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A Study on Highly Miniatured Active 90° Phase Divider
and Combiner employing InGaP/GaAs HBT
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Nomenclature

Gallium, atomic number 31
Arsenic, atomic number 33
Indium, atomic number 49
Phosphorus, atomic number 15
Silicon, atomic number 14

Germanium, atomic number 32

Wavelength
Phase velocity
Angular velocity

Frequency

Characteristic impedance

Guide wavelength

Ratio of circumference, Pi (=3.1415926535

AC emitter resistor of transistor
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Abbreviation

RF : Radio Frequency ; ¥4 F34

IF : Intermediate Frequency ; =%t 3
LNA : Low Noise Amplifier ; A%a <% 7]

LO ; Local Oscillator ; =75 2317]

MMIC : Microwave Monolithic Integrated Circuit

ESE O EE

BSF : Band Stop Filter ; e A XA o] 3}7]
HEMT : High Electron Mobility Transistor
; AR o] B EWA] A

HBT : Heterojunction Bipolar Transistor

o] A = EWALH

CMOS : Complementary Metal Oxide Semiconductor

MIM : Metal Insulator Metal

S—-paramter : Scattering parameter

; AFek mf) 7] *H <=(=Scattering metrix)

NF : Noise Figure ; #& A4
M5 : Third order Inter-Modulation ; 3%} &£¥H*
IMD ; Inter—-Modulation Distortion ; &W 3% 9f=-



[1P; : 3rd order Input Intercept Point
; 32 9 WAk

OIP3 : 3rd order Output Intercept Point
L 37 29 WA

P1dB : 1dB Gain Compression Point

; 1dB o5 454



Abstract

Recently, the demands for miniaturized RF transceiver has been increasing in
commercial mobile communication system. In this paper, we propose the active 90
° phase divider and 90° phase combiner for MMIC application. Because of their
very large size, conventional passive 90° phase divider and combiner such as
branch-line coupler can't be integrated on MMIC. Therefore, highly miniaturized
90" phase divider and combiner are required for a development of highly integrated
MMIC. The active 90° phase divider and combiner employs the structure of
common-emitter and common-collector circuit, respectively. The L, C parallel
circuit was connected to emitter of HBT for phase control. And the optimal
inductance and capacitance values of L, C parallel circuit was determined to obtain
a phase-difference of 90° from the two output signals of divider. For a coupling
of two signals with a phase difference of 90° the L, C parallel circuit was also
used for combiner. In this work, we developed active 90 phase divider and
combiner employing InGaP/GaAs HBT. According to the measured results, it was
found that the active 90° phase divider and combiner exhibited good RF
performances comparable to conventional passive divider and combiner, and they
could be integrated on MMIC due to their small sizes. The size of fabricated
12GHz active 90° phase divider was about 32% of the conventional passive
divider, and 2.4GHz active 90° phase combiner was about 2.2% of conventional

passive combiner.
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WX (Receiver Mixer), IF 53 7](Intermediate Frequency Amplifier), =
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Integrated Circuit)oll&= p-HEMT(High Electron Mobility Transistor),
HBT(Heterojunction Bipolar Transistor), CMOS(Complementary Metal

Oxide Semiconductor) 53 #2 WA HEEAAE o] &elH, dhvte] H o
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