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T/R Module Development for X-Band Active Phased-Array Radar
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Abstract

This paper presents design and test results of X-Band Transmit/Receive(T/R) module for active phased-array radar.

Active phased array radars typically require solid state T/R modules with high output power, low noise figure, high

Third Order Intercept(TOI), and sufficient gain in both transmit and receive. The output power of the module is 9 watts

over a wide bandwidth. The noise figure is as low as 2.8 dB. Phase and amplitude are controlled by the 6-bit phase

shifter and 5-bit attenuator, respectively. Highly integrated T/R module is achieved by using LTCC(Low Temperature

Co-fired Ceramic) multiple layer substrate. The module incorporates a compact digital interface, requires only three

supply voltages.
Key words : T/R Module, Common Leg, LTCC

.M E

glolt] 459 WX o) A Sl g
9 daAo] aHo gl wet A, ad, &
& ot A2'E 55 A wid 7led 2d
7 Sk

TR &2 AESA(Active Electronically Scanning
Array) #lo]t|¢] 84} AAfolt}. 53], AESA #lo|H
o 914w ey WS TR B8 E859 o

tlo ok =

T2 SAe 374 AR FPEUS
LIGH 2= 9(LIG Nexl)
* 30} 8kl A (Agency for Defense Development)
<= B W & 20090715-068
CFASBAA 2009 12€ 24

22X g5, 479 A mE 94t A7)
€ s ) 208 9ok TR &L 2 53
A AAH = TAFla, 2EstE Ve ¢
Hu oM 28 5 e eR7ES 29 7 A%
= 7oA A2 Aes Fdsk= SlolA

= 1
Azl ol

AESA #o|HEL gutzor =& 288 Zhe=
HEAY $44 REZH, 42 e AF, =2

TOI(Third Order Intercept), L] %Al7]o]A <]

1243



BEEREEEHNES 5205 F1295% 2009F 128

S Q73 TR 2% 7H40] AESA ¥
QeI 7HA 9] 40~60 %0]7] mEell, A&
o MMIC HE& AH8HEA BE o7 AR

M Mo 2 4 2 o
g
Ny
I
X
2
il
QL
rlr
9
o
4
9
h:
i
n
of\
ko
QL
£

TR BEE& a9 283 o] A 4714 B&

TR 259 ¥l 714 & § A WA S 12
A

Lo,
jas)
<
=
jas)
=
=
s

5 ower Amplifier)
ATE IFYOE FHd= LAfolH, 3

A A A Ade
_%

O

b -
>
N {

o2,
(&
e
=
=
2

(¢

w

=3
=
[¢]

=
IS
o
>
)
ai)
e
~

o > d0 > fr X orr oam

>
fol
il
2
e
[o
o
fu
N
f
o
rlr
N
o o
o

frorot
o
o

I
olrﬁr_g
o v
£ L

e
S

¢

deLobe Level: 58 %) Aofsl=
ppA]et Ao} 715 TR EEo] s
AT ES serialZ HE35ke] parallel 2 H 35}k
st WA 02 Ao AsEe tigh QE#H o]~
aslete qES g,

AESA #o|H& TR BE°] F8 7|4 44 7
g e o3 2k

S8
o M

ﬂllﬂl ["-[O 2

}

AR G e A%
S o]5/9% ms A}
- A1 spurious-free dynamic range(SFDR)
54 U9E@UY 54)
C 3G 1A SHEET 10 W o]

Ad 4w

A Hx Z 0 FA U F7)(duty cycle)
A718 AR ohlet B4 thedl 8T 2

AEE P3| gsteiof ot

1244

S o o
o X

TR B8 A= 43 BAE 7IUA A=
SESE A BEXES trade-offsl= Zo] F23)
th F8 trade-off BAE 7}A = A8k o3} 2t

54 e A%, ]S Z2]3, TONThind O
der Intercept point)

o5 Aol Al 914 sk R 94 Alo] A ol
wslel e AT o 74

RE 9 2]

5 7 Jlee e BAREL
ol 71RAQ A5 seelE

Roon
™
:cl>{=:
]
o
i)

Mool o 8

of & RN &
A& Fola, ey JlFHd BHjEe A o
< F5 SAS 7RI o]gt BE o]5E FH3lY
Al TR & A5 B 714 78 #ofol disiA
HA3} wojof gt} FAVIAA &8, &9 agu
g ARE S Fa8sih FATAAE o5, F
< A4, 101, 53 9 9(dynamic range), 18] 3L 0|5
7 S AT Fo| 8 AA 8dolth o]dt 5}
gHEEY 87 AMEL Y 87 ARMET T

AelE TR BE 72 A9 o9 22 27 A}
GE3 A WA FHE ASES HEAFA} . &
5], 41 o] S} 72 A9} TOI 7] trade-off= &



g 729 49 e 24 B g A% 3
232 9% 3 BN B o5 APHoz
¥& 1018 BN} Juras bk oS F57)
BelS odd RE nHES A5 9
3l WAl TR Zg ol a7 2w oo gk
0=z &
::ffts:r Predriver Power Chain
N
L//’
Gain Phase Gain

VGA LNA Limiter

Block Shifter Block

(a) Separate 7%
(a) Separate structure

Predriver Power Chain
Phase

-
9 O

vGa Sain LNA  Limiler

(b) Shared 7%
(b) Shared structure

Predriver Power Chain

Gain
Block

Switch

VGA

Phase
Shifter

Gain
Block

Switch \

LNA Limiter
(c) Common leg +%
(c) Common leg structure
J8 1. TR E§ +&
Fig. 1. T/R module structure.
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Table 1. The result of T/R module measurement.
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