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An Investigation of Selective Etching of GaAs to Al2sGaorsAs Using BCL/SFs
Gas Mixture in ECR Plasma
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Abstract

The selective dry etching of GaAs to Alo2sGassAs using BCly/SFs gas mixture in electron cyclotron
resonance(ECR) plasma is investigated. A selectivity of GaAs to AlGaAs of more than 100 and
maximum etch rate of GaAs are obtained at a gas ratio SFe/(BCls+SFs) of 25%. We verified the
formation of AlF: on AlpsGaosAs from the Auger spectra which enhanced the etch selectivity. In order
to investigate surface damage of AlGaAs caused by ECR plasma, we performed a low temperature
photoluminescence(PL) measurement as a function of RF power. As the RF power increases, the PL
intensity decreases monotonically from 50 to 100 W and then rapidly decreases until 250 W. This
behavior is due to surface damage by plasma treatment. This dry eiching technique using BCly/SFs gas
mixture in ECR plasma is suitable for gate recess formation on the GaAs based pseudomorphic high

electron mobility transistor(PHEMT)

Key Words(Z220f) : Dry Etching(zd4 4]2}), ECR plasma(®At Alo|22EE 33U ZE2l=o}), Selectivity
(Mef £), PHEMT

M2 oz Az AZ Zeld TIAEI IWAA

‘ . HEMT 4=xte] A2 mgel Aleje] AFY &Y A
GaAs pseudomorphic high electron mobility ote] FATS UmAE Ans ok olee &

o D o s miw A A% @757 950 GaAsel 9% Altaas etch
;‘; 673%:&;% 533; ;lli},l'%uﬂ]ﬂ;_ aMl; stope] AEH #A Aoz AEEF fMsdte
/e HEMT A9 AFdA 714 Fod B3 o]l F4 A Az vE @XM ¢ FUE de
z9] supelth olele HAA BANN F2 Ho 22 54§ dvehdoa g2 AzaEe]l Ataw
A Ao 54 Azt o Aol ojme 7 BT AlGaAsel HE ¥ 47 HHuls CChE:
g 47 e A ol nlelae w9 olst  FAELPT SiCl/SFe Eebzel”, SiClySiFa —w
o o] BEs7) Y5 =W BW P 9w =6° 2 BCWSFYAr EzviE AHER whE
o] 2 o H(reactive ion etching, RIE) AlA¥
*i"“%‘“}%ﬂ@?‘% 3t LA & 4 dtta ¢edA ok a2y RIEE 2 of

gAdA FASATAAE 1063, Fax: 042-861-1033 1_4 ole HEZ st Azts @7]4 Exe
Emm ‘cwlee@physics.yeungnam.ac.kr) 2 2g9o7 4 Uup? Ax Az o
o dehl gels 12 Zol7] daME we o2 °ﬂL1X°ﬂ*1
o AT ggast . 47t A9uE §A%E ol WrAelTh o
19984 39 169 U, 1908 48 239 MR8 20 2 electron cyclotron resonance(ECR) %a}

loo
ity

LM b _E.
L fo o> o X

47



ECR %.E}Eu}o“ A.i BC]({/SFG“ S ——

ZotE o] 8% 14 Ao A S+ RIEY vl @
2 ol dquUAA o]RoXERE AT &4
Ay & o2 dWxig e HZEFH MYxs
RIES w48 Aow defz o

B AForMe BCWSFs &% AR8-%H
ECR &etzvul 27} B4& dolr7] 98te 7h2
o] E@dle] @2 GaAs ¥ AlGaAse A EY
AlGaAsol 3 GaAse] 2zt Agu & FAS L
ECR EetZvle] o] A5 EWo vXE 43S
Aol 7] $5tad AlGaAs ¥ Eezor XNl g
3+ % Auger electron spectroscopy(AES)% A&
photoluminescence(PL) 43¢ 3ttt

VA E

2.4 o

2 A3 AE3 electron cyclotron resonance
(ECR) 21z} 4n]&= IPL 3000 D/E BE€EA AR
FHE A% 2-g Yyt pAEHA glen A%
EHo] o]Foja) = wbg Mwe] ATEE 70x10°
Torr$itt. ECR Z&tAule] L2253 Hu &2
1.5 kWolal Fg47F 245 GHz?! microwaves} 4
o wleloja2g Ryl e HA Yol 600
Wwol 1 F347} 1356 MHz?] radio frequency(RF)
2 Za)d BE7Etgtt Microwaved 3471 245
GHz¥ " ECR EZ&vi7t 4Aste 2739 A
7= 875 Gauss2X ¥ AFAAME F4 FH 2
Mol AzIAE o] &3l 875 Gauss ol H|FY
ANAE SAAA 27FY 7]E&7E FUSG 19
18 B 43 AR % ECR 47} Avle NI E
e Aelrh

Nzt B4 Agol AMEE Alae 2 dug
AHE AFRSE WrE A GaAs 71 Aol A4 Fs)
At GaAs®t AlGaAs®] 2743 Az Adu g
ol 7] % A&+ undoped GaAsE 5000 A A
oo »\139} undoped AloasGaorsAs 5000 AE
e A5E VAT 4 AR 47 ol a
~step profilometer®} Scanning Electron Microscpy
(SEM)& =33t ZAbstg )

ECR E&=vl 87} 3 AlpsGaosAs EHY 2
g Zdotn7] 93ld 9 Augerg &H3IIP L
Alg Fde &8 24 93t A2 PL ii‘z‘l
> FAs A PL 29 EfS &2 20 Ko
FHEHALL |71 B 2= 488 nmel Ar #elA
AlR B H o™ AMEERE YFHE PL AYEY
A= FG&sted =24 A7t 750 mmY £33 7

mox :{m

i
i
o

flo wu =

448

o] HE o|Fg, &4, wWE A

Microwave
source tunner

oo ]

Gas
manitold Ma%%eés
¢ chamber
puy llasma
= stream
=10
rnng
React
> —
Df;te chamber
RF
supply
a8 1. ECR #4l Mg,
Fig. 1. The schematic of ECR system.
& AH FZa712 4EF H lock-in YLE F3}
o 7] &3t
3. d3 @ =9
oY 2% BCh 7hel fEe ©E& GaAsst
AlsGanAs® 285 uveld etk o9 ECR

AW B7E microwave? powert 300 Weolx
65 Weln SF; 7t2=9 #%2 5
scem(standard cubic centimeter per minute)©. 2
dAEA FAHT AzZHE g oo g2
ok 1.7 mTorrs. ASIATH. 28 2949 ol
BChel &&ol E71842 GaAse] A#AEl F7}
gg o 5 U YdwrHog GaAse Az
chlorined X&3E 7tz 3 HZA=ox1
fluorines E§sh= 7hao] gslde AzHA E

eon ddd donz? BCh shad fgo &
7tatoll wel GaAsd A4 Eo] Frste AL EF
74 W9 chlorine® ¥ %7} S7F7) dol) =

RF power+ts

k-

g BCly 7F2=9] f8o] 50 sccm ¢)4bel EHWHA
GaAs® AztEo] g@utstA Frtske &4'? B F
ok #H, AlsGarsAse AZEL BCl ®& %9
wale wel A2 Wizt Qe RE ‘3:_} T Ade
o o]R2 fluorined] o3 AlGaAs EWol H]H Y

4 BA AR 39 3402 A8 AlGaAss) A
o] GaAs®l Aztel sl wol meixE Ao
Azac



250
@
Micowave power ; 300 W ./
RF power ; 65 W
SF, flow ; 5 scem
200
[
—@— GaAs
q p— J—
: a 150 b O— AlGaAs
< o
: Y /
-~
£ 100}
=
Q
-~
=
50 -
0——0—-0——0—0
() i L 1 1 1
20 30 40 50 60

BCl, flow [sccm]

g 2 300 W& microwave power, 65 W2 RF
power ¥ 5 sccm® SFee] HFAM BCly
o} §Fol & GaAset AlpxsGapsAse] 2
ZHg.

Fig. 2. Etching rate of GaAs and AloxsGagrsAs
as a function of BCls
microwave power of 300 W, an RF
power of 65 W, and SFs flow of 5 sccm.
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Fig. 3 Auger spectrum of Alp»sGas7sAs sample
after a exposure of 10 minutes in ECR
plasma at a microwave power of 300
W, RF power of 100 W, and 60/20 sccm
BCly/SFs gas mixture.
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