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AnHotanusi. CTaTbsl NMOCBAIIEHA YCTAaHOBJICHUIO BIMSHUS NPUMEHEHHs! OBICTPOH TepMHYECKOH 00paboTKh
(450 °C, 7 ¢) anst GopMHUPOBAHUSI OMHUYECKOTO KOHTAKTa MEXIY JBYMsI CIOSIMU AIFOMHUHHUEBON METaLTH3aLUK
Ha DJCKTPUYCCKUE ITapaMeTphl M HAJe)KHOCTh HHTETPAIBHBIX MHKpPOCXeM. B KadecTBe aHAIM3HUPYEMBIX
mapaMeTpOB BBHIOPAHBI BEIWYHHBI COMPOTHUBICHUH KOHTAKTHBIX IETOYEK aTIOMHHHNA-KPEMHUH, aTOMHHHAN-
MOJUKPEMHHM, TOJIUKPEMHHUNA-KPEMHUN N*, aTlOMHUHUA-KpeMHHNA N*, BOJbT-aMIIEpHBIE XapaKTEPUCTHKH
TECTOBBIX OHWITOJSIPHBIX TPAH3UCTOPOB, a TaKXKe Pe3yJbTAThl aHAW3a WX HAJCKHOCTH ITyTEM IPOBEACHUS
TEPMOTIOJNEBEIX HCHBbITaHUHA. CpaBHEHHE JTHX TapaMEeTPOB IPOBOAWIOCH OTHOCHTEIBHO MHKPOCXEM,
M3rOTOBJICHHBIX C IPUMEHEHUEM CTaHAapTHOU TepMooOpadoTku (450 °C, 20 MuH) it HOpMUPOBAHHS JAHHOTO
KOHTaKTa. AHaiW3 pe3yJbTaTOB BEIWYMHBI CONPOTHBICHHS Pa3lWYHBIX KOHTAKTHBIX IIETIOYEK MOKa3al,
YTO HE3aBHCHUMO OT BHJAa TEPMOOOPAOOTKH BCE KOHTAKTHBIE IETOYKH, 32 HCKIIOUEHHEM IIETIOYKH KOHTaKTOB
ATIOMUHUH-TIOIMKPEMHIM, HUMEIOT MPAaKTHUECKH OJMHAKOBOE COMpoTHBIeHME. IlyTem aHanmm3a 3JI€MEHTHOIO
cocTaBa CKoJla B 00J1aCTH JaHHOTO KOHTAKTa METOJIOM PACTPOBOH 3JIEKTPOHHOW MUKPOCKOITUH YCTaHOBJICHO, YTO
Ipu OBICTPOI TepMHIUecKOl 06paboTKe rTyOrHA MPOHUKHOBEHHS AIFOMUHIS B OJIMKPEMHHH B IBa pa3a MEHbIIIE,
4eM IPH CTAaHJAPTHOM ero (JOPMHPOBAHWHM, 32 CUET YMEHBIICHHS B JIBA pa3a BPEeMEHH BO3ICHCTBUS BBICOKOM
TeMIepaTypbl. ITO IPUBOTUT K O0Jiee HU3KOH KOHIICHTPAI[UHU ATFOMHUHUS B KPEMHUH U, KaK pe3yibTaT, — K Ooiee
BBICOKOMY KOHTAKTHOMY COIIPOTHBIICHHIO MEXKIY AJIOMHHHAEM W TOJHMKPEMHHEM. AHAIN3 BOJBT-aMICPHBIX
XapaKTePUCTHK TIOKA3aJl, YTO BCE OHH HJICHTUYIHEI 32 MCKITFOYCHUEM X0/Ia IPSIMOH BETBH 3aBUCUMOCTH BEJINIHHEI
0a30BOT0 TOKAa OT HANpPsDKEHUS ASMUTTep-0a3a. OTKIOHEHHE ITMHEWHOTO XapakTepa JaHHOW 3aBUCHUMOCTH
B oOyactu manbix 3HaueHuit Hampspkenus (<200 MB) B ciyuae dopMupoBaHus OMHYeCKHX KOHTAkTOB Al-Si
u Al-Al ¢ npuMeHEHHEM JITUTENBHBIX TEPMUYECKHX 00pabOTOK 00YCIOBIEHO MPeobIIafaHiueM B JaHHOU 001acTH
TeHEePAMOHHO-PEKOMOMHAIIIOHHOTO TOKA, CBS3aHHOTO C IOBBIIICHHOW IUIOTHOCTBIO JIOBYIIEK B OOCTHEHHOM
obmacTH W Ha TOBEPXHOCTH IIOJNYyNPOBOAHWKA. lheaapHOoe mOBeAeHHE 0a30BOTO TOKA B 3aBHCHMOCTH
OT HAIIPSHKEHHUSI dMHUTTEP-0a3a COXpaHAETCS ¢ MPUMEHEHHUEM OBICTpOH TepMOooOpaboTKH 1O (HOPMUPOBAHHIO
konTakta Al-Al 3a cuet ycTpaHeHus OBYIIIEK Kak B 00¢THEHHOM CJI0€, TaK M HA TOBEPXHOCTH MOy IPOBOIHHKA.
[IpoBeeHHBIC NCTIBITAHNS HA HA/IEKHOCTD TAKUX M3AEIHH IIOKA3aJIH, YTO OHA HE 3aBUCUT OT BUAA (POPMUPOBAHUS
OMHYECKOT0 KOHTAKTa MYy CIOSIMUA METaJUIU3alNH.
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Abstract. This work is devoted to establishing the effect of using rapid thermal processing (RTP) method (450 °C,
7's) to form an ohmic contact between two layers of aluminum metallization on the electrical parameters and
reliability of integrated circuits. The resistance values of contact chains aluminum-silicon, aluminum-polysilicon,
polysilicon-silicon n*, aluminum-silicon n*, current-voltage characteristics of the tested bipolar transistors, as well
as the results of the reliability analyses by conducting thermal field tests were chosen as the analyzed parameters
of this microcircuit. Comparison of these parameters was carried out with respect to the microcircuits
manufactured using standard RTP method (450 °C, 20 min) to form this contact. An analysis of the results of the
resistance value of various contact chains showed that, regardless of the type of thermal treatment, all contact
chains, with the exception of the aluminum-polysilicon contact chain, have almost the same resistance.
By analyzing the elemental composition of the cleavage in the area of this contact by scanning electron
microscopy, it was found that during rapid heat treatment, the depth of penetration of aluminum into polysilicon
is 2 times less than during its standard formation due to a 2-fold reduction in the time of exposure to high
temperature compared to the standard process. This leads to a lower concentration of the aluminum in the silicon
and as a result to a higher contact resistance between the aluminum and polysilicon. An analysis of the current-
voltage characteristics showed that they are all identical, except for the course of the direct branch of the base
current value from the emitter-base voltage. The deviation of the linear nature of this dependence in the region
of their low voltage values (<200 mV) in the case of the formation of ohmic Al-Si and Al-Al contacts with the
use of long-term heat treatments is due to the predominance of the generation-recombination current in this region
associated with an increased density of traps in the depleted region and on the surface of the semiconductor.
The ideal behavior of the base current versus the emitter-based voltage is maintained by applying rapid RTP
method to form an AI-Al contact by eliminating traps both in the depletion layer and on the surface of the
semiconductor. The tests carried out on the reliability of these products showed that it does not depend on the type
of formation of ohmic contacts between the metallization layers.
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BBeaenne

OnHMM M3 OCHOBHBIX YCJIOBHN YBEJIWYEHHUS CTENEHW MHTETPALNHU 3JIEKTPOHHON 3JIEMEHTHON
0a3bl, a TaK)Ke TOBBIIIEHUS €€ HaJIe)KHOCTH, SIBJISIETCS CHH)KEHHE TETIJIOBOM Harpy3KH, OKa3bIBaeMOM Ha
MOJIyIIPOBOJHUKOBYIO ~ TUIACTUHY B mporecce  (QOpMHpPOBaHHMS Ha HEW  MHTETPaIbHBIX
mukpocxeM (MMC). JlaHHBI MOAXOJ MO3BOJSET YMEHBUIMTH NepepaclpesieiieHue BBEACHHON NpH
MOHHOM JIETHPOBAHUH MTPUMECH, BEIMYHHY TEPEXOJTHOTO CIIOS «3MUTAKCHANbHAS TUIEHKA — CKPBITHII
N*-coit», riryOuHY TPOHUKHOBEHUS AIFOMHUHUS B KPEMHHI M MPAKTUYECKH UCKIFOUHTh 3arpsS3HCHUE
MOJYTIPOBOJHUKOBOTO MaTepuana HEKOHTPOJHpyeMbIMH mpumecsiMu [1]. OcoOeHHO ocTpo 3TOT
BONIPOC CTOMT NpH (POPMUPOBAHMM OMHYECKMX KOHTAKTOB K KPEMHHUIO M MOJUKPEMHHIO
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