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TeMnepacypHaSI· 3aBliCHMOCTb. BpeMeHH lKH3HH HepaBHOBeCHhIX 

" . . . HOC_HTeneitaapsma B KpeMltHH 

Hccriei:toaanacb aaaHCH.Mo,cTb apeMeHH JKH3HH aepaiinoaec11h1X HOCH;e.rieii 
aapHi:ta r oT TeMnepacyph1 11 ypoaitl'I' 11111Keku1111 B ·KpeM111111 · n -T11na, HMnna11,;. 
THp0BaHHOI'O 5op0M. ·HaMepel!HSI. . T • p-n -nepeXOJ:IOB npOBOJ:lllnl!Cb .MeTO-. 
i:toM nepexoi:tHhIX xapaKTepHCTHK.· TToiuiaano, 'IT0 ·c nol!HJKe1111eM ·TeMnepacypi.1 
r peaKo na·naeT~ l13Mepemrn r · B aaBHCl~MOCTH . OT ypoBl!SI IIHJKE!KUHH np11 ·· 

·p83Hh!X TeMttepaTypax no:3Boi111n11 onpei:tenHTb ·anepriuo SKTIIBBUHII peKOM6111Ia- · 
UHOHHhIX ypoErnen • .UnH Bcex o5paauoB 0HH neJKa'r B npei:tenax oi-· 0,02 i:10 -
0,05 a8. B o6naCTH_ HH3Kl!X TeMnepacyp OT 0,07 J:10 0,16 •aB. . . .. 

., 
', ·-· 

. ·npenpHHT. 06t.eAHH8HHOr6. HHCTHTy-ra· .HAepHblX HCCJie,[IOBaHHii .• ·. 
. . . Ay61ia 1975 ~· 

Gruzdz v~ ,Egoshin LN. ,Moravska E_., 
Osipenko •B.P.·,' Chang .Thoang. 
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The Temperaiure Dependence :,,f the Lifetime-' 
of NonequHipriµm Charge Car.riers in Silicon 

.The dependence of the lifetime of nonequilibrium char
ge carriers ,r. ,on the temperature and· on the· injection level 
in. Si, of the ri -type. implanted with boron has b.een investi-

/ !gated.The .r measurements of 'p.,;_n' .. transition were made. by trte 
transient response method.The. value is shown to.c,decrease 
sharply with· decreasing temperature. The r· measurements ,de
pending on the· injection ··level at various temperatures,allo 
wed the activation· ·energy· of the recombination levels to be 
determined.For all the samples thay are located i.n the li
mits from 0.02 to 0.05 eV,and in::the low temperature region 
from0.07.to·0.16·ev:· •-·.·· - · · ··· ... , ·• .. · 

;· Preprint of the Join_t Institute for Nuclear Research 
Dubna .1~75 

. .; 

... 

,.. 

·• 

O/lHHM lf3 B8)KHettnrnx napaMeTpOB, BnH5110llUIX Ha Ka

qeCTBO rronynpoBO/lHlfKOBhIX neTeKTOpOB 51/lepHbIX lf3nyqeHlfll, 

51Bn51eTC51 BpeM51 )l{lf3Hlf HepaBHOBeCHhIX HOClfTeneit aap51/la 

npll pa6oqen: TeMnepaType neTeKTopa. 

BpeM51 )KH3Hlf HepaBHOBeCHhIX HOClfTenen: aap51/l8 T MO

)KeT 3aMeTHO yMeHhW8ThC51 B npouecce lf3rOTOBneHlf51 ne

TeKTOpa. 3HaHlfe 38BlfCIIMOCTlf T OT TeMnepaTyphI nng 

KO~KpeTHOH napTlllf MaTepllana Il03BOn51eT Bhl6paTh ,OilTH

ManhHYIO reoMeTplllO nereKTOpa lf COOTBeTCTByronme Tex

HOnOrlfqecKlfe IlplleMhl. 

KpoMe 8TOro, aHanlf3 TeMneparypHOH 38BlfClfMOCTH T lf 

38BlfClfMOCTlf BpeMeHlf )l{lf3Hlf HepaBHOBeCHhlX HOClfTenen: 

38p51/l8 OT ypOBH51 lfH)KeKUlflf naeT npe/lCTaBneHHe O THnax 

ypoBHeii lf lfX • nono)Ke~lflf B aanpemeHHoii: aoHe 151. 
l1 ccnenoBaHlf51 npOBO/llfnlfCh C IlOMOlllhlO MeTO/lHKH nepe

XO/lHbIX xapaKTepHCTHK p-n -rrepeXO/la/1, 2/ • lln51 8TOH 

uenn 6hinH lf3rOTOBneHhl p--n -rrepeXO/lhI MeTO/lOM HM-

nnaHT8lllfH 6opa B KpeMHlfH n -THil8 C y/lenbHhIM conpoTHB

neHHeM p = 3t-20 KOMICM. 8HeprH51 BHenpeHH51 HOHOB -

28 K8B. lloaa BHenpeHHhIX IIOHOB - 3.10 13 - 5.1014 HOH/CM2, 

OT}!<lfr npoaonnncg B aTMocqiepe aproHa B lfHTepaane reM

nepaTyp ( OT 150 no 600°C). llng cpaaHeHH51 6hrn naroToB-

neH KOHTponbHhIH p-n -rrepexon H3 KpeMHH51 p -THila 

nyTeM llH<P<PY3lflf nHTH51 npH TeMnepaType 360° C. llng oc

na6neHH51 BnH51HH51 noaepXHOCTHOH peKOM6HHaUHH lf3rOT0B

neHHbie p -n -rrepexonhr HMenn noaonhHO 6onhwy10 nno

ma/lh ( "" 1 CM 2 ) , -ncrronbaoaanach TaK)Ke rroncaeTKa. 

llng lf3MepeHHii ncrronhaoaanach cneunanhHa51 ycTaHoB

Ka, C0CT051lll851 lf3 reHepaTopa C/lBOeHHhIX HMnynhCOB H 
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KpHOCTaTa, noaaomnomero MeHSITh TeMnepaTypy H3Mepge-

Moro o6paaua OT 77 .no 400°K. AMnnHTYJlY nonmKHTenhHbIX 

HMilynbCOB MO:ll<HO H3MeHSITb OT 0 JlO 250 B, OTPHUaTenb

HbIX - OT 10 JlO 200 B, a .nnHTenhHOCTb - OT 300 JlO 

2000 MKC H OT 1500 JlO 3000 MKC ,nng nono>KHTenbHbIX H OTpH

uaTenbHbIX HMnynhCOB,COOTBeTCTBeHHO, npH 'laCTOTe IlOBTO

peHHSI 30 - 70 ru. KpyTH3Ha ¢poHTa nepena.na Me>K.ny HM

nynbcaMH paaHa 0,6 MKC. Eonhwag aMnnHTyna, KPYTb1e 

¢poHTbI HMnynbCOB H HanH'IHe CHHXpOHH3aUHH C · nepeMeH

HOH aa.nep>KKOH Il03BOnSIIDT H3MepSITb apeMSI >KH3HH HepaBHO

aeCHbIX HOCHTeneH aapg,na KpeMHHeBbIX p-n -nepexo,noa, 

H3I'OTOaneHHbIX H3 KpeMHH.SI C y.nenbHbIM conpoTHBneHHeM 

JlO HeCKOnbKHX JleCSITKOB KOM/CM B npe.nenax OT eJlHHHU 

MHKpoceKyHJl JlO HeCKOnbKHX MHnnHCeKyH.n. 

B pa6oTe / 3 / noKa3aHo, 'ITO npH ManbIX ypoBHSIX' HH

>KeKUHH aHanH3 nepeXOJlHbIX xapaKTepHCTHK npHBOJlHT K 

Bbipa>KeHHID: 

erfy_.!,_ 
T 

I rrp 

I + I rrp o6p 

r.ne 111P H I o6p 
o6paTHOM HanpaaneHHSIXj 

( 1 ) 

TOK qepea nepexo.n a np.SIMOM H 

T - JlnHTenhHOCTb CTyneHbKH 

ToKa H aanp.SI>KeHH.SI nocne nepeKnrotJeHHSI non.SipHOCTH. 

f1onh3Y.SICb Bbipa>KeHHeM ( 1) H 8KCilepHMeHTanbHbIMH 

aaatJeHH.SIMH T , 1
11

P H 1
00

P , onpe.nengnoch apeM.SI 

>KH3~H HepaBHOBeCHbIX HOCHTeneH 3ap.S1Jl8 r B 6a30BOH 06-

naCTH. 

YtJHTbIBa.SI, 'ITO no CT8THCTH'l8CKOH TeopHH llioKnH-PH.na 

T B nonynpoBOJlHHKe .SIBn.SieTC.SI ¢YHKUHeH HH>KeKUHH, H3Me

p.S1ll8Cb 38BHCHMOCTb T OT ypoaHSI HH>K8KUHH. 

PeaynhT8TbI, npeJlCTaaneHHbie Ha pac. 1 ' IlOK83bIB8IDT, 

'ITO H3MeHeHHe TOT YPOBH.SI HH>KeKUHH O'leHb CHnhHO 38BH

CHT OT p MaTepHana. nng BblCOKOOMHbIX o6pa3UOB Ha6nro,na

eTC.SI pe3KOe yMeHbWeHHe T no Mepe yaenH'l8HHSI ypoBH.SI 

HH>KeKUHH, nng HH3KOOMHblX o6pa3UOB T pacTeT C yaenH'le

HHeM ypOBHSI HH>KeKUHH. 4eM HH>Ke ypoaeHb HH:ll(eKUHH, TeM 

6onhwe pa3HHua. 
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B pa6oTe/4/ IlOKa3aHo, 'ITO Bblpa:»<eHlie (2 ) cnpaBe.u-

nHBO .unsi mo6bIX YPOBHeii HH.>KeKUHH 

2p 
+ 1 

L[ 
"o + Po Inp 

p ] = 
' 

(2) 
"o + 1 saqn v~ 

"o + Po T 

a.uecb no , p O - paBHOBeCHaSI KOHUeHTpaUHSI HOCHTeneii 

aapSl.!la, q .- aapsi.u aneKTpoHa, DP - KoacpcpnuHeHT .UHcp-

cpyaHn .Ub1poK, s - nnoma.ub p -n -nepexo.ua, p - KOH

ueHTpaUHSI HH.>KeKTHpOBaHHb!X HOCHTeneii, a - KOSqlqJHUHeHT' 

MeHSIIOIUHllCSI OT 1 .uo 1, 18 npH nepexone OT ManbIX ypoB

Heii HH.>KeKUHH K 6onblliHM. 

l1cnonb3YSI Bblpa.>KeHHe (2 ), Ha OCHOBaHHH SKCnepuMeH-:-

TanbHO nony'leHHblX 3Ha'leHHll Inp H T Bbl'IHCnsinu 

ypOBHH HH.>KeKUHH. 

p p 
ITocTpOeHHbie 3aBHCHMOCTH T ( 1+ ---)=f(---) npH-

Po +no Po+ no 
BeneHbI Ha puc. 2 nnsi paanH'IHbIX TeMnepaTyp. l1a pucyH-

Ka BHJlHO, 'ITO B o6nacTH cpaBHHTenhHO HH3KHX ypOBHeii 

HH.>KeKUHH 3aBHCHMOCTb HMeeT nHHeHHhlll yqacTOK, 'ITO 

cornacyeTcsi c Teopueii llioKnH-Pnna. 

3KCTpanonHpySI T (1 + p ) K 3Ha'leHHIO p ➔ 0' 
"o+ Po "o+Po 

onpe.uensinocb BpeMSI .>KH3HH HepaBHOBeCHbIX HOCHTeneii aa-

psi.ua npu ManoM YPOBHe HH.>KeKUHH r O • HaKnOH npSIMbIX 

onpenensieT BpeMSI .>KH3HH npu 6ecKOHe'IHO 6onblliOM YPOBHe 

HH.>KeKUHH T 
00 

Ha puc. 3,4 IlOKa3aHbl. 3aBHCHMOCTH H3MepeHHOI'O T B 

3aBHCHMOCTH OT ypOBHSI HH.>KeKUHH npu pa3Hb!X TeMnepaTy

pax. Ha OCHOBaHHH STHX 38BHCHMOCTeii onpenensinocb 

aHa'IeHue r O OT TeMnepaTypb1 nnsi o6paauoB Ng 3,5,35 R , , 

36R H KOHTponbHOI'O (pHc.5) • 

~EM 
3/a -kT 

TaK KaK r= const. T . e nosiBnsieTcsi BO3MO)KHOCTb 

onpenenHTb aeepI'HlO 8KTHB8UHH peKOM6HH8UHOHHhlX YPOBHeii 

~E 1\1 •• 

6 

.~ 
\1, 

X 
,/ 

i 
I 
D 
ij 
I 

,40•.t {o.+4) 

7 

., I 
:~/I;· ., ,. h 
,, u ~ 
I I / 

06pa.Jeu. W- 3 
~-1/000 ........ 

•T•J00"K 
•T•JJ'f°K 

•T•Jl7"K 
•T•2'1J"K 
•T•U8"K 

.,~0~-
1 • 

• A • .e.._ 
f 

200 n.+p. 
0 50 iOO iSO 

Puc. 2. 3aBHCHMOCTb T• (1+~) =f(~) npu paanH'IHbIX TeM

nepaTypax. 

7 



ft.,Muc) 

3000 

2: 

ZO(X) 

1500 

OopaleU N:.3 

S'=l/000.11,.cm, 

1-z.tB "K 

Z-Z'-13"K 

3-Z93"K 

lf-300"K 

s-Joo·K 
6-310"K 

1-31/9"K 
l-381"K 

100,_, " ·, 

........ 
► ......___, 

. :., 
500 It-., ~~:::-=:.\~ 

!'.'----._ ~ s 

"-·- t 

-1 

•----- l _., 
5 -40 I(mA) 

Prrc. 3. 3aBHCIIMOCTb T OT ypoBHSI IIH)K8KUIIII npH pasnrrqHbIX 

:reMnepaTypax /lnSI o6pasua N23. 

8 

'C(jl,'-sec) 

3000 

2500 

2.(J()(J 

"""i 
/0001~ 

OopaJeu, N! 4 
Y= -18.360Jt Cm. 

-1-174" K 

2- 21D"K 

.3- 301"K 

4- 349"K 

5-381°K 

''\\ 
500~~,o~•,. 

,, .... , '·:::-- J 

♦,a._:::::::::~;1 
\ ·-·-·- -it 'o.......0 -._o_o_o 

0 5 10 I (mA) 

Pnc. 4. 3aBIICIIMOCTb T OT YPOBHSI IIH)K8KUIIII npli pasnHqHb!X 

TeMnepaTypax /lnsi: o6pasua Ng4. 

9 



T, (& 11.pou,8411bHbll eilwuul.(a1) 

• 

■ KOI/TpilAW/1,/U. ofpa3eu, 
• ojpa3e" N'-3 r,. -soo·c 
• oopa3"14 N'5 T• • 115"C 
+ o5j,a3el,(N•J6R r •• ~oo·c 
• o6paJe~ tr35A T ... • soo•c •.. . :•·: ... 

10 

101 

. . 
'•"'\ .. . . . 

■-■~ • .. • • 

~ .... 
•,., . . . . 

., . . 
., ----·~ ·- ... -~=---

•••♦♦ ♦ 
• + + 
•• • • • + + 

• • • ♦ 

•• ♦ ♦ 

• •♦ + 

• + + 
• ♦ • + 

• ♦ 
a f + 

1. 3 '1 5 6 7 a -10-'4-

p HC. 5. 3aBHCHMOCTb TO OT T8!'-fIIepaTypb!, 

10 

no HaKnoay BbICOKOTeMnepaTypHoii o6naCTH (pHc. 5) 

BbI'IHCnsmaCh aenH'iHHa 6. EM • OKaaanoch, 'ITO OHa JlnSJ 

H3MepeHHbIX o6pa3UOB ne)KHT B npeJlenax OT 0,02 JlO 0,05aB. 

3THM 3HaqeHHSIM 6.E M COOTBeTCTBYIOT npHMeCH, o6bI'iHO 

HCIIOnbayeMbie B TexaonorH11 nerHpOB8HHH KpeMHHH ( B 1 

P , As , Sb ) • 
B o6naCTH HH3KHX TeMIIepaTyp HaKnOHbl TeMnepaTypHOli 

38BHCHMOCTH ro CHnbHO OTnH'i8IOTCSI y ·acex HCcne/lOBaH

Hb!X o6paauoa. CooTaeTCTBYIOIIlHe HM 6. EM ne)KaT a npe

Jlenax OT 0,07 /lO 0, 16 aB. 

nnH H/l9HTHCpHK8UHH IlpHpO/lhl 3THX peKOM6HH8UHOHHhIX 

UeHTpoB nonyqeHHhIX 3KCIIepHMeHTanhHbIX Jl8HHbIX He/lOCTa

TO'iHO. 

B 3aKnIO'ieHHe OTM9THM, qTo, nonh3YHCb OIIHC8HHOU 

M9TO/lHKOli 1 MO)KHO: 

1. Onpe/lenHTb OIITHMBnhHYIO TeMnepaTypy OT)KHra Jle

qieKTOB JlmI HMIInaHTHpoaaHHb!X JleTeKTOpoa. 

2. Onpe/lenSITb IlpHrO/lHOCTb HCXO/lHOI'O MaTepHana no ape

MeHH )Kli3HH HepaBHOBeCHbIX HOCHTeneu· 38pH/la JlnH H3rOTOB

neHHH nonynpoBO/lHHKOBbIX JleTeKTOpoa. 

3. B Jlpeiiq>OBb!X JleTeKTOpax opHeHTHpOBO'iHO oueHHTb 

JlOIIyCTHMyIO rny6HHY Jlpeiiqia. 
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