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A Low Power GaAs MMIC Multi-Function Chip
for an X-Band Active Phased Array Radar System
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Abstract

An MMIC multi-function chip with a low DC power consumption for an X-band active phased array radar system has been designed
and fabricated using a 0.5 £ m GaAs p-HEMT commercial process. The multi-function chip provides several functions: 6-bit phase
shifting, 6-bit attenuation, transmit/receive switching, and signal amplification. The fabricated multi-function chip with a compact size
of 16 mm*(4 mmx4 mm) exhibits a gain of 10 dB and a P1dB of 14 dBm from 7 GHz to 11 GHz with a DC low power consumption
of only 0.6 W. The RMS(Root Mean Square) errors for the 64 states of the 6-bit phase shift and attenuation were measured to 3°
and 0.6 dB, respectively over the frequency.

Key words: Multi-Function Chip, X-Band, GaAs Monolithic Microwave Integrated CircuittMMIC), Transmit/Receive(T/R) Module,

Serial-To-Parallel Converter(SPC), Low Power Consumption
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(a) 2912 ¥ F2(5.6° 11.2°)
(a) Switched filter topology(5.6°, 11.2°)

VCe
Q_.J Q1ley—0O
lo C2 o
u% §|_2
[ ]

._Ez JL3
VC

[ S—

A

(b) Bridged-T -35(22.5°, 45°)
(b) Bridged-T topology(22.5°, 45°)

(c) High-pass/low-pass T-32(90°, 180°)
(c) High-pass/low-pass topology(90°, 180°)
a8 5. 6-HIE Fo)7] dAlC AHgE Al 7HA H
o 1Rl &£
Fig. 5. Three types of phase shifter used at the design of
the 6-bit phase shifter.
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Fig. 13. Measured gain, input and output return loss over
the 64 phase states.
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Fig. 14. Calculated RMS phase error(blank) and amplitude
variation(filled) over the 64 phase states.
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Table 3. Performances summary and comparison with other works.
g2 Boen OMMIC MACOM UMS
CGY2170UH" MAMEF-000004" DSCHC3014"
T34 W 9)(GHz) 7~11 8~12 7~12 8§~12
&4 o] 5(dB) 10 8 19 25
T4l o] 5(dB) 10 8 13 135
41 98 VSWR 1.6:1 21 1.5:1 1.5:1
$A 23 VSWR 1.6:1 1.5:1 1.6:1 1.8:1
T4 918 VSWR 1.3:1 2:1 1.4:1 1.5:1
21 28 VSWR 1.4:1 1.5:1 1.4:1 1.3:1
421 P1dB(dBm) 13 13 23 20
21 F-&A4(dB) 8 7 10.5 5.8
7+ HS(dB)(HIE) 0~32(6 bit) 0~24(7 bit) 0~32(6 bit) 1~34(6 bit)
RMS 7] 2 *HdB) 0.6 0.25 - 0.6
Aol MAC)HIE) 0~360(6 bit) 0~360(7 bit) 0~360(6 bit) 0~360(6 bit)
RMS 17 22H°) 3 5 - 3
A AT(W) 0.6 0.8 245 225
SPC ¥ 0 0 X
TRNE 0.5 pm p-HEMT 0.18 pm p-HEMT 0.25 pm p-HEMT 025 pm p-HEMT
A 27)(mm’) 4x4 44x42 6x4 4.5x5.1
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