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Design and Fabrication of MMIC Limiter with GaAs PIN Diode
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Abstract

Low loss and high power MMIC limiters with GaAs PIN diode were designed and fabricated. The new
epitaxial structure of GaAs PIN diode was proposed in order to increase the high power capability. 2 types of
limiter circuits have been designed and the limiting powers have been measured. Results indicated that the limiting
power was depended on the circuit topology. Limiting power levels of 2-stage limiters are measured 16 dBm and

11

22 dBm at 14 GHz, respectively.
Key words :

I. A

rHu

3l47F MMICo]th

e A £4527)0 A @nEE 2 AFLEHE &
A FET Agst diode AIE, F F77F 43 AHE
gk 1 Fo|A GaAs 7]9He] PIN tho]9EE %
A Y Fol o] FqE Aol g B ok
Az Aol goju 7 AHE dEgol st A 2"
g AHEE Y 315}[2]. PIN t}o]_?_g__q] 2. “on”

=38t L A(Agency for Defense Development)
*g] o] B olo] A] 2(Wavics)
= W 3 20030206-021
- FRSEAR: 20033 49 169

Limiter, High Power Signal, GaAs PIN Diode, MMIC

A oA Fe s 71 Fo|AZHES 2T “off” A
HolA e 714 283 27 dE
Aol W) S48 2714 54 ATk dol.

44 BN 2viEE 1389 $4490)
U A Y o)1) YAPOZRE FARE B
3l7] Y8l AFL¥ o) =3 vjg) AAH Ay F£Fo)
ol e e AULA FAHok B3 1
A burnout 57 FOWMA /ZAY £2L 4
jof 3= Aol

BAuHE 34 % 7R, 53 4502 BEY
& 9tk £5& RF A9 gsjA goleEs}
E3E 20|T 552 DC uojoj2 of 93 tho)
=7 3384 otk

€ EES A48 #8459 T S8y
MEZ o FTRE ZE GaAs PIN Tho]2EE A

=2
’C—/;\—

625



BEBHIKPERGE B 14% $H6 5% 20035 64

ksl om, 4% 20k MMIC ZujE 328 AA 3}
X A

Iz £
21 PIN thoj2E

19 12 AYE PIN tho]E ogf+-Zo|t.
Undoped GaAs P buffer®) 577} 0.3 umQl 7]&9
o3 +ZE RF dgdgo] 28 dBm =7t 2 o
AQede] Ay FEae AL B’ p
bufferZ th4l $7 7} 0.5 um¢l GaAs/AlGaAs super-
lattice buffer} 0.5 um$l low temperature buffer=
FAE AZL d9F2E AL

22 GaAs/AlGaAs superlattice buffer?} low
temperature bufferol] th3ted 7HeFs] A atgit).

2-1-1 Superlattice Buffer

AlGaAs/GaAs ©1F H§E 103 o) vad 7
22 d9F AZA $AsE 242 W(dislocation)
o) £3 weko @ AYsx F3 FPWFS wh
7 Fo2AM TFA Y B4 FH(P-GaAs, 1-GaAs,
N-GaAs)& Z= TolQEE FAsHA I &
semi-insulating GaAs substrateo] E}3l= 2F A
o] 5& dIFoE AHAste ghopFoi A 2

e 9
AAFo 2 FE § UF A/ FAE e
2-1-2 Low Temperature Buffer

GaAs 9] 9128 MBE(Molecular Beam Epitaxy)Z
A g Ao AJAstA = A g vl a(As)
A Ao) GaAs Yol FAHh o] AME A= LEC
(Liquid Encapsulated Czochralski) ¥ri o2 Ad4d
semi-insulating GaAso] eI anti-site defect$]

P-metal
PINCHOIR=
cial P 05 um
N-metal
1 25um _—
1 N ISum

P Buffer(undoped GaAs) (0.3 um
GaAs Substrate

GaAs/AlGaAs Superhitice Buffer(d.5 um)
Low Temperature GaAs Buffer(@.5 um)

38 1. Aletg PIN t}o]2.E o3¢
Fig. 1. Proposed PIN diode epitaxial structure.

626

EL2¢} n7kA 2 42 oY A £99 stateE 3
A "ol dmZ9 wAGS A "ot &
LA PAE 7129 FAA bufferFEct | 9
W (deep level) ol R F917} wo] &5t T4
= AREC] o) g i AR Fol FaAM A7)
408 247 $ANE 4R dopy e gL
AAXE Ao

GaAs PIN Tho] 2t 3Wq PRRT 0 W
QARG o Hojd ZEFAY AJAY 7
Ay 7z AAST At 29 2= AR
® GaAs PIN tho] 2T 9] A OZA HAZY F
Zo|W 1 HA7)= 20%20 um’o|t}.

ZvE 32 Al Fe) AHEE PIN tho] 2 2& 20X
20 um®, 30x30 um’$} 50x50 um'E 3 7pA o},

IY 32 PIN G| QES] & IV S4FHe
2 20x20 um’s} 50x50 um’E EAHFgow, T
7399 thgk tum on A F 1.4 VE A E HiF
< & 4 ok Ideality factors= 1.98% A AT

09 45 g IV EAFHOE & -77 VoA
GrgAo) BAsT Ytk 50x50 um’e) FEHA

J8 2. PIN to]2= ol ARz
Fig. 2. SEM Photograph of PIN diode.

e
i
: ! : ;

‘ - @ =20x20 um?
D24 - omersox50 am? fioceeeb e B
Y S N S IV S A 3

40 -8 -6 -4 -2 0 2
Anode Voltage [V]
0% 3. goleEe &% N 543

Fig. 3. Foward IV characteristics of diodes.

=1
o
s

a
o
(%]

Anode Current [mAj]




1E-3 T T—
|——50 x 50 um’
1E-4 ~ — =20 x 20 ym®

-
m
3]

m
=Y

1E-7

- = il
15'”‘7
1E-10 —+—

0 20 40 60 80
Revese Bias [V]

Q8 4. gol2E9) AW IV EAIY
Fig. 4. Revrese IV characteristics of diodes.

Current [A]

m
@

o] 27 WA AP v&d FEALE sHATh

19 5% 20%20 um’ PIN tho]2E 9] jgAd
of o2 A& WS 23F BHNEA 38 dBm
7 AYEAe] 0.5 dB o8t & BAFI 3w,
50x50 um’ AT Al ARES Bk 2AF
95 14 GHzol® &4 %29 €742 38 dBm o]
A& EHaA BT,

2-2 MMIC 2[0]E

i)
s
o
rle
oy
i
r
fo
i
2

2
>
op
ril
K
Hir
Ut o
=
2,

>
dz rlo

3 Zojtk Fvig 32
|2 AMA A AMS-E PIN
=y tho] Q& 77}
T ULEE o g2
o gy,

o FEAl A
boad AAls o

THo] 2 E 9] “off" A

e
rlo ol

A8,
tob

N
2
82 ol
=

|

f‘lﬂ £ o
o >
= 2% o fo &
p =
A i
lo = @)
1

= B fi +
jras
i o 2 op
U
rlo s

30
4 rfp lob
v, TN
N

-
~
k)
pr
b
o

312)

S
[

]

A FulEes A

e
>
rlo

0.0
-0.5

1.0

1.5
-2.0
25
-3.0

Insertion Loss [dB]

-35
-4.0

20 25 30 35 L1 1]
Inbut Power IdBm]

18 5. EAH B2 Aea
Fig. 5. Insertion loss vs. input power.
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Fig. 10. Mesurement results.
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