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TOM TAT: Xay dung phieong phdp va cong cu ty dong phdn tich 16i cho wafer
ban dén ngay cang tré nén can thiét khi kich thudc wafer tdng cung véi mdt dj ngay
cang lém. Trong bai viét nay, ching 16i mo td phuong phdp iing dung Fuzzy k-NN két
hop véi Fuzzy Logic cho clustering, phan tich va chdn déan 16i wafer ban dan. Ching
16i ciing dua ra cdc ddc trung co ban cia wafer phuc vu cho cai ddt thuc té phdn tich va
nhdn dang. Chiing t0i st dung truc tiép dit ligu ddu vao la electronic wafermap dang 50
dé lam néi bdt cdc ddc trung trong qud trinh phdn tich.

Tir khéa: fuzzy k-NN, defectcell, diém 13i, d6i tuong 16i, object-cluster, wafermap.

1. Giéi thiéu

Viéc nghién ciru va 4p dung cac phuong phap ComputerVision cho cong ngh¢ Nano ngay cang
trd nén phé bién khi viéc tr dong hoéa quy trinh san xuat céc thiét bi ban din ting 1én. Trong bai
viét nay chung t6i dé cap dén mdt tmg dung lién quan dén phan tich 16i bé mat wafer xuét hién
trong day chuyén san xuét. Dbi v6i tng dung ndy, cdc ngudi ta cd thé sir dung nhiéu phuong
phap nhu phén tich off-line anh d¢ phén giai cao md ta timg 18i cu thé, hay dung phan tich truc
tuyén (in-line) cac wafermap do phén giai thap. Phuong phép sir dung anh do6 phén giai cao kha
~ t6n kém va mét nhiéu thoi gian. Trong khi d6, phuong phap phén tich in-line wafermap d6 phén
giai thép tuy khong phat hién hoan tdan tAt ca 15i trén bé mat wafer (dic biét khi mat d cao),
nhung vin rat hiru ich vi dép vmg nhanh, va trg gitp xac dinh chién lugc quan ly hi¢u xuét san
xut. Chii d& cia bai viét nay 12 dua ra phuong phap ly thuyet va (mg dung d€ phét hi¢n va phan
loai pattern 13i dya trén sw phén tich wafermap d phéan giai thdp (khéang 0.5 micromet/pixel)
phuc vu phén tich tu dong 15i trong quy trinh san xuat linh ki¢n. Trong thuc té phan tich céc
wafermap thudng cb bbn loai 15i: tong quat-global, cong-curvilinear, khong dinh hinh-
amorphous, VA Vi chu tric-microstructure. Mi loai thuong gén lién v6i kiéu hong hoc be mat
wafer nhu: wafer c6 vét bin hay vét xude duge xem 12 curvilinear va thudng do héng co khi;
Céc dbi tuong 13i phan b day dac gin nhau thudng do nguyén nhan héa hoc va duge xem la
amorphous. Céc ddi tuong 16i phén bb rdi rac va déu ngiu nhién (nhu rai déu trén cac vong
tron) trén bé mit wafer dugc xem 12 global. Hinh 1 mb ta wafer véi cac loai 16i khéc nhau.

Hinh 1 — Cac wafermap thé hién céc 13i curvilinear, amorphous.
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Pé phan tich dic trung va phan 16p, ching t61 dung k¥ thuat clustering fuzzy k-NN dé phan tich
mot hay nhiéu wafermap va nhém thanh céc loai 101 khac nhau. Ddi véi cac vn dé nhan dang
cong nghlep,thl nhitng bd nhédn dang khong tham s6 nhu Parzen, hay kNN t6 ra c6 wu thé. Mot
phén vi khé xac dinh duoc céc tham s6 thong ké cho su da dang cua cac 16p. Ngoai ra by phan
16p can phéi 1dm viéc dwoc trong diéu kién hoc cac 16p méi véi s6 luong nhé cic mAu hoc sao
cho vin bao dam phan 16p chinh xéc. Cac phuong phép nhu mang Bayes, hay mang Neural 16 ra
khéng thich hop trong van hanh thue té vi cc 1y do nhu sb luorng méu khong nhidu din dcn viéc
luyén mang géap kho khan hozc khong dép tng thoi gian néu can phai tich ity da lén mAu hoc.
Ngoai ra sy da dang ctia wafer phat sinh trong qué trinh san xuét ciing gay kho khan khi sir dung
hai m6 hinh tinh téan trén.
2. Phén tich dic trung va phan loai bing ky thuit Fuzzy k-NN
Chiing t6i sir dung tryc tiép dir liéu wafermap phat sinh tu dong trong qua trinh san xuét dé trich
dac trung va nhan dang. Giai doan tién xir ly, ching ta c6 thé loc nhifu nhim loai b céc diém
16 ‘hay tép cac diém 18i “ké& nhau” di nhé. Sau khi c6 dugc wafermap “khong nhidu”, quy trinh
chan déan 15i dwuoc bit dau bing clustering cac “defectcell” (khai niém c6 duoc do chia
wafermap thanh mét lu6i vudng thé hién ma trin cac “defectcell”) thanh cac dbi twong 13i
(defect object). Mdi defectcell trong mot wafermap chira sb luong dlem 16i (defect point) xéc
dinh. Sau khi trich dugc céc defect object cuia wafermap, budc ké tiép chung s& duoc phén tich
dé chan déan dugc van dé tiém tang cua wafer. Viéc phan tich trén mot hay nhidu wafermap
chong 1én nhau cling déu thyc hién qua hai giai doan nay. Tuy vay khi phén tich nhiéu wafer
chong 1én nhau, ching ta cé thé phal xét thém yéu t6 d cao trong mdi defectcell. Trong bai viét
ndy, chung t6i khong xét dén yéu td do cao khi phén tich wafermap. Mac du phuong phap
clustering thong qua ky thuét k-NN [1] hoan tdan cd dién, nhung & day chung t6i dung khai
ni¢ém mo cho ca hai cong doan 1a trich dac trung bang c4ch nhém céc defecteell (chira céc defect
point) dé xay dung cac dbi tugng 15i trén mdi wafermap, va nhén dang wafemap dua trén phén
bb cac dbi tuong 13i.
Giai doan clustering cac diém 15i trén wafermap, chung toi sir dung Fuzzy-Clustering trén céc
defectcell trong grid dé phan nhom cac doi tuong 18i. Sau d6, tir mdi nhém cac defecteell “cung
mét d9”, ching ta xdy dung cdc ddi twong 18i dua trén sy lién théng cta cac thanh phin
defectcell. Khai niém Fuzzy dugc sir dung nhim dap ung mat d6 da dang trén cic wafermap
khac nhau. D do ctia mdi defecicell nhu sau

Djx = Sum(C"‘.k)/Max(C.k) Trong d6 C"ix 1a s diém 16i thudc defecteell (i, k). (1)
Str dung d§ do trén lam vector mot chiéu dic tnmg cho defectcell. Ching t6i sir dung khéang
cach Euclid trén vector mot chiéu dé do khoang céc giira hai defectcell. Hai defectcell dugc xem
nhu cing mat do néu sai biét giira ching khong vuot qui mot ngudng cho trude (vi du khong
16n hon 7%). Tinh chét m& thé hién & chd phan khoang mét dd cua defectcell theo ba ngudng

“thdp”, “trung binh”, va “khong xdc dinh” sau khi clustering theo méat do cta defectcell.

Hinh 2 — Trich céc déi tuong 18i trong wafermap. -
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Déi v6i mbi cluster, ching ti dung tinh chit m& dé xéc dinh tap cac defecteell du tiéu chuin dé
xdy dung cac dbi tuong 15i nhu sau (két qua nhu trong hinh 2).
»  Xép hang danh sch c4c cluster ting dén theo gi4 tri clia vector diic trung (bat diu tir 1).
»  Cac defectcell thude vé cluster c6 hang thap dugc xem 14 mét dé thép (vi du nhu cluster
1 trong danh sach cluster duoc sap) s& khong duoc xét khi tao dbi tuong 16i.
= Duyét d¢ quy trén cac defectcell “du tidu chudn” trén timg cluster dé tao nén céc object
16i.
Giai doan ké tiép sau khi déi tuong cia wafermap da dugc xac dinh, chung s& dugc cluster tiép
tuc nhim x4y dung céc tap hop chira nhitng dbi twong “gin nhau”. Giai doan cluster nay quan
trong vi chung ta ¢6 thé xac dinh dugc phan bd va hinh déng 16i trén-wafermap dé lam co so cho
qua trinh phén loai sau cling.
Giai doan sau cung, viéc xac dinh wafermap thudc 16p ndo trong tdp da hoc c6 thé thuc hién

k-1

U(X)i = ZuuﬂlX - X))

Jj=0
theo cong thirc sau:
Trong d6 U(X); 1a do do khoang cach can x4c dinh giita X (vector ddc trung cua wafermap dang
x6ét ) va 16p thir i trong tap mau d3 hoc. Uij 1a khoang cach gifra hai 16p i va j duoc xac dinh
trude trong qua trinh hoc mAu. X; 12 vector ddc trung cia 16p thi j. [IX-X;|| 14 khoang cach gilra
hai vector (c6 thé ding khoang cach Euclid). Gi tri k cho truéc 1a s6 16p gin nhat so voi lop
thir i dang xét. Trong trudng hop k=1, cong thirc trén tré thanh viéc so sanh X tuln tu qua tit ca
cac 16p da hoc.
3. Sw dung Fuzzy Logic dé nhém cic doi tu'grng 16i
Trong g1a1 doan nay, chung t6i thuc hién tiép viéc nhém cac d6i twong 16i véi nhau théng qua
céc luat mo thanh cac object-cluster dua trén céc dédc trung mo ta trong bang sau.

Distance Khoang céch nho nhét gifra hai doi tugng tinh tr hai diém gan
nhét giira hai déi tugng.

Elongation Dua trén ellipse nhé nhét bao quanh dbi twong. Gié tri dugc tinh
theo cong thite.

MajorRadius — MinorRadius
MajorRadius + MinorRadius

Elongation =

Area Dién tich d6i tugng tinh theo s6 luong defectcell.

Orientation Xdc dinh sy tuong tu vé hudng (tinh theo radian cta canh ndi hai
diém xa nhau nhat cia dbi tugng) gitra hai dbi tuong, két hop v6i
huéng dudng nbi tam hai d6i twong theo cong thirc sau

Orientation =|cos(O(I) - O())cos(O(I) — O(L))|cos(O(L) - O())|

Trong d6: O(I), O(J) 1a huéng cia hai d6i twong I va J. O(L) 1a
huéng ctia dudng noi tdm hai d6i tuong.

Linkage Thong sb x4c dinh hai dbi twong “gan nhau” dua vao bén tinh
chét trén va cac luat dan trong bang 2.

Bang 1- C4c tham sb dung xéc dinh tinh “lién két” giita hai dbi tuong 16i I va J.

Cac gi&tri mo bao gbm EXTRALOW, LOW, MEDIUM, HIGH. Céc ham thudc duge md ta
trong hinh 3 dudi ddy. Ching tdi sir dung bd luét md ta trong bang 2 dé x4c dinh hai dbi
tuong 16i I va J cho trude c6 thé cing mot object-cluster hay khong. Ching ta chi xét hai
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déi tuong khi d6 lién két cia ching HIGH dé c6 thé cho vao ciing mot object-cluster. Giai
doan nay thuc hién dé quy trén céc ddi tuong 18i c6 trong wafermap dé tao nén cic object-
cluser. Ching t6i sir dung phuong phdp max-min trong suy luén céac menh d2 logic mdr nay.
If Distance EXTRALOW then Linkage HIGH
2. If Distance LOW and Area(I) HIGH and Area(J) HIGH and Onentatlon NOT LOW then
Linkage HIGH
If Distance LOW and (Area(I) LOW or Area(J) LOW) then Lmkage HIGH
If Distance MEDIUM and Area(I) HIGH and Area(J) HIGH and Elongation (I) HIGH
- and Elongation(J) HIGH and Orientation HIGH then Linkage HIGH
5. If Distance MEDIUM and Area(I) MEDIUM and Area(J) MEDIUM and Elongation(I)
NOT LOW and Elongation(J) NOT LOW and Orientation HIGH then Linkage HIGH
6. If Distance LOW and Area(l) NOT LOW and Area(J) NOT LOW and Elongation(l)
LOW and Elongation(J) LOW then Linkage HIGH

[y

ot

Bing 2 — Céc ludt m& x4c dinh quan hé giita hai d6i tuong 18i I va J

Céc ham thudc cia céc tp md thé hién cho gi4 tri Distance

1 x<3 0 x<3ux215
Uextralow(x) =10 x25 Ui} 1 x25Nnx<10
5-x)2 xeps] 2N x-3)2 xeps]
: i (15-x)/5 xe1015]
1 x € [15,20] 0 x<20
i = U i —
UnednaX) =1 _10)/s  wefi015] Nale {(x—ZOIBU x220

(50-x)/30 x220 .
Céc ham thudc cua cac tdp mo thé hién cho gia tri Area
(20-x)/20 x<20 x/20 x<20

Ulow(x) = {0 W Umedium(x) = { (200 2 x) /180 x> 20

o9 x<20
high(X) =
=1 (x-20)180 x>20

Céc ham thudc cia cac tip md thé hién cho gia tri Elongation

_[(02-x)/02 x<02 S EL) FE0p o x<02
He) = {o 500 e e a0z R Sal0s 2
1 x<0.25 x<025Ux20.75
Uiow(x) ={(0.5-x)/025 x€[0250.5]  Uneann(x)=1(x-025)/0.25 xe[0.250.5]
0 x205 (0.75-x)/0.25 x€[0.5,0.75]
0 x<05
Unigh(X) = {(x-0.5)/0.25 x€[0.5,0.75]
1 x20.75

Céc ham thudc ctia cic tip md thé hién cho gia tri Orientation
Céc ham thudc clia cdc tdp md thé hién gia trj output Linkage

(0.5-x)/0% x<0.5 x/0.5 x<0.5

x<0.5
U["W(x) = 0 x>05 (l - x)/OS x>0.5

Unmedium(x) ={ (x-0.5)/0.5 x>0.5

Uhnigh(x) = {

Hinh 3 - Ham thudc cua céc tip mé& cho gia trj Distance, Area, Elongation, Orientation,

Linkage.
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Céc phép toéan phu dinh, hqp, giao trén cdc ménh d& m& dugce thuc hién thong qua céc phén
bu chudn, hop va giao chuén. Trong cai dat, chung t6i dat ngudng khir m& cho gia tri

Linkage 12 0.75 dé x4c dinh xem hai d6i twong 15 dang xét duge lien két hay khong. Hinh 4

mo ta mot két qua khi 4p dung thuat téan trén khi tao céc object-cluster.

: @
: ®

I ) > 0

Hinh 4- Thé hién wafermap trudc va sau khi tao céc object-clustef

4. Cic dic trung wafermap

Chiing t6i xét cac yeu to d& 1am nén tang cho vector dic trung bao gdm: mat dd diém 15i phén
bd trén cac khu vuc khéc nhau cia wafermap; kich thudc, vi tri, hinh dang va phan bd cac déi
tuong 16i; su lién két gitra céc dbi tuong 16i.

D§ do cac dic tru‘ng dya trén mat ag diém 15i

Cé,c dic trung & diy cing vdi su phan bd cac dbi tuong 15i s& duge ding nhu cc thanh phén
trong vector dgc trung ciia wafermap. Gia sir ching ta chia wafermap thanh ma trdn NxN.
Xét mat do dlcm 16i tren cac khu vuc khéc nhau, bao gom

Phéan bd cic diém 13i trén cac hang va cdt. V6i mdi hang va cft trong ma trén vudng
NxN cua wafermap, chung ta dém s6 diém 13i trén trén d6 (xem hinh 5). Trong thuc té
{mg dung chung tdi cho gia tri N trong khoéng tir 10 dén 20.

Hinh 5- M4t d6 diém 18i phan b trén c4c hang va cft.

Céc d6 do vé cac ddc tru'ng du duge quy vé gié tri ti 1& phéan tram gilta s6 diém 13i trong
hang/cjt va tong sb diém 16i trén wafermap. Vi du do do cho dic trung cho phan bd 15
trén hang thir i cia wafermap nhur sau.

Dr; = Sum(C™)/Y Cri; Trong d6 C™; 12 s6 diém 13i thudc hang thi i. (2)
Viée xé4c dinh cic dd do trén cdt, vanh, ciing thuc hién theo khéi niém cua cdng thuc
trén.

Phén bd cic dlem 16i trén cac v:\nh Chiing t6i chia wafermap thanh N (c6 thé tir 10-
20) vanh va dém sb diém 15i trén mdi vanh nhu hinh 6. Céc djc trung trong trudng hop
nay gitp viéc xac dinh phan bd mét dd trén vanh ludn ding trong trudng hop anh quay.
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Hinh 6- Mt d6 diém 13i phan b trén céc vanh.

4.2, D§ do cdc dic trung dua trén tinh chit cdc dbi twgng 16i va object-cluster.
Céac d¢ do nay quan trong vi ching xac dinh tt tinh chit cua cac dbi tugng hay nhém dbi
tuong 13i trén wafermap. Chung t6i sir dung céc gié trj dinh luong nhwr chu vi, dién tich, do
gidn, tinh lién két, huéng va ti 18 giita ching dé x4c dinh céc tinh chét wafermap két hop voi
céc thong s6 mat d6 & trén v.v. Dudi diy ching 16i dua ra mét sb yéu t6 co ban da dugc cai
dat trong thuc t&. Ngoai cac yéu té nay, ching ta c6 thé 4p dung mét s6 1y thuyét vé nhan
dang dbi twong. Tuy nhién, vi muc tiéu 12 chan déan loai 16i nén chu d& “nhan dang dbi
tuong” khéng dugc dé cap trong bai viét.

S6 lugng cac dbi tuong 15i: gid trj nay c6 dugc nho clustering céc defectcell dé 1dy cac
déi tuong 13i.

S8 lugng object-cluster: gia tri ndy cé dugc théng qua qua trinh clustering nhimg ddi
tugng 13i sir dung céc ludt suy dién m& & trén.

Dién tich: Tong dién tich c4c ddi tuong 18i; Dién tich trung binh cia cic déi twong 13i;
Dién tich trung binh cta object-cluster;

D6 dai: Téng do dai cdc doi twong 18i; D dai trung binh cta cac dbi tuong 15i; Do dai
trung binh ciia céc object-cluster.

D¢ hep: xac dinh Elongation trung binh ctia c4c déi tugng 15i.

Xac dinh dd 1¢ch gilta céc object-cluster gitra hai wafermap theo ham sau: dic trung nay
do su khac biét dén mirc chi tiét (so khép object-cluster giira hai wafermap). Nhur vay tép
{Sci, Rei, Le;, Eci, Aci} 1a dédc trung cho céc object-cluster trong cac wafermau.

Fobjcluster = Z (Ws|Sci = sc:| + erRa ~rei|+ Wr| Lei— Ic:'] + Wel Eci— ec:l + Wa]Ac: = aal)

Trong d6 W, 1a trong sb cho d¢ do dién tich, W, trong sé do hep, W, trong sb khoang
cach object-cluster dén tim wafermap, va W, 1a trong sb cho do do cuia tdm object-
cluster dén tAm wafermap. Sc; va sc; lan luot 12 dién tich cua object-cluster trong wafer
méu v object-cluster twong \ing cua wafer cAn kiém tra. Lc; va Ic; 1a 49 do vé chu vi/dd
dai. Ec;, ec; d6 hep cua hai object-cluster dang xét. Tuong tu Re;, rc; d6 do khoang
cach/béan kinh ; Ac;, ac; 14 hai gié trj géc (tinh tir tim object-cluster dén tAm wafermap)
cuia hai object-cluster dang xét. Cac trong s khong hoan toan cb dinh ma dua vio kich
thu6e ciing nhu mét d cua object-cluster dang xét so véi ca wafermap. Khai niém
objecg-clu‘ster “tuong img” giita hai wafermap c6 thé xét theo mot trong hai yéu 6 1a vi
tri (neu cn xét yeu o ndy thi xét ching & trong cling géc phén tu hay khéng), hay sép
xép cac object-cluster theo di¢n tich/chu vi ting hay giam, sau d6 so sanh ddi mét véi
nhau. Th8ng thudng vi tri cia céc object-cluster chi déng vai trd thip, nén trong thyc té
cac do do géc va khoang cach c6 thé nho hon so véi ba dd do con lai.

Xac dinh dd léch giira cac defect-object “twong mg” giita hai wafermap theo ham
Faefectobj. HAm nay hoan tdan twong tu nhu ham Fovjcluster gilta céc object-cluster, nhung
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cac gia tri thanh phan 14 cua defect- -object thay vi object-cluster. Tuong tu tap cdc ddc
trung cho céc dbi tuong 16i cua mafer mau 14 {So;, Ro;, Lo;, Eo;, Ao;}.
»  Xéc dinh d0 Iéch vé sy phan bd cac defect-object trén cac vanh theo ham sau

Fringobj = ;Z (VV, Sr.e Srk rer: "rr; +W: Lrl—Lr; i W::
Trong d6 N 14 sb vanh twong tw nhu phin x4c dinh dic trung v& mat dd, k 1a sé dbi
twong 151 (duoc sip xép giam theo dién tich) ¢ trén vanh thi i dang xét. s, o¢ 1dn

* luot dién tich cta hai d6i tuong thir k trén vanh thit i dang xét. Tuong tu nhu céc gi tri
R, E va S. Tép céc dic trung cho trong truong hop nay 1a {sr,, Rri, Lrk Erl, 4ri},
i=[0, N-1], k 1a s§ d6i twong c6 trén vanh thir i.

]

Wil dn-an

i i
~ery

5. Két qua thir nghiém

Chung t6i da cai dat cac thudt téan cung nhu khai thac ddc trung nhu phén tich & trén vao
chuong trinh Source Signature Analysis 6 giao dién nhu hinh 7 trén nén .NET. Chuong trinh da
thir nghiém trén 1000 wafermap v6i khong cin nhiéu mau hoc ciing ludn cho ket qua tot. Ngoai
ra chuong trinh da dugc dua vao u’ng dung trong mot sb cong ty chuyén san xuét linh kién ban
dAn trén thé gidi va cé két qua tdt vé dd chinh x4c ciing nhu tbe d6 chan doan.

¥ Source Signature AnaIVSIs = W —'—IQJE
File Edt View Help ; = =
BoruHlEale -’ e
== History i KLARF Browser D CARL BRI ST e D
L va} D:\Project\KLARF\: { Data Management ;9’ -

: Dyniamic Analysis bl

TS

Random Analysis =

- Classifier - Q)

i+

—

: ‘._':\

15%

&

Q
FosenAnge0

Hinh 7- Giao dién chuong trinh phan tich va chén déan 13i wafermap

6. Két ludn va dinh hwéng phat trién.
" Phan tich du liéu dic trung khong gian cia wafermap g:up ich nhiéu cho chén déan va hiéu

chinh céc vin dé phat sinh trong san xuét ban dan Bai viét ndy mé ta ca phuong phép phan tich
va céc dic trung wafermap trong cai dit thuc té. Cac dic trung va phuorng phap phan tich da
dugc klcm nghiém trong module phan 10'p va cho két qua t6t. Trong giai doan ké t1ep ching t6i
cb ging tiép c4n phan tich truc tuyén véi cac anh do phan giai cao SEM c6 xét dén bién dbi theo
thdi gian ciing nhu phan tich va xiy dung cac anh 3D phuc vu cho rt nhiéu bai téan computer

vision trong cdng nghé nano.
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USING FUZZY ALGORITHMS TO ANALYZE WAFERMAP IN
SEMICONDUCTOR PRODUCING INDUSTRY

Ngo Quoc Viet, Dinh Tien Son

ABSTRACT: Research and develop method and automatic tools to analyze defect of
electronic wafer has become increasingly important when size and density of wafer become
large. In this paper, we describe a method of using Fuzzy k-NN together with Fuzzy Logic to
in-line cluster, analyze and inspect errors of low-resolution wafermap. We also describe basic
characteristics of wafermap and fuzzy logic functions which are applied in the program to
analyze and recognize defect objects. We use defect data in digital form generated directly

" during progress of producing semi-conductor.

Keywords: fuzzy k-NN, defect cell, defect point, defect object, object-cluster, wafermap.
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