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AnHomauyusi — PaspabotaH ynpaensiembii CBY  mopynb
Onst 6ECKOHTaAKTHOTO U3MEpPEHUsi NapaMeTpoB MONyNPOBOAHM-
koB. [MpuBeaeHbl pe3ynbTaThl €ro NPUMEHEHNUsT ANst U3MEPEHNUS
BPEMEHN XKM3HM HEOCHOBHbIX HOCUTENEN 3apsga B MOHOKPU-
CTanM4yeckoM KpeMHUN.

|. BBeoeHue

Kak nssectHo, 6eckoHTakTHbIn CBY MeToq sBnsieTcsa
HepaspyLIanLWnM 1 NPUMEHSIETCS AN KOHTPONsA napa-
METPOB MOMyNPOBOAHUKOB. B YacTHOCTH, AaHHbI MeToA
NpUMeHSIeTCA AN U3MEPEHUS YAENbHOr0 COnpoTMBIE-
HUSI U BPEMEHM >XU3HU HEOCHOBHBLIX HOCUTENEN 3apsaa
(BX HH3) B nonynposoaHukax [1-3].

PasBntne COBpPEMEHHbIX TEXHOMOTUA  MONyYeHUst
KpemMHusi notpebosano pa3paboTknM yHMBEPCAnbHOrO M3-
MepuTensi, no3eonstoLero nsmepats BXXK HH3 B nnactu-
Hax M CrUTKax MynbTU-, MONIN- U MOHOKPUCTAmNIMYECKOro
KpemMHust GeckoHTakTHbiIM CBY metogom. Kpome Toro,
BO3HWKMNA HEOOXOAMMOCTb B aBTOMaTM3aLMN OECKOHTaKT-
Horo CBY meToga v nmpumeHeHWM COBpPEeMEeHHOW ane-
MEHTHOV 6a3bl, NO3BOMSOLLIENA 3HAYUTENBHO YMEHbBLUUTb
pasmMepbl U3MepUTENbHbIX NPUOOPOB.

Llenbio HacToswen paboTbl ABnAeTca paspaboTtka
ynpaensemoro CBY moaynst ans aBTomaTnsaMpoBaHHOIO
©6eckoHTakTHOro nsmeputens BXX HH3 B kpemHun.

Il. MpnHuun paboTtel CBY Moayna

Ha puc. 1 npuBeaeHa CTpyKTypHas cxema paspabo-
TaHHOroO U3MepuTens, WTPUXOBOW NNHUEN NOKa3aH Cco-
ctaB CBY moayns, nOCTPOEHHOro no NpuHUuny LmMdpo-
BOWN (ha3oBoOW aBTOMOACTPONKM YacToTbl (LIPAIMY) reHe-
paTtopa, ynpasnsemoro HanpsxeHvem (MYH).
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Puc. 1. briok - cxema uamepumers.
Fig. 1. Block diagram of device

CBY mogynb pabotaet cnegytowmum obpasom. Ko-
MaH4a ynpaBnsloLWen nporpaMMbl C MEepCcoHarbHOro
komnbtoTepa (11) yepe3 USB nopt nocTtynaet Ha npo-
rpaMMUPYEMYO  TIOTMYECKYHD  UHTErparnbHyld  CXemy
(MNUC) (9). MNUC ynpaBnsieT paboTol CXeMbl CUHXPO-
Hu3aumm konbua LIGANMY, umdposoro atreHoatopa (4)
1 onepaumoHHoro ycunutens (10).

'YH (1) coopmmpyet CBY curhan (Fc) B ananasoHe
yacToT oT 4800 go 5300 Mrl'y. C N'YHa CBY curnan no-
CTynaeT Ha Aenutenb MOLLHOCTK (2), C KOTOPOro YacTb
CUrHamna nocTynaeTt Ha AByXxKackafHbli ycunutens CBY

(3), @ yacTb Ha undpoBoKN cuHTE3aTop YacToThl (6). Ha
APYron BXod CMHTe3aTopa MoCTynaeT CUrHan ¢ 4acToTon
100 MI'y c onopHoro reHepatopa (8) (Fon).

Yactota cpasHeHus Fc/N n Fon/n coctasnsetr 100
kKly. JeneHve 4acTOT OCYLUECTBASIETCS BCTPOEHHbLIMU
Aenutensmn vactoThbl. MNpuyem N — nepemeHHbIn (ynpas-
nsiemblin) KO3IMULMEHT AENEHNSs], @ N — NOCTOSAHHBIN.

Ha Bbixoge 4acToTHO-(ha3oBOro AeTekTopa, BXoAs-
Lero B COCTaB CMHTe3aTopa 4acToTbl, hopmupyeTcs
CUrHan ynpaefeHusl, 3aBUCALUMIA OT pasHocTn a3
cpaBHuBaeMbix curHanos Fc/N u Fon/n. HanpspkeHune ¢
BbIXO4a 4YacTOTHO-ha30BOro AeTeKkTopa MocTynaeT ye-
pe3 ycunutenb MOCTOSHHOTO ToKa M (UNbTP HMKHUX
4acToT Ha Bxop ynpaeneHus YHa wn crtabunusmpyet
3a4aHHYI0 YacToTy.

C Bbixoga ycunutensa (3) CBY curHan noctynaet Ha
ynpasnsiemMbln atTeHoaTop (4), u, ganee, yepes LMPKY-
nsTop (5) Ha CBY pe3oHatop (14), Harpy>xeHHbI Ha 13-
MepsieMblil obpaseL, NonynpoBOAHUKA.

CBY pesoHatop, obecneumBatowmin cease CBY re-
HepaTopa C u3amMepsieMbiM 0OpasLoOM MONYyNpPOBOAHNMKA,
BbIMOMHEH B BUAE LWMMHOPUYECKOTO ANSMEKTPUYECKOro
pesoHatopa (OP) n pabotaetr B pexvme «Ha OTpaxe-
Hue». PesoHaTop 3akpenfieH B OTAENbHOM Kopryce U
nveeT ckBO3HOe oTBepcTMe. CKBO3b OTBEpPCTUE NPOXO-
OWT n3nyyeHne nasepHoro gvoga (13), KoTopbIn 3akpe-
nneH c gpyrow ctopoHel CBY pe3soHaTtopa.

OTpaxeHHbIn oT nonynpoBogHuka CBY curHan ue-
pe3 umpkynatop (5) noctynaeT Ha getektop (7). Janee
NPOAETEKTUPOBAHHBIN CUrHan yCUnmBaeTcs yeunurenem
C ynpasnsiembim koadduumeHTom ycunenus (10). C no-
MOLLbIO MOCnefoBaTefibHOro koda, MocTynarwoLero ¢
MJINC, ko3 DULMEHT YCUNEHUSA MOXET U3MEHATLCA OT
1 po 20, yto obecneuynBaeT ycuneHne NHOPMaLNOHHO-
ro curHana go ypoBHsi, Heobxognmoro Ansa paboTbl aHa-
noro-undposoro npeobpasosatens (ALM) (12). Makcu-
mManbHas 4actota auckpeTtumsaumm ALIM 100 My, o6b-
em bydepa namstn 1024 kCnos.

lll. MpumeHeHne CBY moayns

Ha BepxHen 4actun puc. 2 npuBegeHa YyactoTHas 3a-
BUCUMOCTb KoadpdumumeHTa otpaxeHus CBY mowHocTH
oT [P, HarpyXeHHOro Ha nnacTtuHy MOHOKpUCTanmnuye-
CKOFO KPeMHWUsi C ygernbHbiM conpoTtusneHnem 2500
OMxcM. Ha HUXHEN YacTu pucyHka npuBeaeHa BpeMeH-
Has 3aBMCMMOCTb (DOTOMPOBOAMMOCTU AN [AaHHON
NNacTuHbl, U3MEpPEHHasa Mpu BO3AEWNCTBUN HA Hee UM-
nyrnbca NasepHoro MsnyyYeHns ¢ ANMHHOW BonHbl 1.06
MKM, MoLLHocTbio 30 MBT n anutensHocTbio 1000 MKC.

Ha puc.3 npuBepeHbl pesynbTaTbl M3MEpeHun ad-
dekTuBHOro 1 pacyeta obvemHoro BXX HH3 gna paH-
HOM MnacTuHbl. VIaMepeHnst BbIMOMHeHbl No cnagy ¢o-
TonpoBogumocTn 6eckoHTakTHbiIM CBY meTomom u an-
NPOKCMMUPOBAaHbI COMMAacHO MeXAyHapoaHbIM CTaHaap-
Tam SEMI MF1535 n MF28 (b) (aBa BepxHux rpacuka) n
no BCcew KpmBoW cnaga (HwxHui rpaduk). B cnyyae, ec-
nn BCA KpuBas cnaga oToNpoOBOAMMOCTM anmnpoKCMMU-
pyetcsa OOHOM 3KCMOHEeHToM, 3HadeHunss BXK HH3, onpe-
OeneHHble No TpeM cTaHAapTam, CoBnagatoT.
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YacToTHas 3aBMCUMOCTb ko3 duLmMeHTa oTpaxeHus CBY mowHocTh
om0
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Puc. 2. OkHo ynpasnsowel npoepammabi.
Fig. 2. Window of control program

Hapers
[T —]

| \\\ | \\\

] B w0 10 e 10 1 20 ES Y E ) 7 @ E

aaaaaaaaaaaaa o) n posomocTH Koo auapysier (0)

%
i GpCn 2 ovloes @
ovcramms——— Ly

posers SEMI MFZS posere 1OCT
e o7 o7

082

I Pywoitseon 06

058

[Faccarare 055
PeaynbTars uame) perui o
SEMI MF1535 ‘SIMI MF28 |rn|:r 046
044

EECEED y Sa.

B 8747641 BeBEa BEREA
B 35ES  4E7TIES 2733

Puc. 3. Peaynbmamai usameperuti B)XX HH3.
Fig. 3. Results of measurements

IV. 3aknoyeHue

KoHcTpyktuBHo CBY moaynb BbIMOMHEH MO MUKPO-
MOMIOCKOBOW TEXHOMOMMM B Mbifie-Braro3aueHHoOM
kopnyce. MabapuTHble pa3amepbl Moayns 150x80x30 mm.
[wnana3oH nepectpoikn yactotel CBY mogynsa cocras-
nset 4800 — 5300 Mlu. OuckpetHocTb 0.1 MIy. Anana-
30H perynupoBku mowHoctn 0.01 - 10 mBT.

PaspaboTaHHbein CBY mopynb nossonseT B aBToma-
TUYECKOM pEXMME TMNPOBOAUTb WU3MEPEHUS BpPEMEHM
XKM3HM HEOCHOBHbIX HOCUTENew 3apsga B nnacTtuHax u
CMUTKax MynbTU-, MOMM- W  MOHOKPUCTaNIM4eckoro
KpemHusa B amanasoHe ot 0.1 mkc go 5mc. lNpu atom
OvManasoH yaernbHbIX COMPOTUBIEHWUIA MONYyNpPOBOAHMKA
MoxeT BapbupoBaTbcsi oT 0.05 go 2500 Omxcm.

Pa6Gota BbinonHeHa npu UHAHCOBOW MoaAepXKke
nporpammbl CO PAH «MmnopTo3amelleHrey.
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Abstract — Controlled microwave module for sensing of
semiconductors is developed. The results of its application for
measurement of minority-carrier lifetime in silicon are pre-
sented.

|. Introduction

Noncontact microwave method is a nondestructive method
and it is used for measurement of minority-carrier lifetime in
semiconductors [1-3].

The purpose of the present work is to develop controlled
microwave module for automated measurement of minority-
carrier lifetime in semiconductors.

Il. Main Part

Operation concept of a device is follows. The command of
control program from a computer (11) via USB port enters field-
programmable logic integrated circuit (FPLIC) (9). FPLIC man-
ages the synchronization scheme of a ring of phase-locked
loop, digital attenuator (4) and amplifier (10).

Voltage-controlled generator (VCO) (1) generates micro-
wave signal in the range from 4800 to 5300 MHz (Fc). Micro-
wave signal from VCO comes to power divider (2), after it part
of signal is received by two-stage microwave amplifier (3), and
part by digital frequency synthesizer (6). On the other input of
synthesizer signal comes from reference generator (8) with
frequency 100 MHz (Fop). On output of frequency-phase detec-
tor (FPHD) control signal is formed, which depends on phase
difference of signals Fc and Fop. Voltage from output of FPHD
is fed through dc amplifier and low-pass filter to control input of
VCO and stabilizes intended frequency.

From amplifier exit (3) microwave signal enters digital
attenuator (4). From there microwave signal comes through
circulator to resonator (14), loaded on metered sample of
semiconductor.

Microwave resonator, which provides communication of
microwave generator with measured sample of semiconductor,
is produced in the form of dielectric resonator and operates in
mode "reflection”.

Microwave signal, reflected from semiconductor, arrives at
detector (7) through circulator (5). Detector has dynamic range
~ 45 dB. Then, detected signal goes to amplifier with program-
mable amplification factor. With the help of serial code coming
from FPLIC gain might vary from 1 to 20, which provides in-
creasing of data signal to the level required for normal operation
of analog-digital converter (ADC) (12). ADC device has 100
MHz sampling frequency and amount of buffer memory is 1024
thousand points.

The upper part of Figure 2 shows frequency dependence of
reflection coefficient of microwave resonator, which is loaded on
silicon slice with resistivity 2500 Ohmxsm. The bottom part of
the figure shows time dependence of photoconductivity of plate
under the influence of pulse of laser emission with wavelength
of 1.06 microns, 30 mW and duration of 1000 microseconds.
Results of measurement of lifetime are presented on Figure 3.

I1l. Conclusion

Developed microwave module allows automatic measuring
of minority-carrier lifetime in semiconductors in the range from
0.1 ps to 5ms. The range of resistivity of the semiconductor

might vary from 0.05 to 2500 ohms x cm.
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