, phase stability.

Develop broadband version of the SSPA for
commercial applications (to include 1.3 GHz).

Novel opportunity for efficiency enhancement in
wide dynamic range.

Nuclear Physics SBIR/STTR Exchange
Meeting August 7-8, 2018
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Novel opportunity for
efficiency enhancement
in wide dynamic range

Combining efficiency vs. N of ports employed

100 T e 7
o’
. Nearly saturated PRl
efficiency at 13 Pt
'phased; 60- dB dynamic e i
iImutr:hr::di 40+ I'ange Q."’dy _
#M.¢+#
20 R 7]
-
v
0— | | | |
0 5 10 15 20
° Ni 20
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