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BCTYII

AKTyaJIbHiCTh TeMH. PO3BUTOK CydacHOT JIIarHOCTHYHOI anapatypu 010MeIuIHO-
To MPU3HAYCHHS XapaKTEPHU3YETHCS CTPIMKUM PO3MIUPEHHAM (PI3UUHUX METOJIB BHUMI-
PIOBAJIBHOTO MEPETBOPEHHSI (DYHKI[IOHAIBHUX MOMJIMBOCTEH, MIJBUILEHHIM TEXHIYHUX
XapaKTePUCTHK, ITUPOKUM BIPOBAKECHHAM MIKPOEJIEKTPOHHUX TEXHOJIOIH Ta MIKpOII-
pouiecopHoi TexHikd. Lli TeHAeHIii scCkpaBo MPOSIBISIOTHCS B OJHOMY 3 BaXIJIMBUX KIla-
CIB JIIarHOCTHYHOI amapaTypu — MPUCTPOSIX BUMIPIOBaHHS IIBUJKOCTI MOTOKY ra3iB Ta
piauH (CeHcopax MOTOKY), IO 3aCTOCOBYIOTHCS JUIsl BUMIPIOBAHHS TTapaMeTpPiB TUXajlb-
HOI CHUCTEMH (30KpeMa, IIPU aCMaTUYHUX 3aXBOPIOBAHHSX), B CUCTEMax LITY4YHOTO JH-
XaHHs, 3aco0ax 010XiMiYHOro aHaiizy. Kpim Toro, ceHcopu noToKy 3HaXOAATh IIUPOKE
3aCTOCYBaHHSA B TEXHOJIOTIYHMX Mporecax (apMakoyorii Ta MPUCTPOSX EKOJIOTIYHOTO
MOHITOPHHTY.

3 TO4KH 30py G10XIMIYHOI CyMICHOCTI MaTepiajiB, BUCOKOI HaJAIMHOCTI QyHKIIOHY-
BaHHsI, MIHIMAJIbHOTO BIUIMBY Ha MapaMeTpu JOCIIKyBaHOIO MOTOKY Ta MOXJIMBOCTI
BUMIPIOBATHU SIK MaJi, TaK 1 BeJIMKI MOTOKHU PiIMH Ta ra3iB MPIOPUTETHICTh B GioMeany-
Hill amapaTypi MaiOTh TEIJIOBI CEHCOpU MOTOKY (TepmoaHemomeTpu, thermal flow
sensors, hot-wire anemometer) — NPUCTPOi, BUMIPIOBAJIbHA 3/IaTHICTh SKUX 0a3ye€ThCs
Ha BU3HAYEHHI TEMIIEPaTypPHOIO MOJIs B JIOKAJIBHO HArpiTIH PEUOBUHI MIOTOKY.

Po3BUTKY HayKOBOro HanmpsMKy CUTHAJIbHUX IEPETBOPIOBAYIB TEIIOBUX CEHCOPIB
HOTOKY 3arajbHOro Ta 610MeAMYHOIO NMpHU3HAUYEHHs NOTPIOHO 3aBISUUTH, HacaMIepes,
BUJATHUM HAyKOBIISIM, BiZOMHX BITYM3HAHOI Ta 3apyOixkHoi mkim: 3. FO. Totpw,
B. C. Ocamguyka, O. B. Ocamuyka, O. /. Azaposa, P. JI. ['onsku, B. C. I'yTHikoBa, a
takox Allen B. Holmes, Richard Miller, David W. Spitzer, N. T. Nguyen, D. Lee Ta in.

AKTyaJllbHICTh MPOOJIeMH PO3POOKK HOBOTO MOKOJIIHHS 1HTETPATbHUX CUTHAJIBHUX
HEepeTBOPIOBAYIB JUIsI MIKPOEJIEKTPOHHUX TEIJIOBUX CEHCOPIB MOTOKY OOyMOBIIEHA Jie-
KipkoMa Qaxtopamu. [To-nepiie, cTpyKTypHO-CXEMHI PillIeHHS, 10 3aCTOCOBYIOTHCS B
TPaJUIIMHUX CUTHAJIILHUX IEPETBOPIOBaYaX, 30KpeMa, JJIsi BUMIPIOBAIbHUX KiJI TEPMO-
PE3UCTUBHOTO TUITY, HE 3a0€3MeUyl0Th BUMOT I110/10 MiHIMI3allii eHEproBUTPAT MIKpOe-
JEKTPOHHUX TEIUIOBUX CEHCOpiB MoToKy. Ilo-apyre, 3 mepexoJoM Ha HU3bKOBOJIBTHI
JpKepesia JKUBJIEHHS! Ha0yBae 0coOIMBOI BaXKJIMBOCTI MiHIMI3allis MAapa3UTHOTO BIUIUBY
Ha pe3yJbTaT BUMIPIOBaHHS OIOPIB JiHIK nepenad curnainy. [lo-tpere, B mporeci po3-
POOKM CEHCOPHMX MPHUCTPOIB BUMIPIOBAHHS IIBUAKOCTI MOTOKY IMOBHHHI BPaXxOBYBaTH-
Csl BCl BUMOTH IIOAO iX BIANOBIJHOCTI CyYaCHUM HampsMKaM pPO3BUTKY MIKPOEIEKT-
POHHHUX CEHCOPIB, 30KpeMa, iHTep(deiicHa CyMICHICTh, MOKJIUBICTh MPOTPAMHOTO Kepy-
BaHHs IPOLIECOM BUMIPIOBAHHS, PO3IMIMPEHI (DYHKI[IOHAIbHI MO>JIMBOCTI, BiJMOBIJ-
HICTb CTaHAAPTy 10 iHTesnekTyanbHux ceHcopiB IEEE1451.2 Intelligent Sensors, Biamno-
BiJIHICTH BUMOTAM JI0 TEXHIKH 010MEIUYHOTO MPU3HAYCHHS TOIIIO.

ToMy, NPUHIMIIOBO BAXKJIMBOIO € peaii3alis OTpUMAaHUX B POOOTI MiAXO/IB Ha Cy-
YyacHIW eJeMEeHTHIH 0a3i, 30KkpeMa, 1HTerpalbHuX Bucokomnperusiitanx CMOS rail-to-
rail onepauiiHUX MmiJCHIIIOBaYax, ABOHANPABICHUX MyJbTUIUIEKcopax Ty ADG, mik-
pokonseptepax tuny ADuC, noryxuux D-MOS HEX FET tpansucropax Tompo. Ta-
KUM YHMHOM, 3ajladya po3pOOKH CyYaCHHMX IHTErpaJIbHUX CUTHAIBHUX IEPETBOPIOBAYIB
MIKpPOEJIEKTPOHHUX TEIJIOBUX CEHCOPIB MOTOKY BUXOJUTH 33 MEXI1 1HKEHEPHUX I1JIX0-
JIiB Ta BUMara€ HOBUX MiAXO/IB Ta HAYKOBUX JIOCIIKCHb.
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1 AHAJII3 TA OBI'PYHTYBAHHS 3AJIAYI PO3POBKH
CUT'HAJIBHUX ITEPETBOPIOBAYIB TEIIVIOBUX CEHCOPIB
IHOTOKY 3ATAJIBHOI'O TA BIOME/IMYHOT' O ITPU3HAYEHHSA

1.1. Anani3 cTaHy po3BHTKY TEIJIOBHX CEHCOPiB MOTOKY 3arajibHOro
Ta 0IOMEeIMYHOT0 MPU3HAYEHHSA

TemoBuii cencop motoky (Tepmoanemometp, thermal flow sensors,
hot-wire anemometer) — e TPUCTPi BUMIPIOBAHHS IIBUIKOCTI TMOTOKY
piauHYU YU Ta3y, KUl 0a3yeThCs HA MPUHIIMIT BUMIPIOBAHHS TEMITEpaTyp-
HOTO TOJIs JIOKAJIbHO HArpiToi pedyoBuHU MOTOKY [40—43].

Po3pi3HsI0Th nekinbKa 0a30BUX METO/IB (POPMYBaHHS CUTHAITY 00yMO-
BJICHOTO IIBHKICTIO MOTOKY. B HalmpoCTimoMy MeTO/I BUMIPIOIOTh TEM-
nepaTypy po3MIIIEHOro B MOTOIl HAarpiBHUKA — 13 301IBIIIEHHSM IIBUIKOCTI
MOTOKY, BHACIIJOK TEIUIOBII1adi, TEMIIEpaTypa HarpIBHUKA 3MEHIIYEThHCS.
binbm mporpecuBHi MeToAM Tiepen0avdaroTh JIOKATbHUNW HArpiB CEpeloBU-
I1a MOTOKY Ta BUMIPIOBaHHS PI3HUII TEMIIEpaTyp B MOTOILI B 00JaCTAX 10
(S1) Ta micna (S2) narpiBHuka (heater) B HanpsIMKy MOIIMPEHHS MOTOKY
(puc. 1.1). Ile mo3Bomsie, mo-nepie, BUMIPIOBATH HE JIUIIE MIBUIAKICTH IO-
TOKY, ajie 1 Horo HampsiM, 1, MO-JApyre, MiHIMI3yBaTH BIUIMB Ha pe3yJbTar
BHUMIpIOBaHHS TEMITEpaTypy PEUOBUHHU ITOTOKY.

Functional principle of the flow sensor, Thermal equivalent circuit of the sensor.
$1, 52: temperature-sensitive resistances
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Pucynok 1.1 — Ctpykrypa Ta GyHKIIOHAIBHUI NPUHIKT poOOTH
MIKpOEJIEKTPOHHUX TETNIOBUX CEHCOPiB MOTOKY

Po3pi3HAI0Th cTaTUYHI Ta AMHAMIYHI (Yaco3aleXHl reHepaniiiHi BUMi-
ptoBanibHI niepeTBoproBayi, Thermal Time-of-Flight Mode Transducers)
cxemu (opMmyBaHHS 1HPOPMATUBHOTO CUTHAY, 30KpeMa, SIK 1€ MOKa3aHO
Ha IpUKJIaal 010MEIUYHOrO TEMJIOBOIO CEHCopa MOTOKY 3 1HTETPOBAHUM
CUTHAJIBLHUM TNepeTBoproBaueM (puc. 1.2) [44—47].
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Schematic of the experimental setup use for all operational modes.
The interface circuitry is shown for hot-film mode constant current biasing, calorimetric mode, and time-of-flight mode.
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Pucynok 1.2 — [Ipunnunu ¢opMyBaHHS CUTHAITY B TEIUIOBHX CEHCOpPAX MOTOKY

[Ipyn HEOOX1IHOCTI BUMIPIOBATH 3HA4HI 00’€MHU MOTOKIB B Marictpani
BEJIMKOTO JiaMeTrpa B OCTaHHIM QopMyroTh OaifnacHy (mapajieibHO
niJ’€HaHy 10 OCHOBHOI MaricTpaii) TpyOKy HEBEIMKOIro JlaMeTpa, MOTIK
B SAKI{ € MPOMOPIIMHUM J0 MOTOKY B Marictpaii. BuMiproroun MIBUIKICT
MOTOKY JIMIIe B OailmacHii TpyOIll Ta anmpOKCUMYIOUU OTPUMAHUMA pe3yJib-
TaT BUMIPIOBaHHS Ha IIBHJAKICTH MOTOKY B OCHOBHIM Marictpaii, gocsra-
I0Th 3MEHIIIEHHS! €HEPTOBUTPAT HA HArpiB MOTOKY Ta MIHIMI3YIOTh TEMIIe-
paTypHUI BIUTUB TEIIJIOBOTO BUTPATOMIipa Ha MOTIK B IIJIOMY.

B Hu3mi GyHKIIOHATBLHO-CTPYKTYPHHUX BHUPIIIEHb TETUIOBUX CEHCOPIB
MOTOKY 1X CEHCOPH Pi3HUIIEBOI TeMIIEpaTypH MOEIHYIOTh 3 HarpiBadamu. B
TaKOMY BHUIIAJIKy CEHCOP MOTOKY CKJIAJA€ThCS 3 IBOX (DYHKIIOHAIBHO 1HTE-
rPOBaHUX EJIEMEHTIB, KOKHUHN 3 SIKUX HArpiBa€ThCA 1, XapaKTePHU3YIOUUCH
BIJIOMUM 3HAUEHHSIM TeMIepaTypHOro KoedilieHTa omnopy, 3ade3nedye
MOXJIMBICTh (DOPMYBaHHSI CUTHAJIY IIPO TeMIieparypy. Temmeparypa mep-
[IOr0 B HANpPSIMKY TOUIMPEHHS MOTOKY (DYHKI[IOHAJIBHO I1HTETPOBAHOIO
€JIEeMEHTa € MEHIIIOK0 BiIHOCHO JAPYroro, aHAJIOTIYHOTO 3a po3MipamMH Ta
€HEPri€r0 HarpiBy, €J1eMeHTa, 110 00YMOBJIEHO TEIIONEPEHOCOM MIXK IIUMHU
eJIeMEeHTaMH cepefioBuIlleM MoToky. [Ipukian peamnizaiii MiIKpOeIeKTpOH-
HOTO CEHCOpa MOTOKY Ha OCHOBI (DYHKITIOHAJIBHO 1HTEIPOBAHUX CJIEMCHTIB
TEPMOPE3UCTHUBHOIO THIY, 30KpeMa mojaeii AWM2100V, — citoBoro i-
Jepa B Tamy3l MIKPOETIEKTPOHHOI CEHCOpPHOI eNEKTPOHIKU  (ipMu
Honeywell HaBeaeno Ha puc. 1.3 [48].
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Pucynox 1.3 — Mikpoenektponna MEMS cTpykTypa (a) TEII0BOTO CEHCOpa MOTOKY
Ta oro TUIOBA XapakTepucTuka (0)

MemOpaHHa CTpyKTypa CeHcopa, 110 3a0e3nevye MiHIMalIbHE 3HAUYCHHS
Terionepeaadl MK (PyHKIIOHAIbHO IHTETPOBAHUMU €JIEMEHTaMU Ta YIlOM
IHTErpaJbHOl cXeMHu, (POpMy€eThbCs TeXHOJIOTiE0 KpeMHieBUX MEMS ctpy-
ktyp (Micro-Electromechanical-Systems, Mikpo-Enexrpo-Mexaniuni Cu-
cteMu). ["abaputu ceHcopa moToky Ha ocHOBI MEMS cTpyKkTypHu THUIIOBO
HE TIEPEBUINYIOTH JCKUIBKOX MUIIMETPIB MPU PO3Mipax UyTIUBHUX €JIEMEH-
TiB (30KpemMa, GyHKIIIOHAIBHO 1HTETPOBAHUX €JIeMEeHTIB) mopsaaky 100 MxM.

BaxnuBe 3HaueHHS B TEIJIOBUX CEHCOPIB MOTOKY Ma€ TaKOX PEXKUM
HarpiBy Ta B3a€MHE PO3MIIIEHHSI CEHCOPIB PI3HHUIICBOI TeMIIEpaTypu BiJl-
HOCHO HarpiBHHUKa, 30KpemMa Ipo 1e iaerbes B [49].

HogitHiit Hanpsim Art of Science (MUCTENTBO HAYKH) TETJIOBUX CEHCO-
piB OTOKY MpejcTaBieHuid 6aratoaianazoHHuM MEMS ceHcopoM nOTOKY
Ha OCHOBI MaTpulll (yHKIIOHAJIBHO 1HTerpoBaHux eneMeHTiB [50]. Konc-
TPYKIIIO TaKOro CeHcopa IMOoKa3aHO Ha puc. 1.4, po3noain Temneparypu
€JIeMEHTIB — Ha puc. 1.5, a oro 30BHIIIHIN BUIIISLA Ta NPUKIaA QYyHKIIO0-
HaJIbHOI XapaKTepUCTUKU — Ha puc. 1.6.
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. Top-view of the flow sensor membrane.
Cross-section scheme of the flow sensor.
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Pucynox 1.4 — KoHCTpyKIIis (CXeMaTHUYHUNA MTONIEPEUHHM TTepepi3) TEMI0BOTO
matpuuHoro MEMS cencopa motoky (a) ta iioro ¢otorpadis (6)

Qualitative FEM results of the modification of the
temperature distribution due to the presence
of an incoming flow.

membrane

Pucynox 1.5 — Po3nonin TemnepaTypu B TEIIIOBOMY MaTPUYHOMY CEHCOpPI IOTOKY

Sensor response to low flow ranges.
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Photograph of the packaging capsule. .
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Pucynok 1.6 — @ororpadis (a) Ta npukiag GyHKIIOHAIBHOT XapaKTEPUCTHKH (0)
TETJIOBOTO MATPUYHOTO CEHCOPA MOTOKY

Koncrpyxkiis, npunnun (GopMyBaHHS CUTHAIY Ta (DyHKITIOHAJIBHI Xa-
PaKTEPUCTUKH MATPUIHOTO CEHCOPA MOTOKY, MO 0a3y€ThCsl HA YaCTOTHOMY
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Metoi popmyBanns iHPopmaTuBHOro curHaiy (Thermal Time-of-Flight
Mode), mokazaHi, BinmoBigHo, Ha puc. 1.7, 1.8 [51]. Takuit MmeTox 3abe3rie-

qye€ nmogajbme 3SMCHIICHHA CHCPIOCIIOKMBAHHA Ta MO>KJIUBICTD MiKpOHpO—

[IECOPHOTO CHUTHAJIILHOTO TIEPETBOPEHHsA O€3 BHKOPUCTAHHS aHAJOTro-

M (ppoBUX MEPETBOPIOBAYIB.

OLs DL DU1 O DF DR2 DR3

i -

T T

LS T DA R

E' "'_'"_"‘".—:W::H’)ﬁnxﬁﬁmﬂhmmo&um-ﬁmm&

L a)

g gl | R

e R e y—"

semaor with 7 elemens

b)

a)

6)

Pucynok 1.7 — Koncrpykuis (a) Ta 30BHiIIHINA Burisa (6)
matpuaHoro Thermal Time-of-Flight Mode cencopa moroxy

[ hasier 3

ORGSO GG

Period [ms]

—
=y

160
112 4
3
&
110 2
(=
i
18
60 — T T &
0 G 13 18 25 32
Fluid Flow [milfs] b)

6)

Pucynok 1.8 — @yHkuioHanpHa cxema (JOpMyBaHHS CUTHAITY () Ta XapaKTEPUCTHKU
neperBopeHHs (6) marpuunoro Thermal Time-of-Flight Mode cencopa noroky

[lepeBaxxHa OUTBIIICTH PO3TISHYTUX BUILE TEMJIOBUX CEHCOPIB MOTOKY

e He OTPUMAJId MPOMUCIOBOTO BIPOBA/KEHHS — HaBeACH1 MyOJsikariii
CBIlUaTh MPO pealizalliio Juiie JIabopaTOpHUX 3pa3kiB. Tomy, 3 METOIO
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OUITBIII TOBHOTO MPEICTABIIEHHS CY4aCHOTO CTaHy PO3BUTKY TEIJIOBUX CEH-
COpIB MOTOKY, HAaBEJEMO JACKUIbKA MPUKIIAAIB MAaCOBHUX Ta KOMEPIIIMHO J10-
CTYIHHX MPUCTPOIB Takoro Tumy. lle, 30kpeMa, TEIIOBI CEHCOPU MOTOKY
kommanii ELDRIDGE products Inc. (puc. 1.9), Tepmoanemomerpu A-471
(puc. 1.10), Testo 405 (puc. 1.11) ta Testo 425 (puc. 1.12), mo npeacras-
JieH1 Ha pUHKY YKpainu Acormianiero «laaycTpis-Ykpaina» [52, 53]. O6-
JIACTh 3aCTOCYBaHHS OCTaHHIX — MOHITOPUHT YMOB TIpaili Ha BUPOOHHUIITBAX,
TeXHIKa 0€3IEKH, EKOJIOT1S TOIIO

Eldridge Products, Inc. @
ELDRIDGE PRODUCTS INC - Thermal Gas Bt TR O o e ek i
Mass Flow Measurement and Control
Instrumentation

Eldridge Products Inc - Abbreviated as EPI, has mare than 20 ! ...L........... HHHH =
years exerience in the design and production of thermal mass % %‘ HHHHHE L;:“._}
flowe meters and flow switches. —

The Eldridge Master-Touch flowmeters include microprocessar
technology and remains at the forefront of thermal gas mass flow | i
instrumentation.

Eldridoe manufactures a range of in-line and insertion style
thermal mass flow meters with integral and remaote electronics
options. Single point and multipoint units as well as the new
Thermal Flow Averaging tube is unigue to Eldridge Products Inc.

Pucynok 1.9 — Inpopmauiiini marepianu komnanii ELDRIDGE products Inc

A-471 Uncppopoil TEpMO-aHEMOMETP

A-471 Unchpoepoi TepmMo-
aHemMoMeTp

YeTbipe BbiGUpaeMbIX NP IKCMTYaTALMK

AuvanazoHa ot 500 g0 15000 qayTOBIMMH Mogenu

Homep Cropocte,
AMANE30H3 ( J micer (MPS)

Homepa
MOAEH

hdrgene 471-1

hagene 471-2

Ecte npeaynp
r'J.P"l"‘l 1 Ha 8 2 b, 4713

Pucynoxk 1.10 — KopoTka xapakrepuctuka TepmoaneMometpa A-471
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KoMmnakTHuIiA TepMmoaHeMoMeTp testo 405
C NOBOPOTHOWN FONOBKOKN

B [ucnneid Ha ruBKoM WapHupe ¢ Ownanazon wam.:  0.5MCcnpu-20..0°C
dmkcaTopoM. 0..10 M/c npK 0...+50°C
B ToyHble “npodeccuoHantHble 0...99990 wfy
ceHoopbl” BNepBEHE NPUMEHASMEIS B -20..+50°C
Henpporux MpuBopax CTuk- Knacoa. Paspeuienye: 20,01 mMfc /£0,1°C
MorpewHocTs: 25 % 0T MaM. 3Hay.
W YnpaeneHWe NpH NOMOLULM OHOM +0,10 Wc (10 2 Wjc)
KHOMKN. +0,30 M/C (CBLILLE 2 M/C)
W Bonbluoii v yooGHeIE Ona c4WThI- +05°C
BAHWA JAHHHX OMCTNG. Pabouad Temn.: 0...+50°C
B BoTpoeHHbIif Konnayok Ong salunTel | VM. Xpanedus:  -20...+70°C
LATYMEOR BNAKHOCTH W CKOPOCTH. Tun Gatapefikn: 3T pasMep ARA
M Nons3ceaTens MOXET Nerko el Bl B )
3oHa: @ 12/16 Mm,

3AMEHUTL BaTapeiku.

AnuHa: okono 300 M
B MHorodiyHKUMOHANbHbI DEPXETEND | CamooTkniodeHMe: Yepas 5 MUK,
(Toneko gna Crukoe m/c, % OB u °C). lapaHTus: 1rog

W PuKcaTop ONA ra2cXoqoe (TonbKo
ana Ctukoe % OB » m/c).

Pucynox 1.11 — Kopotka indopmariist repmoanemometpa Testo 405

KomnakTHuiii anemomeTp testo
425 co cTalmMoHapHo
TIO/ICORMHEHHBIM
000IPeBaeMbLIM 30HIO0M
TeMINEpaTyPL/CKOPOCTH BO3/IYXa
M TENECKONUYECKOM PYKOATKOM.

O6LemHbIid pacxon
0TOOPEXAETCS HENOCPEICTBEHHO

Ha mucrnee. TouHBIA
©00LEMHOID Pacxofia bnarojiaps
TOMY, 4TO 30H[, IETKO
ToMeLLAeTCs B BO3YX0BO.
Takke BO3MOXHO NEpeKioHeHe
Ha oToOpaKeHKe NoKa3aHMWii
TeKyLLEH Temneparyphbl.

DyHKUMS YCpeHeHI 1o
BPEMEHH U KOJIMHECTBY 3aMepoB,

TIO30MFET NOMYHTH
YCPeIHEHHLIE 3HA4EHHS
00LEMHOIO PACKOfA, CKOPOCTH
TIOTOKA W TEMNIEPATYPLL.

M#H/MaKC 3Ha4eHue MOXHO
TAKXe YBU/IETh HA VCTnee.
Gyhkupa Hold noaeonset
3aDHKCUPOBATH TEKYILIME [IAHHbIE
M3MEPEHHIA HA [IMcTnee.

TexHusecKkHe faHHbIE

Tun aonpa O6orpeeaeMbiii NTC

JNwanazod mamep. | 0 po +20 mjc -20 po +70°C

MorpewwHocTs £(0.03 mjc +5% ot nam. 34.) +0.5°C (0 no+60 °C)

+1 uyndpa 0.7 °C (e oct. guman.)
PazpeweHue 0.01 mfe 01°C

Pabo4as Temn. -20 po +30°C TaGapuThl 162 x 64 x 40 MM
Temn. xpaHeHus -40 po +85°C Bec 285t

Tun Gatapeitkn AnkanuHosan Marepuankopnyc ~ ABS

Pecypc Barapeiin 204 TapaHTnA 2 roga

Pucynox 1.12 — Kopotka indopmariist repmoanemometpa Testo 425

PosrnssHeMo OUIBI IeTaIbHO TEIUIOBI CEHCOPH MOTOKY O10MEIUIHOTO
npusHadeHHs. L{iif TemaTuIl npucBsi9eHo HU3KY 1H(POPMAIIMHIX PEeCypciB,
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AK1 B1IOOpa)xaroTh, 30KpeMa, creru@iKy MPUCTPOiB O10MEAUYHOIO MPHU3-
HadyeHHs [131-135], HaykoBi poOOTH 31 CTBOPEHHS CEHCOPIB MOTOKY 0i0-
MEANYHOTO Tpu3HaueHHs B jJaboparopisx Bio-MEMS & Microsystems
Laboratory of University of South Florida (puc. 1.13) [54] Ta State of Utah
Center of Excellence for Boimedical Microfluidics (puc. 1.14) [55].

UNIVERSITY OF
BIO-MEMS & MICROSYSTEMS BIG IDEAS | SMALL DEVICES &)L.-‘r}l FLORIDA

COLLIGE OF ENGINTIRING

Welcome to the

Bio-MEMS & Microsystems Laboratory

Bio-Sensors and Micro-fluidics

The research objectives of this proposal are: (a) Development of nowvel
MEMS sensors and technigues to reliably and repeatedly image individual
cellsforganisms using hio-impedance measurements, (b Integration of
micro fluidic sensors into flow-through system to develop a generic
identification technique and (c) Understand and analyze the challenges in
signal processing enabling differential detection. Research outcomes of
this proposal would faclitate the fundamental understanding and
optimizing of the science and technology of bio-impedance at a micro
scale, The research will establish the fundamental science required to
enable the development of a single generic sensor that would be capable
to identify cells based on their bio-impedance maps.

Pucynoxk 1.13 — Indopmartiiiauii pecypc Bio-MEMS & Microsystems Laboratory
of University of South Florida

nddressI@http:;’,l’www‘mems.utah‘edu,l’ j GD |Lin|
u State of Utah Center of Excellence for Biomedical Microfluidics é

Home Research Publications Personnel Education S

Research Our Mission Research Profile Fabrication Capabilities Collaboration  Director Info Contact
Publications Info

Personnel

Education

_ roreyseess Welcome

Welcome to the Home Page for the State of Utah Center of
Excellence for Biomedical Microfluidics at the University of Utah. The
Center iz dedicated to the discovery, understanding, development and
commercialization of microscale and MEMS devices for application to
biclogical, biomedical, and medical problems. Work in this field is
sometimes referred to as BioMEMS. The Center is directed by Bruce
Gale, an associate professor in the Department of Mechanical
Engineering. Typically about 15-20 graduate and undergraduate
students are emploved in the Center.

Pucynok 1.14 — Indopmaniitauii pecypc State of Utah Center of Excellence
for Boimedical Microfluidics

OCHOBHUMH BUMOTaMH JI0 CEHCOPIB MOTOKY O10MEIWYHOTO MpHU3HA-
YeHHs € 010XiMIYHA CYMICHICTh MaTepiaiiB Ta 3[JaTHICTh BUMIPIOBATH MaJli
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3HAYEHHS MIBUAKOCTI (MaconepeHocy) JOCIIKYBAHOTO MMOTOKY PIAUHU YU
razy. Y BUNAJKy BUKOPUCTAHHS IIUX CEHCOPIB JJIsi JOCIII)KEHHS MapaMeT-
pIB AUXaJIbHOI CUCTEMH OCHOBHOIO BUMOTOIO € MIHIMajJbHA 1HEPTHICTh Ta
eproHoMiuHi moka3Huku. CeHcopu sl O10MEAUMYHUX 1n-situ JOCIIKEHb
NOBUHHI XapaKTepU3yBaTUCS MIHIMAIbHUMM rabaputamMu Ta €HEprocro-
KUBaHHSIM.

3okpema, Ha puc. 1.15 HaBeneHO KOHCTPYKIIIO Ta (PYHKI[IOHAIbHY Xa-
PAKTEPUCTUKY MIKPOEIEKTPOHHOTO CEHCOpa MOTOKY O10MEIUYHOrO MPHU3-
HaueHHs [47]. Cencop BuroronieHo Ha ocHoBl LTCC (Low Temperature
Coffered Ceramics) kepamiku 3 BUKOPUCTAHHSIM €JIEMEHTIB TOBCTOILTIBKO-
BO1 TEXHOJIOT11, 10 3abe3medye 610XIMIYHY CyMICHICTD 3 JOCIIKYBaHUMU
plIMHAMMU.

Sensor design with flue channels.

fluid channel

— top layer

resistor S1

heater

resistor S2 a)
cover layer

: %} substrate layer

bottom layer

I

y cut-out
vents

embossed flue channels

Sensor characteristics as a function of the applied
flow for water: resistance difference 51 —52

AR ($2-81) vs. flow rate

. 0)

AR (82-S1) [Q]

b.d
&*
*
W
+
-

0 | 0.2 0.3 04 05 08 OF 0B 082
flow rate [ml/min]

Pucynok 1.15 — Koncrpykuis (a) Ta ¢pyHkuioHansHa xapakrepuctuka (6) LTCC

MiKpOCJ'IeKTpOHHOFO CCHCOpa IMOTOKY 6iOMeI[I/I‘lH01"O IMPU3HAYCHHA
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[HIIMM XapaKTepHUM NPUKIAJOM CEHCOpa MOTOKY O010MEAMYHOrO MpH3-
HAYEHHS € MIKPOEJIIEKTPOHHUI MOysib Ha OCHOBI GiocymicHoi MEMS mart-

puii [46]. Matpuris ceHcopa peanizoBaHa Ha OCHOBI 010CyMiCHOI MapuiIiHO-
Boi MmemOpanu (Parylene C Membrane) 3 mIaTHHOBUMH CEHCOPHUMU €JICKT-
poaaMu. 3 METOIO MOKPAIIEHHSI TEPMIYHOT 130JISI1I1i1 TETJIOBOIO CEHCOpa IOo-

TOKY HOoro MeMOpaHa «IiJBillieHay HaJ OaJIOUHUM MIKpPOMEXaHIYHUM KaHa-

JIOM, BUTOTOBJICHUM 3 KpeMHit0. [IpuHiun GyHKITIOHYBaHHS Ta KOHCTPYKITiS
CeHcopa Moka3aHi Ha puc. 1.16, mocmiaoBHICTh (POPMYBaHHS HOTO CTPYKTY-
pu — Ha puc. 1.17, a 30BHIimHIN Burisn — Ha puc. 1.18. [lupokuit Habip ¢y-

HKI[IOHAJTbHUX XapaKTEPUCTUK BKa3aHOTO CEHCOpa MOTOKY B PI3HOMAHITHUX

pexxuMax Horo po6oTH MoxkHa 6auntu Ha puc. 1.19-1.22.

A three-dimensional exploded view of the sensing array layout and design.

Schematic showing the thermal flow sensing principle.

Sensing
Element

Parylene C
Membrane

Micro-
channel

Thermal oxidation, 2 pm Parylene, etch contact pads

Lift-off lithography & TilW/Pt sputter deposition

I - ‘A
1

\
[ 1 |

Lift-off & 4 um Parylene

Contact pad lithography & Au electroless plating

Sensor

Silicon Substrate _
Glass Plate

Fluidic
Coupler

0)
Pucynoxk 1.16 — Ipuammn ¢yskionyBaHHs (a) Ta KOHCTPYKIIis (0) MIKPOETIEKTPOHHOTO
CEHCOopa MOTOKY 0i0MeINIHOT0 MpU3HAvYeHHS Ha ocHOBI Parylene C Membrane [46]

Fabrication process flow for the thermal flow sensing arrays.

DRIE channel etching & HF vapor oxide removal

. Parylene ' | Platinum

| Oxide [ Photoresist [l Gold

‘ B Ssilicon

Pucynok 1.17 — IocnigoBHICTE (hOPMYBaHHS CTPYKTYpH CEHCOpa MOTOKY [46]
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Photographs of completely packaged thermal flow sensing arrays.

Pucynoxk 1.18 — 3oBHiIIHIN BUTIISA CEHCOpa OTOKY [46]

Representative temperature calibration curve for a flow sensing element. The resistance () and overheat temperature ((O) dependence on the

The slope of the curve corresponds to the empirically obtained TCR (w). applied sensor bias current.

0.06+4
430~ 2nd order fit r100
b 425 2nd order fit 90
. 4204
0.04 4 (]

- = 415 N
= 0.034 8 =
€ § 4101 =

2 o
0.02 4 g 4054
o
400+
0.01 4
3954 @
0.00 T T T - T - y e T 77—+ 0
30 40 50 &0 70 80 90 100 0123 45¢€7 8 910111213141516
Temperature [°C] Current [mA]

a) 0)

Pucynok 1.19 — TemnepatypHha (a) Ta ctpymoBa (0) TepMOpPE3UCTUBHUX €JIEMEHTIB
CEHCOopa MOTOKY [46]

Response of three sensors connected in series for constant current bias-
ing and hot-film mode operation at four different overheat ratios and over the flow
rate range of 0—400 pL/min (mean £ S.E. with n =60). The predicted response,

Frequency response for constant current biasing with a sinusoidal input
or sum of the individual sensor responses, is also plotted for comparison.

(mean £ S.E. with n=4). The cutoff frequency is 890Hz and after which the

0 output drops off at 15 dB/decade.
04eee00000 .
10 »
— =
o -5 e
-20 % &
s < -10- ®e
E = -
> B B, =
= -30 o—3mA e £ e ee
|—o—4mA < -
—4—5mA 2 &
404 _v—6mA v N 204 “s
I SmQ przicie: \"\-_,\\ g s
- @ene — =
50 4mA pri !cie e S o5 &
4 5mA predicted e = e,
¥ BmA predicied it
0 160 260 360 460 -30 S = 5 =S S S S
10° 10° 10° 10°

Flow Rate, Q [ul/min] Frequency [Hz]

a) 6)

Pucynok 1.20 — @ynkuioHansHa (a) Ta yacToTHA (0) XapaKTepUCTUKU
CEHCOopa MOTOKY [46]
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" " y " Individual detected heater responses to an imposed upstream heat pulse
The time-of-flight response displayed as the measured top time (7, H) . . o . _ .
. . ' for different syringe pump flow rate settings superimposed on a single graph.
and corresponding temperature increase at the thermal sensor (AT, @) for flow
rates between 0 and 30 pL/min (mean=+ S.E. with n=4). 124
1.554 3.5 —— 1 pl/min
1.0 + 5 pl/min
1.50 3.0 — 10 pl/min
: 0.8 15 uUmin
— —_— — 20 pl/min
2 1 45 23 g —— 25 wimin
g 5y x 064 —— 30 u/min
= 1.40 el
ol = 0.4
= 15
1.35 0.2
1.0
1.304 0.0
T T T T T T r 0.5 T T T T T T 1
0 5 10 15 20 25 30 0 1 2 3 4 5 6
Flow Rate [ul/min] Time [s]

Pucynok 1.21 —YacoBi QpyHKIIOHaIbHI XapaKTEPUCTUKN CEHCOpa MOTOKY [46]

Flow sensing performance for calorimetric mode testing for flow rates
between 0 and 300 pL/min. The inset displays in detail the performance a low
flow rates (0-20 pL/min). The heater is initially set to impose a local temperature
increase of 15°C (5 mA). Data is presented as mean = S.E. with n=100.

2.0 T
- T ——
________ .-
1.5+
S |4 -
-
E. B 1.0
1.04
% I‘ Lo
; -
Ina 05
0.5 -
-
1 0.0 ; T ~ y
: 0 5 10 15 20
0'0 T I T T 1 !
0 50 100 150 200 250 300
Flow Rate [ul/min]

Pucynok 1.22 — ®yHKIioHanbHA XapaKTePUCTUKA CEHCOPa ITOTOKY
IIPY BEJIMKIM Ta Majiil MBUAKOCTI MOTOKY [46]

AHani3 XapaKTEpPUCTUK PO3IIISIHYTUX CEHCOPIB J103BOJIsIE€ 3pOOUTH HU3-
Ky BaXJIMBUX 3 TOYKH 30pY 3aja4 1€l poOOTH BUCHOBKIB.

[To-nepiie, cydacHi MIKpOEIEKTPOHHI CEHCOPH TTOTOKY, 1 30KpeMa CeH-
copu 010METUYHOTO MPU3HAYEHHS, XapaKTePU3YIOThCsl 3HAUHUM pPi3HOMA-
HITTSM TPUHIUIIB (HOPMYBAHHS CUTHAIY — BiJ] €JIEMEHTApHUX JIHIHHUX
NIEPETBOPIOBAYIB Ha OCHOBI OJIHOTO YYTJIMBOIO €JIEMEHTA 1 10 HETIHIMHUX
(reHepaIliiHuX, YacO3aJIeKHUX) MIEPETBOPIOBAYIB HA OCHOBI MaTpullb (yH-
KIIIOHAJIPHO 1HTETPOBAHUX €JIEMEHTIB. Peaizallisi uX MPUHIMIIB CTaBUTh
3a/1a4y po3poOKHU BIJIMOBIAHUX CUTHAJIIBHUX MEPETBOPIOBAYIB, 1110 BiJIMOBI-
JAl0Th BUMOTaM Cy4aCHO1 MIKPOEJIEKTPOHIKH.
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[To-apyre, po3mIUpeHHs Jiana30Hy BUMIPIOBAHHS IIBUIKOCTI MOTOKIB
Ma€ 3HaA4YHy IpOoOJIEeMaTHKy — XapaKTepUCTHKA IEPETBOPEHHS CEHCOPIB, 10
JO3BOJISIIOTh BUMIPIOBATU MaJl MOTOKH, CTA€ JIy>KE€ HENIHIMHOI mpu 301-
JBIIEHH] MIBUAKOCTI MOTOKY. [Ipy MeBHUX KPUTUYHHUX 3HAYCHHSX IIBUIKO-
CTI CIOCTEpIraeTbcsi eKCTpeMyM (QyHKIII MEPETBOPEHHS, 1 1€ pOOUTh He-
MOKJIMBUM BUMIPIOBaHHSl K MajuX, TaK 1 BEJMKUX IIBUAKOCTEeH. Bupi-
IIeHHs 1€l TpoOjaeMu moTpedye BIAMOBIIHOTO KEPYBaHHS TEIJIOBOIO IIO-
TY>KHICTIO HarpiBayiB CEHCOpa Ta HU3KH 1HIIUX CXEMOTEXHIYHUX BUPIIICHbD.

[To-TpeTe, aKkTyanbHOIO 3aJHUIIAETHCS MPOOJIEMa E€HEeProCIOKUBAHHS
TEIJIOBUX CEHCOPIB MOTOKY. OCOOIMBO 1€ XapaKTEepHO MPH KUBJICHHI CEH-
copiB 010OMEIUYHOTO MPU3HAYEHHS BiJ aBTOHOMHHX, TOOTO Mayiorabapur-
HUX MaJIOMOTY>KHUX HU3BKOBOJIbTHHUX €JIEKTPOXIMIUHUX €IEMEHTIB. AJpKe
HAarpiB PEYOBHHM MOTOKY B MOPIBHSHHI 3 €HEPTrOCMOKUBAHHSIM CYYaCHUX
MikponoTykHuX CMOS iHTEerpanbHUX CXEM BHMAara€ CyTTE€BO OUIbLIOL
eneprii. KpiM Toro, 13 3MEHIIEHHSIM HaIlpyTy KUBJICHHA (17151 Masioradapu-
THUX aBTOHOMHUX JIPKEPEJ KUBJIEHHS — 1I€ TUIIOBO He Ounpuie 3 B), HeoO-
X1HO 3MEHIIIYBATH 1 OMip HArpiBHUX eyieMeHTiB. [Ipu BUKOopucTaHHI PyH-
KI[IOHAJIHHO 1HTETPOBAHUX €JIEMEHTIB, 110 BUKOPUCTOBYIOTHCS SIK JUISl Ha-
IpiBy, TaK 1 JIJIi BUMIPIOBAHHS TEMIEPATYpH, 3MEHILIEHHS ONOpY (TUIIOBO
no BenmuunH MeHie 100 OM) mpu3BOIUTh 10 Mapa3UTHOTO BIUIMBY Ha pe-
3yJbTaT BUMIPIOBAHHS CUTHAIBHUX JiHINA. TakuM YMHOM, 3MEHILICHHS €He-
ProcroxuBaHHs (MOTYKHOCTI Ta TEMIEpaTypu HArpiBy) MPU3BOIUTH 10
BUHUKHEHHS MTApPa3uTHOTO BILIMBY OTIOPIB CUTHAJIBHUX JIIHIH 1, IK HACTIOK,
70 ToripiieHHs (QYHKIIIOHATBHUX XapaKTePUCTUK, 30KpeMa, 3MEHIICHHS
TOYHOCTI BUMIPIOBAHHS MIBUIKOCTI TIOTOKY.

Bupimenns nux 3aga4, mopsj 3 HU3KOIO 1HIITUX, MOBA MPO SKi Mije aa-
Ji, CTaJl0 OCHOBHUM 3aBIaHHAM L1€i pOOOTH.

1.2. Oc06,1MBOCTI TEMIOBOT0 PO3PAXYHKY TENJOBHUX CEHCOPIB MOTOKY
3araJibHOro Ta 0iOMeINYHOr0 MPU3HAYECHHS

VY 3aranbHOMY BHUMAJAKY 3aJ€XKHICTh MK TEMIEPATYpHUMHU NapameT-
paMu TEPMOAHEMOMETPUYHOI'0 MEPBUHHOIO MEPETBOPIOBAaYa Ta MapaMeT-
paMu TIOTOKY MOKe OyTH 3amucaHa y BUMJIsAl piBHIHHS H’roToHa-Pixmana
[1-5]

P =K,aFAt, (1.1)
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ne K; — koedilieHT, siIkuii BBOIUTHCS, OCKIILKU B OUIBIIIOCTI BUMA/IKIB BU-
MIPIOETBCSA HE PI3HUL TEMIEpaTyp MOBEPXHI TEMIOOOMIHY Ta pIAWHU, a
AKach 1HIIA BeauunHa At; a — koeiuieHT TermnoBigaadl; F — moBepxHs te-
W1000MiHY; At — pi3HHIIS TEMIEPATYD.

VY 3aranbHOMY BUTJIS1I KOS(IIIEHT TEIJIOBIAAa4l BUZBHAUYAETHCS KPUTE-
plajbHOIO 3aJIEXKHICTIO

Pr
Nu = ARe" Pr° Gr® P—: ’ (1.2)

C

ne Nu — kputepiit Hyccenbra, Skux XapakTepu3ye TeIio00MiH MiX TTOBEp-
XHEI0 CTIHKH Ta piauHoIo (razoM); Re— kputepiit PeitHonbaca, skuii xapak-
TEPU3Y€E CIIBBIAHOIICHHS CHJI IHEPINi 1 B’SI3KOCTI Ta BU3HAYa€ XapaKTep
teuii pinuaM (Tasy); Pr — kpurepiit [lpanatns, skuii xapaktepusye (GizudHi
BJIACTUBOCTI pinunu (razy); Gr — kputepiit ['pacroda, skuit xapakrepusye
MiIAOMHY CHJTYy, IO BUHUKAE B PIAMHI (Ta31) BHACIHIIOK PI3HMUII TyCTHH.

Kpurepiit nonionocti Ilpannrns Pr € cyro ¢izmunuM mapamerpow,
AKUU XapaKTepu3ye BIAacTUBOCTI NOTOKY. Kpurepiii I'pacroda Gr takox He
MICTUTh IIBUJKOCTI MOTOKY 1 JIMIIE XapaKTePU3yeE B3AEMOIII0 MOJIEKYJISIP-
HOTO TEPTs Ta MiAIMMaJIbHOI CHJIH, 110 OOyMOBJEHa PI3HULEIO T'yCTHH B
OKpeMHX TOYKaxX IMOTOKY 4depe3 HOro Hei3oTepMiuHicTh. Jlumne kputepiit
Peiinonbaa Re MicTUTh B cO01 HIBUIKICTh OTOKY, KA HAC LIKaBUTh. ToMy
B 3arajibHOMy BUIAJKY 3B 530K (1.2) mix kpurepieM Hyccenbna Nu, sikuii
MICTUTh KOe(IIIEHT TEIUIOB1I1aul, Ta KpuTepieM PeifHonmbna, SKuii MiCTUTD
IIBUJIKICTB TTOTOKY V, MOKE OyTH 3alIMCaHHI Yy BUTIISI

Nu=CRe", (1.3)

ne C — nmuToMa TeIJIOEMHICTh BUMIPIOBAJIBHOTO CEPEIOBHINA;
a0o

od vdp "
7 = 7 , (1.4)
3BIJIKU
n-1 n n-1
“=C/w—npvn=c/wn G, (1.5)
H H

ne d — miameTp TpyOKH, B SIKi BUMIPIOIOTh IIBUJAKICTH TIOTOKY; V — IIBU/-
KICTb MOTOKY; p, i, A — BIIMOBIHO I'yCTUHA, B SI3KICTh, TEIUIONPOBIAHICTh
BUMIPIOBAHOTr0 cepenoBuiia; G, — MacoBa BUTparTa.

20



10.

11.

12.

13.

JITEPATYPA

Mohamed Gad-el-Hak. Flow Control: Passive, Active, and Reac-
tive Flow Management. — Cambridge University Press. 2000. —
421 p.

E. L. Upp, Paul J. LaNasa. Fluid flow measurement: a practical
guide to accurate flow measurement. — Gulf Professional Publish-
ing. 2002. — 264 p.

David W. Spitzer. Flow Measurement: Practical Guides for Mea-
surement and Control. — The Instrumentation, Systems, and Auto-
mation Society. 2001. — 828 p.

Richard Miller. Flow Measurement Engineering Handbook. —
McGraw-Hill Professional. 1996. — 1168 p.

Kpemnesckuit I1. 1. Pacxomomepsl ¥ CUETUYMKM KOJIMYECTBA Be-
miects / I1. T1. Kpemnesckuii. — U3n. [lonutexnuka, 2004. — 412 c.
Fleming W.J. Overview of automotive sensors // Sensors Journal,
IEEE. - 2001. - Vol. 1, No. 4. — P. 296-308.

P. Gravesen, J. Branebjerg, O.S. Jensen. Microfluidics — a review //
J. Micromech. Microeng. — 1993. — No. 3. — P. 168—182.

P. Norlin, O. Ohman, B. Ekstrom, L.Forssen. A chemical
microanalysis system for the measurement of pressure, flow rate,
temperature, conductivity, UV-absorption and fluorescence //
Sensors and Actuators: B. — 1998. — No. 49. — P. 34-39.

N.T. Nguyen. Micromachined flow sensors — a review // Flow
Meas. Instrum. —1997. No. 8. — P. 7-16.

N.T. Nguyen, R. Kiehnscherf. Low-cost silicon sensors for mass
flow measurements of liquids and gases // Sens. Actuators A: Phys.
—1995. —No. 49. - P. 17-20.

J. Chen, Z.F. Fan, J. Zou, J. Engel, C. Liu. Two-dimensional
micromachined flow sensor array for fluid mechanics studies //
J. Aerospace Eng. —2003. — No. 16. —P. 85 —97.

J. VanKuijk, T.S.J. Lammerink, H.-E. de Bree, M. Elwenspoek,
J.H.J. Fluitman. Multi-parameter detection in fluid flows // Sensors
and Actuators A: Phys. — 1995. — No. 47. — P. 369-372.

Jungkyu Kim, Bruce K. Gale. Rapid prototyping of microfluidic
systems using a PDMS/polymer tape composite // Lab. Chip. —
2009. — Vol. 9. — P. 1290-1293.

219


http://www.amazon.com/Mohamed-Gad-el-Hak/e/B001HPYMRE/ref=ntt_athr_dp_pel_1
http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_1?%5Fencoding=UTF8&search-type=ss&index=books&field-author=David%20W.%20Spitzer
http://www.amazon.com/Measurement-Engineering-Handbook-Richard-Miller/dp/0070423660/ref=sr_1_1/178-8328223-0627451?ie=UTF8&s=books&qid=1247558290&sr=1-1
http://nglib.ru/book_view.jsp?idn=008939&page=1&format=djvu
http://nglib.ru/book_view.jsp?idn=008939&page=1&format=djvu
http://www.mems.utah.edu/Papers/Rapid%20prototyping%20PDMS%20Composite%20Published.pdf
http://www.mems.utah.edu/Papers/Rapid%20prototyping%20PDMS%20Composite%20Published.pdf

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rebecca L. Rich, Adam R. Miles, Bruce K. Gale, David G. Myszka.
Detergent screening of a GPCR using serial and array biosensor
technologies // Anal. Biochem. — 2009.— Vol. 386, No. 1. —
P. 98-104.

Kathryn A. Smith, Bruce K. Gale, John C. Conboy. Micropatterned
fluid lipid bilayer array // Anal. Chem. Vol. 80, No.21. —
P. 7980-7987.

Niel Crews, Timothy A. Ameel, Carl Wittwer, Bruce Gale. Flow-
Induced Thermal Effects on Spatial DNA Melting // Lab. Chip. —
2008. — Vol. 8. — P. 1922-1929.

Mark A. Eddings, Michael A. Johnson, Bruce K. Gale. Determin-
ing the optimal PDMS-PDMS bonding technique for microfluidic
devices // J. Micromech. Microeng. — 2008. — Vol. 18. — P. 1-4.
Niel Crews, Carl Wittwer, Bruce Gale. Continuous-Flow Thermal
Gradient PCR // Biomed. Microdevices. — 2008. — Vol. 10, No. 2.
—P. 13-19.

Bruno Frazier, Karin D. Caldwell, Bruce K. Gale, Ian Papautsky.
Integrated micromachined components for biological analysis sys-
tems // Journal of Micromechatronics. — 2000. — Vol. 1, No. 1. —
P. 67-84.

Bruce K. Gale. Novel Techniques and Instruments for Field Flow
Fractionation of Biological Materials // Proc. 225" ACS National
Meeting, New Orleans, LA, March 23-27, 2003. — P. 107-109.
Enextponna enmuknoneniss Wikipedia. [Enexktponnmii pecypc]:
http:// wikipedia.org.

UyTHUKHM €eKTPOMArHiTHOTO BHUIPOMIHIOBAHHS JJI O10TEXHIYHUX
nocmimkens / I'. C. Tumunk, B. I. Cxumrok, M. A. Baiintpayo0,
T. P. Knouko. — K. : MII Jlecs, 2004. — 64 c.

Intepuer-pecypc Fluidic Flowmeters. — Pexum noctymy
http://www. fluidicflow-meters.com.

Iareprer-pecypc Pentagon Reports. — Pexxum nmoctyny : http:/www.
stormingmedia.us.

George Mon. Advanced Fluidic Temperature Studies // Storming
Media. Pentagon Reports. [Enekrponnuii pecypc| — Pexxum gocry-
my : http://www.stormingmedia.-us/89/8987 /D898700.html.
Robert W. Young, Leonard D. Dansbury. Fluidic Interface Means
// Storming Media. Pentagon Reports. — Pexum npoctymy :
http://www.stormingmedia. us/95/9527/ D952700.html.

220


http://www.mems.utah.edu/Papers/Rich%20et%20al%20CCR5%20deterg%20screen%20Published.pdf
http://www.mems.utah.edu/Papers/Rich%20et%20al%20CCR5%20deterg%20screen%20Published.pdf
http://www.mems.utah.edu/Papers/Conboy%20Lipid%20Patterns%20Published.pdf
http://www.mems.utah.edu/Papers/Conboy%20Lipid%20Patterns%20Published.pdf
http://www.mems.utah.edu/Papers/LOC%20Niel%20Heat%20Transfer%20Paper%20Reprint.pdf
http://www.mems.utah.edu/Papers/LOC%20Niel%20Heat%20Transfer%20Paper%20Reprint.pdf
http://www.mems.utah.edu/Papers/Mark%20Bonding%20Paper%20Published.pdf
http://www.mems.utah.edu/Papers/Mark%20Bonding%20Paper%20Published.pdf
http://www.mems.utah.edu/Papers/Mark%20Bonding%20Paper%20Published.pdf
http://www.mems.utah.edu/Papers/Niel%20Gradient%20Flow%20PCR%20Published.pdf
http://www.mems.utah.edu/Papers/Niel%20Gradient%20Flow%20PCR%20Published.pdf
http://wikipedia.org/
http://www/
http://www.stormingmedia.us/authors/Mon_George.html
http://www.stormingmedia.us/89/8987/D898700.html
http://www.stormingmedia.us/authors/Young_Robert_W_.html
http://www.stormingmedia.us/authors/Dansbury_Leonard_D_.html
http://www.stormingmedia.us/95/9527/D952700.html
http://www.stormingmedia.us/95/9527/%20D952700.html

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Allen B. Holmes. Electro Fluidic Actuator // Storming Media. Pen-
tagon Reports. [Enexktponnuii pecypc] — Pexum npocrymy
http://www.stormingmedia.us/28/2898/D289800.html.

Walter M. Posingies. Advanced Fluidic Temperature Studies. //
Storming Media. Pentagon Reports. [Enextponnuii pecypc| — Pexum
noctymy : http://www.stormingmedia.us/ 74/7413/ A741360.html.
Leonard M. Sieracki. Handbook of Fluidic Sensors // Storming
Media. Pentagon Reports. [Enexkrponnuit pecypc| — Pexxum gocty-
my : http://www.stormingmedia.us/ 54/5411/A541140.html.

Carl J. Campagnuolo; Harold S. Duff; Henry C. Lee; Frank E.
Blodgett; Leon Scheinine. A Fluidic Generator as an Environmen-
tal and Safety Device for the SUUS53/A Cartridge Dispenser //
Storming Media. Pentagon Reports. [Enekrponnuii pecypc] — Pexxum
noctyny :_http://www.stormingmedia.us/02/0218/A021830.html.
E. Meng, S. Gassmann, Y.-C. Tai. A MEMS body fluid flow sen-
sor // Micro Total Analysis Systems. — 2001. Monterey, CA. —
P. 167-168.

S. Wu, Q. Lin, Y. Yuen, Y.-C. Tai. MEMS flow sensors for nano-
fluidic applications // Sensors and Actuators A : Phys. — 2001. —
No. 89. —P. 152-158.

E. Meng, Y.-C. Tai. A Parylene MEMS flow sensing array //
Transducers 2003. Boston, MA, June 8-12, 2003. — P. 686—689.
C.Q. Yang, H. Soeberg. Monolithic flow sensor for measuring mil-
liliter per minute liquid flow // Sensors and Actuators A : Phys. —
1992 — No 33. - P. 143-153.

Y. Itoh and K. Takahashi. Nano thermal sensor for micro fluidic
devices // Proc. 22nd Sensors Symposium. — 2005. — P. 171-174.
KoMIakTHbIC MOPTAaTUBHBIC YJIBTPA3BYKOBBIC PACXOOMEPHI KHUJI-
koctu PORTAFLOW. [Enexkrponnuit pecypc]| — Pexxum nocrtyny :
http://www.energotest.ru/fm.html.

Arshak Poghossian, Lars Berndsen, Michael J. Schoning. Chemical
sensor as physical sensor: ISFET-based flow-velocity, flow-
direction and diffusion-coefficient sensor // The 16th European
Conference on Solid-State Transducers September 15-18, — 2002.
TP33 — P.649-650.

D. Lee, X. Sun, E. Quevy, R. T. Howe, T.-J. King. WetFET-Novel
Fluidic Gate-Dielectric Transistor for Sensor Applications // IEEE
VLSI-TSA Meeting Technical Digest. — 2007. — P. 124—125.

221


http://www.stormingmedia.us/authors/Holmes_Allen_B_.html
http://www.stormingmedia.us/28/2898/D289800.html
http://www.stormingmedia.us/28/2898/D289800.html
http://www.stormingmedia.us/authors/Posingies_Walter_M_.html
http://www.stormingmedia.us/74/7413/A741360.html
http://www.stormingmedia.us/authors/Sieracki_Leonard_M_.html
http://www.stormingmedia.us/54/5411/A541140.html
http://www.stormingmedia.us/authors/Campagnuolo_Carl_J_.html
http://www.stormingmedia.us/authors/Duff_Harold_S_.html
http://www.stormingmedia.us/authors/Lee_Henry_C_.html
http://www.stormingmedia.us/authors/Blodgett_Frank_E_.html
http://www.stormingmedia.us/authors/Blodgett_Frank_E_.html
http://www.stormingmedia.us/authors/Scheinine_Leon.html
http://www.energotest.ru/fm.html

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

P. Bergveld. Thirty years of ISFETology: what happened in the
next 30 years and what may happen in the next 30 years // Sensors
and Actuators B. —2003. — No. 88. — P. 1-20.

B.W. van Oudheusden. Silicon thermal flow sensors // Sensors and
Actuators A: Phys. — 1992. — No. 30. — P. 5-26.

M. Ashauer, H. Glosch, F. Hedrich, N. Hey, H. Sandmaier,
W. Lang. Thermal flow sensor for liquids and gases based on
combinations of two principles // Sensors and Actuators A. — 1999.
—Vol. 73. - P. 7-13.

F. Jiang, Y.-C. Tai, C.-M. Ho, R. Karan, M. Garstenauer. Theoreti-
cal and experimental studies of micromachined hot-wire anemome-
ters // International Electron Devices Meeting (IEDM), San Fran-
cisco, December, 11-14. — 1994. — P. 139-142.

J.J. van Baar, R.W. Wiegerink, T.S.J. Lammerink, G.J.M. Krijnen,
M. Elwenspoek. Micromachined structures for the thermal mea-
surements of fluid and flow parameters // J. Micromech. Microeng.
—2001.—No. 11.—-P. 311-318.

T. S. T. Lammerink, N. R. Tas, M. Elwenspoek, J. H. J. Fluitman.
Micro-liquid flow sensor // Sensors and Actuators A. — 1993. —
P. 45-50.

P.M. Handford, P. Bradshaw. The pulsed-wire anemometer // Exp.
Fluids 7. — 1989. — P. 125-132.

Ellis Menga, Po-Ying Li, Yu-Chong Tai. A biocompatible Parylene
thermal flow sensing array // Sensors and Actuators A. — 2008. —
No. 144. - P. 18-28.

Bartsch de Torres, C. Renschb, T. Thelemannc, J. Miiller,
M. Hoffmann. Fully Integrated Bridge-type Anemometer in LTCC-
based Microfluidic Systems Advances [Enextponuuii pecypc] //
Science and Technology. — 2008. — Vol. 54. — P. 401-404. — Pe-
XKuM goctyny : http://www.scientific.net.

MaprenoB A. Jlatuuku pacxopa raza kommnanuu Honeywell [Enexr-
ponnuii pecypc] / A. Maprenos // Chip News. —2005. — Ne 9 (102). —
C. 56-58. — Pexxum poctymy 70 )KypH. : www.chip-news.ru.

N.-T. Nguyen, W. Dotzel. Asymmetrical locations of heaters and
sensors relative to each other using heater arrays: a novel method
for designing multi-range electrocaloric mass-flow sensors // Sen-
sors and Actuators: A Phys. —1997. — Vol. 62. — P. 506-512.

222


http://www.scientific.net/
http://www.chip-news.ru/

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

60.

N. Sabate, J. Santande, L. Fonseca, 1. Gracia, C. Cane. Multi-range
silicon micromachined flow sensor // The 16" European
Conference on Solid-State Transducers. — 2002. — P. 202-205.
Ihsan Hariadi, Hoc-Khiem Trieu, Wilfried Mokwa, Holger Vogt. M.
Integrated MFlow Sensor with Monocrystalline Silicon Membrane
Operating in Thermal Time-of-Flight Mode // The 16" European
Conference on Solid-State Transducers. —2002. — P. 115-116.
ELDRIDGE PRODUCTS INC - Thermal Gas Mass Flow Mea-
surement and Control Instrumentation. [Enexrponnuii pecypc] —
Pexxum nocrymy : http://www.cmctechnologies. com.au/ index.htm.
Tepmoanemomerpsl Testo 405, Testo 425. [EnekTponnuii pecypc]
— Pexum goctymy : http:/www. inducr.com.ua .

Y. Fang and W. W. Liou. Computations of the Flow and Heat
Transfer in Microdevices Using DSMC With Implicit Boundary
Conditions // J. Heat Transfer. — 2002. — Vol. 124. — P. 338-345.
W.W. Liou and Y. Fang. Implicit Boundary Conditions for Direct
Simulation Monte Carlo Method in MEMS Flow Predictions //
CMES. —2000. — Vol. 1, No. 4, — P. 119-128.

Y. Weiping, L. Chong, L. Jianhua, M. Lingzhi and N. Defang.
Thermal distribution microfluidic sensor based on silicon // Sensors
and Actuators B. — 2005. — Vol. 108. — P. 943-946.

Koji Takahashi, Taku Higuchi, Yohei Ito, Tatsuya Ikuta, Kunihito
Nagayama. Study on Local Heat Transfer of Nano Fluidic Sensor //
Proceedings of the 23rd sensor symposium. — 2006. — P. 279-282.
Knauss H., Gaisbauer U., Wagner S., Buntin D., Maslov A.,
Smorodsky B., Betz J. Calibration experiments of a new active fast
response heat flux sensor to measure total temperature fluctuations.
Part 1. Introduction to the problem // Intern. Conf. on theMethods
of Aerophys. Research.: Proc. Pt. III. Novosibirsk. — 2002. —
P. 85-91.

Knauss H., Gaisbauer U., Wagner S., Buntin D., Maslov A.,
Smorodsky B., Betz J. Calibration experiments of a new active fast
response heat flux sensor to measure total temperature fluctuations.
Part I1I. Heat flux density determination in a short duration wind
tunnel // Intern. Conf. on the Methods of Aerophys. Research. :
Proc. Pt. III. Novosibirsk. —2002. — P. 102—-112.

G. Kaltsas, D. Goustouridis, A. G. Nassiopoulou, D. Tsoukalas,
S. Chantzandroulis. Flow study in both turbulent and laminar flow

223


http://www.cmctechnologies.com.au/index.htm
http://www.inducr.com.ua/

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

with a system of thermal flow and capacitive pressure sensors. —
Pexxum noctymy : http://www.imel.demokritos.gr.

G. Kaltsas, A. A. Nassiopoulos and A. G. Nassiopoulou.
Characterization of a Silicon Thermal Gas-Flow Sensor With
Porous Silicon Thermal Isolation // IEEE Sensors Journal. — 2002.
—Ne 5. - P. 22-29.

Y. Mo, Y. Okawa, K. Inoue and K. Natukawa, Low-voltage and
low- power optimization of micro-heater and its on-chip drive
circuitry for gas sensor array // Sensor and Actuators A. — 2002. —
Vol. 100. — P. 94-101.

Oco0E€HHOCTH TEIIOBOTO pacyeTa UMITYJIbCHBIX CHIIOBBIX KAaCKaJIoB.
KommnioneHnTsl u TexHosioruu. [Enexkrponnuii pecypc| — Pexxum no-
ctymy : http://www.compitech.ru.

Hunenko B.Jl.. HeBu3naueHicth BuMiproBanHs. OOpoOka gaHUX 1
nojaHHs pe3ynbTary BuMiptoBaHHsA. / umenxko B.JI., Spewm-
gyk H. A. — K. : IBI] Ilomirexnika, 2002. — 176 c.

IIporpama temnoBoro po3paxyHky SEMISEL 3.1. [EnexTtpoHHMit
pecypc] — Pexxum nocrtyny : http:// www.tsdrive. com.ua.

Calandra E. F. Introduction to PSPICE Using ORCAD for Circuits
and Electronics // Circuits and Devices Magazine, IEEE. — 2005. —
Vol. 21, No. — P. 26-27.

Micro-Cap 7.0, 8.0, 9.0 Electronic Circuit Analysis Program.
Reference Manual. Spectrum Software. 2001, 2005, 2008. [Enekt-
ponHuii pecypc] — Pexxum moctymy : www.spectrum-soft.com.
Desing J., Lindgren P. Sensor communication technology towards
ambient intelligence // Measurement Science and Technology. —
2005. - Vol. 16. —P. 37-46.

JlecuHr M. TexHonorus cBssu JIATYUKOB IS CO3JIaHUSL OKPYXKaro-
mero naTeuiekta / M. Necusr, I1. Jlunarpen // Jlatunku u cucre-
MbI. — 2005. — Ne 12. — C. 63-74.

Dusad S., Diggavi S.N., Al-Dhahir N., Calderbank A. R. Diversity
Embedded Codes: Theory and Practice // IEEE Journal of selected
topics in signal processing. —2008. — Vol. 2, No. 2. — P. 202-219.
Naffziger S. Microprocessors of the future: Commodity or engine
growth? // Solid-State Circuits Magazine, IEEE. — 2009. — Vol. 1,
No. 1. - P. 76-82.

Intelligent instrumentation products. The Handbook of Personal
Computer. Instrumentation for Data Aequisition. Test. Measure-

224


http://www.compitech.ru/
http://www.tsdrive.com.ua/page.php?id=40
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=101
http://www.spectrum-soft.com/

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

ment and Control. — Burr-Brown Corp. and Intelligent Instrumenta-
tion Inc, 1989.

John Brignell, Neil While. Intelligent Sensor System. — Institute of
Physics Publishing Bristol and Philadelphia. IOP Publishing. 1996.
Lunze J. Notion of the state in systems theory and artificial intelli-
gence // Intelligent Systems Engineering. — 1994. — Vol. 3, No. 4. —
P.201-210.

Wang Fei-Yue. Intelligent Systems in a Connected World // Intelli-
gent Systems Engineering. 2009. — Vol. 24, No. 1. — P. 2-4.
Nganos C. 0. AHanu3 aaropuTMoB 00paOOTKHM MH(POPMALMH IS
UHTEJUIeKTyalbHbIX  natuukoB  npasieHuss /  C. 1O. MBaHoB,
I'. E. Kapranos // U3mepurenbHas TexHuka. — 1990. — Ne 3., —
C. 26 -29.

Xiao Fan Wang, Guanrong Chen. Complex networks: small-world,
scale-free and beyond // Circuits and Systems Magazine, IEEE. —
2003. - Vol. 3, No. 1. - P. 6-20.

Ayazifar B. Can we make signals and systems intelligible, interest-
ing, and relevant? // Circuits and Systems Magazine, IEEE. — 2009.
—Vol. 9, No. 1. - P. 16-18.

Collins Luke. Cut the cord // Electronics. — 2007. — Vol. 5, No. 6. —
P. 42-46.

Song E.Y.; Kang Lee. Understanding IEEE 1451-Networked smart
transducer interface standard - What is a smart transducer? // In-
strumentation & Measurement Magazine, IEEE. — 2008. — Vol. 11,
No.2.—-P. 11-17.

Leens F. An introduction to I)C and SPI protocols // Instrumenta-
tion & Measurement Magazine, IEEE. — 2009. — Vol. 12, No. 1. —
P. 8-13.

Gorod A., Sauser B., Boardman J. System-of-Systems Engineering
Management: A Review of Modern History and a Path Forward //
Systems Journal, IEEE. — 2008. — Vol. 2, No. 4. — P. 484-499.
A3zapos O. JI. Bucokomniniini nopo3psiaui AL 3 BaroBoto Hau-
IIKOBICTIO JIJISI CUCTEM peecTparllii Ta 0OpoOJIsSHHS CUTHAJIB : MO-
Horpadia. / O. 1. Azapos, O. A. Apxumnuyk, C. M. 3axapueHko. —
Binnnng : YHIBEPCYM-Bianwnig, 2005. 125 c.

84. Vranor B. C. Hossie pemenus Freescale Semiconductor ajist Betpa-
MBAaEMBIX CHCTEM YIIpaBlieHus ¥ coopa uHpopmarmu [Enexkrpornuii pe-
cype] / B. C. UBanos, U. H. Yenypun // Pexxum nocTymy 10 KypH. :
www.freescale.com/files/abstract/global/ RUSSIA ART 3.doc.

225


http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=7384
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4799270&isYear=2009
http://www.freescale.com/files/abstract/global/RUSSIA_%20ART_3.doc

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Rabaey J., Ammer J., Otis B.; Burghardt F., Chee Y.H.; Pletcher N.,
Sheets M., Qin H. Ultra-low-power design // Circuits and Devices
Magazine, IEEE. — 2006. — Vol. 22, No. 4. — P. 23-29.

Kwong Joyce, Chandrakasan Anantha. Advances in Ultra-Low-
Voltage Design // Solid-State Circuits Newsletter, IEEE. — 2008. —
Vol. 13, No. 4. — P. 20-27.

Alippi C., Anastasi G., D1 Francesco M., Roveri M. Energy man-
agement in wireless sensor networks with energy-hungry sensors //
Instrumentation & Measurement Magazine, IEEE. — 2009. — Vol.
12, No. 2. — P. 16-23.

Jianyong Lin; Wendong Xiao; Lewis F.L.; Lihua Xie. Energy-
Efficient Distributed Adaptive Multisensor Scheduling for Target
Tracking in Wireless Sensor Networks. Instrumentation and Mea-
surement, IEEE. —2009. — Vol. 58, No. 6. — P. 1886—1896.

Vittoz Eric A. The Electronic Watch and Low-Power Circuits //
Solid-State Circuits Newsletter, IEEE. — 2008. — Vol. 13, No. 3. —
P. 7-23.

Chang-Tzu Wang; Ming-Dou Ker. Design of Power-Rail ESD
Clamp Circuit With Ultra-Low Standby Leakage Current in Na-
noscale CMOS Technology // Journal of Solid-State Circuits, IEEE.
—2009. — Vol. 44, No. 3. — P. 956-964.

Lhermet H., Condemine C., Plissonnier M., Salot R., Audebert P.,
Rosset M. Efficient Power Management Circuit: From Thermal
Energy Harvesting to Above-IC Microbattery Energy Storage //
Journal of Solid-State Circuits, IEEE. — 2008. — Vol. 43, No. 1. —
P. 246-255.

Xoposun Il. UckyccTtBo cxemotexHuku : B 2 T. / II. Xoposwuil,
V. Xumt. — M. : Mup, 1984. — 598 c.

Cwmonos B. b. ®ynkiimonanbabie mpeodpa3oBaTen HHGOpMAIIH /
B. b. CmonoB. — JI. : Dueprouszaar, 1981. — 248 c.

Anekceenko A. I'. [IpuMeHeHne NpelM3nOHHBIX aHAJIOTOBBIX MHUK-
pocxem / A.T'. Anekceenko, E. A. Konomber, I'. . Ctapony6. —
M. : Paguo u cBs3b, 1985. — 256 c.

bpunanu K. U3meputenbupie npeodpazoatenu. Crpas. mocodue :
nep. ¢ adri. / K. bpunanu. — M. : Mup, 1991. — 143 c.

I'yraukoB B. C. MHTrerpanbpHas 3JEKTPOHHUKA B HU3MEPUTEIBHBIX
ycrpoiictBax / B. C. I'yraukoB. — JI. : DHeproaromusaar. JIeHuHrp.
otn-ume, 1988. — 304 c.

226



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Konomber E. A. MukposnekTpoHHBIE CpelicTBa 00pabOTKH aHAIIO-
roeeix curaiioB / E. A. Konomber. — M. : Paguo u cBsi3b, 1991. —
376 c.

Ocamguyk O. B. MikpoeneKkTpoHH1 4acTOTHI TIEpPEeTBOPIOBaYl Ha OC-
HOBI TpPaH3WCTOPHUX CTPYKTYp 3 BII'€EMHHM ONOpPOM /
O. B. Ocanguyk. — Binnung : YHIBEPCYM-Binaunsg, 2000. —
303 c.

Kynpusao M. C. Texandeckoe obecriedenue 1mudpoBoit o0padoT-
ku curHanoB. CnpaBounuk / M. C. Kynpusinos, b. JI. Matomnikus,
B. E. MBanoga. — CII6 : Hayka u texnuka, 2000. — 752 c.

bepmena X. Ilpuknagnas naszepHas MenuuuHa / X. bepwmena,
I'. Mrosiepa. — M. : UnTepakcnep, 1997.

AHanoroBa MIKpOCXEMOTEXHIKa BHUMIPIOBAIBHUX Ta CEHCOPHUX
npuctpoiB / [3a pen. 3. ['otpu, P. I'onsiku]. — JIbBiB : Bua. epxa-
BHOTO yHiBepcuTeTy «JIbBiBChKa TOMITEXHIKaY, 1999. — 364 c.
Schmalzel J.L., Rauth D.A. Sensors and signal conditioning // In-
strumentation & Measurement Magazine, IEEE. — 2005. — Vol. 8,
No. 2. — P. 48-53.

Ziegler S.; Woodward R.C.; Iu H., Borle, L.J. Current Sensing
Techniques: A Review // Sensors Journal, IEEE. — 2009. — Vol. 9,
No. 4. — P. 354-376.

Dvorkind T. G.; Eldar Y. C. Robust and Consistent Sampling //
Signal Processing Letters, IEEE. — 2009. — Vol. 16, No. 9. —
P. 739-742.

Candes E.J., Wakin M.B. An introduction to compressive sampling
// Signal Processing Magazine, IEEE. — 2008. — Vol. 25, No. 2. —
P. 21-30.

Treichler J. Signal processing: A view of the future, part 1 // Signal
Processing Magazine, IEEE. — 2009. — Vol. 26, No.2. —
P. 116-120.

Treichler J. Signal processing: A view of the future, part 2 // Signal
Processing Magazine, IEEE. — 2009. — Vol. 26, No. 3. — P. 83-86.
Rapuano S., Daponte P., Balestrieri E., De Vito L.; Tilden S.J.,
Max S.; Blair J. ADC parameters and characteristics // Instrumenta-
tion & Measurement Magazine, IEEE. — 2005. — Vol. 8, No. 5. —
P. 44-54.

Fujimoto Y., Kanazawa Y., Re P.L.; lizuka K.A. 100 MS/s 4 MHz
Bandwidth 70 dB SNR Delta Sigma ADC in 90 nm CMOS // Jour-

227



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

nal of Solid-State Circuits, IEEE. — 2009. — Vol. 44, No. 6. —
P. 1697-1708.

Sevenhans Jan, Craninckx Jan. Europe's Analog Design Experts
Convened at 16™ AACD Workshop // Solid-State Circuits Newslet-
ter, IEEE. — 2007. — Vol. 12, No. 3. — P. 30.

Nauta Bram. Analog IC Design at the University of Twente // Sol-
1d-State Circuits Newsletter, IEEE. — 2007. — Vol. 12, No. 1. —
P. 5-10.

Gang Liu, Haldi P., Tsu-Jae King Liu, Niknejad A.M. Fully Inte-
grated CMOS Power Amplifier With Efficiency Enhancement at
Power Back-Off // Journal of Solid-State Circuits, IEEE. — 2008. —
Vol. 43, No. 3. — P. 600-609.

Ferreira L., Pimenta T., Moreno, R. CMOS implementation of pre-
cise sample-and-hold circuit with self-correction of the offset vol-
tage // Circuits, Devices and Systems, IEE Proceedings. — 2005. —
Vol. 152. No. 5. — P. 451-455.

Chih-Wen Lu. A Rail-To-Rail Class-AB Amplifier With an Offset
Cancellation for LCD Drivers // Journal of Solid-State Circuits,
IEEE. —2009. — Vol. 44, No. 2. — P. 525-537.

Rashidzadeh R.; Muscedere R.; Ahmadi M.; Miller W. C. A Delay
Generation Technique for Narrow Time Interval Measurement //
Instrumentation and Measurement, IEEE. — 2009. — Vol. 58, No. 7.
—P. 2245-2252.

Lin B.R., Huang C.L. Analysis and implementation of a novel soft-
switching pulse-width modulation converter / Power Electronics,
IET. - 2009. - Vol. 2, No. 1. — P. 90-101.

Zero-Drift Single-Supply Rail-to-Rail Input/Output Operational
Amplifier AD8551/52/54. Data sheet. [Enexkrponnmii pecypc] —
Pexxum noctymy : www.analog.com.

General-Purpose CMOS Rail-to-Rail Amplifiers AD8541/42/44.
Data sheet. [Enektponnmii pecypc] — Pexum mgoctymy
www.analog.com.

R. Kersjes, F. Lienscher, E. Spiegel, Y. Manoli, W. Mokwa. An in-
vasive catheter flow sensor with on-chip CMOS readout electronics
for the on-line determination of blood flow // Sensors and Actua-
tors A: Phys. — 1996. — Vol. 54. — P. 563-567.

OObecnieueHne TETUIOBBIX PEKUMOB U3JIEIHUI AIEKTPOHHON TEXHUKU
/' A. A. Yepubiies, B.U. UBanos, A.W. Axcenos, /. H.I'my-
mkoBa. — M. : Dneprus, 1980. — 216 c.

228


http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=32549&isYear=2005
http://www.analog.com/
http://www.analog.com/

Hayxose suoanns

I'oTrpa 3enon I0piiioBu4
IHaBsaoB Cepriii BosiogumupoBuy
I'oasika Poman JIro6omupoBuy
Byiuuk Baabaemap
Ocaguyk Ouexcanap BoaoaumupoBuy

Kyaenko Cepriii CepriiioBu4

MIKPOEJIEKTPOHHI CUT'HAJIBHI IIEPETBOPIOBAUI
TEIIJIOBUX CEHCOPIB IIOTOKY

Mownorpadis

Penmakrop C. MamnimeBcbka

Opwurinan-maker miarorosiaeHo C. ITaBnoBum

[Tignucano go apyky 26.11.2012 p.
®opwmar 29,7x42Y,. Ilanip opceTHUil.
["apuitypa Times New Roman.
Jpyxk pizorpadiunuit. Ym. ap. Apk. 13,86
Haxnan 100 mpum. 3am Ne 2012-188

BinHuipkuit HaIliOHATBPHUIN TEXHIYHUN YHIBEPCHUTET,
KIBII BHTYVY,
21021, m. Binaung, XMensHHAIBKE IIoce, 95,
BHTY, I'HK, k. 114.
Ten. (0432) 59-85-32.
CBimouTBO cy0’€KTa BUJABHHYOI CIIPaBU
cepist JIK Ne 3516 Bixg 01.07.2009 p.

BinapykoBano y BiHHUIIEKOMY HallioHaJIbHOMY T€XHIYHOMY YHIBEpCHUTETI,
B KOMIT' FOTEPHOMY iH(OpMaIIHHO-BUIaBHUUOMY LIEHTPI,
21021, m. Binnuns, XMenbHHIBKE 110CE, 95,
BHTYVY, I'HK, k. 114.
Ten. (0432) 59-81-59
CBizonTBO Ccy0’€KTa BUJABHUYOI CIIPaBU
cepisg IIK Ne 3516 Big 01.07.2009 p.




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20121128105421
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     1
     No
     515
     179
    
     None
     Left
     28.3465
     0.0000
            
                
         Both
         1
         AllDoc
         590
              

       CurrentAVDoc
          

     Uniform
     2.8346
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     240
     239
     240
      

   1
  

 HistoryList_V1
 qi2base





