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Abstract

We herein present the design and fabrication of a Rx core chip operating in the X-band (10.5~13 GHz) using Win's commercial
0.25- #m GaAs pHEMT process technology. The X-band core chip comprises a low-noise amplifier, a four-bit phase shifter, and a
serial-to-parallel data converter. The size is 1.75 mmx1.75 mm, which is the state-of-the-art size. The gain and noise figure are more
than 10 dB but less than 2 dB, and both the input and output return losses are less than 10 dB. The RMS phase error is less than
5°, and the P1dB is 2 dBm at 12.5 GHz, the performance of which is equivalent to other GaAs core chips. The fabricated core chip
was packaged in a QFN package type with a size of 3 mmx3 mm for the convenience of assembly. We confirmed that the performance
of the packaged core chip was almost the same as that of the chip itself.
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Fig. 1. General Rx core-chip structure.
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Fig. 2. Rx core-chip structure.
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Table 1. Specification of the Rx core-chip.
Frequency range 10.5~13 GHz
Gain >10 dB
Noise figure <2 dB

4 bit phase shift 22.5°, 45°, 90°, 180°
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Fig. 3. Low noise amplifier circuit.
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Table 2. Gate width of the d-mode pHEMT used in phase

shifters.
Phase shifter | @,(/m) @,(1rm) | Insertion loss (dB)
22.5° 5x100 11x100 ~0.65
45° 11x100 17x100 ~0.9
90° 5%90 9%x96 ~14
180° 5%x80 5%80 ~14
Total loss ~43
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Table 3. The designed SPC performances.

VDD 5V (72 mA)
VSS -3 (2.1 mA)
Operation data rate Typ. 125 kHz
Maximum data rate Max 62.5 MHz
Size 1,200%480 p2m’
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Fig. 7. The layout for EM simulation. The arrows represent
the EM simulation ports.

339



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 5, May 2018.

tjstel EM AlE#H oIS 83 7} e/d-2E pHEMT
of A4H I FEIEYe thF-XE S EE F
a7 Hrk

T EMAI B o]0 R dojxl tha 2 E §-32ulE
o ¢/d-EZ pHEMT 3|2 2d-& AAs, A& 0|43}
A A Aol 7Pk AdE AS F A Aok dojRl
EM-AEH Ol Ade A9 o g 233k AlE
At ARt s gtk

o

I A= 2 A" Zat

31 MAZ2

29 89 AR AT FokP AL Bt
4 ARE $A% D0kHol hate] L-ols 574
g Sasdt. 34 A%E EMAEH A A} Ao
FAstgth 2-d0ls 34 Fo 48 e 19 9
9,]. =

ol

ha RS T

2ol 33 mm’ 2715 ZHE QFN 714 E o] &3]

32 A2t

19 102 QFN I7|A " FAH
918k TRL Calkit @ ZHE ARRS Bt}
TRL % AIEE 715l ARS-E 713 Rogersite] RO3006

T8 8. A FAR Fob-3(1.75%1.75 mnr)
Fig. 8. The fabricated Rx core-chip(1.75x1.75 mm).

340

NHO 2 FA 5 mil, AL 6.5

ok wte] s-etn|E S %é% Sl Tk 4-bit 9l
101719 7% 16709 91 dErt EAEA Ak =@
o] SIAAtEE 22509 7HA 02 0°0~360°9] YA+ A7)
317 Bk webd ssuy 242 Eako 167 94
Hglo] M o] 53} vAEAS wore 4= olrk 19 11
Fogo] mE 167 S ReEnh T8 1104

ok TRL 2782 5t

g
O

O3 9. 5% ol Ed.tholo} 1y
Fig. 9. The wire-bonding diagram Rx core-chip.

(b)

O3 10. (a) TRL cal-kit, (b) Z=H Azl
Fig. 10. Photographs of (a) the TRL cal-kit and (b) the
assembly.



12.5 GHzoI A RMS 917 8= 5° plghe g2 A 4tE et
_—/_al 1201]5 0]}&%{0]7] /\H;H Bii].oﬂ LL}E o]E_q] uq
35 HoFrh I8 12004 Fok-Fe] o]5L 10 dB ©]
FUE L F Uk o5 H*WO] 7] *JﬂMl ue} oF 2
dBS] ztolE Hole As & 4 Stk
a9 132 FeAFE
EFshe SAHALY AA FeATFE 54 i,
A JA2AFAA SHA729 TS AAT
HATh F3 105~13 GHz ol d 2 dB =
& 5 Aok

I8 149 5 %

}-U:
_EL
_l
_E
2}
dlo
)
s
= rir
g

o

A,

lo
>>L - JIN'
o > ox m

d
_|_,

Egjl:]' 511'4 OTa X-1;l<:l]—'gl‘

o|N

360

315+

270

2254

Phase (deg)

o
S
|

W///W

'y
an

=

T T
10.5 11.0 115 12.0 125 13.0
Frequency (GHz)

a8 11, 349 4w
Fig. 11. The measured phase changes.

10

0 T T T T T
10.5 11.0 11.5 12.0 125 13.0

Frequency (GHz)

J8 12, 349 o) 5ws
Fig. 12. The measured gain changes.

025 #m GaAs pHEMT 24§ o443 X-t9 Fo}-

2.2
)
=
<3
2,
g
E
20
=
2
3
V4
T T T T
10.0 10.5 11.0 11.5 12.0 12.5 13.0
Frequecny (GHz)
= O ] 2~
J8 13, 249 A5
Fig. 13. The easured noise figures.
0
-5
-10 4
@ -15
h:
=20 4
=254
-30 T T T T T T T T T
10.5 11.0 11.5 12.0 12.5 13.0
Frequency (GHz)
(@)
0
-5
10 4
g -15 4
A
20
=25 4
-30 T T T T T
10.5 11.0 115 12.0 125 13.0
Frequency (GHz)
(b)

J8 14, (@) S, 2 (b)S,,
F|g 14 (a) 511 and (b)SZZ

341



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 5, May 2018.

%719 482 Sottiy] gl $1/dHol7] Adeist
of tall Mart A2 wbE, S, 9 A9 180°-9144 0]7]
ZES ST gl Fdel7] Aol uhet
B2 HgE Btk ARESE7 FaHe 5V EY

Adoll= Ve =0.55 VY o oF 27 mAS] AR E H
th 19 11, 12, 139] A3E o] nlojoj A 7474011*1 =
H Zlolt}. - o7& FEdhs SPCY A9 AlEd
o] A o A] oﬂl*&f&tﬁi 5V ;ﬁ%% 73 mA, -3V AL

1o

L)

=50 Heol QFN #7128 Fo}- "—8— PCBZ %L?ﬂ% HH
g ote|Lpo| folatA YT 4 dom, Lak XF7HA
dHZ A7) F 7 28 275 2H7] wjEo wj g oF
Blu Ao & 9 " AlwsA "

H
(e}
A

£ =54 Win AR A4 0.25 #m GaAs pHEMT
T4 71%E o]&ato] X-t19(10.5~13 GHz)l A E2sl=
Fok-H o A 2 AL Bk X-UY

KN

5571, 4-H E 21 e)7], A E-HE AHE(SPC: Serial

ok A%

E 4. 3509 105~13 GHzeA A Zok-3 A5l
Table 4. Comparison of core-chips with this work for 10.5~

13 GHz
Items CGY2179HV This work
Chip size 2.1x24 mm’ 1.7%1.7 mm?
Package size 4x5 mm’ 3x3 mm’
Gain >10 dB >10 dB
Noise figure 1.8~2.3 dB <2 dB
Sip <—10 dB <—10 dB
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Phase shifter 4 bit 4 bit
RMS phase error 9° <5°
Amplifier bias 2 V (55 mA) 5 V(30 mA)
. 5 V(12 mA) 5 V(7.2 mA)
SPC bias
=5 V(5 mA) =3 V(2.1 mA)
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