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Design and Implementation of a Highly Integrated Ku-Band Front-End Module
MMIC for Phased Array Systems
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Abstract

This paper presents a highly integrated Ku-band front-end module (FEM) MMIC designed for active phased array systems. Fabricated
utilizing a GaN process, the single-chip FEM integrates a low noise amplifier (LNA), high power amplifier (HPA), and single-pole
double-throw (SPDT) switch. Across the operating band, the module delivers a transmit gain exceeding 28 dB with a 10 W output
power. The receive path achieves over 28 dB gain and a ~4 dB noise figure, while maintaining 20~40 dB of Tx/Rx isolation. This
FEM MMIC seamlessly integrates into transmit-receive modules (TRMs) and interfaces with a four-channel beamformer integrated
circuit (IC) to enable precise beam steering.
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* Tech.: Win semiconductors NP12 (120 nm)
* Ft=38.5 GHz
*  SiC Thickness: 2 mil
* Typical power density of 4 W
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J2 1. Kuth® 10 W FEM MMIC &5
Fig 1. Ku-band 10 W FEM MMIC block diagram.

H 1. Kutl9 10 W FEM MMIC S-FAkek
Table 1. Ku-band 10 W FEM MMIC specification.

Ref. Unit Tx Rx
Frequency range | GHz FC£15 FC£L5
Linear gain dB >30 >30
Input return loss | dB <-15 <-15
Output return loss | dB <-5 <—I5
Power W =8 -

NF dB - <35
PAE % 35 -
Isolation dB >30 >30
Voltage supply \4 VD=28 VD=10
IDQ mA 56 19
Chip size mm 3.5%3.0




TXIN

RXOUT

O3 2. Kuth¥ 10 W FEM MMIC A%
Fig. 2. Ku-band 10 W FEM MMIC layout.
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8TST
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Fig. 3. FEM MMIC TX 10 W HPA block diagram.

Kuthy 94 E A 284 7383 Front-End Module MMIC 72

H 2. 10 W HPA part A7 Z3SPDT 54 x23h
Table 2. 10 W HPA part design result (with SPDT).

Ref. Unit
Frequency range | GHz |FC—1.5|FC—0.5| FC+0.5 | FC+1.5
Linear gain dB 31.7 31.0 30.7 312
Input return loss | dB | —18.0 | —41.0 | —18.0 | —15.1
Output return loss| dB | —13.0 | —114 | —82 | —10.2

Design result

Power dBm | 398 40.2 40.1 40.0
PAE % 373 394 37.5 382
Voltage supply \Y% 28
IDQ mA 46
35 2.5‘..?.‘.“’5 me L1 I
30 / e 3 |
% ?g: :;‘ng:f%‘ dB(S2.2))
b

FC-2 FC-1 FC FC+1 FC+2

Freq. (GHz)

Freq. [GHz] | FC—15 | FC—05 | FC+0.5 | FC+L5
S21 [dB] 31.7 31.0 30.7 312
S11 [dB] —180 | —41.0 | —18.0 | —15.1
S22 [dB] —13.0 | 114 | —82 | —102

J% 4. 10 W HPA part
Fig. 4. 10 W HPA part small signal characteristics.
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- Pt . H 3. RX LNA part AAZ34SPDT §4 =3
_ 42 Table 3. RX LNA part design result (with SPDT).
E 41 .
oo n
_'i 40 5 E:Bm] Ref. Unit Design result
E 2 g Frequency range| GHz |FC—1.5|FC—0.5| FC+0.5 | FC+1.5
5 384 11
£ 37] 10 Linear gain dB 314 30.2 30.5 30.0
a J RN 2 P OO
36 Input return loss| dB —28.6 | —200 | —152 | —145
35 1 Y | il il s il ikl
FC-2 FC-1 FC FC+1 FC+2 Output return _ - - _
Freq. [GHz] loss dB 194 18.1 223 212
o PAE
. NF dB 325 3.13 3.12 3.30
45—; Pin Voltage supply \Y% 10
oy 40_5 ldBr"] IDQ mA 48
& 35_; = ™ o o
30
. 40
2:'“” L o | I L
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== . dB(S(2.1))
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Fig. 5. 10 W HPA part Psat & PAE characteristics. Be3 BGZ REl RS RCRY FORZ GRGH
Freq. [GHz]
Q4005 a2 3 2z weae any  [ECEIESEsTERTES
TA7] budget 1¥ 63 oW, 8 542 %3, SII [dB] | —286 | —200 | —152 | —145
19 7~1%¥ 99} 7t} S22 [dB] | —194 | —18.1 | —223 | —212
J8 7. RX LNA part 224135 EA
0.7 & | 7 7§'|x A9l % ) ] o
223 St 3= FA| LFIXI(SPDT) Part Fig. 7. RX LNA part small signal characteristics.
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\?Dsiazg\;’":é‘i”; S —— Freq. [GHz] | FC—L5 | FC—-0.5 | FC+0.5 | FC+L.5
=+10V, VG=-1.7V, =19m,
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Fig. 6. FEM MMIC RX LNA block diagram.
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Fig. 8. RX LNA part noise figure characteristics.
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Fig. 9. RX LNA part survivability characteristics.
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Freq. [GHz] FL FC FH
Insertion loss [dB] | —18/—18 | —24/—24 | —32/—-32
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T8 10. SPDT A& 3 ARlE 54
Fig. 10. SPDT insertion loss and isolation characteristics.

NE\ B
J8 1. Kutl® FEM MMIC
Fig. 11. Ku-band FEM MMIC.

J% 12, Kutl¥ FEM MMIC ARt
Fig. 12. Ku-band FEM MMIC test board.
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AAFE 19 15 2 19 163 2k

4-3 42| Z(Isolation) S

AE B AZS A8 29 173 o] A4d

2, #4449 Ae 54 1Y 18 &
9 199 2tk

V.2 B
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H 4. TX HPA+SPDT A/A o] =74
Table 4. TX HPA+SPDT bias/control condition.
Rx bias Tx bias
SW (V) -20 SW (V) 0
VD (V) 0 VD (V) 28
IDQ (mA) 0 IDQ (mA) 100
VG (V) -5 VG (V) -2
Sparameter vs Frequency —mmmeSILBY 21280
FC-15 FC-1.0 FC-0.5 FrequE::y[GHZ] FC+0.5 FC+15 FC+15
Freq. [GHz] | FC—15 | FC—0.5 | FC+0.5 | FCHL5
S21 [dB] 31.7 31.5 29.6 274
S11 [dB] —8.3 —94 —114 —12.1
S22 [dB] —14.7 —30.9 —179 —26.0

% 13. TX HPA+SPDT £21% 54
Fig. 13. TX HPA+SPDT small signal characteristics.
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Pin[dBm]
Freq. [GHz] FC—15 | FC—0.5 | FC+0.5 | FC+1.5
Pin [dBm] 12.5 12.5 12.5 13.5
Psat [dBm] 38.9 39.3 39.7 394
Power Gain [dB] | 264 26.8 272 259

J8 14. TX HPA 8 54 2 FK(pulse)
Fig. 14. TX HPA output characteristics (pulse).

H 5. RX SPDT+LNA HL/Ao] =2
Table 5. RX SPDT+LNA bias/control condition.

Rx bias Tx bias
SW (V) 0 SW (V) —20
VD (V) 10 VD (V) 0
IDQ (mA) 48 IDQ (mA) 0
VG (V) ~1.75 VG (V) -5
, Saranete v requency B
P —
s fcte s ;qu . s rets Rs
Freq. [GHz] | FC—1.5 | FC—05 | FC+05 | FC+l5
S21 [dB] 273 21.7 274 275
SI1[dB] | —98 | —189 | —145 | —109
$2[dB] | —181 | —161 | —167 | —108

J8 15. RX SPDT+LNA 4413 54
Fig. 15. RX SPDT+LNA small signal characteristics.
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Noise Figure vs Frequency
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Freq. [GHz] | FC—1.5 | FC—05 | FCH0.5 | FC+L5
NF [dB] 4.08 3.95 423 3.93

12 16. RX SPDTHLNA #SA4 E4
Fig. 16. RX SPDT+LNA noise figure characteristics.
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Fig. 18. TX path vs RX path isolation characteristics.
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