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Hermetic Package-Based 45 W Ku-Band GaN HPA MMIC
for Aerospace Applications
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amplifier monolithic microwave integrated circuit) A7 2 A9 Zze} Wg-A 2 24 719 hermetic packages 4 &5
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package”} ZE¥ MMICE &4 3% th MMIC 9% 14~16 GHz 9ol 46.7 dBme] &8 A& 3} 356 %2 (PAE,
power added efficiency) L2132 23.7 dBS] A E 0|5 A5 o7 F23}, hermetic package’l 4-£¥ MMICE 45 We| &9
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Abstract

This paper presents the design and test results of a 45 W high-power amplifier monolithic-microwave integrated circuit (HPA MMIC)
for aerospace applications utilizing a 0.15umGaN on SiC process, as well as the test results after applying a metal-ceramic-based
hermetic package. The fabricated MMIC was designed with a three-stage cascade structure to achieve a high gain in both small- and
large-signal performances. Measurements were conducted under radio-frequency pulse signal conditions with a 1004s pulse width and
10 %duty cycle for both the MMIC die and hermetically packaged MMIC. The MMIC die operates in the 14~16 GHz band, delivering
an output power of 46.7 dBm, a power-added efficiency (PAE) of 35.6 %, and a power gain of 23.7 dB. The hermetically packaged
MMIC exhibited an output power of 45 W, a PAE of 30 %, and a power gain of 24.3 dB. The chip size of the fabricated MMIC
was 4.5 x 4.5 mm’, and the size of the hermetic package was 10 x 12 mm’, making it suitable for use in the transmitter modules
of aerospace wireless systems that require high power, light weight, and high reliability.
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H 1. NP15-00 349 52 A%
Table 1. Main Performances of NP15-00 process.

Parameter Performance
Breakdown voltage > 120 V
Cutoff frequency 34.5 GHz

Maximum stable gain 18.2 dB @10 GHz
Output power density 4 W/mm @29 GHz
Threshold voltage(Vto) -2V
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Fig. 1. Hermetic package photograph.
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H 2. Package 78 24 EHEA
Table 2. Thermal conductivity of package materials.

Thermal Conductivity
Material [W/(mX><K)]
@25 °C @100 °C
CPCl141 200 195
Tungsten 167 159
Molybdenum 142 138
Cu-W (85W-15Cu) 184 178
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Fig. 2. HPA MMIC configuration.
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a8 3. AlZHE Ku-the] HPA MMIC AR
Fig. 3. Photograph of fabricated Ku-band HPA MMIC.

2 9 Tt AT 9 HYET Fot 4
F RS 2T At 30 AYL£AE 7]
BE @AL gA] el ACE 2 Sdel 7k A
o
=

% 3y

AZAste] AAsAth 399 doH A F 3
T 7t @] EWA LY Hlo] gtFo] AHY EAS F
2332 AA S 2H Keysight Al ADS A 2
&5t Z2 IJ(EDA tool)& ©]-&3te] A7) Al
A (EM, electro magnetic, simulation)>.2 A 5S 7
atath. AAIE Ku-thY HPA MMIC Abo]2& 4.5x
45 mm®elth. 1% 4% HPA MMICS| tl41 3 4
[¢]

il
&
9,

3
B3 AA Aolth 15~165 GHz th ool A &4
& 46.5~47.6 dBm, PAEE 30.7~41 %, Ao
254~26.6 dBS] A7 A%E 7HAIh
19 5¢ AAE MMICY &% HA5< a3 =99
B 2~ E 7 ¥ H 5 (Test EVB, test evaluation board) AF7
ojtt, AAE MMICE @& U5 S $3ll hermetic pack
ageoll A FY3HA A -&3k= CPCl41 &A1 <] Chip Carri
erdl A%3ste] AP 18 6 MMIC ©F A 9
Aoty DC I7F 271 W 52 Ho AFAA
A AY #ho] Z7tgel wet =9l AR{7H AAA
Y& Class ABE 22 H0 8 23 E 28 Vo =
ol Mgkt 780 mAS] B MRFE AAS dial
o Al Ade 19 59 2ok B2 100 ps, Duty Cy

4 = ofr
flo 18 =2



—#— Pout(Simulated)
—e— PAE(Simulated)

—4— Gp(Simulated)

50 . . ‘ . 270
T 1 / \ -~ 265
-
G )
o3
£ 41 / 1260 i—
g / :
H
o 35

e / » 255

15|0 15.5 16.0 16|.5
Frequency (GHz)

30

2 4. HPA MMIC t21s A7 A3t
Fig. 4. Photograph of MMIC EVB for validation.

» e s ] g

a8 5. %% MMIC #5& EVB AHd
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Fig. 6. Large signal measurement results of MMIC.
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E 3. Kutl9 GaN X28F3%7] HA3= JeHiL
Table 3. Performance comparison of Ku-band GaN high
power amplifier MMIC.

Parameter | Unit|Ref. [3]|Ref. [4]|Ref. [5] This work
0.154m|0.25 pm|0.15 um 0.15um
Process - GaN | GaN | GaN GaN
HEMT | HEMT | HEMT HEMT
. 2-stage | 4-stage | 3-stage 3-stage
Configuration | - - Cascade|Cascade|Cascade Cascade
. .| Cu . |Hermetic
Package type | - [Bare dieBare die package Bare die package
15.25—|13.75—
Frequency |GHz| 13—15 1625 | 145 14.5—16| 14—16
Small signal B 252— | 33 29 32.1— | 30.6—
gain 275 | @peak 35.0 33.8
Maximum poutdBmi45—46.1 46 46 4‘5"77; 45.6—47
312— | 259—
0 —
PAE % 29.2—39 17 30 301 314
MMIC size |mm’| 15 | 49.7 | 32.07 20.25
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