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TOM TAT

Nganh céng nghiép thiét bi ban dan la mét trong nhitng nganh quan trong hién nay, dua
trén cdc iing dung réng rdi, c6 y nghia vé kinh té va chién lwoc. Nghién ciru nay tong quan cdc cong
nghé méi vé chat ban dan, vt liéu va kién triic san xudt béng ban dan. Puwa ra cdc xu hwdéng méi
nhdt trong quy trinh in thach ban, tdp trung vao in thach ban cuc tim (EUV). O cdp dé kién tric
bong ban dan, bai viét thao ludn vé cac loai bong ban dan khdc nhau, nhan manh vao cdu triic va
ddc tinh ciia béng bdan dan hiéu vmg trwong (FinFET). Bai bdo ciing tom tat 16 trinh phat trién chat

bdn déan méi nhat, nhitng hira hen va thach thirc trong viéc theo kip téc do tich hop cua Moore.
Tw khoa: EUV; FinFET: In thach ban; Silicon.
ABSTRACT

The semiconductor equipment industry is one of today's important industries, based on
widespread applications that are economically and strategically significant. This study overviews
new technologies in semiconductors, materials, and transistor manufacturing architecture. Covers
the latest trends in lithography processes, with a focus on extreme ultraviolet (EUV) lithography. At
the transistor architecture level, the article discusses different types of transistors, with an emphasis
on the structure and characteristics of field-effect transistors (FinFETs). The article also summarizes
the latest semiconductor development roadmap, the promises and challenges of keeping up with

Moore's pace of integration.
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1. PAT VAN PE

Nim 1956, Bell Labs da phat trién bong
ban dan thé rin sir dung Germanium (Ge). Sau
nay Silicon (Si) thay thé Ge vi nhiéu 1y do; Si
dé dang tuong tac vdi 6-xy (O,), tao thanh 16p
SiOz,‘c() C}}ﬁc nang nhu ch~'21t cach dién. Lop
nay can thiét cho bong ban dan hiéu ing truong
ban dan 6-xit kim loai (MOSFET), vi né tach
cong khoi kénh va dong vai tro nhu mét 16p che
trén cac diém ndi, ngan chan sy khuéch tan tap
chat trong viing ma né che chan. Si ciing c6 sy
chénh 1éch dién thé cao hon gitta dai dan va dai
hoa tri (band-gab), khién Si kém c6 kha ning
tao ra cap nhiét, didu nay cho thiy cac thiét bi
Si ¢6 it nhiéu hon & cting nhiét d6. Tai diém n6i
p-n, Si c6 dong dién ngugc thap hon (dong ro)
va dién ap nghich dao dinh cao hon. Tinh thé Si
¢ thé chiu nhiét tot hon Ge. Hon nita, Si duoc
tim thay ty nhién trong cat va viéc xtr Iy n6 don
gian hon va it tén kém hon.

2. TONG QUAN VE NGANH BAN DAN

Si 1a mot trong nhitng nguyén to ré
tién nhat, nhung nganh cong nghiép di bién
n6 thanh mdt trong nhitng mat hang cé gia tri
nhat, d6 1a mach tich hop (IC). Tat ca cac thiét
bi di¢n tir, nhu PC, may tinh bang va dién thoai
thong minh, déu dua vao cac thanh phén ban
dan. Mic du Trung Qudc c6 nganh khai thac
Si 16n nhat thé gidi nhung mdi ndm nude nay
nhap khau IC tri gia khoang 300 ty USD tir My
[1].

Nam 2019, 32,4% phan khtc thi truong
ban dan danh cho mang va thiét bj truyén
thong. Vao nim 2021, thi trudng ban dan toan
cau dy kién s& dat 469,4 ty USD va toc do tang
truong hang nam cua chat ban dan dugc du
doan 1a 8,4% va du kién sé& dat 726,73 ty USD
vao nam 2027 [2]. Cac cong trinh nghién ctru

cua VNL da giap ASML phat hanh may EUL
(NXE:3400B) vao ndm 2017; n6 c6 kha nang
san xuat cac cong nghé 7-5 nm véi cong suét
125 tAm ban dan mdi gio [3] va phién ban ké
nhiém cua né6 (NXE:3400C) v6i cong suit 170
tam ban din mdi gid, va phat trién 6ng kinh
khau d6 s6 cao (EXE: 5000). Nam 2020, doanh
thu cua ASML [én té1 10,3 ty euro, trong do
18% dén Trung Qudc, 36% dén Pai Loan va
31% dén Han Qudc.

Giai phép thay thé EUV la sir dung cac
mat na phuc tap véi cong nghé in thach ban in
nano (NIL) tién tién; didu nay cho phép Kaixia
o0 Nhat Ban dat duoc chip dudi 15 nm, véi tde
dd muc ti€u 5 nm vao nam 2025, (2020F) ding
top 15 cong ty trén toan thé gigi [4]. Trong
quy 3 nam 2021, cong ty san xudt chat ban dan
bai Loan (TSMC) gilt hon 53% nganh cong
nghiép dic ban dan trén toan thé gidi, trong
khi Samsung gitt 17,1% [5]. TSMC da dap lai
nhiing lo ngai cia Hoa Ky vé tac dong thiéu
hut chip dién tr d6i voi cac nganh cong nghiép
khac nhau va nhu cau ting cuong chudi cung
g [6], TSMC bt dau xay dung mot nha may
chip tri gia 12 ty USD & Arizona dé san xuét
chip 5 nm vao nam 2024 [7]. Trung Quéc cb
ging bat kip thong qua cac trung tdm nghién
cuu cua minh, nhu synchrotron Thuong Hai co
s& birc xa (SSRF), cong bd vao nam 2020 da
dat duoc mau nira budc song 25 nm sir dung ky
thuat in thach ban giao thoa tia X mém (XIL)
[8].

3. NHUNG TIEN BO TRONG KY THUAT
IN ANH IN THACH BAN

Qua trinh ché tao chat ban dan c6 lién
quan chit ché dén vat Iy quang hoc, trong d6
thdu kinh va guong 1a thanh phan chinh ciia bat
ky hé théng quang khic nao. Do phan giai clia

hé théng quang hoc dua trén dinh luat Ernest &
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Abbe (1873), trong d6 NA 1a mét sb khong thir
nguyén biéu thi pham vi ctuia cdc géc ma hé
thong chap nhan hoac phat ra anh sang [9].

3.1. In thach ban DUV

Viéc str dung cac budc 193 nm dé ché
tao cac nat nho hon, tham chi 16n té1 45 nm,
hau hét yéu ciu cac ky thuat quang khéc nang
cao do phan giai (RET) bd sung, bao gdbm: 1)
Mait na dich pha (PSM); 2) Chiéu sdng ngoai
truc (OAI); 3) Phan cuc ngudn; 4) Tdi wu hoa
mit na ngudn (SMO); 5) Hiéu chinh d6 gin
quang hoc (OPC) [10-12]. Mot trong nhitng
may in thach ban DUV ciia ASML noi tiéng
la TWINSCAN NXT:1470 st dung soéng anh
sang UV 193 nm, voi quang hoc chiéu 0,93
NA Carl Zeiss Starlith giam 4X c6 thé dat duoc
d6 phén giai khoang 0,57 nm va cong suit cua
may 1a khoang 300 wafer mdi gio [13].

3.2. K¥ thuit in thach ban EUV

Cong trinh nghién ciru dugc cong bd
som nhat vé st dung séng ngan nhu tia X
mém cho in thach ban 1a cua Heuberger vao
ndm 1983 [14]. Trong quy trinh DUV, tia
cuc tim 193 nm dén tir laser Argon Fluoride
(ArF), EUV duogc phat ra tir plasma duoc tao
ra bang laser. Cac electron hap thy ning luong
xung laser va khi ching diung lai & mirc nang
luong thap hon, phat ra niang lugng (~92 eV),
tao thanh anh sang EUV ~13,5 nm, dugc phan
chiéu vé phia mit na quang khic [15-17]. Su
két hop nhiéu 16p nay 13 t6i wu cho budc song
13,4 nm, dat d0 phan xa 68,2% [18]. Samsung
cong bd bo xir Iy Low Power Plus (LPP) 7 nm
dya trén EUV diu tién, Exynos 9825 dugc st
dung cho Galaxy Note 10, tiét kiém 40% dién
tich, 50% dién nang va nang cao hiéu suat thém
20% [19].

3.3. K¥ thuit in thach ban EUV NA cao

ASML c6 ké hoach trién khai NA cao
cho nat 2 nm vao ndm 2023, giap qua trinh in
thach ban hoan thanh chi véi mot 1an vuot qua
(mau mit na don) so voi nhiéu 1an vuot qua ma
quy trinh 0,33 NA EUV yéu cau. Piéu dé ciing
yéu cau giam hiéu tng 3D (bong) ciia mit na
va ddi pho vé6i d6 trong phan va nhidu do bin
photon. ASML ciing phai vuogt qua cac trd ngai
khac, bao gém dién tro, mat na, duong khau,
nguon dién, d6 sau tiéu cy han ché ¢ 0,55 NA,
phan cyc thau kinh va chi phi.

3.4. Quang khic tia X

Céc nha nghién ctru tin rang thé hé
quang khéc tiép theo s& sir dung tia X dé thu
dugc cac budce song trong khoang nang lugng
photon tir (0,7-1,2) nm dén (1-1,8) keV. Khong
gidng nhu ky thuat in thach ban DUV va EUV,
cho phép guong dat dugc mirc gidm quang hoc
4:1 gitra kich thudc ciia mat na va tam ban dan,
X-Ray yéu cau ty 1& mat na 1:1 d6i v6i tam ban
dan. K§ thuat in khic tia X doi hoi mat na chinh
xac su dung hoa chit nano tién tién dé tao ra
mang c6 thé chiju dugc tan s cao nhu vay trong
mot thoi gian dang ké [20].

4. NHUNG TIEN BOQ VE VAT LIEU

Su hop tac gan day giita MIT va Analog
Devices, Inc d mang lai b xir 1y da trén ong
nano carbon 16 bit [21]. Cac nha nghién ctru da
tao ra mot bé mit Si co cac dic diém kim loai
da 16n dé cho phép mot sé dng nano két ndi
céc dic diém kim loai. Dé loai bo cac cdt liéu,
ho ling dong mét 16p vat liéu 1én trén cac dng
nano va sau dé siéu 4m n6 xudng. Qua trinh
siéu am loai bo vat li€u cung vdi cac cdt lidu
ma khong 1am xao tron cac 6ng nano bén dudi;
sau d6 ho khic cic 6ng nano ra, dé chung &

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 315, thang 5 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

dung vi tri can thiét. Bén trén cac 6ng nano,
mdt 16p phu 6-xit khac nhau dugc thém vao,
cac dic tinh cua 6-xit két hop véi cac kim loai
khac nhau dung dé két ndi cac 6ng nano s& tré
thanh chét ban dan loai p hodc n.

5. NHUNG TIEN BQ TRONG CAU TRUC
BONG BAN DAN

O cép do kién tric, c6 nhiéu nd luc
khac nhau nham cai thién cau trac ciia bong
ban din front-end-of-line (FEOL), cac tiép
diém middle-of-line (MOL) va hé thong day
dién back-end-of-line (BEOL). Viéc giam
chiéu dai cong xubng sé& lam ting dong ro,
vi d1en ap ngudong giam khi tang dién ap tur
nguon dén nguodn, mot hién tuong duoc goi 1a
ha thap rao can do thoat nudc (DIBL) va cac
hiéu tng kénh ngin khac (SCE) lam giam sy
khac biet gilta trang thai BAT va TAT. DPién
dung cong-kénh cang 16n thi cong diéu khién
kénh cang nhiéu, 1am giam SCE. Chét cach
dién cong k cao gitp ting dién dung cong,
nhung ty 18 chiéu dai cong dudi 28-25 nm s&
kém hon SCE, tuy nhién van giit DIBL ~100
mV/V, yéu cau d¢ day 6-xit ~1 nm.

Kénh

Coag

0w id

ET phiing FET vily
3 Chag trén kink

Hinh 1. Cac loai MOSFET khac nhau

1 Chag vio kénh 4 Céug tréa kénh

5.1. FinFET

Str dung chiéu thir ba 1am FinFET di
vao thuc té vao nam 2011. Céng nam & hai, ba
hodc bdn canh cua kénh hodc bao quanh no,
Hinh 1. FinFET giam thiéu cc van dé vé dién
tré va dién dung cua FET phang, vi viéc thu
nho chiéu rong vay cho phép kiém soét cong
qua kénh tot hon va giam SCE. Xu huéng tién

hoéa trude d6 1a giam do dai kénh trong khi van
gitr (L/W) ~2,5. Khi chiéu rong vay giam, do
linh dong cuia sébng mang giam do su phan tan
giao dién va giam cam lugng t [22]. Trung
tam Vi dién ti Lién truong Pai hoc (IMEC)
wéc tinh FinFET nho nhét s& ¢ hai vay, cach
nhau 5 nm, véi chiéu dai cong 1a 15 nm [23].
Hon nira, theo Ryckaert, viéc c6 hai vay giup
bu dép cho sy bién d6i cua quy trinh. Bit dau
tlr 5 nm trd xudng, cac nha thiét ké phai chon
sit dung FinFET, FET toan cong (GAAFET)
hay FET kénh da cau (MBC FET). Khi chiéu
rong vay dat td1 3 nm, thach thuc sé€ tang 1én,
FinFET nut-3 (N3) ¢6 thé chi c6 mot vay.

5.2. GAAFET va MBCFE

Nhin chung, GAAFET hoat dong
tot hon FinFET, vi GAA 3 nm s& c6 dién
ap ngudng thip hon va cong suat (15-20)%
thap hon FinFET 3 nm. Tuy nhién, GAA va
FinFET van chia sé cic phan cubi cing cia
dong (BEOL) va gitra dong (MOL) tuong tu,
gitip cai thién hiéu suat khoang 8%. BEOL la
mot trong nhitng bude chinh cua quy trinh san
xuat chit ban dan trong d6 cac dau ndi duogc
hinh thanh trong mach tich hop. Céc hé thong
day kim loai nhé bé nay dang tré nén dong dic
hon khi mdi nat duoc thu nho lai, gay ra do
tré dién tro (RC) trong chip dién tir nhiéu hon
[24].

5.3. NSFE/MBCFE

NSFET da dugc chung minh 1a c6 do
tré RC it hon FinFET [24]. NSFE hoat dong
tot hon va it ro ri hon do dong dién dugc diéu
khién ¢ bon phia. NSFE thuong c6 bon tim c6
chiéu rong (12-16) nm va d6 day 5 nm. Mt
khac, cong nghé NSFE véan phai ddi mat véi
mot sb tré ngai, bao gdm mét can bang n/p,
kiém soat do dai cong, khoang cach giira cac
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khoang cach, hiéu qua cta tAm day va pham vi
phu séng cua thiét bi [22]. NSFE c6 kha ning
mién nhidm tt hon véi cac bién thé quy trinh
khac va cho thay it su khéng khop dong ON
hon so v6i NWFE, nhung NWFE dat duoc do
khong khop thap hon trong DIBL va do doc
dudi ngudong [25]. Su ra doi cua FET kénh
da cau (MBCFE) ciia Samsung ¢ nat 3 nm da
danh dau sy khoi ddu ciia NSFE trong thé gisi
cong nghiép.

6. KET LUAN

Nganh cong nghi¢p chip dién tir dong
vai tro quan trong trong viéc dinh hinh tuong
lai cua cong nghé, kinh té va chinh tri. Bai
viét thao luan vé nhitng thanh twu, xu hudéng
va duy bao moéi nhit cua nganh ban dan. Né
bao gom céc k¥ thuat quang khic ban dan méi
nhat, cau tric bong ban din, nhiing 10i hira va
thach thic. O cip do xu 1y chat ban dan, quang
khic cyc tim (EUL) 1a xu huéng méi nhat dé
san xuit cc tinh ning dudi 7 nm, trong d6
budc song ngan EUL giup loai bo nhu cau tao
nhiéu mau. O cép do vat lidu, bai bao da dua
ra nhitng tién bd gan day nhat nham thay thé
vat liéu san xuat chit ban dan truyén thong dé
cai thién hiéu suat cua bong ban dan. O cip
do kién tric thiét bi, viéc dat duoc céc tinh
ning dudi 2 nm doi hoi phai co ciu trac bong
ban dan méi, chang han nhu FET forksheet
va FET b6 sung (CFET). Nghién ctru ciing
tom tat cac xu hudng phat trién khac & cap do
front-end-of-line (FEOL), mid-of-line (MOL)
va back-end-of-line (BEOL). Tat ca céac kién
truc, vat licu va ky thuat ché tao bong ban dan
m&i déu phai dugc phat trién dé duy tri tbe do
tich hop bong ban dan ciia Moor. %
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