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Abstract This paper presents the development of compact and lightweight broadband power amplifier module using
HMIC (Hybrid Microwave Integrated Circuit) technology that could be high-density integration for many
non-packaged microwave components into the small area of a high dielectric constant printed circuit board, such as
a ceramic substrate, also using the special design and fabrication schemes for the structure of minimized
electromagnetic interference to obtain the homogeneous electrical performance at the wideband frequency. The results
confirmed that the small signal gain has a gain flatness of + 1.5 dB within the range of 32 to 36 dB. In addition,
the output power satisfied more than 30 dBm. The noise figure was measured within 7 dB, and OIP3 (Output Third
Order Intercept Point) was more than 39 dBm. The fabricated broadband power amplifier satisfied the target
specification required to electrically drive the high power amplifiers of jamming generators for electronic warfare, so
the actual applicability to the system was verified. Future studies will be aimed at designing other similar microwave
power amplifiers in the future.
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Table 1. System Classification by Operating Frequency

Table 2. Target Specification

Unit Specification
System Frequency Operating Frequency GHz 6 - 18 GHz
Military Land Ship UAV Aircraft Small Signal Gain dB 32~36
Radar (L-band) (S-band) (C-band) (X-band) Gain Flatness dB +1.5
I\éllilitt;a:y Force protection Jamming 'Pld}? dBm 30
e 05 ~ 2.5 GHz) @ ~6 6 ~ 18 GHz) Noise Figure dB 7
are OIP3 dBm 39
Tactlcatl Broad bandwidth radios Software defined radio VSWR - 2:1
Communica
tion (20 ~ 512 MHz) (500 ~ 3,000 MHz) Consumption Current mA 2600 (typical)
Satellite
Communica TWT replacements (5 ~ 9 GHz)
tion I ANA ASS AES isel A F9 BED
AFSHA A7 Table 29] H¥7P4S BF wHEell
se] wFs AUSEo|e) A @S Avmw ok
o] FH¥E(Mobile Phone) T F4 2(Wireless
LAN) 59| o S48 9 iy S%7] so] of
2o, Table 19 w&AAN 485 3 SEHE 2. B8
(Octave) o’de] F3b & 7M1= FHid el S%7]
RELS OFE oo st Qels). ey &9 PR B e e S s |
HAFNA oF BEsEE BRI Qo W ¥E  Fig 1o B A=FI0)e) PR dehonk
9ol 2 T A9 £EAI3 210 59 o] %= A7t 3H-H(Housing) WH-o RF(Radio Frequency) 2133
Ado] AzE 5 F¢o] folstx] gomz ) Ay F EZBlock)T AhAo] EEo] §IX]3T) RF &35
of tgk Bardo] Axx 9k % BEL2 20 dBm ©|3te] 2415 E =¥} 30 dBm
Ea Ful A e 1 A BRI Aol olden FEaE s1eS RS, HMIC 714 4
Wf71# @ 2F9  EWAE(Transistor) FE &3 RFEHA 1, 2, 302 ERdch Z2he] RFEHA
MMIC(Monolithic Microwave Integrated Circuit) 52+ & WA, o|52ATE LA}, o|55FHA4A},
Z AREY Rurt Ao oer av, 24¥5E7|e Y], o5V, TeeHaal, AESHaa 55
RES F2 95 A AES sk oleng oo of  Fullste] PCB R 7R A, Al#fste] Zzte) A
g = Ve el 284 5_5& 1AL S T 2HAE 89 7 A4 AYsEr] Res s
wEbA] 150 EdA 2E EE MMIC #lojtie]3 o Table 291 Uehd 53714 J5& WEd = =S
(Bare Die Chip)} ¥F=A] 3402 A2ty ufd&e  sHth Fal Ao R Table 20 7led Hx7142 A
Aol (Ceramic) 719 AMgato] sfolo] Wei(Wire  ARFH APLYFAA AL A T FEFE]
Bonding) ¢ 2 A% e Frjdoer dAZss= HMIC — EEH FAM 745 2 99 443 slo)rh
(Hybrid Microwave Integrated Circuit) A7 2 A=} 7]
vo_ Hl-3) Z & Z3E = TXxo0 =18 hvi e)
ThEste] 229 SE7] H HE0 Jido] Ao RF Signal Amplification Block
stk olelek WEES % 7] 2 =] @A 5
o] WAl Holo] A2 ow ggE 4 9k RF input4-tst RF Assembly 1 1pRF Assembly 2 ++RF Assembly 3 4= RF output
B ERaAE 2§ AAAAA Fo shiel A : r ;
I
A FRE FEEERE 48] et compen | [_Conrtmntyiz ]
3 ENOo 71 =3 = A y
3 'QTE]'E'O’] OLEHO'—:} EAE)] = 77<1__ 1 Wl::l,_ @E% ?%7] EE Power | Power Conversation Assembly I
v% iABﬁQ‘E 7H HEL?} LH%V% E}——‘:T'—Qili}— 7H HEL?} %]—I;HOE' Input Power and Control block
;‘ﬂa%%7]"1—f H]VHC /g ] ‘3% .JZA]E:]I 7]%’% @%6‘]’&1 i Housing
&, ZeeldA BAlol Fule Fake WelolA] el

696

Fig. 1. Block Diagram of Broadband Power Amplifier
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Table 5. RF Budget of Broadband Power Amplifier
RF Power . Gain Drive Power RF .
Connector Limiter VGA Gain Block | Attenuator Equalizer | Amplifier | Amplifier | Connector Summation
NF 0.5 0.9 42 35 8.5 0.2 3.0 0.0 0.5 5.90
Gain -0.5 -0.9 9.8 14.0 -8.5 -0.2 14.0 8.5 -0.5 35.70
OIP3 19.0 37.0 39.0 44.0 40.11
OP1dB 9.0 28.0 28.0 32.0 32.50
RF Input . D_' , [—\ : : RF Output
RF Connector Power VGA Gain Block  Attenuator Gain Drive Amp.  Power Amp. RF Connector
Limiter Equalizer
Fig. 2. RF Budget of Broadband Power Amplifier
QAo BELS A7)0) RF AEFE BES T8 RF A5FE 280] AH4E $EAE 48 MMIC
= 4F 27 A g A, AAsE At et RE ARSI, o5 2 % 24 7 T
1 FHjsks 98-S 3= PCB(Printed Circuit Board) Z 22 AY FZ a2 S8 ARREgleH, o 14
ZHARA 28 Lad 2% 2 J=F B2 FE0] 2 Table 33 2t
Fe wA ol WS PCB % 7178 s
w3 Aue] BYL 2EE Ao A Eqe) Ao 2.1.2 RF A55% B5-5547
RES AGAAYD, AL ERD 718 B RF AEFE BEe| ARH $EaAE AR,
FHag {5 A E5S AT e 2 9 o553, 7] §ol A, FL FAS Table 49}
RERE FRE 415 VDC A F A90R B4 2} oS5y 4% W Fus ueldA 059
EE sl ddAle] 5] Al 7L Fig 13 Bhe EAS WESA7)7] 93 852 ARSETh duky
2ol REn 2YA, Aol WA, AN ZUA F 9 AT 2AE DRI 24S ARIEA 9 o]So)
] stk Dol ER oleld A4 whE e Fs 54E 2
| 55E7)E Flete] o E wATT B Qe )
2.1.1 RF A53% 55 —5524 LR ES o] SHEEE 05 ~ | dB (M oR ZAo| 7}
5% DLIA] 38 o] 553178 483kt

Table 3. Active Elements Used in RF Signal Amplification

Block
Item Mafﬁ;;g:il/lrer Specification
* Freq. Range : 2~20 GHz
i S 14
Control HMC463/ .
Amplifier | Analog Device “NF : 3 dB
Element * OIP3 : 28 dBm
* Gain Control Range : 0~10 dB
* Power Consumption : 0.5 W
¢ Freq. Range : DC~22 GHz
Gain * Small Signal Gain : 14 dB
Amplifier HMC797/' *P1dB : 28 dBm
Element Analog Device| *NF : 3.5 dB
* OIP3 : 39 dBm
* Power Consumption : 5 W
HMC ¢ Freq. Range : DC~20 GHz
Power 1087 * Small Signal Gain : 10 dB
Amplifier / e Psat : 37 dBm
Element Analog *PAE : 22 %
Device * Power Consumption : 8 W
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Table 4. Passive Elements Used in RF Signal
Amplification Block
Model/ . .
Item Manufacturer Specification
* Freq. Range : 3~25 GHz
Power TGL/2201 « Insertion Loss : < 0.5 dB
Limiter Qorvo *Return Loss : < 10 dB
* Flat Leakage : < 18 dBm
Gain - 'Fréq. Range : 3~20 GHz
. / * Gain Slope : 4 dB
Equalizer
DLI *Return Loss : < 15 dB
- * Freq. Range : 3~20 GHz
Attenuator / e Insertion Loss : 9, 10, 11, 12 dB
RF Core *Return Loss : < 15 dB
Conductive MMIC Bonding Ceramic Thin Film
Adhesive Amplifier Wire (AIN Substrate)
CuW Carrier

Fig. 3. Configuration Diagram of Hybrid Amplifier
Cell
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2.1.5 AdAo] £

LAl E52 A SERd YA, Ao =HA),
AL 2R BRE0] MMIC SE4A 52

[e)
=9

23 Alo]E n}o]o]2(Gate Bias), ] nlo]ojx
(Drain Bias)E A48t FHslaL, 44a Aojass
sl FHALE Fig. 4o WAl B5e PYEE
2] e
4 A A
I | |
Temp. | Control Assembly 1, 2 |
Compensation
Assembly t
Power | Power Conversation Assembly |
input - -
Power and Control block

Fig. 4. Block Diagram of Power and Control Block

2.2 g AHFF7Y A=

EXol WA AA A2 RF AEF5E B2 D94
o] 25 HMIC 27|, Z37|&S olgste] B #
HZ 715 AZs) Fig 5+ FUle 18355719
gaJolt}. 7] 73.8 mm (L) x 39.6 mm (W)x 17.0
mm (H), 771 2k 100 g &= A8 F<1 i 2 ¥l
Aok 22 AAGu el 282 F As UJ%A 2%, 74
F3 774 S VI ER 7] A89 BEE AT
T A& Ao gebdy &FuE(Aluminum) A2 <]
A4 A ¢4 Wiols RFAZ $E7)5S 2he 3
o= FE7| As X FstaL, AA-ANEE A4
gt welstE 7HE PCBoF dAtshdAl oA 9 &4
A & AR & ) VFE ToR TEM, L9
Fo u3m AdE, A4 3 =2F(Feed-Thru)E &3
A AD5 V/Iek 23 A) 2 RFAEZE Q-89

Printed Circuit
Board (PCB)

Hybrid Amplifier Cell
(in the Inner Cover)

Power
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Input RF
Connector

Output RF
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Fig. 5. Configuration of Broadband Power Amplifier
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Fig. 7. Output Power of Broadband Power Amplifier
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Fig. 8. Noise Figure of Broadband Power Amplifier
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Fig. 9. OIP3 of Broadband Power Amplifier

3. A&
£ =F9AM = HMIC 7€ 4839 RFAZEE v
o|ARY} T FUdor FEsE E5 4 1
Eao] Fa3g FHI R L3y B2S IFeE &
Y- 4% 1Wg JETE7E A 2 Aeta, 1

o
RS
i
fr
A%
—H
D{

filo
5]
@)
o]
{0
N
flo ¢
ra
2



a7 e A Al199A Al11E, 2018

e $E719] 27)%= 73.8 mm (L) x 39.6 mm (W) X
17.0 mm (H), FA= 2k 100 g 0% &%, AZ3+e g
ekt

i ol
o

[
ro
e
1M
2
1M
rlo
offl
i)
s 2
20 2 Wy
82 > de [

N
=
RN

N
dlo
N

¢

rﬂ
I
g‘L
3R
o
e
i
|

£ 9
=
=

o o
=5
=
b

lo o
=)
3
olr
o

o rfr

E
ox
tlo

ro
olr
ol

d
ox
T 32

=

I
o
|

=

d

iv)
ofN
J
N
rir
2 i
2>
2
__>tl_’,‘

)

B9 THFOR g 7k
FAF 227 4 %

olf
i)
>,
o
Ach

References

Yifeng Chen, Jinhai Quan, Yungang Liu and Liulin Hu,
"A 6-18GHz Broadband Power Amplifier MMIC with
Excellent Efficiency.", Journal of Semiconductors,
vol.35, no.1, 2014.

DOI: https://doi.org/10.1088/1674-4926/35/1/015007

Hong-Teuk Kim, Moon-Suk Jeon, Ki-Woong Chung and
Youngwoo Kwon, "6-18 GHz MMIC Drive and Power
Amplifiers" Journal of Semiconductor Technology and
Science, vo.12, no.2, pp.125-131, 2002.

Jihoon Kim, Kwangseok Choi, Sangho Lee, Hongjong
Park and Youngwoo Kwon "6-18 GHz Reactive
Matched GaN MMIC Power Amplifiers with Distributed
L-C Load Matching", Journal of Electromagnetic
Engineering and Science, vol.16, no.1, pp.44-51, 2016.
DOI: https://doi.org/10.5515/jkiees.2016.16.1.44

Zhiqun Cheng, Dandan Zhu, Guoguo Yan, Shuai Chen,
Kai Wang, Kaikai Fan, Guohua Liu, Hui Wang, and
Steven Gao, "Design and fabrication of Ultra-wideband
Power Amplifier Based on GaN HEMT." IEICE
Electronics Express, vol.12, no.20, pp.1-8, 2015.

DOI: https://doi.org/10.1587/elex.12.20150703

Bok-Hyoung Lee, "Trend of Military Application of
GaN Device Technology", The Proceedings of the Korea
Electromagnetic Engineering Society, Vol.26, No.3,
pp.14-18, 2015.

Hae-Chang Jeong, Hyun-Seok Oh, Kyung-Whan Yeom,
"A Miniaturized 2.5 Gz 8 W GaN HEMT Power
Amplifier Module Using Selectively Anodized
Aluminum Oxide Substrate", The Journal of Korean

700

Institute of Electromagnetic Engineering and Science,
Vol.22, No.12, pp.1069-1077, 2011.
DOI: https://doi.org/10.5515/kjkiees.2011.22.12.1069

Min-Kil Chong, Hyung-Gi Na, "A Development of the
X-Band 63 Watt Pulsed SSPA for Radar", The Journal
of Korean Institute of Electromagnetic Engineering and
Science, Vol.22, No.3, pp.380-388, 2011.

DOI: https://doi.org/10.5515/kjkiees.2011.22.3.380

W 7] 2)(Kisik Byun) [43]4]
02013\ 29 : gt AAEAl

Fo3t (FHAAD

'2015L4 9 ~ A . IT|EE
49 d74
<@AEop>
vlol AR} 32, SEEAR AT Eoh
2 71 %(in-Young Choi) (434
20104 29 : AL&hetal AAket
I (F3Ah
02012 29 : Ah&hetal AAke st
I} (—'ﬂé’lﬂ/g]_)
02013 129 ~ @A) : Lo Zz10]
FAAT
i erev
1k A $Jae Woo Park) 7439
20051 249 : opFTigha A
T34 (T3
020094 89 : gt 3R

A7 A AAF ﬂﬂﬂu})
020151 9¢Y ~ A : FYEF

49 AYATFY

A
o
o,
P

[
_\T

D{H
m&

skt

£°F)





