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HANG SO THOT GIAN CUA HE DO DIEN DUNG QUA DO
VA VIEC XAC DINH CAC THONG SO CUA TAM SAU
TRONG CAC CHAT BAN DAN DIEN

Lé Khdc Binh, Pham Quée Triéu, Nguyén Thuc Hién
Khoa Vit Iy, DHTH Hd Négi

Xét chuyén tiép P* - N dwoe ché tao tir mdt chit bén din c6 céc sai hdng véi ndng 48 Nr
tao nén cdc mic siu nim céch déy ving din mdt khodng Er phan cyc thudn 16p chuyén tiép dé
cho céic tim d6 (by) bit dién td rbi ddt ngdt phan cyc ngwoe. Céc biy gidi phéng din disn tir
&2 tré& lai trang th4i dirng ban d3u. Trong qué trinh d6 dién dung cda 16p chuyén ti€p thay déi va
trong nhimg di¥u kign thfch hop dwgc md ti béi cbg thire [1]:

Clt) = C; - Ci expl—ent) 1)
Cy: Dién dung cda 16p ngin trong trang théi dimg
Ci = Cy(Nr/2Np) (2)
en: HE 88 phit xa dién ti
en ~ 0nT? exp|(Ec ~ Br)/kT) (3)

n: Tidt dién bit dign vk cla biy.
Véi cu do dign dung c6 hing s5 th¥i gian r thi khi dién dung & 18i vio ciu cé dang (1), &
18i ra cda né c6 thé thay d8i theo ham
C(t) = Cy[1 - exp(~t/r)] = [Ci/(1 = ent)] [exp(—ent) — exp(—t/r)] (4)
So sénh (4) véi (1) ta thdy khi hé do c6 hing sd théi gian 7 # 0, tin higu ra bi bién dang déng
ké 80 vé6i tin higu dwa vio ciu,

Hinh- 1 m6 t4 hai dudmg dién dung qué d6 C(t). Dudmg 1 tinh theo cdng thirc (1) khir =0
va dudmg 2 theo cdng thirc (4) véi r = Imsec.
c(t)

50 100 150 Cda 58"

Hinh 1. Anh hwdng cda hing s3 théi gian 7
cda cu lén céc dudmg dign dung qui dd do dwoc
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Qua déy ta thy khi 7 # 0 cin cé nhirng chd § cin thiét khi tién hanh do dac ciing nhw khi
xt 1y 88 ligu.

- Do C; > C; [theo (2)] nén thdng tin ma ta cin (chira trong e,) bj che 14p bdi thanh phin
mét chiu Cy. Khi r = 0 c6 thé loai thanh phin C; & sau ciu bing cich ding thém mét Sample
& Hold 42 do dién dung & thdi diém cudi cda dwémg C(t) vh loai bé né nh&r mach khuyéch dai
trir. Nhung khi 7 3 0 khéng thé lAm nhir v3y (xem [4]). Trong trwdmg hop giir nhiét dd khéng
déi khi do C(t) th viéc b trir Cy c6 thé thwe hign twong d8i d& ding nh¥ mdt ty bién d8i dwoc
mie thém vio mt nhénh khéc cda ciu. Sy bi tri c6 thé thye hidn bing tay hodc tw déng.

- Khi hé do c6 hing 88 th¥i gian déng ké, d¢ khai théc c4c dudng thue nghidm cin xi Iy céc
cong thirc thich hop:

V61 phwong phdp DLTS cda Lang [2}:

Khi 7 = 0 hé 83 ph&t xa dién ti e, cda biy & nhiét 49 Timax dwoc tinh theo cing thirc

o L"‘(h/h) )
2 -t
trong d6 t; vA t; 12 hai thdi diém do dién dung.
Khi r # 0 véi ty, t3 3 7, en & nhidt A8 Tiax c6 thé tinh gin ddng theo cdng thirc:

(6)

ta -t

Céng thirc (8) tuy phirc tap, nhung néu biét dwgc 7 th) bing phwong phép tinh Iip trén may
vi tinh c6 thé xdc dinh dwge e,.

Vés phwong phdp dich ceta [1):

Khi 7 = 0, tir dwdmg biéu di€n theo thdi gian cda higu dign dung giita hai thoi diém ¢, va ty
& mpt nhigt 4 c8 dinh, cb thé xéc dinh th¥i diém tmax tng véi crre dai cda dwdmg bidu dién. T¥
d6 tinh dwoc e, theo cdng thérc ¢6 dang nhw sau:

PR o SO L ) m
(r—1tmax (7 — 1)CSumaxdt
trong 46 r = t;/t; v trong phwong phép dich cia, thdi gian dwec x4c dinh béi: ¢ = CS.dt
CS 1A o8 nguyén 1,2,...,n
dt=Ty/N
To 13 th¥i gian do dwdmg dién dung qué dé.

Khi r # 0 va dién dung C; di‘dwoc bi trir, hiéu dién dung & hai th¥i diém ¢, =t vit; =1t
c6 dang:

AC=C(t) - C(ts) = [e7r/7 = emt/7 4 emrent — gmont] (8)

1- e,

Dudmng bidu didn cda AC theo t c6 cwc tri khi dAC/dt = 0.
Tir ddy suy ra:
e[ exp(—entmax = r eXP(~Tentmax] = 1/7[eXP(~tmax/T) = 1 eXp(~Ttmax/T)] 9)
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Khi bidt 7 vi x4c dinh dwgc tyay ti cye dai cda dwdng bidu difn AC theo t, cb thé tinh
dwoc e, & nhigt 4§ T khong khé khin nhd méy vi tinh. Ditu ddng chd y khi xdy dung thut todn
42 gidi (9) 12 phwong trinh c6 hai nghiém ddi véi e, trong d6 bao gi¥ ciing cé nghiém e, = 1/7.
Nghiém ndy thudmg phdi loai chi trir mét truwdmg hop d4c biét: & nhiét 46 T, e, thwe s bing
1/r. .

Hé do dién dung qud d mA ching t5i di x3y dung st dung ciu do dién dung Boonton 72B
v6i 7 = Lmsec [3]. Chiing t5i i tién hinh do cic duimg dién dung qué dé & céc nhiét b c8 dinh
khac nhau cda céc didt Si c6 pha ving. Mot s3 dwdmg do dwoc thé hién trén hinh 2.
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Hinh 2. Céc dwong dién dung qué 49 cda diét Si
¢ pha vang & cic nhiét 43 khic nhau

Thuec hién phuong phép dich cda (1], tir mdi dwdmg C(t) thu dwoc, tinh AC = C(t) — C(2t)
véi t dich din theo buéc dt = 25/256m sec, xéc dinh dwoc tmax = CSmaxdt. Tir d6 tinh e, theo
cbng thirc (7) va (9). Ké qua thu dwoc cho & bing sau: :

Nhigt 3 (K)  CSmax  enl(sec™) theo (7)  en(sec™?) theo (9)

265 118 60,1 60,2
270 69 102,8 106,3
275 44 161,3 201,2
280 33 215,1 336,5
285 30 236,6 403,7

Qua bing ndy c6 thé thdy, khi 7 # 0 khéng thé st dung (7) € tinh e,. Lim khft cic diém
thye nghi¢m (1/kT, Ln e, /T?) véi dwdng thing bing phuong phép binh phwong t5i thidu. Tir
d5 déc cda dudng thing niy xéc dinh dwoc Eg — Er = 0,56ev. K&t qui niy phd hop véi 83 liéu
di dwge cdng b3 cho mirc acxeptor cda ving trong Si [4).

Céng trinh ndy dwgc hoin thanh véi sy hd tro cda chwong trinh nghién céru co bin c&p nha
nuéc trong linh vwrc khoa hoc tw nhién KT - 04.
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THE DETERMINATION OF THE DEEP LEVEL PARAMETERS IN
SEMICONDUCTORS TAKING INTO ACCOUNT OF THE TIME
CONSTANT OF THE MEASUREMENT SYSTEM

Le Khac Binh, Pham Quoc Trieu, Nguyen Thuc Hien
Faculty of Physics, Hanoi University

Time constant of the measurement system, specially of the capacitance meter, distorts con-
siderably the shape of the transient capacitance curves.

In this article, one method for determination of the deep level parameters in semiconductors
from, such distorted curves is described. As an example, the Au energy in one Si: Au diode is
determined from the i i curves, d with the Boonton Bridge 72B (t#ne
constant ~ 1 msec). The result agrees with the published data.
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