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CEHCOPU HA OCHOBI NOBEPXHEBO-
BAP'€PHUX CTPYKTYP

npod. B.A.CKkpuwieBCbLKNUMn



BA30BI ®I3UYHI NPUHLUAUINMUN TPAHCOBLIOCEPIB

Hxa pusmtina Tun IIpukiaagm ceHCOPHOI
BEJTHEIHE TPaHcAbIOCEepa CTPYKTYpH
3MIHIOETbHCS P P PYKLYP
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’ rp HaniBnpoBignunk (MIH,
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http://www2.nose-network.org/webtutorial/transducers/fet_gas.htm

NMPUHUMN Ol NONbOBOIO TPAH3UCTOPA
3 iHBEPCHUM LLUApPOM

V
Pd G VBc

BUTIK 3aTBoOp ‘

SiO»

n

| 7__\

n-KaHan
nigknagka p-tuny

OcHoBHI NapameTpu
CTPYKTYpU — AOBXMHA
kaHany L (BigcTaHb Mix
MeTanypritHUMu rpaHnuamMm
N*-p nepexonis BUTOKY Ta
CTOKY, WnpunHa kaHany W,
TOBLLMHA LWapy isonaTtopa d,
rmubuHa nepexoais i piBEHb
nerysaHHs nigknagky N,

(field effect transistor, FET) 3 iHeepcHUM wapom - Lue 4-rnositoCHUN npunag,
KWW CKNagaeTbCAa 3 HaMiBrnpoBigHWMKOBOI NigKMTAaaKN p-Tuny, B SKIiN
chopmoBaHO ABi cUnNbHOMeroBaHi n*-obnacTti — BUTIK | cTIK. MeTanesum
erneKkTpoa, SKMN BiAOKPEMIEHO Bia MigKMaaKn TOHKMM LWapoM oKcuay,

Ha3nNBaA€TbCA 3aTBOPOM
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Ao Hanpyra Ha 3aTBOpI BIOCYTHSA, enekTpu4He
KONo BUTIK — CTiK npeacTaeBnse coboto asa n*-p
nepexoam, siki BBIMKHEHO Ha3yCcTpiy OAUH O4HOMY
(n*-p - n*), 1 TOMY MO LIbOMY KOy MOXe
NPOoTIiKaTN Oy>Xe Manun CTpyM, Lo AOPIBHIOE
CTPYMYy BUTOKY 3BOPOTHO-3MILLEHOro nepexoay.
Ao X 0o 3aTBOpa nNpuknageHo 4OCTaHbo
BEMWKY NO3UTUBHY Hanpyry Vs, Aka nepesuLLlye
noporosy V-, To 6ing rpaHuui 3 Niag3aTBOPHUM
OKCUOOM YTBOPHETHLCS iIHBEPCHWUI Wap abo kaHan
N-TunNy, KM 3'egHye Nt 0BnacTi CTOKY | BUTOKY.
[MpOBIAHICTb LbOro KaHasny MOAYITETLCA Npu
3MiHi Hanpyrn Ha 3aTBOpI.

[Mpn uboMmy KBasipiBeHb DepMi HEOCHOBHUX HOCIIB
(enekTpoHiB) Byae HWxXYe PiIBHOBAXXHOMO PiBHSA
Pepmi

Puc. 4. JleymMepHas 3omHas juarpaMma n-kKaanptoro MOII-TpansucTopa [16]."

a — kongurypanus npubopa; 6 = DaBHOBECHas 30HHAsA Auarpamma (IJIOCKHE SOHBI; HYJese
BOE CMEIleHHE TOJJOXKKH); 6 — DPABHOBeCHAas 30HHAs# AuarpaMMa NpH HHBSPTHPYIOILEM CHME<
HIEHUH HA 34aTBOPE; & — HEPABHOBECHAs CHTyalUus (HANPSXKEHHUs IOJaHBl HA 3aTBOP H CTOK

CTPYKTYDHI).



INlininHa obnacTb Ta 06NnacTb HacM4YeHHA poboTU Npunagy

V.>
S o7 Vo (vansle)

. o/ /DaruL e
p-Si 4 al_l_-_y LL_I. ageiﬂwaﬁ
“%s
a
V2
T Vo=Vosar

Omcevxa | SR,
p-8i  Aanasa /payiuya S

“rBs
A

AKwo Hanpyra Ha 3aTBOpPi AoCTaTHA Angd
CUIBbHOI IHBEPCIl Ha rpaHunLi 3 OKCUaoMm, a
Harnpyra Ha CToLi He HaaTo BesuvKka, To
IHBEPCHUM Lap die K 3Bn4anHnin onip.
CTpym 4Yepes npoBigHWIA iIHBEPCHUI KaHar
Iz 6yae nigBuLLyBaTUCb NPOMOPLUINHO
Hanpysi CToKy V. Lle niHinHa obnacTtb
poboTu npunaay.

I3 3pocTaHHamM Hanpyrn Vg MOXe HactaTtu
MOMEHT, KON WWMPUHA KaHarny, a
BiANOBIQHO i 3apsA4 iHBEPCIMHOIO Wapy Ha
MEXi 3i CTOKOM CTa€ PiBHUM HYIO.

Lli ymoBM BignoBigatoTb NoYaTKy pexvmy
BiICIYKWN KaHany

Puc. 6. MOIl-tpansuctop B JiHHEHHOM pexuMe (Majble HanpsKeHHs Ha CTOKe) (a),

B HayaJle HacHULEHKsA (OTCEUKa KaHasna Ha TpaHHuIle ¢O CTOKOM Y == L) (6) u B pe«
JKHMEe HachlleHus (ITOKa3aHO yMeHnlneHue ahdeKTHBHON nnnuml Kawanza) (5).



3anexHicTb CTPYMY BUTIK — CTiK /g, BiA
Hanpyru BUTIK — CTiK Vo NpU Pi3HUX Vg

10

OI\J-bCDOO

Isc, MKA Vg=30B
Vg=2,7B
Vg=2,4B
Ve=2,1B
V=18
Vg :].I,ZB Ve=15B
2,0 3,0

Vgc, B



Ona igeanizoBaHOI Moaeni MNONMbLOBOro TpaH3UCTOpa BBOAOATbL TaKi
AONYLUEeHHSA:

a) niasaTBopHa obnactb — ue igeansHa MOH-cTpykTypa, 6e3 NEC, 6e3 (ikcoBaHoro 3apsany B okcuii,
3a BiOCYTHOCTI pi3HUL B poboTax BUXody MeTan-HanisrnpoBiaHUK;

0) pyxnMBICTb Yy KaHani He 3anexnTb Bif enekKTPMUYHOro nons;

B) KOHLIEHTpaUis nery4ol JOMILLKM B KaHani OgHopigHa;

) eneKkTpuyHe nose B34OBX MOBEPXHi 3HAYHO MEHLUEe MornepeyHol ckrnagoBol (HabnmKeHHS NnaBHOro
KaHany);

[) BPaxoBYETbCA TiNbKN apendoBa KOMNOHEHTA CTPYMY.

Toai piBHAHHA BAX 'y pexxumi BUMiptoBaHb CTPYMY BUTIK — CTiK /5, MOXHa 3anucatu sK:

w VE
lgc =MnCox — (VG V1 Wpge —TC

1€ u, — PYXJHUBICTh €JIEKTPOHIB Y N KaHall, Cy, — EMHICTb OKCHY

ol BC _ 0
Npgc

B obnacTti Hacn4yeHHs



[Ipu Hampyrax BUIIKX 33 TOYKY BIJICIYKH KaHATY 31 CTOKOM, HEXTYIOUH
e(hEeKTOM 3MIHU JOBXKUHH KaHATy 3 HAIIPYTOIO Vgc , 1 HOKJIABIIH Vg =Vg -V 11€
PIBHSHHSI IEPEIUCYETHCSA SIK:

2
lgc = u,C 0x 5 (VG -V1)

201 IBC,MKA
ToOTO mpw v >v; cHOCTEPIraEThCA Malke JiHiiiHa 1,5 |-

3JICKHICTD [lgc B1JI MPUKJIAJICHOI HATIPYTH . 1.0 VBc = const

] |
0 1,0 20 3,0 40
Vg,B

3anexHicTb CcTpymy /5. Bia V; npu Vg =
const




OuchepeHLitooumn BUpa3m MoxHa oTpumaTtui Bupasu ans nposigHocti D

| KDYTU3HN Om ineansHoro MOH-TpaH3ucTopa B niHinHIin obnacrTi, siKi
XapakTepusyTb YYTNMBICTb Npunaay:

Ol gc W

= _ = C —V
9D N ‘VG —const — Hn“ox | 'BC
olgc W
Om = %‘VBC —const = MnCox N Ve —V7)

Ak BugHo, yytnueicte MOH-TpaH3ncTopa niHinHO niaBULLYETHCA 3

C,=SE&E, /d, TobTO Nig3arBopHUiN okcKa Tpeba pobuTtn AKoMora TOHLLUM.

KpyTr3Ha xapakTepucTuUku BU3HAYaETLCHA BaXKNMBUM NapaMeTpoM
Hanpyrn Vy



Akwo BpaxyBaTu HeigeanbHicTb MOH-cTpykTypn (dikcoBaHMM 3apsan B OKcuai Ta
Pi3HNLIO pOBIT BUXOAQY enekTpoHa 3 MeTany Ta HanisnpoBigHMKA), TO Lie Beae A0 3CyBY
Hanpyr nnockux 30oH MOH-cTpykTypyn Vg, Ha U0 camy BenuyuHy Mae 3CyHyTUcAa W
noporose 3Ha4yeHHs MOH-TpaH3ucTopa. BpaxoBytouu Lie, Hanpyra V; BU3Ha4a€eTbCA SK:

J2eeNA @y +Vis)
COX

1€ v, — HOTeHLlall y p-00JacTi, V,, — Hallpyra 3BOPOTHOI'0O 3MIIICHHS Ha MM1KJIAAM], a
BEJIMYMHA HAIIPYTH TJIOCKHUX 30H Vgg JOPIBHIOE

VT :VFB +2\|]p +

Xox
Veg = Dy — Qr 1 I Xp(X) 4
Cox Cox 0 Xox

ToOTO Vpg BU3HAYAETHCS PIZHULICIO POOIT BUXOY €JIEKTPOHA 3 METaly Ta HaIliBIPOBIIHY

Dy, PIKCOBAHMM 3apsiioM B iHTepderici Si0,-Si Q; 1 po3moaiaoM 3apsAmaiB B OKCHII p(x) .



Tunn MOH TpaH3ucTopiB

a
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lneanbHun MOH TpaH3ucTop- Ue nigcunioBay 3 HECKIHYEeHHUM BXiAHUM ONOPOM Ta

reHepaTopoM CTPyMy Ha BUXOA




MOZAEJIb YYTIIMBOCTI O BOOHKO GasFET-CEHCOPIB 3 MNAJIAOIEM

[MonboBi TpaH3UCTOPU ANA AeTekuil BogHo 6ynn po3pobneHi B 1975 p. JlloHOcmpemom

(I. Lundstrém). Y cTpyKTypi, 9ka mae Ha3By GasFET (ea3oeul nonbosul mpaH3ucmop), sk
3aTBOPHUIM MeTasm BUKOPUCTOBYIOTL MNANiBKy Pd abo iHWKX nepexiagHnx meTtanis, siKi €
KaTaJ'Ii3aTOpaMl/I 0o BO,EI,HPO

apacopboBaHUM KUCEHb Ha

O2;
noBepxHi nanagiro

\/ ? MOH-CprKTypa Pd-SiO,—p-Si 3a

H H H H g nanagiit MPUCYTHOCTi MOMEKY BOAHIO

=v = = =< =< = ( ~100Hm Ta KMUCHIO (Haropi):

av O O O O () @ a) cxema BUMIpIOBaHb i KpyBa CTpyMy
dL + + + . . .
T ~100 HMm BUTIK — CTiK 3aNeXHO Bif Hanpyru Ha
AienekTpuk 3aTBOpI TPaH3nUCTOpPa;

©6) MOH-emHicTb i BignosigHi BOX.

HaniBnNpoBiAHUK

Ve (f v
AV Pd? AV Pd
T | Ip N sio, Ak ceHcop BOAHIO MOH—C_prKTypa MOXe
SOz [ ) npautoBaTu B PEXNMI Mos/1Ib08020
n n Vb p-Si .
p-Si | mpaH3ucmopa 1 MOH-emHOCMI. Y
e nepLiomMy BUNAAKy BUMIPHOETBCA CTPyM
obnacte - BUTIK — CTIK 3aneXHOo Big nNpuknageHol o
e aKymynsuii .
3aTBopa Hanpyru, Yy Apyromy — 3MiHa

AV

E€MHOCTI CTPYKTYpW.

obnactb
30iAHeHHA

~
-~ —




3a npucyTHocTi agcopboBaHOro BOAHIO KpuBa CTPYMYy BWUTIK — CTiK Bif Hanpyri 3aTtBopa 3CyBa€eTbCS
B3AOBX OCi Hampyr Ha BenuuuHy AV, OCKinbkv noporoBa Hanpyra V; Ans BUHUKHEHHS iHBEPCHOTO Luapy
3MEHLLYETHLCH:

Vr =Vgg —AV

ne V1o — noporosa Hanpyra BUHUKHEHHST IHBEPCHOTO LWapy 6e3 Np1cyTHOCTI BOOHIO.

AHanoriyHo, eMHicTb MOH-CTpyKTYypu TakoX 3CyBaeTbCA B3LOBX OCI HArpyr Ha BENUYNHY
AV, OCKiSTbKM Hanpyra nnockux 3oH Vg 3anexuTb Big poboTn Buxody mMetany n BXoguTb
00 BenuuuHu V; . BenuuuHa AV OOpPIBHIOE:

Ay = it
€0
. . . .. o . . 2
1€ n; — KUIBKICTh aTOMIB BOJHIO B 001acTi iHTepdelicy (Ha OJMHMIT TTOBEPXHI, CM ), pu —
JTUTOJILHUM MOMEHT aJCOPOOBAaHUX aTOMIB BOJIHIO B IHTEp(PEHCl, &5 — A1CICKTPUIHA
MPOHUKHICTh BaKyyMy. 3pOCTaHHSI AV BIJIOBIa€ 3MEHILICHHIO pOOOTH BUXOIY METAITY



AOnsa Toro, wo6 onucatun isnKo-xiMi4Hi NPUYUNHU BUHUKHEHHSA 3MiHU
enekTpu4yHunx xapakrepmnctmk MOH-cTpykTypu HEOOXiAHO PO3rNAHYTU TPU
PI3HMX npouecu:

1) noBepxHeBi peakdLil, siki BeayTb 40 aacopbuii aToMiB BOAHIO HA 30BHILLHIA NOBEPXHI MeTany;

2) TpaHCMNOPT aTOMIB BOAHIO KPi3b MNJIiBKY KaTtaniTMYHOro Metany;

3) YTBOpPEHHA AunoniB B iHTepdenci metan—gienekTtpuk 4m MeTan—HanisnpoBigHWK (y BuNagky
KOHTaKTy Tuny LoTTki).

OCHOBHI npunyLweHHA moaeni:

1) Monekynu BogHKO agcopOyoTbCA Ta AMCOLIKITbL Ha MOBEepxHi Katanidatopa. KoHueHTpauis
agcopboBaHMX aTOMIB Ha NOBEPXHi NponopuiiHa napuiarbHOMY TUCKY BOAHKO Ta KifbKOCTI BiflbHUX
BY3niB agcopbuil;

2) BofeHb AecopbyeTbecsa 3 MOBEPXHi MeTarny 3a paxyHoK pekombiHaLii Ta yTBopeHHs morekyn H, um 3a
paxyHOK XiMiYHOI peakuil 3 KUCHEM i YTBOPEHHSM Morekyn Boau. TobTo mMexaHiamm 1 Ta 2 onmcyoTbCA
TakMMU peakuigmu (HacTynHuy criang):

3) aToMK BOAHIO ANGYHAYOTb Kpi3b MeTan i agcopbyoTbca B iHTepdenNci metan—aienekrpuk. 3aBasku
AyXe BUCOKIN WBMAKOCTI andoysii (4ac andoysii kpisb 200 HM wap nanagito gopisHoe 10 mkc npu 150 °C
Ta 0,15 mMc npu KiMHaTHIK TeMnepaTypi) 3aBXan iCHye piBHOBara Mix KifnlbKiCTIO BOOHEBMX aTOMIB Ha ABOX
nosepxHaAx: H_<>H;;

4) aToMn BOOHIO, AKi ancopOytoTbes B iHTepdenci Metan—aienekTpuk, ctarTb NOMsipU3oBaHUMK, LLO
Bede A0 3cyBy Hanpyrm AV, SKMW NPONOPUINHMIKA KiNbKOCTI agcopboBaHMX BOAHEBUX aToOMiB B
iHTepdenci .



XimiuHi peakuil npu agcop6buii BoagHI Ta KUCHIO Ha MOH-cTpyKTypi 3 nanagiem
02 02 H20

AL S

00, oo O —»O 0

Ha Ha Ha Ha Ha Ha Ha <—H, Ha Ha
Fai Fia
nanagin
H; Hi
AienexkTpuk

\ HaniBNpoBiAHMK

Avcoliauia monekyn soaHio H,—2H , (3i weunakictio C,);

*pekombiHaLia ancopboBaHmx atoMis BogHo 2H,—H, (3i wenakicTio d,);
eAvcoliauia monekyn kucHio O,—20,;

*pekombiHaLia agcopboBaHmx atoMis KucHio 20,—-0,;

*yTBOPEHHA Ta aecopbuis monekyn sogn 4H_ + O,—2H,0.

3anexHo Big TemnepaTtypu peakuii yTBOPEHHA BOAW Ta rigpOKCUMIB MOXYTb BigDyBaTMCA TakoX 3a
IHLWMMM KaHanamm , a came:

*3 yTBOPEHHAM agcopbosaHux OH-rpyn 2H_ + O,—»20H,_, (3i weuakictio C,) H, + O,—0OH_;
saucouiauilt OH-rpyn OH,—0O_+ H_;
*yTBOpEeHHAM monekyn soam OH, + H,— H,0.



Lli peakuii MOXyTb BYyTr BUpPaXKeHi NPOCTUMU KIHETUYHUMW PIBHAHHAMW A5 KoedilieHTa
MOKPUTTS MOBEpPXHi MeTany agcopboBaHMMN aToMaMun BOAHIO 0, (BiAHOLIEHHS KirlbKOCTI
agcopboBaHOro BOAHIO Ha 3aranbHY KifbKICTb BY3s1iB agcopbuii Ha NoBepxHi katanisaTtopa) 3
ypaxyBaHHAM fnvle HanbinbLl BiporigHMUX peakuin. Toai 3 npunyweHb 1 Ta 2 BMnnuBeae, LWo
agcop0buist aToMiB KUCHIO BSIOKYE XiMiYHI peakuil Ha NOBEPXHI.

1/2
ea k PHZ Axwo popmyBaHHA monekyn OH, ige 3a paxyHoK
1— eOH —0 P agcopboBaHMX aTOMIB BOAHIO i MOMEKYAPHOIO KUCHIO,
a 02
ne ooy — nokputrtss OH-rpymamMu moBepXHI Kartaii3aTopa, PRy, Ta PR,

napiianbHuii THCK H, 1 O, BIANOBIAHO, 6, MNPOIOPIIMHE KBaJAPAaTHOMY

KOPEHIO 3 MapIliaIbHOTO TUCKY BOJHIO 32 YMOBH 0, <<1-0gy 1 Py, = const.

1/2
0 P Axkwo OH,, cTBOpIOOTLCA 3a paxyHOK aacopboBaHUX
a = K1 L KWCHIO Ta BOOHIO i npouec aucouiauil OH, weuakun, To
1— eOH —0 P1/ 202 aficopboBaHi KUCHEBi aToMu BroKyBaTUMYTb
a ancouiauito Monekyn BogH
1/2
e_a — ﬂ Ao atmocepa iHepTHa

1-0, | d;



Lli pe3ynsratn MoxXyTb ByT 3p03yMinMMu Ha niactasi aHanidy NPoOCTUX KIHETUYHMX PIBHAHb

do,

s (1—90)[01342 (1-60H —ea)2 —2C,Po203 }— FaitHa

JIe 6, — II€ TIOKPUTTS aTOMaMH KHUCHIO, sIKe OJIOKY€ JAMCOIIIAIN0 BOJAHIO HA TIOBEPXHI, Fy;
Ta F, — II¢ TOTOKH aTOMIB BOJHIO 3 MIOBEPXHI B JICJICKTPUYHUMN 1Iap, 1 HABITAKU

Beegemo BenuumnHy CTyneHda nokpuUTTa BOAHEM iHTepdhency meTan—aienekTpuk 0,

Toai ANga LUKX NOTOKIB MOXHA 3anucaTu

Fai =¢6, (1-65) Fia =d6; (1-60y —65)

e C, d — BiamoBigHO, mBUAKOCTI Audy3ii Hy - H; ta H; > Hy.

3a piBHOBaXXHNX YMOB = =15

Oi _C E)a

1-0; d1-0gy -0,

Akwo By3nu agcopbuii Ha NoBepxHi Ta B iHTepdenci maroTb 0aHY
npupoay “ ogHakoBy TensnoTy agcopobuii, To C/ d — 1



B iHTepdenci npn agcopOLii aToMiB BOOHIO BUHUKAE ANUMNOSbHUN Wap | goaaTKkoBe
nagiHHA Hanpyrun, ake 3aMiHle poboTy BMXO4Y MeTarny.

AV = AV, 205

Topi piBHAHHA ANsa 3anexHocTi 3cyBy |-V Ta C-V xapakTepuCTUK Bif napuianbHOro TUCKY BOLHIO U KUCHIO

1/2
AV [ AVmax  _ o[ P2
1= AV [ AV, f (Pyy)
abo Big napuianibHOro TUCKY BOAHIO B iHEPTHIN aTMocdepi:
1/2

AV /AVmaX B C1P|_|2

1= AV / AV dy

1€ K — mocTiiiHa, a QYHKINS f(Po,), 3TIAHO 3 PIBHSHHIMU AOPIBHIOE Py, 200 Po,l/2.

ToOTo Hampyra 3cyBY 3aJI€KHUTh SIK KOPIHb KBaJpaTHUN BiJ] MapIiaJbHOIO TUCKY BOJHIO.



NAPAMETPU MOH-CEHCOPIB 0O BOOHIO

3anexHicTtb 4V Big KOHUEHTpauil BOAHIO Ans:
CeHcopa TPaH3UCTOPHOro Tuny

Pd-Si;N,-SiO,-Si

B atmocdepi H,+N, npu T= 150 °C (1) i 250 °C 2);
CeHcopa EMHICHOro Tuny

Pd-Al,0,;-SiO,-Si

y cymiuwi H, i cuHTeTMYHOro NoBiTpA

(80 % N, + 20 %0,) npu 50 °C (3) Ta 75 °C (4),
CeHcopa TPaH3UCTOPHOro Tuny

Pd-SiO,-Si B atmocdepi H, + nosiTps npu 120

| | oC (5)
0 250 500

KOHLUeHTpauia Hz , ppm

3pocTaHHa AV BignoBigae 3MeHLLEHHIO poboTu Buxody metany. [ins ceHcopis 3 nanagiesnm
3aTBOpPOM LS BennymHa cqarae 0,6 B. EkcnepumeHTanbHnin rpadik 3anexHocTi 3cysy AV Bi
napuianbHOro TUCKY 4obpe onMcyeTbCs 3aKOHOM



AV,
mB m

400 |

1 umKkn

6 uuknie

1 xB. + } ;

, , 200 400 600

KOHUeHTpauisa H, , ppm
a) TUMNOBi  KiIHETU4YHI  3anexHocTi 3MiHM  curHany AV npu  BBIMKHEHHI
Ta BUMKHeHHi nopayi 200 ppm H, y noBiTpi AnNA ceHcopa TPaH3UCTOPHOro
TMny Pd-Si;N,-SiO,-Si npu 150 ©°C; ©6) 3anexHicte curHany A4V npuM nocnifoBHiIN
noga4i 0O, 10, 25, 50, 100, 250, 500, 250, 100, 50, 25, 10, O ppm H, AnA ABOX ceHcopiB
TPaH3UCTOPHOro ™Y Pd-SiO,-Si (1 LMKN noaadi) Ta Pd-Al,0;-SiO,-Si

(6 umkniB nogauyi) npu 75 °C

Kpim TOro, cnocrtepiraetbca Tak 3saHun HID-egpekm (hydrogen-induced drift), konu BigdyBaeTbCs
nacuBaLisi BOOHEM MOBEPXHI KPEMHIO; BOHA Befle 40 3CyBY NOBEPXHEBOro piBHA ®epmi. [NacTku, ki
icHytoTb Ha Mexi noginy Pd-SiO,, xapakTepusyoTbCa BENUKOK AUCNEPCIE0 NOCTIMHNX Yacy ang
3axonneHHs Ta BMBINIbHEHHA aTOMIB BOAHIO. Lle Bege [0 rictepesuncy napameTpiB ceHcopa

Hawnkpawi MOH-ceHcopu 3 nanagieBum 3aTBOPOM MOXYTb 3apeecTpyBaTu OyXe Mani KOHUeHTpauil

BOAHIO B aTMocdepi nosiTpsa (4V = MB npu 3miHi [H,] Ha 0,005 ppm).



BAXINUBI KOMBIHALII METAJ — FA3 AN MOH-CEHCOPIB

3MiHa 3MiHa
MeTan A.qcovp603a|-| poboTtu MeTan Ap,covp6osa|-| poboTtu
UM ras UM ras
Buxoay, eB Buxoay, eB

W H, 0,48 Fe CoO -1,50
Fe H, 0,45 Co CO -1,48
Ni H, 0,35 Ni CoO -1,35
Cu H, 0,35 w CoO —0,86
Ag H, 0,35 Pt CoO 0,18
Au H, 0,18 Cu CoO 0,30
Pt H, 0,14 Ag CO 0,31
W O, 1,19 Au CoO 0,92
Ni O, 1,60 Pt C,H, -1,40
Pt 0O, 1,20 Pt C,H, -1,11
Cu O, 0,68 Pt C;Hg -1,36

3MmiHa poboTn BUXoa4y MeTaniB Nnpu xemocopouii Aeskux rasis

YTBOpPEHHA aacopboBaHNX HEraTUBHUX iOHIB ab0 MO3UTUBHMUX IOHIB,
BiANOBIQHO, NiABULLYE YM 3MEHLLYE POBOTY BUXOAY.



MNMopiBHAHHA po3uMHHOCTI BoAgHKO B Pd, Ni, Pt
npv napuianbHOMy TUCKY 1 aTM 3anexHo Bifg TemnepaTtypu
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CEHCOPU IHWWUX TA3IB

(0]

NOx
NH3 H>O

MeTaneBumn
ocTpiBeub +AVg

N

SiO»

MoZernb YyTIMBOCTI [0 aMiaky HeCyLinbHOI NiBKW Katanisaropa — agcopbuis monekynvu NH; npussoanTb o
BUHUKHEHHSA OMMONbHOIO Wapy Ta 3MiHM NOBEPXHEBOrO NoTeHLiany Ha meTani AVS

Y BuUnagky cyuinbHoI nriBkM Katanidatopa, ancoudiadia NH; Ha H,O 1a NO, cTBOptoe
OVnoni Ha NoBepXHi MeTary, NpoTe Ha BiAMiHY Bif aTOMiB BOAHIO, Li AWNOSi Yyepes

CBOI BeSIMKi po3Mipu NpakTU4HO He andyHaytoTh B iHTepdenc. Tomy MOH-cTpykTypa
i3 CyUiSTbHMM KaTanisatopoM cnabko 4yTnvea 0O amiaky
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TOBLUMHA MJIBKW, HM

3anexHictb curHany ansa MOH-cTpykTypu 3 Pt
NSIBKOK TOBLUMHOK 6 HM Bif KOHLIEHTpaLil amiaky
ansa temneparyp 195, 150 ta 100 °C.
[MyHkTMpHa KpuBa — anga 100 Hm nniBkn Pt

ExcnepnmeHTanbHa 3anexHicTb Big
TOBLLVHW NAIIBKW NNATUHU NS Pi3HUX
KoHUeHTpauin NH; y cMHTeTn4HoMy nosiTpi
(20% O,+ 80 % N,), T=150°C

3i 3BMEHLLEHHAM TOBLUMHK NITIBKMA NNATUHU YYTNMBICTb CnoYaTKy 3pocTae (nfniBka cTae HaniBnpo3opor AN
Andpy3il ounosnis) i NOTIM YYTAMBICTb NOYNHAE 3MEHLLYBATUCh, OCKINTbKM epeKTUBHICTb KaTanizatopa
3HWXKYeTbCA . LLnpoknin makcMmym KpuBOT Bignosigae ToBWUHI Bk Katanidatopa ~10—-30 HM. Takum
YMHOM, YYTMMBICTb CEHCOpa MakcMmMmaribHa 9 TOHKUX LWapiB nnaTuHU, AKi € HeCcyUinlbHUMU Y OCTPIBLIEBUMU



eKBiBasfieHTHa cxema ceHcopa — 3MiHa
NOBEPXHEBOro NOTEHLUiany Beae 40 3CYBY KPUBOI
B®X Ha BenununHy, AV Ae

AV < AV
Cwm
BennunHa 3cyBy BO®X ana ceHcopa 3
. /—W/L N OCTPIBLEBOIO NMiBKOK AOPiBHIOBATUME:
' CsCg +Cpm (Ce +Cs)

| T
i . . .
2_/\_/\/\/\_'; ne Cg C,, — y nepLiomy HabnvmxeHHi reoMeTpuyHi EMHOCTI
okcuay B obnacTti Mk MeTaneBuMn OCTPIBUSAMM Ta Mig HAMM,

Cg — napasutHa EMHICTb, fka € (PYHKUiE TOBLUUHM MeTarny.
Ona nyxe ToHknx meTtanesux nnisok C4>> C,, ToAi

' CE
CE +C|\/|

AV = AV
AKLO ToBLUMHA MeTaneBol NiBKM 3pOCTae, TO Cg<< CE, Cu

AV — AVS’ LE—S) —0
M



Yytnusictb MOH-ceHcopa 3 Pt-enektpoaom
npuv nogayi 100 ppm pis3Hux rasie, 7T =190 °C

BenunuunHa
Mas
curHany, mB

Amiak 195
ETaHon 147
ALeToH 97
ETuneH 92
OuTtoBa 64
Kucrnorta

ETnnauerar 51
Tonyon 41
LInknorekcaH 23
MeTaH 0

scyB Hanpyrm gna MOH-ceHcopa 3 Pt
enekTpogom B atmocdepi H, 3Ha4HO MEeHLLMK, HiXK
B atmocdepi NH; npu ogHakoBuX napujianbHMX
Tuckax. Kpim Toro, y Bunagky agcopbuil BOOHO He
CMNOCTEPIraeTbCA 3anexHiCTb Big TOBLUMHW MIiBKU
MeTasny, OCKiSIbkM ANdy3is aTOMIB BOAHK Kpi3b
TOHKY MeTaneBy nMniBky crnabo 3anexuTb Big
TOBLLUMHWN OCTAHHbLOL.



YytnueicTb ceHcopa 3 Pt Ta Ir 3atBopamu ansa NH;, H,, H,O Ta cymiwe#n
NH;+ H, i NH, + H,0. Po6oua Temnepatypa T = 150°C, koHLeHTpaLiii
[NH,] = 100 ppm, [H,] =500 ppm, [H,0] = 100 % RH (100 %BiAHOCHa BOMOriCTb)

Ne Fas Pt Ir
ceHcopa 3aTBOp | 3aTBOp
3cye, MB

1 NH, 625 620

H, 100 125

NH. + H, 815 645
3aBaakun(NH,) (715) (520)

2 NH, 500 550

H,O 165 125

NH. + H,O 545 645
3aBaskm (NHy) (380) (520)

ocTpisLeBun Pt 3atBop cTMyntoe cninbHy aito asox rasis NH; 1a H,, a octpisuesun Ir,
HaBnaku, 6rokye. Lle MoxHa nodcHoBaTK TUM, LLO AMNOSI aacopOyoTbCA SIK HAa NOBEPXHI
OCTpIBUIB, TaK i B iHTepdenci metan—aienekTpuk (4149 Bo4HIO) i, BiANOBIAHO, X CRiflbHE
eneKkTpUYHE nore MoXe AoaaBaTUCs Ym BigHIMaTUCS



TexHonoriss ceHcopiB, WO 6a3yeTbCA HA AOCATHEHHAX MiKPOOOPOOKN KPEeMHilo.

3aTBop

CeHcop Ha CO, dipmu CimeHc (2000 pik)

NoBITPAHMIA 3a30p

/

CEeHCOpPHUI wap

KPEeMHIn

/

AienekTpuk
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0,104

0,05

0,00

-0,05

ep,eB

T=50°C

10

T T TTT
100
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T T TTT T
1000

10000

Taknn ceHcop CKNnagaeTbCs 3 KPEMHIEBOIO NMOSIbOBOIO TPAH3UCTOPa 3 iHOYKOBAHUM IHBEPCHUM LLAPOM; Y
HbOMY TaKOX BUMIPHOETLCA MNPOBIAHICTb BUTIK—CTIK. [1poTe Ha BigMIHY Bif 3BMYaNHUX MNONLOBUX TPAH3UCTOPIB
METOO0M MiKpOOBpOOKKM 3aTBOP BMKOHYIOTL Yy BUMNAAI NiABILLEHOT MeMBpaHn KpeMHito. a3 npoayBaeTbCS
Kpi3b MOBITPAHWIA 3a30p Mi>XXK MeEMOpaHOI0, sika nokpuTa 4ytnveum wapom (BaCO,) i KpeMHIEBOI NigKNaaKolo.

3miHa pobotu Buxogy BaCO, ekBiBaneHTHa nofadi 30BHILLHLOIO MOTEHLiany Ha 3aTtBop

Monekynu CO, B3aemopailoTb 3 MonekynamMmu Boam (40 5 MoHowapiB), AAKi aAcCopOyrOTLCA Ha Yy TNMBUN
wap BaCO; 3 HaBkonULHbLOro cepegoBuwla. [loasinHuM 3apagosun Wwap opMyeTbes 3a paxyHok BaCO,
Ta ioHiB CO,. MNagiHHA noTeHuiany Ha NoABIMHOMY 3apsiA0BOMY LUApPi 3MIHIOETLCA NOrapnugMivHO 3i 3MiHOHO
koHueHTpauii CO,. AHanoriyHun npunag cteopeHo ans aetekuii NO,, konv Ha 3aTBOpP HAHOCATb YyTNUBUI
Wwap okcuay Hikento. Yytnueictb npunagy carae 500 ppb NO,



MEMS Flow Sensor Element iZross Section of MEMS Flow Sensor Element

Electrode pad

Upper insulating
membrane
Lower insulating
membrane

Thermapile

Suhstrate

Cavity 3%

® Ultrafine structure (1.55 x 155

mm, thickness: 0.4 mm) oA group of thermocouples . Electrical power

) o generated when the thermocouples are heated is
® High s=zensitivity (capable of

meazuring at flow velocities below 1 uzed to measure the temperature
cmlz
) # ¥ Created to enable efficient heating with low
® High-zpeed responze, with little

. ovver consumption.
influence due to temperature s F

TOKYO, Japan - OMRON Corporation has announced the release of a new MEMS
flow sensor, the D6F-P, 2007. Incorporating a unique cyclone-type Dust Segregation
System (DSS), the new flow sensor is ideal for applications which require sensing of
non-filtered, 'ordinary' air, such as 24-hour ventilation systems and energy-saving air
conditioners for homes and offices.



ISFETCTpYKTYpa

M-CNTC Midwest Cancer Nanotechnology Training Center Biioivors @ R

lon Selective Field Effect Transistors

RE
Ve analyte  chemical or biological
K gy K/ recognition element
. K K K =
~ ",I‘l;‘x :.ﬂ;:'_:r,:r;':,‘; g c,/¢c,/¢C,
W e e ol f
source channel drain | T
d =
p-Si g
# T
i
II v
o . os N gate voltage
- il - ——_y? : ; : sy s
Is = Coxpt T [( Ves = Vi) Vas ) Vds] *Active area made functional by immobilizing
probe molecules

Vi : Psi _ Qox +g“ +0s 26, » Target molecules have a net charge in fluid

* Binding of charge target modulates the

MOSFET

by OiiOai® source/drain current through changing the
v, f - “TS:B +2¢; surface potential
ISEET *The net effectis a change in the threshold
Schoning, M. ].; Poghossian, A. Electroanalysis 2006, 18, VOltage (AV) —Electronic Detection!

1893.

NCI Alliance for
NIH M-CNTC: A University of lllinois Center for Nanoscale Science and Technology (CNST) Collaboratory Nanotechnology

In an ion-sensitive field effect transistor (ISFET) the metal gate of the MOSFET is replaced by an
lon-sensitive membrane which is electrically connected with an analyte solution and a reference electrode.



pH METP HA ISFET-CTPYKTYPI

Ha ocHoBI NofiboBOro epeKkTy npawe N ioHHO-cesleKmugHUU NoJsibo8uU mpaH3ucmop
(ISFET), 3a 4ONOMOrot SKOro MoXxHa BMMiptoBaTu pH po34mMHy Ta KifIbKICTb iOHIB Y pO34YMHaXx

Ak i y BMNaaKy nonboBoro TpaHamctopa, B ISFET-CTpyKTypi iHOYKYETLCSA KaHan n-tuny 3a
OOMOMOroH0 Hanpyru, sika NpuKnagaeTbCa 0o pegepeHmHoz20 eriekmpoda. BeaxaeTbcs, Wo

pedepeHTHNN eNneKkTpod TOYHO NoKasye NnoTeHUian y po3dnHi HesanexHo Big 3apsais
PO34YMHEHMX PEYOBUH Y pH pO34YmHY

\'/e

-« pedepeHTHUN eneKkTpos

meTanesui—_ —_ —_ T~ T T — T T T T T metaneBui
apiT

— — — — — — -—ppiT

MeTaneBuMun eJrieKTpon



Apcopbuis Monekyn Ha OKcMAHMM wWwap (nigsaTBOpHMM [AienekTpuk) Beae Ao

nepepo3noainy Hanpyru mix OlMN3 HaniBnpoBigHUKa Ta okcuay.

Hanpuknag, nns posdyvHy 3 Manum  3HadYeHHsSM pH npoTtoHu € AoMiHyrouumMu

apcopb6aTtamu;

AKWO 3Ha4YeHHA pH Benuke, To gomiHyunmm agcopbatamu 6yaytb OH- ioHu. Ha

NOBEpPXHi BUHMKAE NOABIMHUW 3apaLOBUA LWap — Tak 3BaHun wap 'emaonbuya —

Posnogain ioHiB y po34nHi a3oTHoi kucnotn HNO, (pH mane) i Ha mexi 3 noBepxHeto SiO,:

lLlap Memronbua 6yae cknagatuca 3 ioHiB NO,~ y po3umnHi Ta H* Ha noBepxHi.

iOHM B pO34uHiI 6insa

noBepXxHi TBepAoro Tina
apcop6oBaHi Ha

NoBepPXHi NPOTOHU

NOs NO3z -
NOs NO3~ NO3 PO34YUH

A
+ + = + + +

H H*  OH H H H OH g H'

f’,f ,f /f%,f’

f” /

LWap [emronsbua
Oyoe cknagatuca 3
ioHiB NO;~ y pOo3yuHi
Ta H* Ha NoBepXHI.



EdektnBHMIA noTeHuian Ha noBepxHi SiO,, AKMKW CTBOPKOE iHOYKOBaHWW KaHan y
NONbOBOMY TpaH3UCTOPI, Byae OOpiBHIOBATH:

/) ZVG + + const

Ae Yo — noTeHuian noasiiHoro 3apsaoBoro wapy 'emronbua, Skui

3anexuTb Big KOHUEHTpaUil BCix agcopboBaHux ioHiB, Vg — Hanpyra Ha

pedepeHTHOMY enekTpoai, CoONst — NOCTiINHA, SKa XapaKTepusye noTeHLiarn
enekTpoaa

Ockinbkn g 3anexuTb Big pH, TO cTpym y KaHani 3miHloeTbca 3 pH npwu

nocTtinHomMmy Vg . Y BuUNagKy CUIbHONO iOHHONo 3B'A3Ky MK agcopboBaHMMum
Mosnekyrnamm ta SiO;:

ey =2,3KT(pH ™ — pH)

ae pH'- BignoBigae Bunagky, Konu cymapHun agcopboBaHuin 3aps AOPIBHIOE HYMO abo "Touui
HynboBoro 3apsay"”. Baarani pH moxe 3miHtioBatuck Big 0 oo 14, wo Bignosigace 3MiHi
KOHLUEeHTpauii ioHiB BogHto Big 10 go 10-'* monb/n.

[Mpw KiMHaTHIN TemnepaTypi 3miHa pH Ha 1 Bege 0o 3MiHM noTeHuiany Ha 55 MB. Heponiku Takmx pH-meTpiBs:
no-nepLue, BiAbyBaeTLCA rigparaLia nig3aTBOPHOro AienekTpuka, Konv y BogHux posdnHax SioO,
TpaHchopmyeTbes Ha SiIOH, Wo Beae 40 3MiHM AieNeKTPUYHOI NPOHUKHOCTI, Mepepo3noainy Hanpyr y
CTPYKTYpI i, BignoBigHoO, Ao Apendy napameTpiB ceHcopa. Lis npobrnema BUPILLYETLCS LLMSIXOM
BMKOPUCTAHHS 3aXUCHUX NOoKpUTTiB SizN,, Ir0,, Ta,Os, Al,O3, AKi HAHOCATBLCS Ha MOBEPXHIO MiA3aTBOPHOIO
pienektpuka SiO,; no-gpyre, BUKOPUCTaAHHA pedpepeHTHOro enekTpoga HecyMmiCHe 3 rnraHapHOK
TEXHOJSTOrE0 IHTErpanbHUX CXeM



ISFET

Elc-crbcuia i pafer:nela

Sohucicn alectrolitica

- Membrata
e

pH meter with ISFET sensor produced by ISFETCOM (Japan)
enables pH measurements in small sample volumes (2-5 pl).



CeHcop Tuny EnekTponiTt-izonatop-HaniBnpoBiaHuK (EIS)

An electrolyte-insulator-semiconductor (EIS) is MIS-type structure in which the metallic gate
electrode (like in ISFET) is replaced by a sensor layer, which is in direct contact with the
analyte (electrolyte) and a reference electrode.

impedance| analyzer
RE .

—

Vo
- analyte I . H+-ion cm

normalized capacitance ——
(=]
=)

LAAA

ElS sensor

"
"/ I{ \\ measuring cell

=

Vhias—™

Detection principles of EIS sensor (a) . Typical behaviour of the C-V curves for different H*-ion
concentrations (b). With increasing the pH of the solution, the C-V curves are shifted along the voltage
axis to higher values

The analyte concentration or composition to be detected can be measured in capacitance/
voltage (C-V) or constant capacitance modes. The charge carrier distribution at the interface
insulator—semiconductor is controlled by an external dc voltage applied to reference electrode, a
superimposed ac voltage is used to measure the space-charge layer capacity
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Si0,
Schematic of the
semiconductor insulator
(@)  contact (b)  contact () contact capacitors: (a) planar,
(b) structured and (c)
porous

-100 -

Measurement of EIS
sSensor in constant
capacity mode

-150 4
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-300 T T T T T
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For pH sensors due to better pH response, hysteresis and drift characteristics comparing with SiO, the
gate materials such as Al,O,, Si;N, and Ta,O; are used instead of SiO, . Si;N, is known to be resistant
to many chemicals. For Al,O5; and T,0;5 sensitivity achieved 55-57 mV/pH and 56-58mV/pH,
respectively; response time <1 min and measurand range of pH is 2—-12 for both materials; drift is <1
mV/day and < 2 mV/day, respectively; stability is longer three and one years, respectively



CEHCOP HA BAP'E€PI LLUOTTKI
a) 6)

Bakyym ¢ ey

Ec
e(pm — EF
s Etann dopmyBaHHSA 30HHOI
E eHepreTUyYHoOI Aiarpammu
Y KOHTaKTy

Bakyym MeTan—HaniBnposiaHuUK 6e3 (a),

Kyym [ X epen (6) i 3a HasBHOCTi (B), (1)
noBepxHeBUX
ePm >~ Ec erNeKTPOHHUX CTaHiB

B) r)
Pobota Buxoay (pi3HMUA MK piBHEM Bakyymy Ta piBHem Pepmi) Ana metany € eQp, .
Ana HaniBnNpoBigHvKa us poboTa AopiBHIOE €y + Ep, Oe ey — eneKkTpoHHa CrnopigHeHICTE

(pi3HMLA MK eHeprieto AHa 30HM NPOBIAHOCTI E,. i piBHEM Bakyymy), EF — NOMOXEHHSA piBHS
®epmi B 3abOOPOHEHIN 30HI HaMiBNPOBIAHMKA BiAHOCHO AHA 30HW MNPOBIAHOCTI. PisHMuS

epm — (e + Egp) HasvBaeTbca koHmakmHoro pisHuyero nomenyjanis (KPI).




Y BMNagKy TiCHOMO KOHTaKTy MeTan—HaniBnpoBigHMK BUCOTa NoTeHuUianbHoro 6ap'epa LOPIBHIOE Pi3HULi MixX
pobOoTOoH BUXOAY MeTarny Ta enekTPOHHOK CNOPIAHEHICTIO HaniBNpoBigHMKa

epgn = e(Pm — %)

[ns igeanbHOro KOHTAKTy MeTan—HaniBnpoBigHMK p-TUMY BUpa3 Ans BUCOTU NOTEHLUianbHOro
bap'epa

eppp = Eg —&(em — %) e(ppn +Ppp) = Eq

Apyrmn rpaHnYHUA BUNAOoK, Lie KONy Ha NoBepxHi HaniBnpoBigHMKa iICHYE Bernnka ryctmHa noBepxHeBmux
€TIeKTPOHHUX CTaHiB. AKLLO ryCTUHa NOBEPXHEBUX CTaHIB 4OCTAaTHLO BenNuka 1 npuimae Ha cebe Becb
A00aTKOBUN NO3UTUBHUI 3apsad, AKMW BUHUKAE NPU 3MEHLLEHHI BIACTaHI Mi>K MEeTanom i HaniBnpoBiAHNUKOM,
TO BENU4YMHa NPOCTOPOBOro 3apsiay B HaNiBNPOBIAHUKY 3anuaeTbca He3MiHHOW. Toai Bucota 6ap'epa
BM3HAYa€ETbCS BNACTUBOCTAMM MOBEPXHI N HE 3aneXxuTb Big poboTn Buxony metany

epgn = Ae(om —x) +B

Ae BennunHa A — yHKLUIA r'yCTUHU CTaHIB B iHTepdenci metan—HanisnpoBigHuK, N, B — dpaktuyHo
BifoBpaXkaloTb NyCTUHY efIeKTPOHHUX CTaHIB Ta 1X po3rnoAisl y 3abopoHEHiN 30Hi. Y rpaHn4YHOMY BUNaaKy
BiACYTHOCTi NOBEPXHEBMX eNeKTPoHHMX cTaHiB (N, < 10* cm~?eB-!) A—1 Ta B—0.

B iHWOMY rpaHM4YHOMY BUNAZKy, KOnuW KOHLEHTpaLUis NoBepxHEBUX CTaHIiB ayxe Benuka (N, > 104 cm—2eB1),
A < 0,1, piBeHb ®epMi B HaniBNpoBigHUKY DIKCYETLCA HA NOBEPXHEBUX CTaHax. Y LUbOoMy pasi ePgn

He4YyTnMee [0 pi3H1Lb POBIT BUXOOY MeTany Ta HanisnpoBigHWKa e(P Bn — B

[MapameTp B gocsirae 3Ha4eHHA NOPAAKY LWMPUHKU 3aD0POHEHOT 30HM HaNiBNPOBigHMKA.



Bumiptotoun CcTpymn B KOHTaKTi MeTan — HaniBnpoBiOAHWK NpU MNpUKagaHHi Hanpyru 3cyBy OTPUMYEMO
BAX, sKi onucyloTb TpaHCMNOPT HOCIIB Kpi3b MoTeHuianbHUn Gap'ep. Y 3aranbHOMYy BMNagKy CTpym fioaa
OMUCyeTbCA POPMYIIOH0: Y

€

J=Jg|enkt -1

Ae n > 1 — NoKasHuWK HeigeanbHOCTI Aioaa, KM MoXe 3MiHIBaTUCh 3 NPUKNaLEeHoK Hanpyrow Ta
3anexuTb Big T i MexaHi3my pyxy HOCIIB 3apsaay Kpi3b 6ap'ep, J, — CTPYM HACUYEHHS, KU 3anexuTb Bif,
MeXaHi3My NPOTIKaHHA CTPYMY. AKLLO JOMIHYIOYNUM MEXaHI3MOM € TePMOEeSIeKTPOHHAa eMicifi OCHOBHUX
HociIB (Haabap'epHUI MexaHi3aM CTPYMONPOTiKaHHSA), To N = 1 |

_€Ppn
Jg=AT?% K

A* — eqbekmueHa nnocmitHa PiyapOcoHa nna TeEPMOENEKTPOHHOT EMICIT, siIka BU3HA4YaeTbCS SK

« Anem k?
AL =
3

i popiBHioe A = 120 AcM—2K=2 ans BiflbHUX €NEKTPOHIB

Apncopb6uisa 3MiHOE BUCOTY bap'epy, Ta hakTop iaeanbHOCTi!



nniBka Pd HaniBnpoBiAHUK

A TUNBLHUN
cepefoBuile 2 ons 7 OMiYHMM KOHTaKT

thpoHTanbLHUM
OMiYHUI KOHTaKT

j,MA/CMZ__ 4 3 2 1

0,6

V,B

14 05 10 VB

3 -2

a) ceHcopHa cTpykTypa Pd-HaniBnposiaHuk; 6) BAX ctpyktyp Pd-TiO,
y noBitpi (1), 140 ppm H, y nosiTpi (2), 1400 ppm H, y nosiTpi (3), 1 % H, y noBiTpi (4); B) CTPyKTYyp
Pd-CdS y nosiTpi (1) Ta4 % H, + 96 %N, (2)



Mpu aHaniTnyHomy po3rmnsani BAX ctpyktyp Tuny LLUOTTKI 3 NpOMiKHUM OienekTpuyHnum
lwapom Tpeba BpaxoByBaTU MOXINMBI MEXaHI3MU CTPYMONMPOTIKAHHS KPi3b AieneKTpUdYHuUm
wap (npsmMe TyHenBaHHA, Henpsive TYHenoBaHHsA, Haabap'epHuUn | cTpubkoBuUi
MexaHi3aMn). AKLLO pyXx HOCIIB onnucyeTbca Haabap'epHUM MeXaHi3MOM Y HaniBnpoBigHUNKY
Ta TYHESIbHUM Yy OieNIeKTPUYHOMY LUapi, TO CTPYM MOXHa onucaTtn Takor dOpMyroto:

2 e(an eV
— 2m*6(p0d * — —
J=e¢ a AT% KT |ekT _1

Ae d — ToBLWWHa Wwapy AienekTpuka, ey — NoTeHuianbHuii 6ap'ep Mix
HaniBNpOBIAHNKOM i [ieNeKTPUKOM, €pg, — 3HOBY BMCOTA MOTEHLianbHOro
6ap'epa B Ol13. BUAHO, LLO CTPYM 3anexuTb eKCNoHeHLINHO Bif g, Ta AK
eKCMOHeHTa Bif KOPeHsi KBafpaTHOro Bif AOBYTKY €@y i TOBLUMHK LIapy

aienekTpuka. Akwo BiabyBaeTbca agcopOuis BOAHIO, TO NOPIBHAHO 3 TiCHUM
koHTakToM LUOTTKI Lle JoAaTKOBO MOXe 3MiHIOBATU AIK BENTUYMHY €Qq , TaK i

MEeXaHi3M NPOTiKaHHA CTPYMY Kpi3b AieNeKTpUYHUI Lwap

Yytnueicte npunaais Al / I|V ~1O5, MiHIManbHa OeTeKToBaHa KOHLUEHTpaLis

BOAHIO — OMHULI PpM, Yac BiANoBiai — OAVHULI/OECATKN XBUIUH.



NMNOTEHUIOMETPUYHUIA CEHCOP 31 CBITNIOBOIO AIPECALIEIO

|_] analyte

=
= cell
: B
§ Sio,
depletion layer
s Si
a) — —>

modulated
light source

lMomeHuyioMmempu4HuUlli ceHcop 3i ceimsioeoro adpecauiero (B aHIMIOMOBHIN niTepaTypi —
light-addressable potentiometric gas sensors, LAPS) — ue pisHoBua noBepxHeBoO-6ap'epHOT

MOH-cTpyKTYypK 3 enekTpoaoM NOpPIiBHAHHA (peddepeHTHUM efiekTpogoM), B SKih CEHCOPHUM
CUrHanom € ooToCcTpym

BukopuctaHHA CBIiTNOBOI agpecauil OO03BONSIE Jerko CTBOpHOBaTU
ONMTOENEeKTPOHHI CUCTEMU 3YNTYBaAHHA CUrHaNIB 3 MaTpuULi CeHCcopiB.



NMNOTEHUIOMETPUYHUIA CEHCOP 31 CBITNIOBOIO AIPECALIEIO
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npoBiAHUK
IO T PoBOtMIt eneiTPoR Y nepepisi CTpykTypa BUrnapae
pedepeHTHUNn / pep Py yP A
e Y wanisnposopaans  TAK/M YMHOM: MeMbpaHa,
e 7i s Monekyn mem6paHa  HaniBrpo3s3opa Afsl KUCHIO —
_ npoBigHuK (enektponit 3M KOH
AienekTpuk .
P refnb) — eneKkTpoa NopiBHAHHA
—— On3 (Pt) i po6ounn enektpoa (Ag) —
Vi Cdo ABolapoBun aienektpuk (SiN +
T ° 'f—— eNeKTPOHHO- SiO,) — HaniBnpoBigHUK (Si).
p-Si © o AipKoBi napm 2) POBIA (Si)
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MoAayrboBaHe CBITNo
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BumiproeTbca KpuBa 3anexHocTi (poToCcTpyMmy Bif NpUKIageHoOl Hanpyru, TobTo
BAX npu ocBiTneHHi, Aika ekBiBaneHTHa B®X 3BnyanHoi MOH-cTpykTypu. AKwo B
Lin cuctemMi aTtoMm rasy MOXYTb MNPOXOAUTU Kpi3b HaMNIiBNpo3opy AnNA HUX
MeMOpaHy Ao iHTepdency enekTponit/pobounn enekTpon, To NoTeHUian enekrpoaa
i, BignoBiaHO, TOBLMHA obnacTi 30iaHeHHsA 3MiHIOTLCA. Lle Beae ao 3cyBy BAX
y340BX OCi Hanpyr
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3arnexHicTb HopmanisoBaHoro oToCTpyMmy Bif
NpuKNageHol Hanpyrn onsa TPboX TUMNIB POBOYNX eNeKTPOoaiB:

1 — SiN 3aTBOp Y MOBITPi Ta KUCHI; 2 — 3aTBOP 3i cpibna Ha I-V curves of the PS LAPS at various
MoBiTpi; 3 — 3aTBop 3i cpibna B aTMocdepi KUCHIO pH values

bias voltage vs. Ag/AgCl (V)

OCBITNEHHS CTPYKTYPU 3OINCHIOETLCA CUMHYCOI4aNbHO MOAYNbOBaHMM CBITNOM i3 Yactotor 10 kl'y Ha
noBxuHi xeuni 850 HM Big ceitTnogioga (light-emitting diode, LED). B atmocdepi KACHIO Ana AiogHUX
CTPYKTYp 3 Ag 3aTBOpoM crocTepiraetbcs 3cyB BAX Ha 180 mMB y OBik nosautmBHmx Hanpyr, a ansa SiN
3atBopa (0e3 metanesoro enektpoga) BAX He 3cyBatoTbcs. Tomy 3atBop 3 SIN MOXe BBaaTucs
NOPIBHANBHMM 3aTBOPOM (€nekTpoaoMm) woao enektpoga 3 Ag. lNMosutueHuin 3cyB BAX cBiguntb, WO
agcopbuis aTMocdepHOro KUCHIO Ha Ag 3aTBOPI Ai€ K 40AAaTKOBUW HEraTUBHUIA NOTEHLian.



3 TMNX NOSIbOBNX CEHCOPHUX CTPYKTYP

Structures of (a) ISFET, (b) EIS capacitive sensor and (c) LAPS.



Kelvin Probe Force Microscopy

3D representation of the experimental Kelvin probe force microscopy
image of a single naphthalocyanine molecule


https://www.google.com.ua/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Cuesp3VgsjxgHM&tbnid=1c_f3aqdJFKF3M:&ved=0CAUQjhw&url=http%3A%2F%2Fwww.imaging-git.com%2Fnews%2Fkelvin-probe-force-microscopy-first-image-charge-distribution-single-molecule&ei=h_UeVKzEEKKhyAOfhYLIAg&psig=AFQjCNFIorXjoEUCdAKoELWXiygrCcnrdA&ust=1411401448462681

METO[ KEJIbBIHA

poboTa rasoBmx CeHCOpiB Ha MNONbOBOMY edekTi BGasyeTbCA Ha 3MiHi poboTu Buxody metany. Tomy
BU3HAYEHHS BESIMYUHM LiET 3MIHN € BaXXNMBOK 3agadeto npu po3podui ceHcopiB. LLnpoko 3actocoByBaHUM
METOOOM BM3HaYeHHA poboTu BMXOAy € Tak 3BaHUW MeTon 30HAy KenbeiHa, AkuA iHKONW e Ha3uBakTb
memodom KenbegiHa — 3icmaHa (Kelvin — Zissman) yn memodom 8ibpyro4o20 esiekmpoda (EMHOCMI).
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biok-cxema, sika MOSICHIOE MeTO/
BHMIPIOBAHHS NOBEPXHEBOI0
NMOTEHIIAJy METAJy 32 METOIOM
BiOpyIO40ro0 ejexkrpoaa

Ha kBapuoBoMy n'e30KpucTani Yn ocepai enekTpoMarHita 3HaxoanTbCs nNnacTuHa 3paska, podoTty Bmuxoay
HOCIIB 3apsigy sikoro Tpeba sumiptoBaTu. KonmeaHHA NacTUHM BUKITMKAE BiAMOBIAHE KONIMBAHHA EMHOCTI B
NOBITPSAHOMY 3a30pi Mi>XK MNACTUHO Ta eNnekTpoaoM NopiBHAHHSA (d = 10—-100 MKM) TakMM YMHOM, LLO
BMHUKAE 3MiHHUIA CTPYM / B KOni. BenuynHa Lboro CTpyMy 3anexuTb Bif pi3HWUL NoTeHuianis  A\/

y 3a30pi



BennumHa ctpymy moxe 6yTun 3anucaHa sik:

. d dC
| = —Q =AV —
dt dt
Ae Q — eNnekKTpUYHUN 3apaa Ha NNacTuHi, C — EMHICTb 3a30py Q =CV

[na eMHOCTI MiX napanernbHOK MNMacTUHOK Ta MIIOCKUM €eneKTPOoAOM MOPIBHAHHSA, BiACTaHb MK AKUMMU
3MIHIOETbCH 3a 3aKOHOM

d = dy + dy sin(ot)

&g
d

cbopmyna OnA NMNocKoro KoHAeHcaTopa C

ae d, — cepeHsa BigCcTaHb M nnactuHamu, d, — MakcumMansHa aMmnnityaa KormeaHb



3Haxo4MMO BENUYNHY 3MIHHOIO CTPyMy
dymcos(mt)

[do +dy sin(wt)

| = —egnAAV

Ta y Bunagky d, >>d, : egg AAV

| =
dg?

dywcos(wt)

: d
dg dmin dl _ -0

:1—(1/ﬁ J2

d.i, = dy — d; — MiHiManbHa BigcTaHb MK ABOMa NnacTuHamu. 3asHadaemo, Lo
OoNnTUManbHUW CUrHan cTpymy BusHayaeTbea d i,

Ha npakTtuui BUMIPIOETLCA HE BeNUYMHa CTPyMY , a goaaTtkosa Hanpyra E, aka
NPUKNagaeTbCs A0 CTPYKTYPU Tak, Woob niaTpuMyBaTu HyNbOBE 3HAYEHHST CTPYMY

AV E _ O E — koHmaxkmHa pisHuuyss nomexuianie (KPI1), B aHrMOMOBHIN
_ — nitepartypi — contact potential difference (CPD).



PoboTty ceHcopa, siknn 6asyeTbCca Ha MeToAi Bibpytovoro enekrpoaa,
YMOBHO MOXHa pO3KnacTu Ha Tpu ctaail
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HaniBNPOBIAHUK — MO3UTUBHO.

3. MpuknanaeTbea Hanpyra E, sika KOMMNEHCYe KOHTaKTHY PisHULIIO MOTeHLianis

E=AV =dy —Dg
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Influence of gases on ® whereby eAV, describes the Schottky barrier, A(E--Ef) the
shift of the Fermi level relative to the conduction band and Ay the change in

electronic affinity.
In the case of the CO interaction at the temperatures around 200-400°C, changes in
eV, and y are taking place. Changes in the barrier height correspond to electron

transfer and changes in y to changes in the dipole coverage on the surface.
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3a HasgBHOCTI ra3oBol agcopbuil Ha NoBepPXHi HaniBNPOBIAHUKOBOI NSIACTUHKU piBeHb Pepmi
HaniBNpoBigHMKa 3CYBAETbLCS BIQHOCHO MiHIMYMY [IHA 30HU MNPOBIAHOCTI U 3MIHKOETLCA poboTa
BuxoAy HanisnposigHuka. MNpuknag sukopuctaHHa metogy KPI ans BumiptoBaHHs agcopbuil
CO npu T =200-400 °C

CnoctepiraeTbcs 3miHa BenuunHn AV 3a paxyHok 3miHv eMHOCTi npu agcop6ui

avnorsis Ha NoBepXHi. [NpoTe Ha npakTuLi 3py4dHille BUMIptOBaTK 3MiHY OMnopy

Bap'epHOT CTPYKTYPU, AKNIA 3anexuTb Big AV
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