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Tom tat

Trong cac linh kién dién t&, tir mach tich ho’p dén pin mat troi, gia tri dién tré suét (o) tiép giédp Ohmic gilra
kim loai va ban dan la thuée do hiéu suét cua thiét bi. Trong bai bao nay, anh hudng cua qua trinh &n mon
bang nguén plasma cdm (¢ng cao tan (ICP) t6i dién tré suét t/ep giép kim loai - ban dan da dwoc nghién ctru
béng phuong phap dudng truyén tuyén tinh (LTLM). Két qua thu duoc cho thdy, liva chon do séu va ché do
céng nghé phu hop cho qua trinh &n mon bang phuong phép ICP truréc khi pht kim loai 1a mét céng doan
c6 tinh quyét dinh trong viéc ché tao tiép gidp Ohmic c6 dién tré suét thdp. Gia tri dién tré Ohmic ché tao
duwoc thap nhét khi do sdu &n mon dam bédo cho céc I6p kim loai phd I1én ving AlGaN pha tap véi khodng
céch bén trén bé mét I6p 2DEG cia céu tric AIGaN/GaN HEMT khodng 8 nm. V&i céng suét cta ngudn ion
la 30 W va céng suét ngudn plasma la 250 W, téc d6 &n mon vét liéu AlGaN la khodng 27,21 nm/phut. Dién
tré suét tiép gidp Ohmic cla céac I16p kim loai Ti(20 nm)/AI(200 nm)/Pd(60 nm)/Au(100 nm) véi ban dén
AlGaN c6 gia tri thap nhét la pc=1,08 x 107Q.cm?, médc du méu chi 0 & nhiét dé twong dobi thap la 650 °C,
trong méi trirdng khi Nito.

T khoa: GaN/AIGaN, transistor dé linh déng dién tlr cao, dién tré suét tiép giap Ohmic, qua trinh &n mon ICP.
Abstract

In electronic devices, ranging from integrated circuits to solar cells, the Ohmic specific contact resistance
between metal and semiconductor is a measure of device performance. In this paper, the effect of Induction
Coupled Plasma etching (ICP) on creating specific contact resistance between metals and semiconductors
was investigated by linear transmission method (LTLM). The obtained results show that selecting etching
depth and etch process conditions by ICP method before metal coating is a decisive step in the manufacture
of low resistance Ohmic contact. The value of formed Ohmic specific contact resistance is the lowest when
the etching depth ensures the metal layers to cover the doped AlGaN region at a distance of about 8 nm
above the AlGaN/GaN interface. With an ion power source (RIE) of 30 W and a plasma power source (ICP)
of 250 W, the etching rate of AIGaN material is approximately 27,21 nm/minute. The Ohmic specific contact
resistance of metal layers Ti (20 nm)/Al (200 nm)/Pd (60 nm)/Au (100 nm) with AlIGaN semiconductor has an
optimal value of pc = 1,08 x 107 Q2.cm?, despite the sample was annealing at a relatively low temperature of
650°C, in a nitrogen atmosphere at 650°C.

Keywords: GaN/AlIGaN, high-electron mobility transistors (HEMT), Ohmic specific contact resistance, ICP
etching process.

1. Gié6i thiéu

Linh kién transistor duogc sir dung trong tit ca
cac thiét bi dién ti. Transistor c6 d6 linh dong dién tir
cao trén co sd vt lidu GaN/AlGaN (HEMT) la thé hé
linh kién m&i, bit diu duoc sir dung trong céac thiét bi
dién t& tAn s cao va cong suét cao. Su khac biét ndi
troi cia HEMT so véi linh kién Silic truyén thong la
linh kién dugc lam tir cac mang vat liéu ban dan co
nang luong ving cAm rong va khac nhau, dugc goi 1a
chuyén tiép di thé [1-3]. Cac dién tur trong linh kién
HEMT dich chuyén tir vat liéu c6 vung cam rong hon
sang vt lidu c6 ving cdm nho hon, tao ra mot 16p khi
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dién tir 2 chiéu (2DEG). B9 linh dong dién tir (u) tai
16p khi dién tir 2 chiéu dat gi4 tri cao bét thuong &
nhi¢t 4 phong do hiéu ng tan xa giam [1-3]. HEMT
¢6 thé hoat dong & tin sé cao hon so v&i cac linh kién
ban din thong thuong va duge stir dung rong rai trong
céc san pham tan sé cao nhu dién thoai di dong, may
thu vé tinh, b chuyén doi dién ap va cac thiét bi
radar trong nganh thong tin va truyén thong. Ban dau,
vt liéu thuong ding cho HEMT la céc tiép giap gitra
mang mong GaAs v6i Al(In)GaAs & cic mic nong
do Al hodc In (theo mol.) khac nhau, tuy theo Ung
dung cuda linh kién. Hién nay, linh kién HEMT GaN
dugc lam tir ban dan c6 niang luong ving cim rong
(3,4 eV), d linh doéng dién t& it cao
(2000 cm?*V's! tai 300K va 1800 cm?V's! tai
77 K), than thién vdi moi truong dang dugc su dung
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rong rdi hon. Lop 2DEG trong cau trac AlGaN/GaN
duoc hinh thanh dva trén Két qué c6 dugc tur hi¢u ung
phan cyc tu phat va phan cyc ap dién tai 16p AlGaN.
Dbi véi cau trac di thé, gia tri mat do hat dan trong
16p 2DEG dién hinh 1a 1 x 10"3 cm v&i ndng do Al
1a ~ 20 - 30 %. Cac tinh chét ndi troi cua linh kién
trén co sO vat liéu AlGaN/GaN so vdi cac linh kién
truyén théng st dung Silic va GaAs 1a: Tan sb lam
viéc rét cao (1én to1 hang chuc, thdm chi hang tram
GHz), nhiét d6 lam viéc cao (nén chi can lam mat &
mirc d0 thip nhat), dién truong danh thing cao
(2 x 10° V/em) va van toc chuyén dong cta dién tir
1én t6i 107 cm/s [2, 4-6].

Trong cac linh kién va thiét bj dién tir ban dan,
cac tiép giap giita kim loai véi ban dan va dién tré
tlep xtic Ohmic dong vai tro rat quan trong va tryc
tlep anh huong dén hiéu suét hoat dong cua linh kién.
Cac dic tinh quan trong cla transitor 1a tan s§ dong
cét (f7), tan s6 dao dong cuc dai () va hiu dién thé
danh thung. Dé ché tao duoc linh kién GaN HEMT
6 gia tri dong mang cao, tbc do cao va nh1eu thap,
mot van dé can giai quyét d6 1a dién tro tiép xuc
Ohmic cua cyc ngudn va mang.

C6 nhiéu nhém nghién ciru da bao céo vé tiép
giap Ohmic cua AlGaN/GaN HEMTs dugc ché tao
bang cach u cac 16p kim loai ling dong trén bé mat
cia n-AlGaN [1,6-11]. Sy hinh thanh tiép giap Ohmic
¢6 dién tro thap trong mot cAu triic voi 16p bé mat co
chidu cao rao thé Schottky 16n nhu n-GaN (hay
AlGaN) yéu cdu mot 16p ban dan pha tap manh gan
voi tiép xtc kim loai nham tao diéu kién thuan loi
cho hiéu rng xuyén ham. Tuy nhién, viéc ché tao cac
tiép xitic Ohmic dién tré thap nay la mét quy trinh
cong nghé rat phirc tap khi phai giai quyet hang loat
céc van d¢ lién quan dén hiéu tmg bé mit giita kim
loai va cac 16p ban dén tiép giap. Cac hiéu tng nay
phu thudc vao do day/mong va thanh phan cia céc
16p ban dan epitaxy nitride loai n cling nhu phu thudc
vao cac diéu kién 0 nhiét. Do su phtrc tap cua cac
hiéu tng nay, viéc U tai nhiét do cao tir 800 °C dén
900 °C [10] van la khong du dé khién cho cac 16p kim
lai phan tmg hoan toan véi 16p rao AlGaN nhim tao
ra 16p khi dién tir 2 chiéu (2DEG) trong linh kién
GaN HEMT. Trong timg truong hop cu thé, 16p
AlGaN s& ¢ tac dung nhu mét rao chin khong cho
hiéu tmg xuyén hdm xay ra va do d6 sé lam ting dién
tro tiép giap.

Trong bai bao nay, chung t6i d& cap téi nhitng
nghién ctru vé anh huéng cua qua trinh dn mon bing
Plasma két hop cam ung tur (ICP- Induction Coupled
Plasma) t6i tinh chit dién cua tiép xtc kim loai
Ti/Al/Pd/Au v6i ban ddn AlGaN/GaN. Hé dién cuc
kim loai Ti/Al dugc st dung boi chung tao ra bé mat
iép xtc kim loai/ban din cho phép hat tai di chuyén
t6t qua bé mit tiép giap KL/AlIGaN/GaN [7]. Pd dugc
st dung 1a 16p th ba do kim loai nay c6 kha nang
ngin can cac nguyén tir Au khuéch tan tir bé mit dién
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cuc kim loai qua 16p Ti/Al dén 16p AlGaN va c6 thé
lam giam dién tr& ctia ban dan.

Céc yéu td anh huong dén d¢ sau trong qué trinh
an mon GaN dé ché tao cdu triic mesa bang ky thuat
ICP, thanh phan khi an mon va hiéu tmg 1 nhiét ciing
duogc xem xét.

2. Thye nghiém

Linh kién AlGaN/GaN HEMT su dung trong
nghién cru nay co cau truc nhu hinh 1 dudi day.

1um lum

Lép mi AlGaN

Lép nén GaN

BEé Sapphire

Hinh 1. CAu tric linh kién A/GaN/GaN HEMT

. BO MASK’s dung cho quang khic dugc thiét ké
bang phan mém CleWin 4 va dat Cong ty Formosa
Microsemi Co. LTD (Pai Loan/Trung Quodc) ché tao.

Phién ban dan 4 inch c6 ciu trac epitaxy
AlGaN/GaN dugc mua tir nha san xuit NTT-AT
(Nhat Ban), c6 cac thong s ky thuat nhu sau: Bé
day: 625 + 25 pum; Dién tré suat: < 0,02 Ohm.cm;
Dién tré bé mat trung binh 400 Ohm/sq.; Nong do hat
tai bé mat: 10" (cm?); DO linh dong dién tir:
~ 2000 cm?/Vs; Dién ap danh thing: ~ 1000 V.

Céc 16p vat ligu ban dan duge ché tao boi ky
thuét epitaxy chum phén tr (MBE) hodc lang dong
héa hoc tir pha hoi (MOCVD) bao gom:

Loép mii: 1a mdt mang vat liéu siéu mong GaN
(1-2nm) duoc ling dong phia trén cua 10p rdo
ALGaN v6i muc dich ngan can sy oxi hoéa trén bé
mit va lam giam dién tro cua tiép xtc Ohmic cia
dién cyc ngudn va méang.

L6p rao: ¢6 bé day khoang 15 nm, 14 16p ¢6 tinh
quyét dinh nhét trong cu trac HEMT. Lép nay dugc
lam tr loai vat li€u c6 do rong ving cAm 16n hon lop
dém. P9 rong vung cAm phu thudc vao néng do Al co
trong vat li¢u.

Lép kich thich: 1a 16p ban dan loai n dwgc pha
tap Si v6i muc dich ting nong d hat tai, c6 bé day
khoang 5 nm.
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Lép dém khong pha tap (~5nm) : dugce lam tu
vat liéu co do rong vung cim thap hon 16p rao, mot
16p cach dién hodc mét 16p GaN co6 dién tré cao dugce
sir dung nham dam bao dong mang bio hoa hoan hao
khi kénh dan bi that, giam ton hao ¢ tin sd cao va
giam nhiéu xuyén am gitra cac thiét bi lién ké.

Lép dém hat nhan (UID- pha tap tuy y): 16p nay
(~1,5 pm) phu thudc vao vat liéu lam dé va viéc lya
chon ky thuat tao mang epitaxy (MBE hay MOCVD).
Thong thuong mot mang tinh thé rdt mong AIN,
AlGaN hodc GaN s& dugc nudi trude khi ling dong
mot 16p dém ban cach dién GaN diy hon. Muyc dich
la nham giam 4ap lyc va sy khong twong thich vé
mang tinh thé véi 16p nén phi tu nhién.

Lop nén: Do vit lidu GaN khong ton tai trong tu
nhién, nén mang GaN epitaxy thudng dugc ling dong
trén mot dé tinh thé 1a vat liéu nhan tao nhu Si. SiC,
ALOs hay Si (111). Bé sir dung 1a dé sapphire (0001)
va cong nghé ché tao MBE).

Trudc tién, phién ban dan epitaxy GaN dugc rira
sach bang aceton nong trong 10 phit, sau dé rung
siéu am trong methanol 10 phat va cubi cing dugc
rira bang nudc khir ion. Sau do, s dung chit cam
quang Microposit S1800 photoresists (Nhét Ban) cho
qué trinh quang khic bang MASK 1.

Mau sir dung dé xac dinh dién tro tiép giap bang
phuong phap duong truyén tuyén tinh (Linear
Transmission line method - LTLM)) [1] dugc thiét ké
dé ché tao dong thot véi cac dién cuc nguon va mang
ciia HEMT. Cac méu sau d6 duoc cit bang may cat
kim cuong va chia thanh 3 nhom chinh dé thuc hién
qua trinh an mon ICP & cac do sau khac nhau nhim
tao ra cu trac mesa. Cac 16p kim loai lam dién cyc
sau d6 dwoc phu chinh x4c 1én trén ciu trac mesa
bing quy trinh quang khic dién hinh nhu thé hién
trén hinh 2.

Qua trinh an mon dugc thyc hién béng hé thiét
bi PlasmaTherm 790 (Pai hoc Qudc gia Singapore)
véi hon hop khi Clo (20scecm) va Ar (5 sccm) & ap
suat 5 mTorr va nhiét d 1a 10 °C. Ngudn dién cam
ung plasma (Inductively coupled plasma — ICP) cong
sudt 1kW hoat dong & tan sb 2 MHz dé kiém soat
thong lugng ion. Ngudn dién cho qua trinh in mon
bang ion (reactive ion etching — RIE) c6 cong suat
500W hoat dong o tan sb 13,6 MHz dé kiém soat
nang lugng cua chum ion.

Lun
-\ | | | : .
I I I I T1

Hinh 2. Céu tric bé mét cia mu thir sir dung dé do
dién tr¢ ti€p gidp Ohmic bang phuong phap dudng
truyén tuyen tinh (LTLM).
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Ngay sau khi dn mon, cic miu dugc phu lan
luot cac mang kim loai Ti(20 nm)/Al(200 nm)/
Pd(60 nm)/Au(100 nm) sir dung hé bay hoi bang
chum dién tir Edwards.

Cac miu sau d6 dugc xir 1y bang qua trinh @
nhi¢t nhanh (RTA) trong moi trudng khi tro (N») tai
nhiét d6 tuong ddi thip 1a 650 °C va nhiét d cao
900 °C nham cai thién chat lugng cua tiép xtic Ohmic
ché tao duoc.

_ Diac trung I-V cua phép do dién tré tiép xic
bang ky thuat LTLM (H.4) duoc thuc hién trén hé
thiét bi HP 4145.

Béng 1. Céc thong s6 chinh ciia qué trinh an mon ICP

Miu | Cong | Cong | Téc do | DCV| Thoi
thir suét suét phun (-V) | gian an
RIE ICP khi mon
W) W) (scem) (s)
MTI1 300 0 20/5 538 | 30
MT21 | 30 250 20/5 87 |50
MT22 | 30 250 20/5 89 |55
MT3 | 30 250 20/5 88 100

3. Két qua va thao ludn

Nhu ching ta da biét, chiéu day cua cac 16p ban
din AlGaN hoic GaN la rit nho (thdm chi duoi
10 nm) nén céc thong sé cong nghé sir dung trong qué
trinh &n mon can phai dugc thiét 1ap sao cho tc d6 an
mon vat lidu phai du cham dé c6 thé kiém soat va
diéu khién duge chiéu sau. Dé lwya chon ché do an
mon t6i vu cho cdc mau thuc M1/1, M2/1, M2/2 va
M3/1, cac diéu kién an mon duoc thuc hién trén cac
nhém mau thir (buffer samples). Nhém mau thir MT1
chi dugc dn mon trén bé mat ban dan AlGaN, MT21,
MT22 va MT3 duogc dan mon 6 cac do sau xac dinh va
thoi gian an mon cta ching 1a khac nhau. Nhém mau
thir MT21 dwoc an mon xudng téi 16p ban din
AlGaN khong pha tap. Nhém mau thir MT22 duge
chudn bi dé tao tiép xtic Ohmic véi 16p ban din
AlGaN loai n. Ngoai ra, d6 sdu nay da gﬁn voi vi tri
ctia 16p 2DEG, tirc 1a tai bé mit cua tiép giap giita cac
16p ban din AlGaN va GaN. Cudi cing, do siu an
mon cia nhém mau thir 3 (MT3) véi muc tiéu 1 c6
thé s& dat dén vi tri cua bé mat AlGaN/GaN noi c6 su
xuat hién cua 16p 2DEG ciing nhu cho phép céc 16p
kim loai tiép giap truc tiép voi kénh dan 2DEG. Su
thang giang gia tri dién ap phén cuc (DCV) do duoc
trong qué trinh an mon ICP 1a tbi thiéu. Sau rat nhiéu
thir nghiém, ché d9, cong nghé cho két qua in mon
t6t nhat dugc thé hién trong bang 1.

Bang 2 trinh bay két qua d6 sdu dn mon cia cdu
trac LTLM trén phién ban ddn AlGaN/GaN trudc khi
phii kim loai ciia cac nhém mau do. D& nhan thay ddi
v6i cac hé mau, thoi gian an mon tang thi d§ sau an
mon ciing ting. P9 sdu an mon thuc té so voi tinh
toan 1y thuyét c6 gia tri gan bang nhau khi thoi gian
in mon ting. Mau 2/1 dugc in mon téi 16p rio
AlGaN khéng pha tap trong khi mau 2/2 dugc dn mon
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t6i ving AlGaN kich thich. Mot diéu quan trong 1a
cong suat cua ngudn ion dugc giit & muc thip nhat
(30W) dé 1am cham téc d6 an mon dé dam bao qua
trinh dn mon tét hon. Két qua nghién ctru cho thiy,
v6i cong suat cia ngudn ion 1a 30 W va cong suat
plasma 1a 250 W, tc do an mon AlGaN la khoang
27,21 nm/phut.

Bang 2. D6 sdu an mon cia cdu trac LTLM trén
HEMT AlGaN/GaN trudc khi phu kim loai

Ma Thoi | P§ sduan mon | DG sdu dn mon
th?";l gian | trung binh TN trung binh LT
(s) (nm) (nm)
Ml1/1 30 1,8 2,0
M2/1 50 12,2 18,35
M2/2 55 18,35 19,71
M3/1 100 343 343
. M1 0.034 N
o M1 P
A A
v mgﬁ 0.024 AAA'Q"
L AR
% 001 A;;::_-"
< 'f! L
w C’n,\ ‘ L} L T
=4 3 2 4 ] !. 1 2 3
) Lt !i
/[ Lun" !! -0.01
an" [} 'X
$.4
',:A -0.024
AT
A -0.03
Dién thé (V)

Hinh 3. Anh hudng cia d6 sdu dn mon 1én dac trung
I-V cua tiép xuc Ohmic.

GaN

Hinh 4. CAu trac TLM duoc si dung dé x4c dinh dién
tro tiép xuc.

Hinh 3 thé hién ddc trung dong dién phu thudc
vao dién ap (I-V) ctia cac tiép gidp kim loai - ban dan
dugc xé4c dinh dua trén ciu trac LTLM. D& nhén thiy
rang, mau 2/2 ¢6 tiép gidp Ohmic t6t nhat, sau do la
mau 2/1, M1/1 va cudi cung 1a M3/1. Két qua nay chi
ra rang, cac ché do cong nghé trong qua trinh in mon,
dac biét 1a d6 sau an mon da anh hudng quan trong
dén qua trinh tao ra céc tiép giap Ohmic tét hon. Hon
nita, cac két qua xac dinh dién tré tiép giap cu thé cua
timg mau sir dung cdu trac LTLM da ché tao dugc
ciing khang dinh diéu nay.
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Hinh 6 thé hién két qua LTLM cta mau 2/2. D6
1a d6 thi cua tong dién tro gitra hai 16p tiép xtc cia
mau LTLM, Ry phu thudc vao khoang cach giita hai
16p tiép xtc.

Céc tinh toan LTLM c6 lién quan dén dién tr&
tiép xtc Ohmic (R, cua linh kién AlGaN/GaN
HEMT duya trén cac phuong trinh dudi day [1]:

RC = Rtot - 2Rprobe /2 (1)
Dién tré suat tiép giap pe:
RZ
= 2
P. R, 2
p. =R°W / gradient 3)

trong do, Ry 1a dién trd ¢6 gid tri tai L; = 0 va Rpyope 12
dién trd cia mili do xac dinh tir thuc nghiém va c6 gia tri
khoang 16,43 Q. L; 1a khoang cach gitia cac dién cuc
kim loai (H.5). Ry, 1a dién tr& bé mdt cia ban dan; L, W
lan luot 1a chiéu dai va chidu rong ciia ving ban dan
gitra 2 dién cuc kim loai. Gradient 14 d6 dbc cua dd thi
I-V xac dinh tir hinh 6.

I o
ELiE

Hinh 5. So dd do dic trung I-V ciia tiép giap kim logi —
ban dan bang 2 mii do (probe). L; 1a khoang cach gilra
cac dién cuc kim loai

400

300

(Ohm)

200

Rtot

100 +

0 T
10

2I0 Li (nm) 3I0 40

Hinh 6. Két qua LTLM cua mau 2/2 sau khi ¢ & nhiét
d6 650 °C, trong moi truong Ni-to, thoi gian 60 gidy.

Tw hinh 6, ching ta xac dinh dugc gia tri dién
tré suit p=1,08 x 107 Qcm? cua tiép giap M2/2 duoc
1 & nhiét twong dbi thip 1a 650°C. Gia tri dién tro suat
nay l1a phii hop khi so sanh véi cac s liéu t6t nhat tir
cac cong trinh nghién ctru gan day [10,11]. Cac gia tri
dién tro suét tiép giap dbi voi cac mau 1/1, 2/1 va 3/1
tinh dwgc theo phuong phap twong tu c6 gia tri lan
luot 12 1240 x 107 Qcm?, 83,4 x 107 Qcm? va
1790,0 x 107 Q.cm?.
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Céc ké_t qué nay duoc tong hop lai trong bang 3
dudi day biéu hién moi lién hé gitra d sdu an mon va
dién tro ti€p suat tiép xtic Ohmic.

Béng 3. M&i lién hé gitra 46 sau an mon va dién tro
tiép xuc dac trung.

Miu Do sau an bién ‘Fr("r sudt tiép xuc
mon (nm) Ohmic (107x Qcm?)

M1/1 1,8 124,0

M2/1 12,2 83,4

M2/2 18,35 1,08

M3/1 34,3 1790

Céc két qua tir bang 3 dugc vé lai trén dd thi
nhu trong hinh 7. Nhan thiy, gia tri p. giam khi do
sdu an mon tang lén cho dén khi no dat duoc do sau
cua lop AlGaN pha tap Si, vi tri ma ching ta quan sat
duoc gia tri cua p. ting. Ching ta c6 thé két luan ring
tiép xtic Ohmic ché tao dwoc tot nhit khi d6 sau an
mon dam bdo cho cac 16p kim loai phu 1én vung
AlGaN pha tap ngay bén trén bé mat 2 DEG cua ciu
tric AlGaN/GaN.

1

Phin bién AlGaN/GaN

\

=
o
ud

-
“le= 0.01
g 1
Xit 1i bé miit u
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e .
3 1E49 / Ving dém
=
-
L ESY =
b [ ]
=
: 1E-6 4 - L]
o<
= 1E-T a AN U I'S
= 1 Ldprio AlGaN UID AlGaN pha tap

10 15 20 25 30 35

P§ sfiu éin mon (nm)
Hinh 7. Anh hudéng cua d6 sdu an mon 1én dién tré
tiép xuc dic trung.

+Vpg

L]

Lép dém GaN UID khéne pha tap
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Diéu nay cho thiy rang, qua trinh 1 cho du 1a &
nhiét do cao 900 °C [4] van la khong du cho su
khuéch tan ciia nguyén tir kim loai dén 16p khi dién tir
2 chiéu 2DEG tai bé mat phéan cach cia AlGaN/GaN
trong cdu tric HEMT. Lép AlGaN khong phan tng
da can tro hiéu ing xuyén ham can thiét cho cac hat
tai di chuyén qua mat phan cach kim loai - ban dan.
Viéc i & nhiét do cao ciing 1 bat loi cho hinh thai bé
mat cua kim loai do sy hinh thanh ctia mang hop kim
hat 16n va do d6 lam giam cac tiép xuc cho lién két
day sau nay.

Mau 2/1 di duoc an mon mot 16p AlGaN
~12,2 nm trude khi pha kim loai, diéu nay c6 nghia la
dién cuc ngudn va méang cua linh kién moi chi tiép
xtic voi 16p rao, chua téi 16p ban dan pha tap, dan toi
gia tri dién tro tiép xtic 16n hon rat nhidu so v6i miu
2/2. Bbi v6i mau 2/2 cac dién cuc kim loai da duoc
phu ¢ do sau ~18,35 nm. Theo tinh toan thiét ké, cac
dién cyc kim loai da tiép xuc véi 16p ban dan pha tap
Si. Khi d6, khoang cach gitra 16p kim loai dién cyuc va
16p 2DEG 1a ngén hon so véi cac linh kién duogc an
mon bang cac k¥ thuat thong thuong. Khi viée i mau
2/2 tai 650 °C hoan thanh, khoang cach ngin nay
chimg to rang day khong phai 1a mét tré ngai cho kim
loai trong viéc khuéch tan dén 16p 2DEG va cho phep
hiéu ung xuyén ham phat xa truong truc tiép toi uu
dién ra. Trong mot cau trac nhu vy, tong dién tich bé
mat cua kim loai tlep x(c v&i ban dan 12 tdi da, do d6
dan dén dién tro suat tiép xuc 1a rat thap (Hinh 8).

Mu 3/1 lai khong c6 dugce dién tro tiép xuc tot
khi so sanh vdi cac mau con lai 1a do cdc 16p kim loai
ltc nay da t1ep giap truc tiép voi 16p 2DEG thong qua
mot ving gan bang do rong cua kénh dan khi ma do
day cua n6 lai khong dang ké. Piéu nay xay ra do kim
loai dugc dat 1én mot ranh c6 d6 sau di qua mat phan
cach AlGaN/GaN, vi tri ciia 2DEG. Do vy, ving tiép
giap giita kim loai va kénh nam tai phia cia kim loai
(H.8). Sy don nén dong nay c6 thé gop phan lam cho
dién tré tong cong tré nén 16n hon.
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Hinh 8. Mt cit cia mot linh kién HEMT sau khi phu kim loai va u. (a) mau 2/2, kim loai khuéch tan tir vi tri tiép giap
den 16p 2DEG véi dién tich bé mat tiep xuc 1én hon. (b) mau 3/1 — chi c6 mot cuc kim loai tiep giap voi 1op 2DEG.
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4. Két luan

Tir cac két qua nghién ctru & trén, chung ta co
thé két Iuan réng, Iva chon d0 sau va ché dd cong
nghé phu hop cho qué trinh an mon béng phuong
phép ICP trude khi phu kim loai 14 mét cong doan céd
tinh quyét dinh trong viéc ché tao tiép xiuc Ohmic co
dién tr¢ thap trong cau triic AlGaN/GaN HEMT. Gi4
trj dién tro sudt tiép xac Ohmic ché tao duoc thip
nhét khi d¢ su dn mon dam bao cho cac 16p kim loai
phu 1én vung AlGaN pha tap voi khoang cach bén trén
bé mit 2 DEG cua cdu triic AIGaN/GaN HEMT tdi
thiéu khoang 8 nm.
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