250

VAI TRO CUA HOAT PQONG KIEM THU TRONG QUY
TRINH THIET KE VA CHE TAO IC BAN DAN

Nguyén Thanh Xuén', Pao Xuéin Phiic**
"Tac gid lién hé, Email: phucdx@hou.edu.vn

Ngay toa soan nhan dugc bai bdo: 02/06/2025
Ngay phan bién danh gia: 08/09/2025
Ngay bai bao duogc duyét dang: 15/10/2025

DOI: 10.59266/houjs.2025.738

Tém tit: Bai viét nay trinh bay mot cach c¢é hé thong vai tro cua kiém thir trong viéc

dam bdo chat lwong va do tin cdy cua cdc vi mach ban dan (IC) trong quy trinh san xudt hién

dai. Bai viet tap trung vao cdc giai doan kiém thwr chu chot, cong nghé tién tien dwoc ung

dung, va nhitng chiéen luoc toi wu hoa nham giam thiéu rui ro [oi san pham. Pac biét, bai viet

néu bdt moi lién hé gitta kiém thir va thiét ké IC, phan tich dir liéu kiém thir dé cdi tién chat

lwong san pham, dong thoi chi ra huéng phat trién twong lai cua kiém thir dwa trén tri tué

nhan tao (AI) va kiém thir tich hop trén hé thong.

Tir khod: kiém thir, ché tao IC badn dan, thiét ké cho kiém thir (DFT), kiém thir do tin cay, tri

tué nhan tao trong kiém thir IC
I. Dit vin dé

Chat luong va do tin cay 1a hai yéu
t6 séng con trong nganh cong nghiép ban
dan, noi mot 16i nho trén chip ciing c¢6 thé
dan dén that bai toan bo hé thong. Trong
chudi gia tri cua thiét ké va ché tao IC,
kiém thir 1a mot budc quan trong khong
chi gitip phat hién 16i ma con dong vai tro
phan hoi cho thiét ké va cong nghé san
xuat. Tir kiém thir wafer, kiém thir die,

dén kiém thir sau dong goi, hoat dong nay
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duoc lap lai voi nhiéu cap do phue tap va
yéu cau d¢ chinh xéc cao.

IL. Co sé 1y thuyét

2.1. Kiém thir 6 mirc wafer (Wafer
Test)

Kiém thir & mtic wafer 13 giai doan
kiém thir du tién trong quy trinh san xuét
vimach tich hop (IC), dugc thuc hién ngay
sau khi hoan tit qué trinh ché tao wafer
va trude khi tién hanh cit (dicing) thanh

cac die riéng 1¢. Muc ti€u chinh cta kiém



thir & muc wafer 1a phat hi€n soém cac die
16i dé loai bo trude khi di vao cac cong
doan tén kém nhu dong goi va kiém thi
cudi cung, tir d6 giup tiét kiém chi phi va
nang cao hiéu suét san xuat. Qua trinh nay
su dung cac h¢ théng kiém thtr tu dong
(ATE) két hop vé6i probe card — mot tim
tiép xuc dugc thiét ké dic biét dé két ndi
tam thoi véi cac pad trén timg die nham
truyén tin hiéu kiém thir. Cac thong sd
dién nhu dién ap ngudng, dong ro, toc do
chuyén mach va chtc ning logic co ban s&
dugc danh gia dé xac dinh kha nang hoat
dong ciia moi die. Dir liéu thu duogc trong
giai doan nay thuong dugc luu trir dudi
dang map dir liéu 16i (wafer map) dé phuc
vu cho qua trinh phan loai va xur 1y sau do.
Ngoai ra, xu hudng hién nay con tich hop
kha ning kiém thir song song nhiéu die dé
tang thong luong, dong thoi ing dung tri
tué nhan tao nhim phan tich mau 16i va cai
tién quy trinh ché tao. Nhu vay, kiém thi
& murc wafer khong chi giup phat hién 16i
s&m ma con 1a cong cu quan trong hd trg
cai tién chét luong tong thé cua quy trinh
san xudt chip ban dan.

2.2. Kiém thir ¢ mirc die va sau
dong goi (Final Test)

Kiém tha ¢ muc die va sau dong
g6i (Final Test) 13 giai doan kiém thir toan
dién cubi cing trong chudi quy trinh san
xuét vi mach tich hop, dong vai tro quan
trong trong vi¢c danh gia chét lugng thuc
té cta san pham d3 hoan thién. Sau khi
cac die vuot qua kiém thtr & muc wafer
va duoc dong goi (packaged), mdi chip s&
duoc kiém tra lai toan bo chirc nang trong
moi treong hoat dong thuc té, nham phat
hién céc 16i phat sinh do quy trinh dong
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g6i nhu hong chan két ndi, 18i han hodc
anh hudng tur vat li¢u encapsulation. Qua
trinh nay str dung thiét bi ATE két hop voi
load board va socket test chuyén dung dé
gan chip vao hé théng kiém tht. Cac phép
kiém tra duoc thuc hién bao gém: kiém
thir chic ndng logic (Functional Test),
kiém thir thoi gian dép Gmg va hiéu suét
(Performance Test), kiém thir giao tiép
1/0, kiém thir tiéu thu dién ning (IDDQ),
va do6i khi 1a kiém thir RF, analog néu chip
c6 tich hop cac khéi twong tu hodc truyén
thong khong day.

Ngoai ra, kiém thtr méi truong nhu
kiém tra & nhiét do cao/th?ip, do am, rung
dong ciing dugc thuc hién trong mdt )
tredng hop nham danh gia kha nang hoat
dong 6n dinh cta san phdm trong cac
diéu kién van hanh khéc nhau. Dit lidu
thu thap tir final test thuong duoc dung dé
phan loai san pham theo mirc hiéu ning
(binning), tir d6 dinh huéng san pham cho
cac phan khuc thi truong khac nhau. Véi
su phat trién ctia cong nghé ban dan hién
dai, Final Test con duoc tich hop voi cac
k¥ thuat nhu adaptive test va data-driven
test flow, gitip rit ngan thoi gian kiém thu
ma van duy tri do chinh x4c va dé bao phu
16i cao. Do d6, Final Test khong chi 1a
budc xac nhan chat luong cudi cing, ma
con la diém kiém soat chat luong mang
tinh chién luoc trong toan bd chudi gia tri
san xuat chip ban dan.

2.3. Kiém thir dp tin cdy (Reliability
Test)

Kiém thtr do tin cdy la mot phén
thiét yéu trong quy trinh danh gia chét
luong tong thé cua vi mach tich hop,
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nham xéac dinh kha ning duy tri hiéu suét
va hoat dong on dinh cua chip trong sudt
vong doi sir dung thyc té. Khac véi cac bai
kiém thir chtre nang hodc dién don thuan,
kiém thtr d tin cdy tap trung vao viéc mo
phong cac diéu kién khéc nghiét nhu nhiét
d6 cao, dién ap ting cudong, do am cao,
va chu ky nhiét dé dénh gia muac do suy
giam vat 1y va 13i tiém an bén trong chip
theo thoi gian. Mot sé phuong phap kiém
thir pho bién bao gom: Burn-in Test (duy
tri hoat dong chip ¢ nhi¢t do cao trong
thoi gian dai dé kich hoat 18i sém), HTOL
(High Temperature Operating Life),
HAST (Highly Accelerated Stress Test),
TC (Temperature Cycling) va ESD/LU
(Electrostatic Discharge / Latch-up). Mdi
phuong phap duogc thiét ké dé phat hién
cac dang 16i khac nhau nhu hong vat liéu
cach dién, nhiéu xuyén dan, mat két ndi
han, hay 16i do dién truong.

Dit liéu thu dugc tr kiém thtr do
tin cdy khong chi gitip du bao tudi tho
trung binh cua san pham (Mean Time To
Failure - MTTF), ma con 1a can cir dé xac
nhan tinh tuan thi1 v6i cac tiéu chuan cong
nghi¢p nhu JEDEC JESD22 hoac MIL-
STD-883. Trong mdi trudng san xuat
hang loat, cac mau dai dién tir tirng 16 san
xudt s& duoc chon ngiu nhién dé thuc hién
kiém thir do tin cdy nham danh gia tinh 6n
dinh ctia toan bd qua trinh ché tao. Két qua
kiém thir khong dat yéu cau c6 thé dan dén
viéc phai ding san xudt, diéu chinh thiét
ké, hodc cap nhat cong doan cong nghé.
Chinh vi vay, kiém thir do tin cdy khong
chi 1a thude do k¥ thuat, ma con 1a yéu tb
quyét dinh dén danh tiéng thuong hiéu va
su an tam cua khach hang trong cac linh

vuc doi hoi cao nhu 6 16, y té, hang khong
vil tru va thiét bi cong nghiép.

I11. Phwong phap nghién ciru

Trong nganh cong nghi€p vi mach
hién dai, mdi lién hé gitta qua trinh kiém
thir (testing) va thiét ké IC (Integrated
Circuit Design) khong chi 1a twong tac ky
thuat don thuan, ma con la mot mbi quan
hé chat ché mang tinh hé thong, quyét
dinh dén chét luong, chi phi va kha nang
dua san phdm ra thi truong nhanh chong.
Thiét ké IC khong thé dugc xem 1a hoan
chinh néu khéng tich hop chién lugc kiém
thir ngay tir giai doan dau tién — nguyén Iy
dugc biét dén rong rai voi tén goi Design
for Testability (DFT). DFT la qua trinh
chén cac cau trac hd trg kiém thir vao trong
thiét ké mach, ch?mg han nhu scan chain,
Built-In Self-Test (BIST), boundary scan
hoic cac diém chén tin hiéu (test points)
nham giup qua trinh kiém thir sau nay dé
dang hon, nhanh hon va dat dugc do bao
pht 15i cao hon.

3.1. Chu trinh RTL trong thiét ké
va kiém thir IC

Chu trinh RTL (Register Transfer
Level) 1a mot giai doan then chdt trong
thiét ké vi mach s, noi hoat dong cua hé
théng duoc mo ta thong qua su truyén dit
li¢u gitra cac thanh ghi dudi tdc dong cua
tin hiéu diéu khién. O muc nay, thiét ké
dugc biéu dién bang ngdn ngit mo ta phan
cung (HDL) nhu Verilog hodc VHDL,
dong vai tro cau ndi giira dic ta kién tric
va qua trinh tong hop logic. Nho do, RTL
cho phép cac ky su chuyén hoa y tudng
thanh mé hinh c6 thé md phong, kiém
chting va tbi uu, bao dam rang vi mach



khong chi ding chic nang ma con dat
hiéu ning, dién tich va cong suat tiéu thy
hop ly.

Trong kiém thtr, RTL 1a nén tang
dé trién khai cac ky thuat Design for
Testability (DFT). Ngay tor giai doan
ndy, cic cdu trac hd tro kiém thu nhu
scan chain, Built-In Self-Test (BIST) hay
boundary scan dugc tich hop nhim ting
kha nang quan sat va diéu khién, tao diéu
kién thuan lgi cho cac budc kiém thur
wafer, die va final test. Dong thoi, RTL
cho phép tién hanh mé phong va xac minh
chic nang (functional verification), giup
phét hién va loai bé 16i logic & giai doan
som, tranh chi phi phat sinh ¢ cac cong
doan ché tao sau nay. Dt li¢u phan hoi tur
kiém thir san xuat ciing c6 thé duoc dua
trd lai giai doan RTL dé tinh chinh thiét
ké, tir 46 nang cao chat lugng va do tin cay
clia san pham.

C6 thé thay, chu trinh RTL khong
chi la mot bude ki thuat trong thiét ké,
ma con 1a mét xich chién lugc két ndi giira
thiét ké va kiém thir. Viéc chu trong dung
mirc t6i RTL gitp t6i wu hoa toan bo chu
trinh phét trién IC, ddng thoi bao dam kha
ning canh tranh cua san pham ban din
trong thuc tién san xuat hién dai.

3.2. Méi quan hé hai chiéu giita
thiét ké va kiém thir 1C

Méi lién hé giira kiém thtr va thiét
ké IC thé hién 15 & c4 hai chiéu. Mot mat,
qua trinh thiét ké phai cung cap kha ning
quan sat (observability) va diéu khién
(controllability) cho cac khdi logic bén
trong, gitp qua trinh kiém thir ¢ thé tiép
can va danh gia dugc trang thai hoat dong
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ctia hé thong. Mt khac, dir liéu thu thap
tir kiém thtr — dic biét 1a trong giai doan
wafer test va final test — c6 thé duoc phan
hdi lai cho doi ngil thiét ké dé cai tién kién
trac, t6i wu hiéu ning hodc stra cac 16i vi
mo co tinh chu ky. Pay 1a qua trinh phan
hoi thiét ké dya trén kiém thir (Test-driven
Design Feedback), ngay cang phd bién
trong cac hé thong phat trién IC theo mo
hinh agile.

Ngoai ra, thiét ké IC hién dai v6i cdu
tric ngay cang phuc tap, tich hop hang
ty transistor, cac khoi xur 1y sb (digital),
tuong tu (analog), RF, va Al-on-chip doi
hoi quy trinh kiém thir khong nhitng phai
toan di¢én ma con mang tinh chuyén biét
cho timg khdi chirc niang. Do d6, chién
luge thiét ké ban dau can xac dinh 13 cac
yéu cau kiém thir tuong tmg, vi du nhu
kiém thtr giao tiép ngoai vi (I/0), kiém
thir cong suét thap (low-power test), hoic
kiém thtr chiic ning trong diéu kién bién
(corner cases). Nhirng yéu cau ndy sé dinh
huéng kién trac vi mach ciing nhu cach
phan ving khéi IP (Intellectual Property),
nhd vay gitp can bang gitta kha nang kiém
thtr va hi¢u qua st dung silicon.

Mot khia canh dédc biét quan trong
13 mdi lién hé gilta kiém thir va thiét ké
trong cac tién trinh cong nghé tién tién nhur
FinFET, 3D-IC, hoic chiplet. O day, kiém
thir khéng chi don thuan kiém tra logic chtc
nang ma con dong vai tro trong xac nhan
lien két giita cac 10p (inter-die test), kha
ning hoat dong trong diéu kién khong dong
nhét va xir Iy cac van dé tuong tac vat 1y.
Thiét ké IC phai chii dong phéi hop vai doi
ngii kiém thir dé x4c dinh rd ving gi6i han,
tin hiéu do luong va cac tham sé quan trong
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can kiém tra nhdm dam bao do tin cay va
chét luong hé théng tich hop da chiéu.

IV. Két qua nghién ctru

Hoat dong kiém thu khong chi la
cong cu phat hién 16i xac dinh va loai bo
cac 151 thiét ké, 13i san xudt, cac khiém
khuyét khac c6 thé anh huéng dén chic
nang ctia IC ma con 1a trung tim ctia chién
lwoc dam bao chét lugng dap ing cac thong
s6 k¥ thuat da dé ra vé hiéu suat, muc tiéu
thu dién nang va do tin cay cua IC. Vi¢c
tich hop kiém thtr sém tir khau thiét ké,
tan dung Al va xdy dung quy trinh kiém
thtr linh hoat s€ gitip nganh cong nghiép
ban dan dap ung yéu ciu ngdy cang cao
ctia thi trudng toan cau.
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THE ROLE OF TESTING IN THE DESIGN AND
MANUFACTURING PROCESS OF SEMICONDUCTOR ICS

Nguyen Thanh Xuan?, Dao Xuan Phuc’

Abstract: This article systematically presents the role of testing in ensuring the quality
and reliability of semiconductor integrated circuits (ICs) in modern manufacturing processes.
It focuses on key testing stages, the application of advanced technologies, and optimization
strategies aimed at minimizing product failure risks. In particular, the article highlights the
relationship between testing and IC design, analyzes test data to improve product quality,
and outlines future development directions of testing based on artificial intelligence (A1) and
system-level integrated testing.

Keywords: testing, Semiconductor IC manufacturing, design for Testability (DFT), reliability
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