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M E X T OCYAAPCTHBETHHBbB 1 CTAHAOAPT

KPEMHW 1 TEPMAHUA
MOHOKPUCTAJITMUYECKVE
Vi3mepeHne yaesibHOro 3/1eKTPUYECKOro CONpoTMBIIEHNSA roct
YeTbIPEX30HAOBLIM METOA0M 24392-80
Monocrystalline silicon and germanium.
Measurement of the electrical resistivity by the four-probe method
OKCTY 1770
Jata BBefeHus 01.01.81

Hactosawwii  ctaHgapT ycTaHaB/MBaeT YETbIPEX30HAOBLIA METO[ W3MEPEHVSt YAENbHOro afekTpuyec-
KOTO COMPOTVB/IEHNS HA TM/IOCKOA MOBEPXHOCTU C/IATKOB  MOHOKPUCTUUIMHECKMX KPEMHUS U TepMaHvst
9/IEKTPOHHOMO WM AbIPOYHOrO  TUNa  3/MEKTPOMNPOBOAHOCTM B AMana3oHe  3HaueHulid  yaenbHOro  /1eKTpu-
Yeckoro conpoTre/eHys ot 1-10 4 OM cm ao 1-10% OM M.

MeTog, OCHOBaH Ha W3MEPEHWM Pa3HOCTV MOTEHUMASIOB Mexay [AByMS 30HZaMV  YETbIPEX30HAOBON
M3MEPUTESIbHON  TO/I0BKY, YCTAHOB/IEHHOM Ha MOBEPXHOCTM  KOHTPO/IMpyemoro obpasua, npyv  NpomyckaHum
9/IEKTPUYECKOTO  TOKA  ONpefesieHHol BeMnuHbl Yepe3 ABa ApyrX TOYEUHbIX 30HAA, PacrofioKeHHbIX Ha
TOW Ye NMOBEPXHOCTU, U BbIMUCIEHWN YAE/TBbHOTO 3/1EKTPUHECKOrO COMPOTUB/IEHUS.

(UameHeHHan pepakums, M13m. Ne 2).

1. AIMMAPATYPA N MATEPVAJIbI

CTpyKTypHasi Cxema 13MepuTesIbHON YCTaHOBKY MPYBELEHA HA YEPTEXE.

2 3

o

1 — ueTbIpex3oHL0Bas U3MEPUTESILHAS TO/TOBKA; 2 — UCTOUYHUK NOCTOSIHHOTO TOKA;
3 — npu6op 4151 U3MepeHust 3/IEKTPUUECKOro HanpsxeHusi; 4 — o6pasewy

p.
<

W3meputenbHas ycTaHoBKa A0/MKHa ObITb aTTeCcToBaHa Ha NOrPELLHOCTb U3MEPEHVS YAEbHOMo
3/1EKTPMYECKOrO COMPOTUB/IEHNS, HE MPEBbILLIAIOLLYIO 5 %.

11 Vi3amepuTesibHast YETbIPEX30HA0BAs rO/1I0BKA C YETbIPbMS IMHEHO Pacrno/IOKEHHLIMU 30H4aMU
13 kapbuaa Bosbhpama 4o/MKHA COOTBETCTBOBATL TPeHOBaHMSAM, NpuBeAeHHbIM B Tabn. 1.

Ta6nuuya 1

HomuHasibHoe 3HaveHne
MEX30H[0BOr0 PaccTosHUS /g,

[JonycTumoe oTKNoHeHne
MEX30H/I0BOro pacctosiHns, %

Cuna npwkuma 3oHga F, H

JInHeliHbIi pa3mep paboueii
nsaowaskn 3o0H4a, MKM,

c™m He 6onee
0,159
0,130 1 0,50-2,00 60
0,075
W3paHve odpmupansHoe MepeneyaTka BocMpeLLeHa

© W3patenscTBo cTaHaapTos, 1980
© UINMK N3patenscTBo ctaHgapTos, 2001
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1.2. VCTOYHVMK MOCTOSHHOrO TOKa, OGecneuYvBaloWLMiA  co3gaHne B M3MEPUTENLHOM  LIEMW  9MeKT-
PUYECKOTO TOKA M3MEHSIEMOIA  MOMSIPHOCTW, [O/DKEH COOTBETCTBOBATb  TPEGOBaHMSM, MNPUBEAEHHLIM B
Taon. 2.

Tabnuuya 2
BepxHuii npegen namepsiemoro BepxHuii npeaen BepxHwit npefen nsmepsemoro BxofHOe anekTpuyeckoe
YAENbHOIO 3/1eKTPUYECKoro SNEKTPUYECKOTO ToKa |, A 3/1EKTPUYECKOro HamnpsHXXeHUss | CoNnpoTUB/IEHE N3MepPUTEIbHO-
conpoTtusneHus p, Om-cm ! V, B ro npuéopa Ry x, OM, He meHee
no-3 1,0-10—1 2,1-104 1-103
no-2 1,0-10—1 2,1-10-3 1-104
no-t 1,0-10—1 2,1-10-3 1-104
1-10° 8,210—2 1,0-101 1-H0%
MOQO? 8,210-3 1,0-101 1-H07
MQO?2 8,2 10—* 1,0-10-1 1-108
MQOs3 8,2-105 1,0-10-1 2-108
MO# 8,2 10— 1,0-10-1 1-10°

121, [onyctmMas HeCTabWIbHOCTb 3/IEKTPMYECKOrO TOKA 3a BPEMS W3MEpEeHWn [Jo/mkHa Obib He
6onee 0,5 %.

1.2.2. TorpelHocTb U3MEPEHNS CUSTbl ANTEKTPUYECKOTO Toka — He 6onee 0,5 %.

1.3. TMpubop AnA M3MEPEHWs 3NEKTPUYECKOTO HarpshkeHWss C MOrpeLlHoCTbio He 6onee 1 % posmkeH
COOTBETCTBOBATbL TPEOOBaHWSIM, NPUBEAEHHLIM B Tab. 2.

14. ConpoTuenieHne W30NAUMN W3MEPUTENBHOM CXeMbl OO/DKHO OblTb HE MEeHee BXOHOro Conpo-
TVIB/MIEHUA U3MepUTEIbHOrO Nprbopa.

15. BcnomMoraTenbHble yCTpoiNCcTBa U MaTepuansl

TepMoMeTp C NorpeLLHOCTLI0 U3MepeHns He 6onee 0,5 °C.

Martepriasibl abpasvieHble no FOCT 3647.

VHCTpyMeHTbI ariMasHble C npvMeHeHneM arniMasHbIx nopoLLkos no MOCT 9206.

MopoLuku anviasHble.

Bymara covnbtpoBasibHas no MOCT 12026.

Bymara npomokaresibHas.

Bs3b oT6eneHHas no MOCT 29298.

Martepman 06TUPOYHbI — YNakoBOYHbI, TkaHb apT. 6313 wn 6304.

Bopa nutbeBas no FOCT 2874*.

Cnmpt atvnossbii no FOCT 18300.

Jonyckaetca  WCMofb30BaHMe WHCTPYMEHTOB W MarepuasioB, He YCTyMalowmx Bblleyka3aHHbIM M0
CBOVIM XapaKTepUCTUKaM N KaYeCTBy.

2. MOArOTOBKA OBPA3LIOB 1 YCNOBWA MPOBEAEHVSA SMEPEHIIA

21. 3vepeHVss MpOBOOAT Ha M/IOCKMX MOBEPXHOCTSAX, WMENOLMX MapameTp Liepoxosatoct R, no
FOCT 2789 He 6onee 2,5 MKM. VI3mMepeHvie yaenbHOTO 3MEKTPUYECKOrO COMPOTUBIIEHNS KPEMHUA p-Tuna
3/IEKTPONPOBOAHOCT C p Gonee 103 OM CM MPOBOASAT HA M/IOCKUX MOBEPXHOCTSX C MapaMeTpoM  LLIEpPOXO-
BaTocT1 R, B avanasoHe (20 < /C<40) MKm.

211, [ns obecneyeHnss Tpebyemoli LUEPOXOBATOCTV MOBEPXHOCTU 06pasubl LMKYIOT abpasvBHbIMA
MarepviasiaMy JIM60 MHCTPYMEHTaMU a/IMa3HbIMU C NPYMEHEHVEM a/IMasHbIX NOPOLLIKOB.

212. TMocne wndoBkn 06pasLbl MPOMbIBAOT MNPOTOYHON MWUTHEBOA WM  QUMLLEHHON TEXHUYECKON
BOAOW, Cywar (uIbTPOBaUIbHOM (MpOMOKaTeNbHOM) Oymaroi wii gpyruMn  MatepvanaMn 1 06e3xvpuBatoT
CMUPTOM.

22. TMMpn npoBefeHUM W3MEpPEeHWUn pacCTosHMe Mexay kpaem (rpaHuueli MiockocTv) v Grvbkalimm
K HEMy 30H0M JIO/DKHO ObITb He MeHee 4 /, rae /[y — HOMUHaIbHOE 3HaYeH e MEX30H0BOrO PACCTOSHUS.

23. Tpu u3vepeHnn YAeNbHOrO 3MEKTPUYECKOro COMPOTMB/IEHMS MO  0Opasylollein cauTka  LuvpuHa
M3MEPUTENLHO AOPOXKN A0/DKHA ObITb He MeHee 6 /.

24. VisMepeHus BbINOMHAT Mpy  (rKCYpoBaHHOW Temnepatype (23+2) °C. KoHTponvpyemble 06-
pasubl JOBOAAT A0 Temnepatypbl, MpY KOTOPOW MPOBOAAT M3MepeHus. J[lomnyckaeTcs npoBefdeHvie u3mepe-

* Ha Tepputopumn Poccuiickoii ®epepaumn aelicteyet FOCT P 51232—98.
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HWA npy  UKCYPOBaHHOW C morpelwHocTbld +0,5 °C Temnepatype B AuanasoHe (23+5) °C, BbINOMHASA
TemnepatypHyo KOPPEKLMIO pe3y/ibTaToB 3MEPEHUI B COOTBETCTBUM C MPUIOXEHNEM.

25. V3mepeHve yaenbHOro 3MeKTPUYECKOro COMPOTUB/IEHUA repMaHus ¢ p 6Gonee 45 OMm-CcM U©
KpemMHUss C¢ p OGonee 200 OM-CM BbIMOSHAOT NPY  3aTeMHeHun obpasua. 19 OocTa/lbHbIX — AnanasoHOB
YAEMbLHOrO  3MIEKTPUYECKOTO  COMPOTUB/IEHNSA  [OMYCKAETCH  OCBELLEHHOCTb  06pasLioB  PacCesHHbIM — CBETOM
He 6onee 500 Sk.

3. NPOBEAEHVE N3MEPEH 1 OBPABOTKA PE3Y/IbTATOB

3.1. Ha nosepxHoCTb 06pa3la, YCTAHOB/IEHHOrO B Jepxaresb, M/1aBHO OMycKaloT 30HAbI M3MepUTeSlb-
HOI1 rO/10BKY NepneHANKYNSAPHO MOBEPXHOCTMW.

3.2. Yepe3 obGpasel, MpOMycKalOT 3MeKTpUYecKMiA TOK /M M3MEPSIOT 3HaYeHue pasHOCTV MOTEeHUMasIoB
MeXay BHYTPEHHMMM MOTEHUMaIbHLIMMA  30HZaMVM  MpU  ABYX MOMSIPHOCTAX — 3/IEKTpUYEecKoro  Toka.  3a
pesynbTaT  U3MEpPeHVs pasHOCTM noTeHuyasioB U npuHUMMAOT — cpefHee  apudbmeTnyeckoe  MosydeHHbIX
3HaYeHUn. 3HaueHVe 3/1EKTPMYECKOrO TOKA YCTaHaB/IMBAIOT B COOTBETCTBUM C TpeboBaHysIMM Tab. 2.

3.3.  BbIUMCAAIOT 3HAaYEHME YOENBLHOMO 3/IEKTPUYECKOrO CONPOTUB/IEHWS P, OM-CM, Nno dropmyrie (1)

o, B> °)
rae U — 3HaveHne pasHOCTY NoTeHLMasoB, B;
/— 3HaYeHVE AMEKTPUYECKOTO TOKA, MPU KOTOPOM NMPOBOAWMA N3MEPEHUS, A;
15thdh — adhdhekTBHOE 3HAYEHVIE MEX30HAOBOTO PACCTOSHMSA, BblUMCIsieMoe Mo daopmyrie (2)

/. (1 L L,I\1 @
adb N +h h+h”
rae fj, 1, 13— paccTosiHus mexay nepBbIM 1 BTOPbIM, BTOPbIM ¥ TPETLYM, TPETHWM 11 YETBEPTLIM 30HAAMM
COOTBETCTBEHHO.
Mpy  MCMOMb30BaHUM  YETLIPEX30HAOBOM TO/IOBKY, Y KOTOPOA OTKIOHEHWE MEX30HAOBOTO PacCTOSHMS
OT HOMMHA/TEHOTO 3HauEHVA /y He NpeBbiLLaeT +1 %, B chopMysy (2) NOACTaBNSOT 3HaueHe | = /.
34. [JonyckaeTca npoBefeHne W3MepeHuWiA 1 06paboTka pesy/bTatoB C  UCMOMb30BaHWEM CPeacTs
asToMarn3aumm no asiropuTMy, U3/IOKEHHOMY B HACTOSILLIEM CTaHaapTe.
Pa3g. 1—3. (l3meHeHHas pegakums, 3m. Ne 2).

4. MPEACTAB/EHVE PE3Y/IbTATOB UBMEPEHW 1 HOPMbI
HATIOKASATE/IN TOYHOCTA

41. PesynbtatoM UM3MEpPEHUs YAESbHOTO  3/IEKTPUYECKOTO  COMPOTVB/IEHWSI  SIBASIETCA  BE/IN4MHA,
BbluvcneHHas no coopmyre (1).

42. CnyyailHas COCTaB/sOLas MOTPELLHOCTU  M3MEPEHUs YAeNbHOro  3MeKTPUYECKOro  COMpoTyBIie-
HUS,, XapaKTepU3YHoLLasi CXOAMMOCTb Pe3y/bTaToB M3MEPEHUIA, He MpeBbllaeT +2 % npy  [0BEpUTESILHON
BeposATHocTM P = 0,95.

43. CymMmapHas TMOrpellHoCTb W3MepeHWss He npeBblwaeT +5 % npu  KOHTpone o06pasuoB C
p<103 Om-cM M He npeBblaeT +8 % npU KOHTPosie 06pasuoB C YAeSbHbIM 3MIEKTPUYECKAM  COMPOTYB/IE-
Huem 6onee 103 OM-cM NMpY AoBEpUTESTLHOM BeposTHOCTU P = 0,95.

44. PesynbtaT MW3MEpeHVs YAEeNbHOro 3/1EKTPUYECKOrO COMPOTUBIEHWS NPEACTaBAAT  TPeX3HauHbIM
unCIoM, C/IM NEPBOIA Ldppoli siensitoTea 1, 2, 3, 1 ABY3HaUHbIM, €C/M NepBast Uydpa 6onee 3.

Pa3p. 4. (BBefeH OONOMHUTENLHO, 13M. Ne 2).
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MNPUNTOXXEHNE
Ob6sizaTeNnsHoe

Pesy/ibTar M3MepeHnst ye/IbHOro 3/1eKTPUYECKOro CONPOTUB/NEHNA MPUBOAAT K Temnepartype t,= 23 °C no

dopmyne
2 ©)
rae p,— yaenbHoe anekTpuyeckoe conpotmsneHne, Omcm;
C— TemnepartypHsblin koadacpuumeHT (Tabn. 1, 2);
t— HOMMHaIbHasa TemnepaTypa B gnanasoHe (23+5) °C;
p,o— YAenbHoe 3/1eKTpuyeckoe conpoTtusieHune npu 23 °C.
Pe3ynbTat namepeHus yaenbHOro 31eKTpUYeckoro ConpoTUBAEHNS MOXET BbITb NpuBeaeH K /11060 HOMUHAb-
HOIt TeMnepaTtype B npegenax gvanasoHa (2315) °C.
Ta6bnuuya 1
T emnepaTtypHblii VHTepBas yAebHOro 3/1eKTPUYecKoro conpoTmsieHnst, OM cMm
KoadhuLmneHT
ANA KpEMHUA 0,0001-0,004 0,004-0,04 0 040 0,1-1,0 1,0-10,0 10,0-10000
A-Tnna,
1/rpag, 0,002 0,001 0,004 0,006 0,008 0,008
p-Tvna,
1/rpag, 0,001 0,001 0,003 0,006 0,008 0,009
Tabnuuya 2
T emnepaTypHblii VHTepBan yaenbHoro 3N1eKTpuyeckoro conpoTusieHuns, OM cm
KoathpuumeHT
AnA repmanna 0,0001-0,001 0,001-0,01 0,01-0,1 0,1-1,0 1,0-10 10-100
a-Tmna,
1/rpag, 0,002 0,001 0,004 0,006 0,006 0,006
p-Tuna,
1rpag 0,002 0,002 0,004 0,007 0,008 0,008

MPUNOXXEHWE. (M3meHeHHas pepakums, M3m. Ne  2).
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MH®OPMAUNOHHBLIE OAAHHBIE
. PABPABOTAH I BHECEH MuHucTtepctesom metasinyprim CCCP

. YTBEPXXIEH V1 BBEAIEH B IENCTBVIE MocTtaHoB/eHrem ocyaapcTBeHHOro komuteta CCCP no
craHgapTtam ot 15.09.80 Ne 4705

. TOCT 24392—80 cootsetctByeT CT C3B 1250—78
. BBEAEH BMEPBbIE

. CCbI/IOYHbLIE HOPMATBHO-TEXHNYECKVE OOKYMEHTbDI

O603HaveHve HT/A,
Ha KOTOpbIli AaHa CCblnka

O603HaveHve HT/A,

Homep nyHKT: o
OMEp MyHkTa Ha KOTOpbIA AaHa cCblfika

Homep nyHkTa

FOCT 2789-73 2.1 FOCT 12026-76 15
FOCT 2874-82 15 OCT 18300-87 15
FOCT 3647-80 15 FOCT 29298-92 15
FOCT 9206-80 15

OrpaHuyeHmre cpoka AercTBus CHATO Mo MpoTtokosy Ne 5—94 MexrocyfapcTeeHHoro CoBeTa o CraHzap-
TU3aumMn, MeTposiorMmn u ceptudmkaumm (NYC 11-12—94)

. BOAHVIE (mapT 2001 1.) ¢ Mi3meHeHnammn Ne 1, 2, yTBepkaeHHbIMM B Mae 1985 1., noHe 1990 T.
(MyC 8-85,10-90)
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