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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
llé/llilittal_'y Force protection Jamming 'Pld]? dBm 30
Wecfm 0.5 ~ 2.5 GHz) (2 ~6,6 ~ 18 GHz) Noise Figure dB 7
arare oIP3 dBm 39
Cgrzf;fr?ilca Broad bandwidth radios Software defined radio VSWR - 2:1
tion (20 ~ 512 MHz) (500 ~ 3,000 MHz) Consumption Current mA 2600 (typical)
Satellite
Communica TWT replacements (5 ~ 9 GHz)
fon A4 Aee e el Ag FA TER
ARl A E Table 2°] S3E714E& 5 w313
e s ARFEI) AL AL ddnrd oh
tj5-20] FlEMobile Phone) H=& F4 H(Wireless
LAN) 5¢] ) $48 59 A 5%7] wEo| o)
F-Rolu, Table 19 FEAA] AEHE 3 SER 2. 28
(Octave) oVFe] 315 thdS 74 Frjode] F%7]
EES o selelA et Qeks). eyt o) 21 oy MASFI|2 47
AR A o]8 BE7|ER BHala 9o e T Fig. 1° 3di "=#FZF7]9 F4EE Yepdich
g2 e A FEAS 24 59 olf& &Yz 3--H(Housing) U9l RF(Radio Frequency) 2 &%
Aol dele 5 FYo] folaix] gomz Iy A X & (Block)JJr A} S50l SIA T RF A5
o tigh dado] AXaL gl % 552 20 dBm ©J3}e] 24155 Y=ol 30 dBm
9 A ARSI 1 AEFEA AGel oo SR S FaUE, HMIC A8 A
P72 ®H 2FY  EWXE(Transistor) EE &3 RFZHA 1, 2, 302 EFdch Z472ke] RFEHA
MMIC(Monolithic Microwave Integrated Circuit) 52 & & WAV, o|52HFTELA, o|5FFHL1A,
2 Aol $37h JHoR an, 2EAFHAL AL ISR, FESHLA, WATHLA 58
RES FE AT A AFE sk JomR oo of  uliste] PCB R VIR A, AlFEte] Zh7ke) A
g = 7le e ‘*EJJJ 3 AA L 9L T 2HAE 74 F A4 AESEY] RES st
wheba] a1Fa ERA2E s MMIC wlojtho]3]  of Table 20 Yehd 537124 Aos W5 5 J==
(Bare Die Chip)¥} ¥F=A] T4z Aty whdLe Sk FaL AFFO = Table 29 7|s® 537142 A
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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 3.5 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 N : N m : : 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
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Table 3. Active Elements Used in RF Signal Amplification

Block
Item Malr\l/lllof::tliuer Specification
* Freq. Range : 2~20 GHz
Gain « Small Signal Gain : 14 dB
Control | HMc4ey | - P14B @ 16 dBm
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 Q *Return Loss : < 10 dB
orve * Flat Leakage : < 18 dBm
. - * Freq. Range : 3~20 GHz
. Gall.n / + Gain Slope : 4 dB
dquatizer DLI *Return Loss : < 15 dB
- * Freq. Range : 3~20 GHz
Attenuator / « 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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Fig. 4. Block Diagram of Power and Control Block
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