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Thesis Abstract

MEMS-based Pirani gauges are an improvement to conventional techniques namely Q-
factor extraction and helium leak test. MEMS-based Pirani gauges offer high precision and
cost-effective way of in-situ vacuum monitoring. These are primarily important to check the
seal quality of a packaged device and calibrate primary device output over time. In context to
the existing implementations, MEMS Pirani gauge either relies on wafer bonding or wire
bonding techniques to integrate with CMOS circuitry. These approaches are prone to additional
noise and parasitic effects thereby limiting the system performance. Also, the higher solid heat
conduction losses limit the lower detection capability of the gauge and narrow the full-scale
dynamic range. Further, the fabrication constraints associated with minimum suspension gaps
and mechanically reliable structures are of critical concern. To address these issues in emerging
MEMS Pirani gauges, the thesis focuses on the development of a monolithically integrable,
CMOS-MEMS Pirani gauge with a wider dynamic range and lower power consumption for

vacuum detection in packaged microsensors.

Firstly, a polymer MEMS-based Pirani gauge is presented. In this work, an SU-8-based
dielectric membrane is integrated with the heating element to reduce the solid heat conduction
through anchors. The structure is optimized for stress-free release and a quantitative comparison
of the proposed gauge is established by comparing the gauge performance with conventional
dielectric materials like silicon dioxide (Si0y), silicon nitride (Si3N4), and aluminum oxide
(ALO3). Afterward, a metal oxide (V20s) based miniaturized heating element is explored to
further reduce the solid conduction and improve the lower detection capability. Although these
works investigate dimensional and structural optimizations and explore key parameters
affecting device performance, the full-scale dynamic range still needs improvement. Thereafter,
a tunable electrode is introduced to electrostatically tune the heat conduction gap between the
heating element and heat sink/substrate. Hence, a much lower gap can be achieved to further
improve the sensitivity at higher pressure and extend the dynamic range. These optimizations
build a fundamental base to develop a post-CMOS compatible microfabrication approach
enabling monolithic integration with the standard CMOS process. Lastly, two post-CMOS
MEMS platforms based on a nanogap TiN heating element and a metal-based heating element

are presented to realize a monolithically integrable device.

Keywords: CMOS-MEMS, Joule Heating, MEMS, Monolithic Integration, Pirani Gauge,

Vacuum Detection.
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N IR

ATSoh! fagga Tife Jumell (THSTHTE)-STUTRG FORT 9 URURS ddb-ie! 3l
ORI SR FSHYUT 3R gifer feara e & guR € | THS uHEy-3erid formt
TSl ARATAS P YD A BT I TRYGdT 3R ARG THTAT dRIepT T HRd | A
T U § U by T4 I o1 et ura &1 S 63 SR TG & A1y Wil 9
UeTad Bl S-TMeT HRA F 1T Aewyul &1 Hieer srafaas & e o, wrsuaey
IR 9 o1 ) SHIdHes Acd aRs JHIH S (HuH3NTy) Ifhed! & Iq1Y
THIHd B & [T dHR ST AT IR SiSTT dadb-idl IR AR Far g1 3 e
Sffafiad TR SR TReid THTal § 7d € o Riked yex Wit 81 S g1 39d
S[QTAT, 3= 319 d1Y T g1 Tl 1 B H UdT T B &HdT bl Jfd Bl g 3R
Ul 0AM W TR 39 &1 Sd St g1 3 fAmar, gAqd e SfavTd 8k
gife U J Ry Tl ¥ gt At ameng ik far &1 o 1 SwRa
TRy fIRM IS & 39 g1 &1 9aifdd & & g, ity doss s d
YRF Sid & [T TS =i 39 3R &1 faoiell & @ud & 1Y Th 3f6s U 9
TPlpd, TUHSNTE-TASTATY R 119 & farg W a8

e Ugd, Ueh 9gad THeUHUY- TR fORT 319 o fopan T g | 9 S |, AR
& H1EH Y 31 ATY T Dl HH B o [ Teb SU-8-UTRT idbar g3 freatt Bl
ST O & WY Thidhd fhal STal g | W1 & a-ra-Jad Relel & forg sdfea
foram a1 § SR URaATfad TS &1 AETEs a1 Riferdi- Sgeiiags (sio2), ffeem
ECIZS (Si3N4), 3R THITH HTRITSS (A1203) S URURS Giddl g3 Il &
Y TS U Pt qa-T B MU B T3 g1 SUP §1C, 319 AT B 3R HH HRA
3R HH UgdH &Hdl § YUR B & o0 T 4T RIS (V205) SMeTRd g ™
Icd &1 Ul I ST g | gTailes O B STATHY 3R WREHIHS SIHa P oiid Hd
2 3R fEarsy & yeRi &t wHIfad B a1d T AUCS! &1 Udl TTd &, gof 0HH IR
TferRfta 3o 7 erft ot GUR &Y sfa=aehdl 8 | $9 dle, BT dd SR gl Rid/stce
¥ g a0 AT 3R B AR T J o B & U T & o4 Iy
ZadeIs U fohar ofTaT B S9fiie, 3= gard R Hdg-=iadl & 3R dgar a9 3R
i T o1 faaR & & forT 9gd HH R U o o I g1 3 Siga
A SIS UichdT & 1Y 3RS ThIHIUT Dl Y&H B o [ofU URe-Hiuwsivy
T HIShIhsih R eP® I fasRid B & e te Mfere snuR s €1 ofd &,
TH HHIS 0§ UHIhd [SaTsd &1 UgHN $HR- & [o1T AR g aH A58 s
@leEE) €T da SR urg-emuiika & o W snuid < Ure-dieAsicy
THSUHTE ®ICthIH TR fbg MU &

Jdhd TeG: CMOS-MEMS, @ AU+, THIUATY, 348 THidRul, fIRH 79, &
SIES
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with [ = 70 pm, (¢) TiN with [ = 80 ym, (d) TiN with [ =
90 um, and (e) Metal-based device.

(a) The pressure-dependent voltage response of different devices
over a pressure range of 1 Pa to 10° Pa, (b) Error associated with
each data point over the entire pressure range.

Voltage characteristics for computing the (a) lower detection
limit py and (b) higher detection limit p; .

Experimental setup for characterizing the broadband noise level
of the fabricated devices.

Device: TiN 60 um (a) Time domain voltage output signal
measured across source and drain (b) Fast Fourier Transform
(FFT) of the voltage measured across source and drain.

Device: TiN 70 um (a) Time domain voltage output signal
measured across source and drain (b) Fast Fourier Transform
(FFT) of the voltage measured across source and drain.

Device: TiN 80 pum (a) Time domain voltage output signal
measured across source and drain (b) Fast Fourier Transform

(FFT) of the voltage measured across source and drain.
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Figure 5.17

Figure 5.17

Figure 6.1

Device: TiN 90 pm (a) Time domain voltage output signal
measured across source and drain (b) Fast Fourier Transform
(FFT) of the voltage measured across source and drain.

Device: Metal (a) Time domain voltage output signal measured
across source and drain (b) Fast Fourier Transform (FFT) of the
voltage measured across source and drain.

Normalized output voltage variations in response to pressure for

the designs presented in this thesis.
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