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bb tri & phan duoc 1am 16m ciia viy ban dan. Ving cuc mang dugc bb tri & phan trén cling
ctia viy ban dan. Pién cuc cong dugc bd tri trén phan trén ciing cta vay ban dan, gitta cac
ving cyuc ngudn va ving cuc mang.
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Linh vue k§ thuat dwee dé cap

Sang ché dé cap dén linh vuc thiét bj va quy trinh ban dan v, cu thé 1a cac
thiét bi ban din khong phing thing dimg diing cho cac ing dung hé thong trén vi
mach (system-on-chip, SoC) va phuong phép ché tao thiét bi ban din khéng phing
thing dang nay.

Tinh trang ky thuit ciia sang ché

Trong nhiéu thip ky, viéc chia ti 1& chirc ning ciia mach tich hop da 1a mot
dong luc dé thic ddy su phét trién manh mé ctia nganh cong nghiép béan din. Viéc
chia ti 1€ cac tinh nang ngay cang nho hon cho phép ting mat dd cia cac don vi
chirc nang trén dién tich gii han cia chip ban din. Vi du, viéc thu nhé kich thuéc
tranzito cho phép tich hop nhidu bd nhé hoic thiét bi logic hon trén mét chip, gitp
gia ting dung lwong cua san phdm duge ché tao. Tuy nhién, khi dung lugng ngay
cang tang 1én thi cling xuét hién vin dé can giai quyét. Su can thiét phai ti ru héa
hiéu ning cia mbi thiét bi ngay cang tré nén c6 y nghia.

Trong qué trinh san xuét cac thiét bi mach tich hop, cAc tranzito da cuc cong,
nhu tranzito hi¢u Gng treong dang vay (fin field effect transistor, fin-FET), ngay
cang trd nén thong dung gitip kich thude céc thiét b tiép tuc nho di. Trong céc quy
trinh truyén théng, cac fin-FET thudng dugc ché tao trén dé silicon hogic dé cach
dién trén phién silicon. Trong mét sd trudng hop, dé silicon kich thudc 16n thuong
duoc wu tién vi gia thanh thip va sy twong thich véi két ciu dé silic kich thuée 16n
hi€u quéa cao hién co.

Tuy nhién, viéc chia ti 1& cla tranzito da cuc cdng ciing dan dén hé qua. Khi
céac kich thudc ctia khdi cdu tric co so ctia vi mach dién tir ndy giam xudng va khi
s6 vluc,mg ctia cac khéi cu tric co s duge ché tao trong ving nhit dinh ting lén,
thi c4c rang budc giita cac quy trinh ban dan duoc st dung dé ché tao cac khéi céu

triic nay cang trd nén phirc tap.

Ban chit ky thuit cia sang ché
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Céc phuong 4n cua sang ché dé cap dén thiét bi ban din khong phéng thing
dimg ding cho céc tmg dung hé théng trén vi mach (system-on-chip, SoC) va cac

phuong phap ché tao cac thiét bj ban din khong phing thing dimg.

Theo mot phwong 4n, thiét bj ban din bao gdm vay ban din dugc bb tri trén
dé, vay ban dn c6 phan dugc 1am 18m va phan trén cling. Viing cuc ngudn dugc
b tri & phin duoc 1am 18m cia vy ban din. Ving cuc méng duge bb tri & phin
trén cling cua vy ban din. Pién cuc cong duoc bd tri trén phin trén cling clia vy

ban dan, gifta cAc ving cuc ngudn va cuc mang.

Theo mot phuong 4n, thiét bi ban din con bao gdbm ving kénh thang ding
duge bb tri gifta cac ving cuc ngudn va cuc mang va duge diéu khién dién béi

dién cyc cong.

Theo mdt phuong an, vung cuc mang bao gdm ving pha tap bén trén ctia loai
dan suét thir nhat dugc bd tri trén viing trén cing clia vay ban din va viing cuc
ngudn bao gdm ving pha tap bén dudi ctia loai din suét thir nhat dugc bd tri trén

vy ban din bén dudi phin dugc 1am 16m ciia viy ban dan.

Theo mot phuong 4n, vay bén dan dugc b tri trén dé ban dén kich thudc 16n
va ving pha tap bén dudi cia loai din suét thir nhdt con duge bd tri & phan trén
cta dé ban din kich thuéce 16n. Thiét bi ban din con bao gdm ving pha tap cla
loai dan xuét nguoc th hai dugc bd tri trén dé ban dan kich thude 16n bén dudi

va tiép xtic v&i viing pha tap bén dudi ciia loai dan suit thir nhat,

Theo mdt phuong an, thiét bi ban dan 1a thiét bi loai N va loai din suét thir

nhét 1a loai N.

Theo mdt phwong 4n, ving cuc méng bao gdm ving epitaxi thir nhat dugc
bd tri trén phin trén ciing cia vay ban din va ving cuc ngudn bao gdm ving
epitaxi thir hai dugc bd tri trén phan dugc 1am 16m cla vay ban dan.

Theo mot phuong 4n, viy ban din bao gdm phan trén ciing khac va phan
duge 1am 18m cua vay ban din duoc bb tri gitta phan trén cing ndy va phan trén

cing khac. Thiét bj ban din con bao gdm ving cuc mang thir hai dugc bd tri trén
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phéan trén ciing khéac cia vay ban din. Pién cuc cdng thi hai dugc b tri trén phén

trén cung khéac ciia vy ban dén, giita cdc viing cuc ngudn va cuc mang thi hai.
Theo mdt phuong an, thiét bi ban din 1a thiét bi ba cuc cong.

Theo mdt phwong 4n, thiét bj fin-FET thing dimg loai N bao gdm vy silicon
duoc bd tri trén dé silicon kich thudce 16n, vay silicon c6 phén duoc lam 16m va
phén trén ciing. Ving cuc ngudn dwgc bd tri & phan duge 1am 16m cia vay silicon.
Ving cuc mang ciing duge b tri & phan trén cling ciia vay silicon. Pién cuc cong
loai N dugc bd tri trén phan trén cling ciia vay silicon, giita cdc viing cuc ngudn
va cyc mang. Ving kénh gin nhu thing ding dugc bd tri giita cac viing cuc ngudn

va cyc mang va dugc di€u khieén dién boi di€n cuc cong loai N.

Theo mot phuong 4n, viung cyc mang bao gdm ving pha tap loai N bén trén
dugc bd tri & ving trén cliing cua vay silicon. Vung cuc ngudn bao gém ving pha
tap loai N bén duéi duoc bd tri trong vy silicon, bén duéi phan dugc 1am 16m cia

vay silicon va tai phan bén trén cua dé silicon kich thuédc 16n.

Theo mdt phuong 4n, thiét bi fin-FET thing dimg loai N con bao gdm ving
pha tap loai P duoc bb tri & dé silicon kich thuéc 16n bén dudi va tiép xtic voi ving

pha tap loai N bén duéi.

Theo mot phurong an, ving cyc mang con bao gom vung epitaxi loai N thir
nhat dugce bod tri trén phan trén cing cla vay silicon va viing cuc ngudn con bao
gom vung silicon epitaxi loai N th hai dugc bo tri trén phan dugce lam 16m cua

vay silicon.

Theo mdt phuong 4n, vay silicon bao gdm phén trén cling khéc. Phén dugc
lam 16m cta vay silicon dugc bd tri gitta phan trén cung nay va phén trén cing
khac. Thiét bi fin-FET thing dtng loai N con bao gdbm ving cwc méang thir hai
dugc bd tri trén phﬁn trén cung khac cua vay silicon. Dién cuc céng loai N thir hai
dugc bb tri trén phén trén cing khac ciia vay silicon, giita cic viing cuc ngudn va

cuc mang tha hai.

Theo mot phuong én, thiét bj fin-FET thing dtng loai N 1a thiét bj ba cuc

cong.
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Theo mdt phuong &n, phwong 4n ché tao thiét bi ban dén bao gdm budc tao
thanh vy ban dan trén dé. Phuong phép nay ciing bao gdm budc tao thanh ving
pha tap phu cua loai din suét thir nhit bén dudi vay ban din. Phuong phép nay
ciing bao gém budrc tao thanh viing pha tap bén trén ctia loai dén suét thir nhét trén
dinh ctia vy ban din, ving pha tap bén trén phin tach véi ving pha tap phu.
Phuong phép nay ciing bao gdm bude tao thanh dién cuc cdng trén viy ban dan.
Phuong phéap nay ciing bao gdm budc khic vy ban din dé tao ra phin 16m va
phén trén cling cta vdy ban din. Phuong phap nay cling bao gdm budc tao thanh
ving cuc ngudn tai phan 16m cta vay ban din, ving cuc ngudn niy bao gdm it
nhit mot phan cta ving pha tap phu. Phuong phép nay ciing bao gdm budc tao
thanh viing cyc méng tai phin trén ciing ctia vay ban din, ving cwc méng nay bao
gdm it nhit mot phin ciia ving pha tap bén trén. Pién cuc cdng ndm gitta céc ving

cuc nguon va cuc mang.

Theo mét phuong 4n, bude tao thanh viy ban din bao gdm viéc khic vay
ban dan 1én dé. Phuong phap ndy con bao gdm viéc tao thanh ving pha tap cla
loai dAn xuét nguogc thir hai trén dé bén dudi va tiép xic véi ving pha tap phu cla

loai din suét thix nhét.

Theo mot phuong 4n, phuong phép ndy con bao gébm buéc tao thanh ving
cach dién ranh nong (shallow trench isolation, STT) xuhg quanh vay ban din va

trén dé trude khi tao thanh dién cuc céng. G& ban din nho 1én trén ving STI.

Theo mot phwong 4n, budc tao thanh viing cuc ngudn con bao gbm budc tao
thanh ving epitaxi thit nhit ciia loai dAn suit thir nhét trén phan 16m ciia viy ban
dan va budc tao thanh ving cuc mang con bao gdbm budc tao thanh ving epitaxi
tht hai cua loai dan sudt thir nhit trén phén trén ciing cia vay ban din.

Theo mét phuong 4n, budc tao thanh viing pha tap phu con bao gdm viéc sir
dung 16p cuc ngudn pha tap & trang thai rén.

Theo mdt phuong an, budc tao thanh dién cuc cdng con bao gbém viéc tao
thanh dién cyuc cdng gia. Phuong phap niy con bao gdm budc tao thanh dién cuc

cdng cb dinh nhd quy trinh thay thé cuc cbng.
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Theo mot phuong an, phuong phap nay con bao gdm budc tao thanh thiét bi

fin-FET thing dimg loai N tir ving cuc ngudn, ving cuc méang va dién cuc cong.

Theo mét phurong 4n, bude tao thanh thiét bj fin-FET thing dtmg loai N con

bao gdm viéc tao thanh thiét b ba cyc cong.
MO ta van tit cac hinh vé

Fig.1A minh hoa céc hinh chiéu mit cét clia tranzito dién ap thdp chuin va

tranzito tuong tw/dong rod thip chudn.

Fig.1B minh hoa hinh chiéu mit cét cia tranzito fin-FET thﬁng dung, theo

mot phwong 4n clia sang ché.

Céc hinh v& tir Fig.2A dén Fig.2E minh hoa hinh chiéu mit cit cta tranzito
thing dtmg, 14y theo nhidu hudéng khéc nhau, dé minh hoa t6t hon cho céc khai

niém dugc mo ta trén Fig.1B, theo mdt phuong 4n ciia sang ché.

Céc hinh vé tir Fig.3A dén Fig.3K minh hoa hinh chiéu mat cét cic nguyén
cong khéc nhau trong quy trinh ché tao tranzito fin-FET, theo mdt phwong 4n cla

sang che.

Fig.4 minh hoa dong dién hoat dong cho thiét bi theo Fig.3K, theo mot
phwrong 4n ctia sang ché.

Fig.5 minh hoa thiét bi dién toan theo mot phuong an thyc hién clia sang ché.
MG ta chi tiét sang ché

Sang ché d& cap dén thiét bi ban din khong phing thing ding ding cho cac
tng dung hé thdng trén vi mach (system-on-chip, SoC) va mé ta phuong phép ché
tao cac thiét bj ban dén khong phéng thing dimg. Trong phin mo ta sau déy, nhitng
chi tiét cu thé dugc néu ra, nhu ché db tich hop va vat liéu cu thé, nham hiéu 15
c4c phuong 4n cta sang ché. S& 12 rd rang v6i ngudi ¢6 hiéu biét trung binh vé linh
vuc k§ thuét lién quan rang cac phuong 4n ciia séng ché c6 thé dugc thye hién ma
khong can phan chi tiét ndy. Trong cac trudng hop khéc, cac dic diém da dugc
biét dén r5, nhu bé tri thiét ké mach tich hop, khéng dugc mo ta chi tiét dé khong

1am t6i nghia cac phuong 4n clia séng ché. Ngoai ra, can hiéu ring cic phuong 4n
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khac nhau dugc thé hién trén cac hinh v& nhim biéu dién minh hoa va khong nhét

thiét duoc v& dung ti 16.

Mbt hodc nhiéu phuong 4n duge mo ta & day hudng dén viéc ché tao va dat
duoc céc thude tinh thing ding cua ciu tric fin-FET dé tao ra tranzito fin-FET
thing dung. Tranzito fin-FET théng démg nhu dugc mé ta & day c6 thé phi hop
cho cac ing dung hé théng trén vi mach (system-on-chip, SoC). Céc thudc tinh
hoic tmg dung khéc c¢6 thé bao gdm, nhung khong bi gidi han béi, cac thiét bi ban
din twong ty dién ap cao déu vao/diu ra va dong rd thap. Nhu s& duge hiéu thong
qua phin mé ta duéi ddy, thiét ké fin-FET thing dting c6 thé dugc goi 14 tranzito
gip nép.

Hién nay, céc cong nghé v& quy trinh SoC tip trung vao viée chia ti 1 chidu
dai cuc cdng (gate length, Lg) cia cac tranzito mdt cach linh hoat dé tao ra hiéu
nang va viéc chia ti 1¢ tudn theo dién tich theo dinh luat Moore. Mot tdc dung tiéu
cyc ctia viée chia ti 16 xung quanh 13 viéc hd trg cac thiét bi dong ro thép va dién
ap cao (hai ti€u chi quan trong cho céc quy trinh SoC thanh cdng) tré nén kho khin
do cAu truc phan ky clia céc tranzito ndy so véi tranzito theo quy trinh thiét ké t5i
thidu (trén danh nghia). Viéc ché tao cic doan kénh dai ma tao ra do tin cdy dién
&p cao va hoat dong rod thp c6 thé gay kho khin va tdn kém & ca hai goc d6 xir Iy
va pham vi. Vi du, mot giai phap cho céc cong nghé SoC hién tai dé hd trg cho céc
thiét bi ddu vao/dau ra (Input/Output, I/O) dién ap cao 1a sir dung quy trinh chidu
dai da cuc céng trong d6 cuc céng danh dinh (Lg t5i thiéu) duoc ché tao doc theo
mit bén cla cuc céng tuong thich dong rd thép hodc dién ap cao, dugce cAu tao trén
khoang rong hon véi Lg dai hon. Tuy nhién, viéc tich hgp quy trinh chiéu dai da
cuc cdng 13 phic tap va tén kém, cu thé 1a sy chénh 1éch gifta chiéu dai cuc cong
clia tranzito thiét ké theo quy tic tdi thiéu danh dinh va cac thiét bj I/O dién ap cao

tdng l€n.

Cu thé hon 13, dé giai quyét vin d trén, mot hodc nhiéu phuong 4n duge md
ta trong ban mo ta nay tao ra loi thé so véi tinh trang k§ thuat hién tai. Dau tién,
cai thién viéc chia ti 1€ theo dién tich, nhu kich thudc xung quanh 16n theo tinh

trang k¥ thuat dugc thay thé bang viéc trién khai thing ding thu gon hon (mét d
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& trén khong ting 1én). Thir hai, quy trinh tich hgp don gian hon, vi khéng can hd
trg cac chidu dai cuc céng rong doc theo céac chiéu dai cyc cbng ti thiu. Piéu
nay c6 thé giam dang ké @9 phtrc tap ciing nhur bién thién dugc quan sét trong khi
xir Iy (nhur pham vi m4t d¢ thip dén cao trong CMP). Tht ba, tranzito thing ding
dwoc mod ta trong ban md ta nay thay ddi ti 16 dugc. Theo mot phuong an nhu vy,
khi d9 cao cta vay va viéc tich hop thing dung ting 1én, cac doan kénh kha dung
ctia tranzito thing dimg ting 1én, cung cép tity chon rdng hon dé Iya chon chiéu

dai cyc cong tranzito.

Fig.1A minh hoa hinh chiéu mit cit cta tranzito dién 4p thdp chuén va
tranzito twong ty/dong ro thip chudn 150A dé tham chiéu. Tham chiéu dén Fig.1A,
c4 hai thiét bi 100A va 150A 1a loai N va duoc tao thanh trén vay 102 dugc tao
thanh trén dé 104. Trong trudng hgp ma dé ban dan kich thudce 16n dugce sir dung,
nhu dé silicon kich thurée 16n, viing tap pha phu P 106 gitip cach dién gitta viy nay
va dé kich thudc 16n va duong din dong dién dwoc thé hién theo miii tén 108. C6
thé con c6 thém cac ving cach li rinh néng 110. Ving cye ngudn va ving cuc
mang 112 trong vay (dugc thé hién & ddy dudi dang cac ving epitaxi), qua d6 cac
tiép xtic cuc ngudn/cuc mang 114 dugc ghép nbi. Pién cyc cdng 116 bao boc vay
112 gifta c4c vung cuc ngudn va cuc mang 112, Cac dudng cuc cdng bd sung 118
ciing ¢6 thé duoc bao gdm nhu duge minh hoa. Lép chép dién mdi cuc cong 120
va 16p dién mdi trung gian 122 dugc minh hoa ciing ¢6 thé dugc bao gdbm. Trén

dé chung, chidu dai cuc cdng clia cac thiét bi 100A va 150A 1a khac nhau.

Nguoc lai, theo phwong 4n cia séng ché, thudc tinh thing ding cia cu tric
fin-FET dugc khai thac dé tao ra tranzito fin-FET thing dtng. Tranzito fin-FET
théng ding c6 thé dugc thuc thi dé khic phuc céc gi6i han va su phirc tap xt ly
lién quan dén trang thai clia cic phuong phap tiép cin dugc mo ta & trén. Theo
mdt phuwong 4n nhu vay, ban chit théing ding cia cdu tric fin-FET duge st dung
d& tao thanh kénh ma dong dién chay thing dimg, thay vi theo huéng ngang théng
thudng (twong ing véi @é silicon). Tranzito fin-FET truyén thong st dung tiép xuc
cuc ngudn va mang dugc cin chinh (vi du cling d9 cao) bao boc vay, viéc din dién

dugc diéu khién tinh dién bdi dién cuc cbng. Thay vao d6, theo phuong an cia
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sang ché, cac cAu hinh dién cyc ban din oxit kim loai (metal oxide semiconductor,
MOS) chuén dugc st dung; tuy nhién, viéc din dién tir cuc nguén dén cuc mang
1a théng démg doc theo viy. Theo phuong cu thé nay, dudng din dién thing ding
d6 dat dugc bang cach lam 16m tiép xic cuc méng vao vay phu va 4p dung md

hinh pha tap vay phu dugc thiét ké dé tao ra tinh nang cho tranzito.

Theo khia canh thir nhét, F ig.1B minh hoa hinh chiéu mit cit cua tranzito
fin-FET thing dting 100B, theo mét phuong 4n cla sang ché. Tham chiéu dén
Fig.1B, thiét bi 100B 1 loai N va dugc tao thanh trén vay 152 dugc tao thanh trén
d& 154. Trong trudng hop ma dé ban dén kich thude 16n duogc st dung, nhu dé
silicon kich thu6c 16n, viing pha tap phu loai N 156 dugc bb tri trén ving pha tap
phia sau cach dién loai P. C6 thé con c6 thém céc ving cach dién ranh ndng 160.
Ving cuc ngudn 162 va viing cuc mang 163 duge chira trong vay 152 (duge thé
hién & day dudi dang cac ving epitaxi), qua d6 cic tiép xic cuc ngudn/cyc mang
164 dugc ghép ndi. Khac véi fin-FET khong thing ding (d3 dugc mé ta trén
Fig.1A), ving cuc ngudn 163 duoc lam 16m sdu vao vay 152 twong dbi so véi
ving cuc mang 163. Dién cuc cdng 166 (bao gdm 16p dién moi cuc cdng khong
duoc thé hién) bao boc vay 152 giira ving cuc ngudn 162 va ving cuc méang 163.
Céc dudmg cuc cdng b sung 168 ciing c6 thé duge bao gdm nhu dwge minh hoa.
Nhu cling dwgc minh hoa, 16p chép dién mdi cyc céng 170 va 16p dién moi trung
gian 172 ciing ¢6 thé dugc bao gdm. Pudng din dién tir viing cuc ngudn 162 dén
viing cuc méang 163 dugc thé hién & dang miii tén 168 va c6 thanh phéan v& co ban
14 thing duing (hudng vao d€ bén duéi). Tuong tu, chidu dai cuc cdng duoc ap
dung theo chidu thing dtng, trai v6i chiéu dai cyc cdng theo chidu ngang cua thiét

bi 100A va 150A theo Fig.1A.

Theo mot phuong 4n, ciu trac ban din hozc thiét bi 100B 14 thiét bj khong
phing bao gdm, nhung khong bi gi6i han &, fin-FET hodc thiét bi ba cuc cdng.
Theo phuong 4n nhu viy, ving kénh ban din twong tng bao gbm hoic duge tao
thanh trong phén than hodc vay ba chiéu. Theo mot phuong 4n nhu viy, cac dién
cuc cbng bao quanh it nht bé mat trén dinh va cip thanh bén cia phin than ba

chidu. C4c hinh v& tir Fig.2A dén Fig.2E minh hoa hinh chiéu mit cét clia tranzito
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thdng dimg, 14y theo nhidu hudng khac nhau, d& minh hoa t&t hon cho cic khai

niém dugc mod ta trén Fig.1B, theo mot phuong 4n clia sang ché.

Fig.2A minh hoa hinh chiéu mit cit ba chidu tranzito fin-FET 200 thing
dtmg duoc tao thanh trén vay 202. Ving cuc ngudn 212 va ving cyc mang 213
duogc chira trong vay 202, qua d6 céc tiép xtc cuc ngudn/cuc mang 214 duoc ghép
nbi. Ving cuc ngudn 212 dwgc 1am 16m séu vio trong vay 202 so véi viing cuc
mang 213. Dién cyc cdng 216 (bao gdm 16p dién mdi cuc cbng khong duogc thé
hién) bao boc vay 202 giita ving cuc ngudn 212 va viing cuc mang 213. Nhu ciing

dugc minh hoa, 16p chép dién moi cuc céng 220 cling dugc bao gém.

Fig.2B minh hoa hinh chiéu mit cét dwoc ldy theo truc A-A' clia thiét bi ban
dan theo Fig.2A, tao thanh duwdng cit vudng goc qua cyc cbng (hudéng OGD) qua
hudng vy. Nhu dugc quan sét, tham chiéu dén Fig.2B, thiét bj 200 1a loai N va
duogc tao thanh trén vy 202 vén dugc tao thanh trén ¢ 204. Trong trudng hop ma
dé ban dan kich thuée 16n dugc st dung, nhu dé silicon kich thudc 16n, vung pha
tap phu loai N 206 dugc b6 tri trén viing pha tap phia sau c4ch dién loai P. Ving
pha tap loai N bén trén 280 ciing dugc bao gdm trong phin trén cta vay 202. Cé
thé con c6 thém cac ving cach dién rinh néng 210. Ving cuc ngudn 212 va viing
cuc méang 213 duge chira trong vay 202 (duge thé hién & day dudi dang cac ving
epitaxi), qua d6 céc tiép xtic cuc ngudn/cyc méang 214 dugc ghép nbi. Viing cuc
nguodn 212 dugc lam 16m siu vao trong viy 202 so véi ving cuc mang 213. Céc
dién cyc cdng 216 (bao gdm 16p dién méi cyc cdng) bao boc vay 202 gilta viing
cuc ngudn 212 va viing cuc méng 213 twong tmg. Pudng cuc cong b sung 218
cing c6 thé dugc bao gdm nhu dwgc minh hoa. Nhur cling duge minh hoa, 16p chép
dién mdi cyc cbng 220 va 16p dién madi trung gian 222 cling ¢6 thé dwoc bao gdm,
Pudng din dién tir viing cwc ngudn 212 dén cac viing cuc mang 213 duge thé hién
& dang céc mili tén 208 va c6 thanh phén vé co ban 1a thing ding (hudng vao dé

bén dudi) 204. Chiéu dai cuc cdng duoc 14y theo chiu thing dtng.

Fig.2C minh hoa hinh chiéu mit cit dugc Iy theo truc B-B' ciia thiét bi ban
dan theo Fig.2A, tao thanh dudng cét vudng géc doc theo cuc cbng (huéng PGD)

qua hudng dién cuc céng. Nhu dugce quan sat, tham chiéu dén Fig.2C, thiét bi 200
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bao gbém nhiéu vy 202, mdi vay c6 chidu rong (width, W), chira viing pha tap phy
loai N duéi 206 va ving pha tap loai N trén 280. Cac vay 202 duoc bd tri trén
ving pha tap phia sau cach dién loai P 207. Cac viing cach dién ranh nong 210
gitta cac vy 202 cling dugc quan sét tir hinh chiéu nay. Pién cuc cdng 216 (bao
gbm 16p dién méi cyc cdng 217) bao boc vay 202 giita ving cyuc ngudn 212 va
ving cuc méng 213. Nhu ciing dugc minh hoa, 16p chép dién moi cuc céng 120

cling dugc bao gom.

Fig.2D minh hoa hinh chiéu mat cét duoc léy theo truc C-C' cta thiét bj ban
din theo Fig.2A, tao thanh dudng cit vubng goéc doc theo cuc cbng (huéng PGD)
qua hudng tiép xtic cwc mang. Nhu duge quan sét, tham chibu dén Fig.2D, thiét bi
200 bao gdm nhiéu vay 202 bao gdm céc cuc méang 213 trén. Céc vay 202 dugc
b tri trén vung pha tap phia sau cach dién loai P 207. Céc ving cich dién ranh
ndng 210 gifta cdc vay 202 ciing dugc quan sét tir hinh chiéu nay. Vi ving cuc
méng 213 dugec tao thanh trén phin bén trén clia cdc vay 202, nén do cao tong thé
cia vay quan sat dugc tir hinh chiéu nay. Do dé, tiép xtic cwc mang 214 bao boc

cac vay 202 tai cac diém cao nhéit cia céc vay 202.

Fig.2E minh hoa hinh hinh chiéu mt cét 14y theo tryc D-D' ctia thiét bi ban
din theo Fig.2A, tao thanh dudng cit vudng géc doc theo cuc cdng (huéng PGD)
qua hudng tiép xuc cuc ngudn. Nhu duge quan sat, tham chiéu dén Fig.2E, thiét
bi 200 bao gdm nhiéu vay 202 chira cac ving cuc ngudn 212 bén dudi. Cac vy
202 bao gdm ving pha tap loai N 206 dugc bd trf trén viing pha tap phia sau cach
dién loai P 207. C4c viing cach dién ranh nong 210 gifta cac vay 202 cling dugc
quan sét tir hinh chiéu nay. Vi ving cyc ngudn 212 duge tao thanh trong phén
dugce lam 10m cta vay 202, nén chi mot phén cua do cao vay quan sat dugc tir hinh
chiéu nay. Do @6, tiép xtic cuc méng 214 bao boc cac vy 202 tai cac diém thép
nhét ciia cac vay 202.

Theo khia canh khac, quy trinh ché tao chét ban dan c6 thé d& cap dén viée
ché tao tranzito thing dtmg. Vi dy, cdc hinh v& tir Fig.3A dén Fig.3K minh hoa
hinh chiéu mit cit cac nguyén cong khac nhau trong quy trinh ché tao tranzito fin-

FET, theo mot phuong 4n ciia séng ché.

-11-



29320

Theo Fig.3A va Fig.3B, dé ban dn kich thudc 16n 300, nhu la dé silicon don
tinh thé kich thuéc 16n duge d& xuét c6 vay 302 dugc khic trén d6 (dugc thé hién
theo chiéu dai, doc theo hinh v& phédi canh ngudn-mang sau cung). Theo mot
phuong é4n, vy 302 dugc tao thanh truc tiép trén dé kich thuéc 16n 300 va, nhu
vay duoc tao thanh tiép theo dé kich thuéc 1on 300. Vit liéu thira tir viéc ché tao
c4c vay 302 khong dugc thé hién. Vi dy, 16p phu ctimg, nhu 14 16p phii cing silicon
nitrit va 1ép oxit d&m, nhu 1a 16p silicon dioxit, c6 thé b loai bo khoi cac vy 302
sau khi khic. Do d6, theo mot phwong 4n, dé kich thuéc 16n 300 va céc vay 302
chua duoc pha tap hodc dugc pha tap mot phin & giai doan ndy. Do d6, vi dy, theo
phuong an xéé dinh, dé kich thuéc 16n 300 va cac vay 302 c6 ndng d6 nho hon

x4p xi 1E17 nguyén ti/cm? clia cdc nguyén ti Bo khong tinh khiét pha tap.

DPé 300 c6 thé bao gbm vat liéu ban dén c6 thé duy tri trong quy trinh ché tao
va trong d6 dién tich c6 thé dich chuyén. Theo mdt phuong &n, dé 300 1a dé kich
thudc 16n bao gdm 16p silicon tinh thé, silicon/germani hoic germani. Theo mot
phuong 4n, ndng do cta nguyén tr silic trong dé kich thudc 16n 300 1a 16n hon
97%. Theo mdt phuong 4n khéc, dé kich thuéc 16n 300 céu tao ti 16p epitaxi dugc
moc bén trén dé tinh thé riéng biét, vi du, 16p epitaxi silicon dwge moc trén dé don
tinh thé silicon kich thuéc 16n dugc pha tap Bo. Ngoai ra, dé kich thuéc 16m 300
c6 thé duogc clu tao tir vat liéu nhém III-V. Theo mét phuong én, dé kich thudc
16m 300 duoc ciu tao tir vat liéu nhom II1-V bao g‘ém, nhung khodng gidi han boi,
gali nitrit, gali phosphit, gali asen, indi phosphit, indi antimonit, iot gali asen, nhém

gali asen, indi gali phosphit, hodc hop chét ctia chiing.

Theo cach khéc, dé cach dién trén phién silicon (silicon-on-insulator, SOI)
c6 thé dugc st dung thay cho dé kich thudc 16n. Céac vay co thé dugc ché tao st
dung phuong thitc mang lu6i ma co thé lién quan dén viéc 14y mdt nira hodc mot
phz‘?ln tu khoang céch dé dat duoc cac vay c6 mat dd cao.

Tham chiéu dén Fig.3C, ving pha tap phu loai N 304 dugc tao thanh trong
vay 302. Theo mdt phuong 4n, ving pha tap phu loai N dugc tao thanh bing céach
khuéch tan & trang thai ran st dung 16p cuc ngudn pha tap & trang thai rén loai N.

Theo mot phuong an, 16p cuc ngudn pha tap & trang théi rén loai N 12 16p dién moi
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tich hop cac chét pha tap loai N bao gbm, nhung khéng gi6i han béi, 16p oxit duge
pha tap loai N, nitrit hodc cacbit. Theo phuong an cu thé nay, 16p cuc ngu?)n pha
tap ¢ trang thai rén loai N 12 16p thiy tinh photpho vd/hodc asen-silicat. Budc i c6
thé duoc thyc hién dé tao thanh viing pha tap phu loai N 304. Theo céch nay, phan
nho ra cla cac vay 302 trén ving pha tap phu loai N 304 chwa bi pha tap hoac pha
tap nhe, vi du, gilt dugc trang thai pha tap cua dé kich thudc 16n ban du 300 va
cac vy 302 nhu dugc md ta trén Fig.3A va Fig.3B. Theo m{t phuong an, ving
pha tap phu loai N 304 ¢6 tbng ndng do chét pha tap 12 16n hon hodc bang 2E18

nguyén tit/cm?>.

Tham chiéu dén Fig.3D, c4c ving cach dién ranh nong (shallow trench
isolation, STI) 306 dugc tao thanh xung quanh vdy 302. Theo mdt phwong én, 16p
lam dﬁy dién méi dugc tao thanh trén cAu trtc theo Fig.3C, Theo mt phuong an,
16p 1am dAy dién moi bao gdm silicon dioxit. Lép lam ddy dién mdi c6 thé duge
ling dong bang quy trinh ling dong hoi hoa hoc (chemical vapor deposition, CVD)
hodc quy trinh ling dong khéc (vi dy ALD, PECVD, PVD, CVD hd trg HDP, CVD
nhiét d6 thép). Lép lam dly dién moi tiép theo dugc tao phing dé 16 ra bé mit trén
ctia vAy 302 nhu dugc minh hoa trén hinh v&. Lop lam ddy dién moi c6 thé dugc
tao phing bing k¥ thuat danh bong co hoéa hoc (chemical mechanical polishing,
CMP). Theo phuong én thay thé, 16p phit cting hodc 16p dién moi khéc ¢6 thé dugc
duy tri trén dinh cua cdc vy dé loai bod hodc lam giam viéc kidm soét cuc cong tir
dinh ctia cac vay (vi du gip doi thiét bi cuc cdng so véi thiét bi ba cuc cong). Trong
bét ky trudmg hop nao, cac vang STI 306 ¢6 thé duoc cdu tao tir vat liéu phu hgp
dé cach dién, hoic gop phﬁn vao viéc cach dién nhiéu phén clia cAu triic cuc céng
¢b dinh khoi dé kich thudc 16n bén dudi hodic cach dién cac ving hoat dong dugc
tao thanh bén trong dé kich thuéc 16n bén dudi, nhy 1a cac viing hoat dong cta vay
cach dién. Vi du, theo mdt phwong an, ving cach digén 306 cAu tao tir vat liéu chét
dién méi bao gdm, nhung khong bi gidi han béi, silicon dioxit, silicon oxy-nitrit,

silicon nitrit, hodc silicon nitrit pha cacbon.

Tham chiéu dén Fig.3E, c4c chét pha tap loai P dugc dua vao dudi ving pha

tap phu loai N 304 dé tao thanh viing pha tap phia sau cach dién loai P 308 trong
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dé 300. Theo mot phwong 4n, cac chit pha tap loai P duoc cly vao dé tao thanh
ving pha tap phia sau cdch dién loai P 308. Tham chiéu dén Fig.3F, ving pha tap
loai N bén trén 310, hodc ving cdy tiép xuc trén dinh, dugc tao thanh tai phan trén
ctia viy 302. Theo mdt phuong 4n, cic chét pha tap loai N duge cdy vao dé tao

thanh viung pha tap loai N phia trén 310.

Tham chiéu dén Fig.3G, céc ving STI 306 dugc lam 16m d 16 ra céc phan
nho ctia cac vay 302, xac dinh d6 cao (HSi) cta vay 302. Viéc 1am 16m c6 thé duoc
thyc hién nhd quy trinh khéc plasma, hoi hogc uét. Theo mot phuwong 4n, quy trinh
khic kho chon loc cho cac vay silicon duge st dung, quy trinh khéc khd duya trén
plasma dugc tao ra tir khi, bao gbm, nhung khéng bi gidi han bdi, NF;, CHF3,
C4Fg, HBr va O, véi 4p suét thuong nim trong khodng tir 30 dén 100 mTorr va
phan cyuc plasma nim trong khoang tir 50 dén 1000 Watt. Theo mot phuong 4n,
budc 1lam 16m dugc ding lai trén ving pha tap phu loai N 304, nhu dugc minh hoa

trén Fig.3G.

Tham chiéu dén Fig.3H, viéc oxy hda dién mdi cuc céng va tao mau cyc
céng polysilicon dugc thyc hién dé tao ra céc dudng cuc céng 312 trén vay 302.
Ngoai cac dién cuc cdng 314, chu triic xép chéng cuc cbng cia mdi trong sb cac
duong 312 ¢6 thé bao gbm 16p dién moi cuc céng 316 va chop dién moi 318, nhu
dugc minh hoa trén hinh v&. Theo mdt phuong 4n, cac dudng cuc cbng 312 duge
tao thanh béng cac vt li€u ¢b dinh cudi cing. Tuy nhién, theo mdt phuong 4n
khéc, cac dudng cuc cong 312 s& tiép tuc dugc sir dung trong quy trinh cuc cbng
thay thé. Theo phuong 4n nhu vy, vét liéu cuc cdng gia nhu vat liéu polysilicon
hoic silicon nitrit, trudc tién co thé duoc tao thanh dé loai bo va thay thé sau d6
bang vat liéu dién cuc cbng cb dinh. Theo mot phuong 4n nhu vay, 16p chét dién
mdi cye cong gia cling dugc tao thanh trong quy trinh nay, sau d6 dugc loai bo va
thay thé bang vat lidu dién méi cyc cdng cb dinh.

Theo mt phuwong én, céc dudng cuc cdng 312 trude tién duge tao thanh bing
c4ch tao mAu da cyuc cbng lién quan dén viéc in 1itd @8 tao ra da cuc cdng bﬁng
cach khic 16p phti cting silicon nitrit va polysilicon sau d6. Theo mdt phwong 4n,

16p phit dugce tao thanh trén 16p phu cing, 16p phu bao gbm phén phii topo va 16p
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mang gidm phan xa (anti-reflective coating, ARC). Theo phuong én cu thé nhu
vély, phan pha topo 13 16p vt liéu phi cacbon (carbon hardmask, CHM) va 1ép
phit chéng phan xa 13 16p ARC silicon. Phén phi topo va 16p ARC c6 thé dugc tao
mAu bing k¥ thuat khic va in 1itd truyén théng. Theo mot phuong 4n, 16p ph ciing
bao gdém 16p can quang trén cling, dugc biét dén trong tinh trang k¥ thut va c6
th& duoc tao mau bing cic quy trinh ché tao va in litd truyén thdng. Theo mdt
phuong én cu thé, nhiéu phén cta 16p can quang dugc 16 ra dudi ngudn sang dugc
loai b khi tao ra 16p can quang. Do d6, 16p can quang dugc tao mau bao gbm vit
liéu can quang duong. Theo mot phuong 4n cu thé, 16p can quang bao gdm vit
liéu can quang duong bao gdm, nhung khéng bi gi6i han béi, chét can quang
248nm, chit can quang 193nm, chét can quang 157nm, chét can quang siéu cuc
tim (extreme ultra violet, EUV), 16p in bing chiim tia dién tr, hodic hdn hop nhya
fenbla c6 chét 1am nhay diazonaphthoquinon. Theo mdt phuong 4n cu thé khac,
nhidu phén cia 16p can quang dugc 19 ra véi ngudn sang duoc duy tri khi tao ra
16p can quang. Do d6, 16p can quang bao gbm vit liéu can quang 4m. Theo mdt
phuong én cu thé, 16p can quang cAu tao tir vét liéu can quang 4m bao gbm, nhung

khong bi gidi han bdi, poly-cis-isopren hodc poly-vinyl-xinnamat.

Theo Fig.31, vay 302 dugc tao mau giita cac dudng cuc cbng 312A va 312B
dé tao thanh phén dugc 1am 16m 330 cua vay 302. Phin 16m nay c6 thé dugc tao
thanh nhd quy trinh khic hoic in 1itd va c6 thé dua trén quy trinh khic kho hoic
khic plasma silicon chon loc céc dudng cuc cdng 312. Theo phurong 4n thuc hién
ndy, buédc lam 18m vy 302 duoc dimg lai trén ving pha tap phu loai N 304, nhu
dugc thé hién trén hinh v&. Van theo Fig.31, cic khoang trbng 332 dwoc tao thanh
doc theo cac thanh bén cda cac dudng cyc cdng 312. Khoang trbng 312 két hop
véi dudng cuc céng 312 ¢6 thé chu tao tir vat liéu thich hop dé céch dién, hoic
dong gbp vao viéc cach ly chu truc cuc cdng cb dinh véi cac tiép xtic din dién lién
k&, nhu céc tiép xtic tw cin chinh. Vi dy, theo mdt phuong 4n, khoang trdng 306
cAu tao tlr vat lidu dién moi bao gdm, nhung khong bi gi6i han béi, silicon dioxit,

silicon oxy-nitrit, silicon nitrit, hodc silicon nitrit pha cacbon.
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Theo Fig.3J, céc ving epitaxi 334 va 336 dugc tao thanh trén céc ving duge
16 ra ciia vay 302. Mot cach cu thé, cac ving epitaxi 334 duoc tao thanh trén phan
dugc 1am 18m 330 cua vay 302, trong khi vung epitaxi 336 dugc tao thanh trén céc
phén trén cta vay 302. Theo mdt phwong an, cac vung epitaxi 334 va 336 duge
tao thanh tir vt liéu twong ty voi vat liéu cia vay 302, nhu 1a silicon. Theo cac
phuong an thyc hién khéc, cac vt liéu ban dAn khéc c6 thé dugc st dung. Theo
mot phuong an cu thé, cac viing epitaxi 334 va 336 dugc tao thanh dudi dang cac
ving dugc pha tap, vi dy, cic viing dugc pha tap loai N 334 va 336 nhu dugc minh
hoa. Theo mdt phuong an, vung epitaxi 334 1a ving cuc ngudn cho fin-FET thing
dimg dugc ché tao, trong khi cic ving epitaxi 336 13 cdc ving cuc ngudn cho fin-

FET thing dtng duoc ché tao.

Tham chiéu dén Fig.3K, 16p céch dién 350, nhu 16p dién méi trung gian
silicon dioxit dugc tao thanh trén céu tric theo Fig.3J. Vi du, viéc tao thanh tiép
xtic d8 tao thanh tiép xtic cuc ngudn 338 va tiép xtic cyc mang 340 ciing dugc thuc
hién. Céc quy trinh bd sung c6 thé bao gdbm cac quy trinh thay thé cyc cong va
dién moi cyc céng. Viée xit 1y tiép theo ciing c6 thé bao gbém viéc tao thanh tiép
XUc cuc céng, clng vd&i viéc tao thanh lién két kim loai chf”)ng l'éip. Tiép xuc cuc
ngudn 338 va céc tiép xtic cyc mang 340 va bét ky tiép xuc cyc cdng nao, cb thé
chtra c4ac mAu kim loai. Vat liéu kim loai c6 thé 1a kim loai nguyén li€u, nhu
tungsén, niken, coban, hoac c6 thé 1a hop kim nhu hgp kim kim loai-kim loai hoéc

hop kim kim loai-chét ban dan (nhu vat liéu silicide).

Nhu duge d& cap tém tét & trén, quy trinh thay thé cuc cong c6 thé duge thuc
hién gin nhu tai giai doan nay dé tao thanh tranzito fin-FET thing dtng. Theo mot
phuong én, c4c cuc cdng gia dugc loai bd thong qua quy trinh khic kho hogc uét.
Theo mot phuong 4n, cic cuc cng gi bao gdm silicon da tinh thé hodc silicon vo
dinh hinh va dugc loai bé bdi quy trinh khic khd bao gbm viéc sir dung SF6. Theo
mot phuong 4n khéc, cac cyc cdng gia bao gdm silicon da tinh thé hoc silicon vo
dinh hinh va dugc loai bo badi quy trinh khéc uét bao gE‘)m viéc stt dung NH,OH
dang nuéc hojc tetametylammonium hydroxit. Theo mét phuong 4n khéc, cac cuc

cdng gia bao gdm silicon nitrit va dugc loai bo bdi quy trinh khiic w6t bao gbm
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axit phosphoric dang nudc. Theo mdt phuong an, 16p dién moi cuc cdng gia bao

gdm silicon dioxit va dugc loai bo bang axit hydrofloric (hydrofluoric acid, HF).

Theo mot phuong én, dién cuc cdng ¢ dinh cta chdng dién cuc cdng 212
bao g(“)m cuc céng kim loai va 16p chét dién moi cuc céng duoc cAu tao tir vat li€u
c¢6 hing sd dién méi cao. Vi dy, theo mdt phwong an, 16p dién mdi cuc cbng cdu
tao tr vat liéu bao gdm, nhung khong gi6i han &, hafini oxit, hafini oxy-nitrit,
hafini silicat, lantan oxit, ziconi oxit, ziconi silicat, tantalum oxit, bari stronti
titanat, bari titanat, stronti titanat, ytri oxit, nhdm oxit, chi scandi tantal oxit, chi
k&m niobat, ho#c hop chét cta chung. Ngoai ra, mot ph?m cua 16p dién mdi cuc
cdng c6 thé bao gdm 16p oxit ty nhién dugc tao thanh tir vai 16p trén dinh cla véy
302. Theo mot phuong 4n, 16p dién mdi cuc cdng bao gdm phin c6 hing sb dién
mdi cao trén dinh va phﬁn thép hon céu tao tir vat liéu ban din. Theo mot phuong
an, 16p di€én mdi cuc cdng bao gdm phan hafani oxit trén dinh va phén silicon oxit
ho#ic oxy-nitrit du¢i day. Theo mot phuong 4n, dién cuc cbng céu tao tir 16p kim
loai bao g(“)m, nhung khong bi gi¢i han bdi, nitrit kim loai, cacbua kim loai, silicide
kim loai, aluminit kim loai, hafini, ziriconi, titan, tantali, nhom, ruteni, paladi,
platin, coban, nickel hogc oxit kim loai din. Theo mot phuwong an cy thé, dién cuc
cdng duoc ciu tao tr vat liéu lam day thiét 13p phi cong thoat dugc tao thanh trén

16p thiét 1ap cong thoat kim loai.

Theo mdt phuong an (mic di khong dugc thé hién trén hinh v&), viéc cung
cép thiét b theo Fig.3K lién quan dén viéc hinh thanh mau tiép xtc vé co ban duge
ciin chinh hoan h&o véi mAu cyc cbng hién tai trong khi loai bé viéc sir dung bude
in 1itd ma vuot qué gid thanh dy tinh. Theo theo mét phurong én nhu vy, cach tiép
cin nay cho phép sir dung budc khic w6t chon loc cao vé ban chét (vi dy, so véi
phuong phép khic khd hodc plasma dugc trién khai thong thudng) dé tao ra phén
156 mé tiép xac. Theo mot phuong én, mAu tiép xic dugc tao thanh bang cach sir
dung mau cuc cdng hién tai két hop v6i nguyén cong in litd chét tiép xtic. Theo
mot phuong 4n nhu vay, cach tiép can nay cho phép loai bé su can thiét ctia nguyén
cong in 1t thiét yéu khac dé tao ra miu tiép xtic, nhur dugce sir dung trong céc tiép

can truyén théng. Theo phuong hién nay, ludi tiép xic dang rinh khong dugc tao
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mAu riéng r&, ma dugc tao thanh giita nhidu dudng (cye cdng). Vi dy, theo phwong
4n thyc hién nay, luéi tiép xic dang rinh dugc tao thanh sau khi tao miu mang

luéi cuc cong nhung trude bude cdt mang ludi cuc chng.

Theo mdt phuong 4n, mot hodc nhidu cach tiép can duge md ta & ddy bao
ham quy trinh cuc cdng gia va quy trinh cyc cbng thay thé két hop véi quy trinh
thay thé tiép xtic va quy trinh tiép xtc gia dé tao thanh thiét bi theo Fig.3K. Theo
mot phuong an nhu vay, quy trinh thay thé tiép xuc duge thuc hién sau quy trinh
thay thé cuc cbng d8 cho phép u it nhit mot phén ciia chdng cuc cbng cb dinh &
nhiét d6 cao. Vi du, theo phuong 4n thyc hién cu thé nay, viéc 1 it nhit mot phé‘m
ctia ciu tric cuc céng c¢b dinh, vi du, sau khi 16p dién mdi cuc céng dugc tao thanh,
dugc thyc hién tai nhiét do 16n hon x4p xi 600 do C. Bude & duge thyc hién dé tao
thanh céc tiép xic ¢b dinh.

Vin theo thiét bj dugc thé hién tai Fig.3K, theo mot phuong an, clu trac tiép
xtic dugc tao thanh trong d6 cac phin ciia dién cyc cdng duge tiép xuc trong cac
vung tai do cac ph?ln ndy dugc tao thanh trén ving hoat dong. N6i chung, trude
khi (vi du, ngoai ra) budc tao cAu trac tiép xtc cuc cdng (nhu 13 qua) trén phén
hoat ddng cua cyc céng va trong 16p tuong ty nhu rédnh tiép xuc qua mét hodc
nhiéu phuong 4n cla sang ché trudc tién bao gdm viéc st dung quy trinh tiép xuc
v§i ranh duoc cidn chinh cua cyc cbng. Quy trinh nay c6 thé dugc thuc hién & dang
c4u tric ranh tiép xtic @& ché tao cAu trac ban dan, vi du dé ché tao mach tich hop.
Theo mot phuong 4n, mAu rénh tiép xtc dugc tao thanh dugc cén chinh véi miu
cuc cdng hién tai. Ngugc lai, cac tiép can thong thuong thudng lién quan dén quy
trinh in 1itd bd sung c6 két hop mau tiép xic in 1itd v6i mAu cyc cdng hién tai két
hop véi quy trinh khic tiép xtc chon loc. Vi dy, quy trinh thong thudng c6 thé bao
gdm viéc tao mAu nhidu ludi (cuc cdng) véi viée tao mau cac d4u hiéu tiép xuc
riéng ré.

Theo mdt khia canh, dong dién hién tai trong tranzito fin-FET 14 tur phén
duoc 1am 16m cia vy dén phén trén cla vay. Vi dy, Fig.4 minh hoa dong dién

hoat dong cua thiét bi theo Fig.3K, theo mdt phuong 4n cia sang ché. Nhu vay,
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tham chiéu dén Fig.4, dong dién hién tai 1a tir cyc ngudn duéi 334 dén cyc mang

trén 336 va tao thanh kénh thing dtng.

Cén hidu rang khong phai tit ca cac khia canh cla c4c quy trinh dugc md ta
& trén cin dugc thuc hién déu ndm trong pham vi cia cdc phuong 4n theo sang
ché. Vi dy, theo mot phuong 4n, cic cuc céng gia khong cin dugc tao thanh trude
khi ché tao céc tiép xtc cuc cdng trén cic phén hoat ddng ciia cic chdng cyc cbng.
Céc chdng cyc cdng duge md ta & trén co thé thuc sy 1a céc chéng cyc cbng cb
dinh duoc tao thanh ban d4u. Tuong tu, cdc quy trinh dugc md ta & day co thé
duoc sir dung dé ché tao mot hoic nhidu thiét bi ban din. Céc thiét bi ban dan c6
thé 1a cé4c tranzito hoic cac thiét bi twong tu. Vi dy, theo mdt phuong an, cic thiét
bi ban dn 14 c4c tranzito ban din oxit kim loai (metal-oxide semiconductor, MOS)
cua phﬁn logic ho#ic bd nhd, hodc tranzito hai cyc. Tuong tw, theo mot phuong an,
céc thiét bi ban din c6 chu tric ba chidu nhu 14 thiét bi ba cyc cdng, thiét bi hai
cuc cbng duge truy cap doc 1ap, hodc FIN-FET. Mot hogic nhiéu phuong an thye
hién c6 thé hitu ich dé ché tao cac thiét bi ban din tao ntt cdng nghé c6 kich thude
nhé hon hodc bing 10 nm. Theo phuong an khéc, nguoc lai v6i cac phuong an
duoc md ta ¢ trén, ving cuc méang duge 1am 18m sdu vao vy so voi cdc viung cuc
ngudn. Tuong ty, nguoe lai véi phin duge mo ta & trén, theo mdt phuong 4n,
tranzito fin-FET thing dtng loai P c6 thé dugc ché tao. Tom lai, cdc phuong 4n
dugc md ta & diy dé xult cic céch tiép con dé ché tao cac thiét bi khong phing

thing ding.

Fig.5 minh hoa thiét bi dién toan 500 theo mot phuong an thyc hién cla sing
ché. Thiét bj dién toan 500 chira bang mach 502. Bang mach 502 ¢6 thé bao gdm
nhidu thanh phin, bao gdm nhung khong bi gi6i han béi b xir Iy 504 va it nhét
mot chip truyén thong 506. Bd xt ly 504 dugc ddu ndi vt Iy va dign v6i bang
mach 502. Theo mot sé phuong 4n thyc hién it nhét mét chip truyén thong 506
cling dugc d4u ndi vat Iy va d4u ndi dién véi bang mach 502. Theo cic phuong én

thuc hién khéc, chip truyén thong 506 14 mdt phén cta bd xir Iy 504.

Thiét bi dién toan 500 ¢6 thé bao gdm céc thanh phin khdc ma c6 thé hofic
khong dugc dhu ndi vat ly va d4u nbi dién vé6i bang 502 phy thude vao tng dyng
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ctia nd. Céc thanh phin khac bao gdm, nhung khéng bi giéi han béi, by nhd kha
bién (vi du DRAM), bd nhé khong kha bién (vi du ROM), bd nhé nhanh, bd xir Iy
dd hoa, bo xit Iy tin hidu s6, bd xir Iy ma hoa, chipset, ngten, man hién thi, man
hinh cam Ung, b0 diéu khién cam tGng cham, pin, codec 4m thanh, bd khuyéch dai
cong sudt, thiét bi théng dinh vi toan cau (global positioning system, GPS), la ban,
gia téc ké, con quay hdi chuyén, loa, camera va thiét bi luu trit 16n (nhu b dia cing,
dia nén (compact disk, CD), dia kha bién sb (digital versatile disk, DVD) va cac
thiét bi trong tu).

Chip truyén thdng 506 cho phép truyén thong khong day dé chuyén dir lidu
dén va tir thiét bi dién toan 500. Thuat ngit "khong day" va dang bién dbi ctia né
c6 thé duge sit dung dé md ta mach, thiét bi, hé théng, phuong phép, k¥ thust,
kénh truyén thdng, vin van ma c6 thé truyén thong dit liéu théng qua viéc st dung
biec xa dién tir dugc diéu bién thdng qua moi trudng khong rin. Thuat nglt ndy
khong d& cap ring cic thiét bi duoc két hop khong bao gdm bit ky ddy din nao
mic di theo mot sb phuong 4n, ching khong c6 bat ky day din nao. Chip truyén
thong 506 c6 thé thuc hién bat ky trong sb cac chuin hoic giao thitc khong day
nao, bao gém nhung khong bi giéi han boi (ho IEEE 802.11), WiMAX (ho IEEE
802.16), IEEE 802.20, difn tién dai han (LTE), Ev-DO, HSPA+, HSDPA+,
HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth, hodc cac
dang phat sinh ctia nd, cling nhu bét ky giao thirc khong day khac ma dugc ky hiéu
3G, 4G, 5 Gva tuong ty. Thiét bi dién todn 500 c6 thé bao gdm nhiéu chip truyén
thdng 506. Vi du, chip truyén thong thir nhit 506 c6 thé chuyén dung cho truyén
thong khoang cach gan nhu wifi va bluetooth va chip truyén thong 506 thit hai c6
thé chuyén dung véi truyén thong khong day khoang cach xa hon nhu GPS, EDGE,
GPRS, CDMA, WiMAX, LTE, Ev-DO va tuong tu.

Bo xtr ly 504 cua thiét bi dién toan 500 bao gdm khudn mach tich hgp duge
doéng gobi trong bd xr ly 504. Theo mot s6 phuong 4n cia sang ché, khuén mach
tich hop ctia bd xi Iy bao gdm mot hodc nhiéu thiét bi, nhu tranzito MOS-FET
dugc tao thanh theo cic phuong 4n cla sang ché. Thuat ngit "bd nhé" ¢ thé tham

chidu dén thiét bi hogic mdt phin ctia thiét bi ma xir ly dit liéu dién tir tir thanh ghi
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va/hogic bd nhé dé chuyén dit liéu dién tir nay thanh dit liéu dién tir khac ma c6 thé

duoc luu trit trong thanh ghi va/hodc b nhd.

Chip truyén théng 506 ciing bao gdm khudn mach tich hgp dugc dong goi
trong chip truyén thong 506. Theo mot phuong 4n thue hién khac cita séng ché,
khudn mach tich hop cia chip truyén thong bao gdm mét hoic nhiéu thiét bi, nhu

cac tranzito MOS-FET duoc tao thanh theo cic phuong dn thuc hién cua sang ché.

Theo cac phuong an thyc hién khéc, thanh phén khac dugce chira trong thiét
bi dién toan 500 c6 thé bao gdm khudn mach tich hgp bao gbm mdt hozic nhiéu
thiét bi, nhu céc tranzito MOS-FET dugc tao thanh theo cac phuong 4n thuc hién

cua sang ché.

Theo nhidu phuong 4n thuc hién, thiét bi dién toan 500 c6 thé 1a may tinh
x4ch tay, notebook, ultrabook, dién thoai thong minh, may tinh bang, thiét bj hd
trg c4 nhan k§ thuat sé (personal digital assistant, PDA), PC di dong, dién thoai di
dong, may tinh dé ban, may chu, may tin, may quét, man hinh, hop thu gii ma tin
hiéu truyén hinh, thiét b didu khién giai tri, camera k¥ thuat s, thiét bj phat nhac
cim tay, hodc thiét bi ghi video k¥ thuét s6. Theo cac phuong 4n khéc, thiét bi dién
toan 500 c6 thé 13 thiét bi dién tir bt ky dé xtt 1y dit liédu.

Do d6, cac phuong an ctia sing ché bao gdm cac thibt bj ban din khong phéng
thing dimg diing cho cac tng dung hé théng trén vi mach va cac phuong phép ché

tao c4c thiét bi ban din khong phang thing dtng.

Theo mdt phuong 4n, thiét bi ban din thi nhét bao gdm vay bén dén dugc
b6 tri trén dé, vay ban dan c6 phan dugc lam 16m va phén trén ciing. Viing cuc
ngudn duge bd tri & phén dugc 1am 16m ciia vay ban dan. Ving cuc mang dugc bd
tri & phén trén cling ctia vay ban dan. Pién cuc cdng duge bd tri trén phan trén

cling cuia vAy ban din, gifta cic ving cyc ngudn va cyc méang.

Theo mdt phuong é&n, thiét bi ban dén con bao gdm viing kénh gin nhu thing
dtmg dugc b tri gita cac ving cyc ngudn va cyc méng va duge diéu khién dién

béi dién cyc cong.
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Theo mét phuong an, ving cuc mang bao gdm ving pha tap bén trén ciia loai
din suit th nhét dugc bd tri trén ving trén cling ciia vay ban din va viing cuc
ngudn bao gdm viing pha tap bén dudi cia loai dan suét thir nhét dugc bd tri trong

véy ban din bén dudi phan duge lam 16m cua vay ban dan.

Theo mot phuong 4n, vy ban dan dugc bb tri trén dé ban din kich thuéc 16n
va ving pha tap bén duéi cta loai din suét thir nhét con duge bd tri & phan trén
ctia @ ban din kich thudc 16n. Thiét bi ban din con bao gdm ving pha tap cla
loai dAn xuét nguoc tht hai dugc b tri trén dé ban din kich thuée 16n bén dudi

va tiép xuc v6i viing pha tap bén duéi cia loai dan suat thir nhit.

Theo mdt phuong 4n, thiét bi ban din 1a thiét bj loai N va loai din suét thir

nhét 13 loai N.

Theo mdt phuong én, viing cyc mang bao gdm ving epitaxi thix nhét dugc
b6 tri trén phin trén cling cla viy ban din va ving cuc ngudn bao gdm ving

epitaxi thir hai dugc b tri trén phin duoc lam 16m ctia vay ban dan.

Theo mdt phuong 4n, vay ban din bao gdm phén trén cing khac va phan
dugc 1am 16m cia vay ban din dugc bé tri gitta phan trén ciing ndy va phén trén
cing khac. Thiét bi ban dén con bao gbm viing cuc mang thir hai duge bd tri trén
phén trén ciing khéc cia vay ban dan. Dién cuc cdng thir hai dugc bd tri trén phan

trén cung khéc cua vdy ban dan, gifta cdc ving cuc ngudn va cuc méng thir hai.
Theo mdt phuong 4n, thiét bj ban dn 1a thiét bi ba cyc cdng.

Theo mdt phwong 4n, thiét bi fin-FET thing ding loai N bao gdm vay silicon
dugc bb tri trén dé silicon kich thudc 16n, vy silicon ¢6 phin duge 1am 186m va
phén trén cling. Viing cuc ngudn duoc b tri & phan duge 1am 16m cia vay silicon.
Ving cuc mang dugc b6 tri & phéan trén cling clia vay silicon. Dién cyc cdng loai
N dugc bb tri trén phén trén ciing ctia vay silicon, gitta cac ving cuc ngudn va cuc
mang. Viung kénh gan nhu thing dimg dugc bb tri gifta cdc viing cuc ngudn va cuc

mang va dugc diéu khién dién baoi dién cuc cong loai N.

Theo mot phuong &n, ving cuc mang bao gdm viing pha tap loai N bén trén

dugc bo tri & ving trén cing cia vay silicon. Vung cyc nguon bao gom ving pha
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tap loai N bén dudi duge bd tri trong vy silicon, bén dudi phén dugc 1am 16m ctia

vdy silicon va tai phan bén trén cuia d€ silicon kich thudc 16n.

Theo mdt phuong 4n, thiét b fin-FET thing diing loai N con bao gdm ving
pha tap loai P dugc b tri & dé silicon kich thudc 16n bén dudi va tiép xuc véi ving

pha tap loai N bén dudi.

Theo mot phirong an, ving cec mang con bao gdm ving silicon epitaxi loai
N thit nhit dugc b tri trén phin trén cling ciia vy silicon va ving cyc ngudn con
bao gbm ving silicon epitaxi thit hai loai N dugc bd tri trén phin dugc lam 16m

cua vay silicon.

Theo mot phuong an, vay silicon bao gdm phén trén cling khéc. Phén dugc
1am 16m cua vay silicon dugc bb tri gitta phén trén cling nay va phén trén ciing
khéc. Thiét bj fin-FET thang dtng loai N con bao gbm ving cuc méng thir hai
duoc b tri trén phén trén cing khac cta vay silicon. Dién cuc cbng loai N thtr hai
duoc bb tri trén phan trén cling khac cla vay silicon, gitta cac ving cyc ngudn va

cyc mang tht hai.

Theo mot phuong 4n, thiét bj fin-FET thing dtmg loai N 13 thiét bi ba cuc
cong.

Theo mdt phuong 4n, phuwong an ché tao thiét bi ban din bao gbm budc tao
thanh vay ban din trén dé. Phuong phap nay ciing bao gbm buéc tao thanh viing
pha tap phu cia loai dAn suét tht nhét bén duéi vay ban dan. Phuong phép nay
ciing bao gdbm budc tao thanh ving pha tap bén trén cta loai din suét thir nhét trén
dinh cta vay ban din, viing pha tap bén trén phan tach véi ving pha tap phu.
Phuong phap nay ciing bao gbm buéc tao thanh dién cyc cdng trén vay ban dan.
Phuong phép nay cling bao gbm bude khic vy ban din dé tao ra phan 16m va
phén trén ciing ctia vay bén dan. Phuong phép ndy ciing bao gdm budc tao thanh
viing cuc ngudn tai phan 16m ctia viy ban din, ving cyc ngudn nay bao gdm it
nhét mot phén cta ving pha tap phy. Phuong phép nay ciing bao gbm budc tao
thanh ving cyc méng tai phén trén ciing clia vdy ban din, viing cyc méng ndy bao
gbm it nhit mot phin ciia viing pha tap bén trén. Dién cuc cdng ndm giita cac ving

cuc nguon va cuc mang.
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Theo mdt phuong én, bude tao thinh vy ban din bao gbm viéc khic vy
bén din 1én dé. Phuong phap niy con bao gbébm ving pha tap ctia loai din xuéit
nguoc thi hai trén d& bén duéi va tiép xtic véi ving pha tap phy ctia loai dan suét
thir nhat.

Theo mdt phuong an, phwong phép nay con bao gbm bude tao thanh viing
cach dién ranh ndng (shallow trench isolation, STI) xung quanh vdy béan dan va

trén dé trudce khi tao thanh dién cuc céng. G ban din nhd Ién trén ving STIL.

Theo mdt phuong én, viée tao thanh vung cuc nguén con bao gdm budc tao
thanh ving epitaxi thir nhét cua loai din suét thir nhét trén phan 16m cua vy bén
din va buéc tao thanh viing cyc mang con bao gdm budc tao thinh ving epitaxi

thr hai cla loai din suét thi nhét trén phin trén cling clia vay ban dan.

Theo mdt phuong an, bude tao thanh ving pha tap phu con bao gbm viéc sir
dung 16p cyc ngudn pha tap & trang thai rin.

Theo mot phuong an, budce tao dién cuc céng con bao gém viéc tao thanh
dién cyc cdng gia. Phuong phép nay con bao gbm budc tao thanh dién cyc cbng
¢ dinh nho quy trinh thay thé cuc cong.

Theo modt phuwong an, phuong phap nay con bao gbm budc tao thanh thiét b
fin-FET thing dmg loai N tir viing cuc ngudn, viing cyc méng va dién cyc cong.

Theo mdt phuong an, budc tao thanh thiét bi fin-FET thing dimg loai N con

bao gﬁ‘)m viéc tao thanh thiét bi ba cuc céng.
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YEU CAU BAO HQ
1. Thiét bj ban dn, thiét bi nay bao gdm:

vy ban din dugc bé tri trén dé, vy ban din nay c6 phin dugc lam 16m va

phin trén cling;
ving cuc ngudn duge b tri & phin duoc 1am 16m cia vy ban dén;

ving cyc mang duge bo tri & phan trén cung cla vay ban dan; va dién cuc
cong cling dugc bo tri & phan trén cing cla vay ban dAn, giita c4c ving cuc ngudn

va cyc mang.

2. Thiét bi ban dan theo diém 1, thiét bj nay con bao gdm viing kénh gin nhu thing
dimg dwgc bb tri gitta cic ving cuc ngudn va cuc mang va dugce diéu khién dién

boi dién cuc cong.

3. Thiét bi ban din theo diém 1, trong d6 ving cwe mang bao gdm ving pha tap
bén trén loai din suét thir nhit duoc bé tri & viing trén ciing clia vay ban dan va
ving cyc nguén bao gf“)m vung pha tap bén dudi loai dAn sut thir nhit duoc bd tri
& vy ban din bén dudi phin dugce 1am 18m cia vay béan dan.
4, Thiét bi ban din theo didm 3, trong d6 vy ban din dugc bb tri trén d€ ban dan
khéi va trong d6 viing pha tap bén duéi loai d&n sudt thtt nhét con duge b tri &
phén trén ctia @& ban dn khdi, thiét bi ban din nay con bao gdm:

viing pha tap loai dAn xuAt ngugc tht hai dugc bé tri trén dé ban dén khoi
bén dudi va tiép xtic véi ving pha tap bén dudi loai din suét thir nhat.
5. Thiét bi ban din theo diém 3, trong d6 thiét bi ban dAn nay 1a thiét bi loai N va
trong d6 loai din suét thir nhét 12 loai N.
6. Thiét bi ban din theo diém 1, trong d6 ving cyc mang bao gém ving epitaxi
thtt nhét duoc bd tri trén phin trén cling ciia vay ban dAn va ving cuc ngudn bao
gbm ving epitaxi tht hai dugc b6 tri trén phan dugc 1am 16m ciia vy ban dan.
7. Thiét bi ban din theo diém 1, trong d6 vay ban din bao gdm phan trén clng
khéc va trong d6 phan dugc 1am 16m ciia viy ban din dugc b tri gifta phén trén

cung ndy va ph?m trén cing khéc, thiét bj ban din nay con bao gbm:
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viing cyc mang thir hai duge b tri & phén trén ciing khéc ciia véy béan dén;

va

dién cuc cdng thir hai duge bd tri & phin trén ciing khéc clia vdy ban dén,
gifra cac vung cuc ngudn va cuc mang thtt hai.
8. Thiét bi ban dan theo diém 1, trong d6 thiét bi ban din nay 1a thiét bi ba cyc
cdng.
9. Thiét bi fin-FET (tranzito hiéu ing trudng vay, fin field effect transistor) thing
dtmg loai N, thiét bj nay bao gdm:

vay silic dugc bd tri trén dé silic khéi, vay silic nay cé:

phén dugc 1am 16m va phan trén cling;

ving cuc nguén dugc bd tri & phE‘m dugc lam 16m cua vay silic;

ving cyc mang dugc b tri & phin trén cling ctia vay silic;

dién cuc cdng loai N ciing dugc b tri & phan trén ciing cia vay silic, gitra
cac vung cuc ngudn va cuc mang; va

vung kénh gén nhur thing ding dugc b tri gitta cac viing cuc ngudn va cuc
mang va dugc didu khién dién boi dién cuc cong loai N.

10. Thiét bi fin-FET théng dumng loai N theo diém 9, trong d6 ving cwc méng bao
gbdm ving pha tap loai N bén trén dugc b6 tri & viing trén cling cua vay silic va
viing cyre ngudn bao gbm viing pha tap loai N bén dudi dugc bé tri & vay silic, bén

dudi phan duge 1am 18m cua véy silic va & phén bén trén clia dé silic khéi.
11. Thiét bi fin-FET thing dtng loai N theo diém 10, thiét bi nay con bao gom:

ving pha tap loai P dugc bb tri trén dé silic khéi bén dusi va tiép xuc voi
ving pha tap loai N bén dudi.
12. Thiét bi fin-FET théng dimg loai N theo diém 10, trong d6 ving cyc mang con
bao gdm viing silic epitaxi loai N tht nhét dugc bd tri trén phén trén cling ciia vay
silic va ving cuc ngudn con bao gbm ving silic epitaxi loai N thir hai dugc bb tri

trén viung dugc 1am 18m cuia vay silic.
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13. Thiét b fin-FET thing dimg loai N theo diém 9, trong d6 vay silic bao gobm
phin trén cing khac va trong d6 phin dugc 1am 16m cta vay silic duge bd tri gitta
phn trén ciing nay va phan trén cling khac, thiét bi fin-FET thing dtng loai N nay
con bao gdm:

vung cyc mang tht hai dugc bb tri & phén trén cing khéc cla vay silic; va

dién cuc cdng loai N thir hai dugc b tri trén phan trén cing khac clia vy
silic, gifta vung cyc ngudn va ving cuc mang thi hai.
14. Thiét bi fin-FET théng dimg loai N theo diém 9, trong d6 thiét bi fin-FET thing
ding loai N nay 1a thiét bi ba cuc cong.
15. Phuong phép ché tao thiét bj ban din, phuong phép nay bao gbm céc budc:

tao thanh vay béan din trén dé;

tao thanh ving pha tap phu loai din sudt thi nhét & bén dudi vay ban din
nay;

tao thanh ving pha tap bén trén loai dAn suft thir nhit & bén trén vay ban din,
ving pha tap bén trén nay tach biét véi ving pha tap phy;

tao thanh dién cyc cdng trén vay bén dan;

khic vay ban dén dé tao thanh phén 16m va phé‘m trén cling cta vy ban din;

tao thanh ving cyc ngudn & phén dugc 1am 16m ciia vy ban din, ving cuc
ngudn nay bao gbm it mot phin ving pha tap phy; va tao thanh ving cyc mang &
phén trén cling ctia viy ban dan, ving cuc mang nay bao gbm it nhét mot phan
vung pha tap bén trén, trong d6 dién cuc cdng ndm gifra cAc viing cuc ngudn va
cuc mang.
16, Phuong phép theo diém 15, trong d6 budc tao thanh vy ban dén bao gom
budce khic vay ban din & dé, phuong phép nay con bao gbm budc: tao thanh ving
pha tap loai dAn xuét ngugc thtt hai trén @& bén dudi va tiép xic v6i viing pha tap
phu loai dn suét thir nhét.

17. Phuong phép theo diém 15, phuong phap ndy con bao gbm budc:
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tao thanh ving cdch dién rdnh néng (shallow trench isolation, STI) xung
quanh vay ban din va trén dé, truée khi tao thanh dién cuc cong, trong d6 vay bén
d&n nhd ra trén ving STI nay.
18. Phuong phap theo diém 15, trong d6 budce tao thanh ving cuc ngudn con bao
gdm budc tao thanh ving epitaxi thir nhét loai d4n sut thir nhit trén phan 16m cua
vay ban din va trong d6 budc tao thanh ving cyc mang con bao g0m buéc tao
thanh ving epitaxi thir hai loai din suét thtr nhét trén phén trén cling clia viy bén
dén.
19, Phuong phap theo diém 15, trong d6 bude tao thanh viing pha tap phu bao gbm
buéce st dung 16p cuc ngudn pha tap & trang théi ran.
20. Phuong phép theo diém 15, trong d6 budc tao thanh dién cyuc cdng con bao

gdm budc tao thanh dién cuc cdng gia, phuong phap nay con bao gdm bude:
tao thanh dién cuc céng ¢b dinh nhd quy trinh thay thé cuc céng.
21. Phuong phap theo diém 15, phuwong phép nay con bao gém bude:

tao thanh thiét bi fin-FET thing dang loai N tir ving cuc ngudn, ving cuc

mang va dién cuc cong.

22. Phuong phép theo didm 21, trong d6 budc tao thanh thiét bj fin-FET théng

dting loai N bao gdm budc tao thanh thiét bi ba cyc céng.
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