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Cé nhitu phwong phip di dwgc d8 xuit vi phit trién d& nghin ciu cic tim sdu va dnh
huéng cda ching dén tinh chit dién vi quang cda vit lidu va dyng cu bén din. Hién nay khi cdc
hé do d3 dwgc ghép ndi véi cdc miy vi tinh mdt cich phd bién, vidc st dung v3 khai thic cic
phiong phap nghién ctru c6 nhitng phat trién méi. &' diy ching t3i s& dé cip dén phuong phip
dién dung qué d6 & nghién ciru tim siu trong céc chdt ban din dién.

1. PHUONG PHAP DIEN DUNG QUA DO

Khi trong mét chit ban din dién 6 cic tim sdu thl trong trang thii dirng ¢6 médt 3 dién ti
nhit dinh n¥m trén cdc mirc d6. N&u ding médt kich thich ndo d6 4 1am sy thay d3i phan b3
cda dién ti trén chiing thi khi thdi kich thich, sau mdt th¥i gian cic tim d6 sé trd lai trang th:
dirng ban d3iu nh¥ qué trinh trao d8i dién ti gifra chéing v3 viing ning lugng. Trong qué trin]
chuyén tiép d6 tinh chdt dién vi quang cda vit lidu thay d3i. Bing cch nghién citu sy thay d8i
26 c6 the thu dwoc nhitng tinh chit cda tim sdu. Mat trong cdc cich lam thay ddid dp diy
dién t cda cdc t&m sdu 13 diing chuyén tiép P- N hofc hang rdo Schottky. Véi mét chuyén tiép
Pt ~N ¢6 tim sdu nim & nira trén cda ving cim, dién dung trén mét don vi dién tich cda 1ép
ngin dwoc tinh bing céng thirc:
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Trong dé V; 1A thé khuyéch tdn, +V twong img v&i thé phan cuc ngugce vi thuin [6p chuyén
tiép, N; 13 ndng 8 ion trong 1ép ngin
N; = (Np + Nr) = nr, 2)

vé&i Np 14 nbdng db tap chit dono, Ny 13 ndng d6 tim sdu vi ny 13 ndng d6 dién ti trin tim siu.
Trong trudmg hop tim siu 13 biy dién ti, khi chuyén tiép dwoc phin cyc thuin trong thi
gian dd dai &¢ 4t cd cdc tim siu déu bt dugc dién td:

ny — Nr.

Néu dét ngdt phin cwc ngwoc 16p chuyén tiép, céc hat tdi dién bi ddy khéi 16p ngin, cdc dién
t& A4 bj c4c tim siu bt dwoc gidi phéng va gidm din theo th¥i gian:

nr(t) = Nr exp (—ent), (3)
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en = Acn T? exp (—(E. — Er)/kT), (4)
o, 1A tiét dién bit dién t cda tim siu,
Er la vi trf n¥ng lwong cda tdm trong viing c&m,
A 13 Ing s phu thudc vao vit ligu.

T cihc cébng thirc trén, trong trudmg hop Nr < Np cé thé suy ra bidu thirc cho dién dung
qua 43 cda 16p chuyén tiép:

C(t) = C; ~ Ci exp(~ent). (5
Trong d6:
[ _getNp 1}
= [z(v, +DV)] ®
va:
Ci = Cy(Nr/2Np) (7)

Qua dy 6 th thiy trong dwomg dién dung qué d5 C(t) 6 chita chc thong 58 co bin cda
tidm san nhw Er, Nr, o,. Vén d¢ Ia lam sao d€ x4c dinh dwoc céc thong s§ d6 mét cach déng
tin ciy vd thudn lgi nhdt.

Mét trong cée céch khai thac dwong dién dung qué 43 dwge Lang [1] d& ra tir nim 1974 d&
dwge nhiéu ngudi phét trién va sk dung duéi tén goi quen thudc: phuong phép DLTS (Deep Level
Transient Spectroscopy). Theo phwong phép niy, khéng cin phii do todn bd dwdmg C(t) ma chido
higu dién dung & hai thoi diém x4c dinh ¢, va ¢, (bing k§ thudt Boxcar kép) AC = C(t;) — C(t2)
khi thay d8i nhigt 43 T cda miu mdt céch lign tuc. Pudng bi€u dién cda AC theo T’ (thudmg
dwge goi 13 phd DLTS) c6 cwe dai & modt nhigt 48 Toax ndo d6. Tr (5) c6 the d& dang suy ra &
nhigt 48 Tinax d6:

en (Tiax) = M (8)
ta -ty

Dé cé ¢n & céc nhidt dd khic, thay d3i thivi didm do ¢, vA t; va lai quét nhiét dg d& tim cuc
dai khac. Theo (4), néu bi¢u dién sy phu thuge cda In(en/T?max) theo 1/kTiuax & dwge mot
duémg thing. D ddc cla dudng thing nay cho phép xdc dinh Er va giao didm véi truc tung cho
. Cuc dai cda phd DLTS cho phép tinh Nr.

Il. PRHUONG PHAP “DICH CUrA”

©6 thié khai thic dwdng dién dung qué dé C(t) 48 xéc dinh cAc thang s8 cda tam siu theo
cach sau:
Tir (5) vét hai thdi di€m ¢, vi ¢y = rt;, v6i r 1 mdt 88 nguyén ndo dé > 2, ta cé:
AC = C(ty) = Cltz) = Ci[ exp(—ents) = exp(-earty)] (O]
Néu tiing din t, tht AC sé dat cwc dai & mt thdi difm tuax ndo d6. Thoi di€m niy c6 thé
xac dinh tir digu kién: %{’ = 0. Tir d6 suy ra:

Inr
(r=1en (19)

tmax =

Nhur v 3y, néu do dwge duémg C(t) & mét nhist 45 T c3 dinh, 6 the tinh AC = C(t,) - Clrt;)
sho céc thivi di€m ¢, khéc nhau. Dudng bidu difn AC theo t; ¢é cyc dai & tyax thda min (10).
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Nhé d6 c6 thé x4c dinh e, & nhigt dd do T. Bing cich do mét 53 dwdng C(t) & chc nhiés d¢ khdd
nhau r3i 1Am nhu trén ¢6 thé bidu difn In (e,/T?) theo 1/kT d& xdc dinh Er vi on.

Néu hé do dién-dung qué 43 dwgc ghép ndi véi méy vi tinh thi bing ky thuit Boxar cé thé
14y miu dwdmg C(t) & N thi di€m lién tidp va cich deu nhau. Gid tri cda C(t) & céc thoi diém
46 dwgc cit gif trong mdt file s§ lidu tmg véi nhigt 4o do. Nhw vdy, dwdmg C(t) khong dwge do
lién tuc theo th¥i gian ma gidn doan theo t = CS.At v6i CS =1, 2, 3, -, N; At =Ty/N,

Tp 14 th¥i gian do dién dung qui d6 (trong trwdmg hop dang xét 13 th¥i gian phén cyc nguoc
16p chuyén tiép P-N).

Tir file 83 ligu ndy may tinh cé thé nhanh chéng tinh AC = C(t) — C(rt) & céc thei didm ¢
V:én tiép nhau. Nhw v3y viéc quét thi gian dwoe thre hién nhér miy tinh bing cich dick din céc
cira sampling. Tir @6 ching t3i tam d3t tén cho phwong phap nay 13 “phuong phap dich cia”.
M4y tinh ciing x4c dinh ngay cuc dai cda dudmg AC & cira CS,,.x nio d6 va theo (10) tinh dwoc
¢, & nhiét 45 T d& do. D2 thye hign di¥u trén, ching t5i d tién hinh xay dyng mét hé do dién
dung qué d3 c6 méy tinh didu khién phép do, cit giir vA xt Iy 3 lidu. Chi tidt v& hé do di dwere
cdng b3 & [2]. H& do cho phép phat hién sy thay ddi cia dién dung vio & 10~° pF. Khoing nhiét
db do tir 80 K dén 400 K. Th¥i gian do dién dung qué d6 Ty c6 thé thay d8i trong khoing 0,8 dén
200 msec dwoc chia thanh 256 th¥i diém (N = 256).

Véi toan duwdng dién dung qué 4o C(l) do dwoc, ¢6 thé khai théc theo nhigu cach khdc nhau
dé xac dinh céc thong s8 cda tim siu. & day dé minh hoa cho phwong phip dich cita vira dwge
trinh by & trén, ching t5i dwa ra mét vi du do dwoc trén céc diot Si c¢6 pha vang. Hinh 1a cha
thdy dudng dién dung do dwgc & cic nhiét dd khéc nhau trong thdi gian 25 msec.

D¢ gidm thing gidng trén c4c dudng do, cé thé ting s8 Iin do mdt dudmg rdi thu: hién phép
1dy trung binh. Ciing cé thé dung chwong trinh thich hop dé lim tron cic dwdmg thyc nghiém
(hinh 1b).
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Hinh 1. Cic dudmg dién dung qué d5 cda didt Si pha vang

Tir cic dudng ndy, nh¥ mdy tinh thuc hién tinh AC = C(t) — C(2t), quét thdi gan ¢ (dich
cia), tim cyc dai cda AC, xéc dinh e, va bi€u dién In (¢, /T?) theo 1/kT (hinh 2). Bing phwong
phép binh phuong t8i thi€u, may tinh 1am khit cic di€m thyc nghiém d6 bing mt dwng thing.
D$ ddc cda dudng thing ndy cho phép xdc dinh Ey — Er = 0.56 eV phit hop két qid da dwoe
cbng bd cho tim acxepto cda ving trong Si.
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Hinh 2. Sy phy thugc cda In (en/T?) theo 1/kT

Cin nhin manh ring cic céng thirc (8) vi (10) chi ding khi ciu do dién dung cé hing s8
th¥i gian rit nhd (r < t,). Trong hé do chiing t5i dimg ciu do dién dung Boonton 72B ¢6 7 danh
dinh vao c& 1 msec. D& diing dwge cic cdng thirc (8) hodc (10) cin thay d8i mdt s5 tu mic trong
cBu (nhiew tic gid trén thé gidi d3 thyc hién ditu ndy). & day khi chwa sta cu vn c6 thé ding
phirong phip dich cira nhur di néi, trir buéc xic dinh e, khong ding cdng thirc (10) ma phai dimg
bidu thirc cé tinh dén 7.

1. KET LUAN

Véi hé do dign dung qué d3 ty dgng ma chiing t5i vira xiy dyng, qua viéc x¥ Iy s3 lidu theo
c4c phuong phip khic nhau chiing ti thdy phuong phép dich cia ¢6 nhimg wu diém sau day:

1. C& thé khdng chd nhigt d5 T khi do dudmg dién dung qué dd C(t). Khi di giir dwec nhiét
46 khéng a8i cb thé xdc dinh chinh xéc nhigt 43 thyc cda miu, c6 the ting Iin do dwdmg C(t)
lén nhieu an, sau dé 1y trung binh dé loai bé céc thing gidng do nhidu, loai dwoe s phu thude
vao nhiét dd cda Cy va C; trong (5) khi tinh e, va ¢6 the dé dang loai dwoc thanh phin C; trong
dusng dién dung qué 45 nhe m3t tu bi trir mie & 18 vio cda chu do dign dung. Sy loai tri ndy
dic biét cin thiét khi ciu do dién dung c6 hing 8 thai gian 7 déng ké.

2. Vi he do dwae ndi véi méy vi tinh thi viéc dich cia (quét thdi gian) va xéc dinh tunx
dirge thire hign mdt cach dE ding vi nhanh chéng chi nhr vai cau lgnh.

Céng trinh dwgc hoan thanh véi sr hé trg cda Chwong trinh nghién céu co bin trong linh
vic khoa hoc tu nhién KT-04.
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A method for determining deep level parameters in semiconductors from the transient capac-
itance of a P-N junction or a Schottky barrier is described. Following this method, the whole
transient capacitance curves are sampled at fixed temperatures. From each curve, the graph of the
difference of capacitances at times ¢; and t; vs ¢; (with r = £3/t; = const) reaches the maximum

Inr « i 9 o .
at b = ﬁ— (for exponential transient), where ¢, is the emission rate of elections. By
r—1)e,
virtue of this property the e, at a given temperature can be determined.

The plot of In ‘ﬁ" vs % allows us to obtain the energy and capture section of deep levels

under investigation.

This method is especially ient when the system is lled by a mi-

the data isition and analysis are then automatically carried out

by a reasonable software. By keeping the temperature constant during the measurement of one
curve, the ibility of ion of the sample cap and by averaging of a

sufficient number of transients.



