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Introduction

Device concept
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Principle of operation
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Fabrication

PART 1

(a) Silicon bare wafer
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[Condition]

Temperature: 620°C

Deposition thickness: 1um

. . [Condition]
(c) Deposition of poly Si (LPCVD)
Temperature: 620°C

A A A Deposition thickness: 1um
[Condition]
B B B Doping concentration:
1.0x 10%°/cm?®
\ssss /;7 \\\\\
’
‘\;\ //' ‘\;\ Annealing: 1000°C, 30sec

A

v Si wafer0]] LPCVD 5782 &89} SiO,, poly Si layer 5%

v" lon implantation 5’8 & &9l poly Si layer =&




Fabrication

PART 2

(e) Patterning poly Si (DRIE) (g) Contact etching @
........ . -
A A A

[Condition]

Temperature: 400°C

B - B Deposition thickness: 0.5um
[Detail process] \;\ (f) Deposition of PE-oxide (PECVD) //,,
a. Spin-coat positive PR on poly Si Photolithography process as
b. Exposure with aligned patterning mask ~ XF shown in PART 2-e
c. Develop the portion of PR exposed to light A A (Etch the portion of PE-oxide)

d. Etch the portion of poly Si

(DRIE: Deep Reactive lon Etching)

e. Remove the PR

v" Photolithography S’8& &9l interdigitated electrode patterning

v PECVD 5742 & PE-oxide 5% £, contact etch& S5l contact hole H| &}



Fabrication

PART 3

(h) Deposition of Ti/TiN (sputtering) & annealing (j) Patterning Ti/TiN/Al (DRIE)

[Condition]
A A A Al layer deposition (By sputtering) A A
7’
Deposition thickness: Al 8000A !
B B B
(i) Deposition of Al (sputtering)
\sss ¢;7
[Condition] \s;\ ,// Photolithography process as
a. Ti/TiN layer deposition (By sputtering) shown in PART 2-e
: AT A :
Deposition thickness: Ti 100A, TiN 300A (Etch the portion of Ti/TiN/Al)
b. Annealing: 730°C, 30sec
B

v Ti/TiN layer2} Al layerg sputtering= Soll =X} <2

v' Photolithography 382 Sdlf M= HZ0
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Conclusion

v Interdigitated electrode &8 & ZZ7| X%

v MEMS 37 piezoresistive strain-gauge X%

MEMS-Based Interdigitated Capadtive Strain-gauge

Characteristics of strain-gauge
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v' Capacitive strain-gauge

7|&9] resistive type0il H|sH
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v Passivation layer on

interdigitated electrodes
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Capacitor Sensorl| & 2| & 8 &%t Lateral Resonator
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_ A _ L gy = 8.845 x 10~ F /cm : Permiability (78 &)
C = 8085 = Eosta ¢: 2X0| OMS H| AL

7|Z2| Comb Drivel| 8%0|= #2| =410 M A=Area” B5t= A= 0|&5t0] A 7F
A A d 7" 40]| EtSH MEMS Based Interdigitated Capacitive Strain-gauge2| 220+ d=Gap Distance
7} #H5t= A= 0| 8510] 2A|7F A= =L T,
22 THYSZ SIS B2, #l2 =240| A A=Area, L=Overlap Length, d=Gap Distance
N BTt B = MEoh OTHE #HSHA &[0 X7t 2 7S StEL
SHA|2F 2l 2 #=2latsto 2 S AL0| = A=Area, L=Overlap Length2| Hz}7} O %O} H
@t = d=Gap Distance’} Hsot= &2 0[50 Strain 2 S°3ot7| {ol |2 &4 =2 K| EH
St A& LTk
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Geometry?! Electrode”| 2| 2= 420 CHH|ot &S HEA Q&A

— (@) 1
= = @
t: )
If, Compression If, Tension
What if, Interdigitated Electrode Contact? No Geometrical Problem

Interdigitated Electrode”| 2| 2 2 ™

A Short7| 'HMgt == %lttﬂ O] & &X|
57| 5t PE-Oxide(E OJHI)E
Depositiondt0 SXO0| E[X| (A=
2 A 5t & L Tt
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At3tEEO| Capacitancedll T= & Q&A

o] 2UIAO|IE
poly(ethylene oxide)

A _ L g0 = 8.845 x 10~ F /cm : Permiability (8 &)
a1 808153 e: =22 wE HHd=r

O X|H 2= Short/}

MEMS2t Z0| 0%
~ U0 HIZE G M=119

2ast 4 ol

iceQ| 3% = 01I O A= EﬂXI
= (=)
St 8EX| 8t &= Q&L C}

mOI-
1

=
Poly(ethylene OX|de)9| =0 2f5f CapacitanceCHl gdet= FA A £l=H 0| 1
25l 22| =412 M- 25| CapacitanceS Control2 &= Y& LIC}.
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=7} Q&A

(b) &f LPCVD 582 AtE

<l

A

0ot

F E40| 23} 1 SiliconZ}t2| interfaceO| quality 7t =% Si0O2E S &t3HLCY.

QIENA M3tEE 7t K| A EH 20 M HEA|7| = Thermal oxidation AHE A
1100°C2| 120 M &SI HEHO| @=5t11 SiEHO| S45H S& T

HIH CVDE Deposition Al B HFHL|E A mass transferZ Qlsl ZI TS 71X 2 Q17| W)
=0l SEE[X] = HO| M7= |*7f SHMSER| O 7| T EHE A RSHK| Qo 7| oy gk
2 7| K| X| &1 Sio2%2 ¥ de 5= UL

ot &3 2 W reaction control2 St SA|0| 12882 XASH= LPCVDRAI S Y
7t HO|{X|= APCVD2| tHE S E3 6l 248t step- coverage% AHS 2= Q7 HEkO| quality 2F

0|
uniformity7} S=-5tH H2 waferE of Ol Me|g o= A0 Mibd Z0| M 7E|5HH Sio2
Poly-Sig2| 2% Jdd 822 717 HHA QI S4 SFO|L}.

I_O_IO

M E SO 2SR EE wafer(S)E 23, st A&S Birt
Si02 A9t 2|0f| dopings S8l L& ZE S Ed| threshold voltage(Vth)S Hd}t7| &l
Sio2E 8=& E40| £2 Poly-SiE 525 ®L}.



(C) GateZ Poly-SiZ 743t 0|2 Q&A

HALE /0] A O|E SHXI2 £ Si022t 5 Yot AEO0|2t MF E40| £10, Yot 2HO| 7ts
Sl threshold voltage(Vth)E &5t7| &1 Poly-Sig S&6

O|F0| =2 AEEHAIZ 552 et 2H0| 08l 5=80| H0p 2% 5730 0
20| Q10| & AFRE|X| Y=C

Lol_

Z|20|= Br=AN o] AFO| =71 ZFOFX[HA| Si027} &0t =28 F 71 Ld5HY high-K
material2 gate oxideE AESHA Z| =0 HFO22F Z 2 gate oxide’ gate2| Poly-Si2t BHLt
SiO27} ‘44 |0 7|’d capacitanceZt 47| A| EIC}. O|2 QI8} d€t0| 23| =0 H0f| U2F &
capacitance 40| 20X high-K material2 gate oxide2 AI&5t= &9l gate2 CtA| metal=
T2 AFEStL QUL
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(d) Boron implantation & annealing Q&A

BoHQ ME|20 Ea2(0|2)2 HItstY MEMHE ZHA doping $HCF. Dopant Q! Borone
=T 52 AME510 P-type = =[A| EICT.

lon implantation 0| & 2+ 89| M52 7|& Az2|2 °._J7(f20| AtE|o| A OlEHSt ==& AL
7t 2 Xt2| & KHX| 5l Of 3t=L % 2 Q510 ™ X0l =0{7tX| ZtCt.

O|2{5t AlM 49| G|O|X| & &5} 1At annealing 50| EX2|E Sl 2| =5t RIXE E+=
AAE EUj 0 =ik 70| § =HE oL
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(d) Diffusion =& L4l lon Implantation=

EERJE

—

Diffusion

mask

/ n (doping concentration)

VS

lon Implantation

L]

n (doping concentration)

L

X (depth)

X (depth)
2t 3 lon implantation
Mechanism Doping source 24t Aot HYS 2 lon =Y
Process Two step process : Predeposition + Drive-in lon implantation + Annealing process
- Lateral penetration(Lateral diffusion) Zf &
- Doping 38 & &’4 damage”’} 2! -JUsH £ 55 9 Profile, 20| £F 7t (Dose, Energy)
3 -2 g Al S SO 40| 50| 90|°* - &% Doping 7ts — A& @8 80|
- Batch process : High throughput - X2 37 : PR Mask layer AHE 7t5, CHAot Mask AFE 7ts
- Abrupt junction &8 7=
- Doping profileO] 14| &5 =0 o|s H|oH2 &S - Target material®fl damage 24 : Annealing process’} 2+

— X 5%°| Doping AHH| 7 021 &
-Msk F80] 0j2{g (U drive-in Al 22
- Lateral diffusion &

)

- SESHD "I/ 2|

- Single process : Low throughput
- Safety hazards (High voltage, Toxic gas, Radiation)

Q&A
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() U Z O 2 Si02 Al PE-OxideZ ARt 0|2 Q&A

[Condition]
Temperature: 400°C -['CHZ-CHZ—O“_
n

Deposition thickness: 0.5
eposition thickness um ial 0‘|| ‘=| !J%Arol E
poly(ethylene oxide)

(f) Deposition of PE-oxide (PECVD)

Thermal Oxidation= O| &5} 4tztatE Ot A

2 3™30| 2=71 900~1100°CO| M Z-F5l=0

1 B% Implantation=| 0] = 0| 20| L F A
A== A =07t X7t 3 thE0| D EX| ZotA| K| 7

[} 2 0f| Thermal Oxidation= O|& 3t Oxidation CHi
A PE-Oxide(Z 2|0 & Hl S ALO|E)E CVDSIA
HAZOCo =2 BH=RUCH

- = A

—_— T
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Q&A

(h) Deposition of Ti/TiN (sputtering) & annealing & (i) Deposition of Al

1 7tSE0| SHOLEX| B A 2| 21 THLEH AHO| 440] 2] St
. Ot k| = spiked &= Y X[SH7| {8l AILHO| Si& O] 2]
1~2wt% & 75“’4 SHALS BEX|SHD = ALO| Q| A Het2 St= BarrierMetal2 H X %t ot

]

| =

BarrlerMetaI S &t Ol—_‘.s—AIHH*.J = SASt= 4|, €205 1 E TlE chamberd '20{ 24251
=01 %*—?— & UAE |Oo|HO| SatA[7 Bfe2 24 SH= Evaporator 20| X[ TH 2

aHo1| arznr% O| 2%t PVDQ! Sputtering0| Z£0| AR EICE

O

oF 7| & aXtet 34 HiMd el HE F2¢l contactl| 27(|7} 20t F2 hole & & 7HX[A| K
HE2 SUs 5522 MP7] 04 ELHS EO| AtEst=0 0|[[H" CVDE ArETHLt.

BarrierMetalO| = EHE O 2 ALEE|= TiTIN 22 SEUCH

TiN Deposition Process
6TiCl, + 8NH; — 6TiN + 24HClL + N,

2TiCl, + 2NH; + H, — 2TiN + 8HCI TiN : Diffusion Barrier
2TiCl, + N, + 4H, — 2TiN + 8HCI



(i) Metalization@ 2 CuZ AFR8}X| 23t 0|2 Q&A

[Condition] Aluminum (Al) : CVD&H™O0| 7t

Al layer deposition (By sputtering) VS

Copper (Cu) : RIES 0| 87}
Because, Low Vapor Pressure
of By-Products

Deposition thickness: Al 8000A
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(i) Deposition of Al (sputtering)

Resistivity (u(2-cm)

{ 28

I

@

Cu(RIEE’}), Ag, Au(H=5%)0| 22
[+2 2 2 ResistivityF 2 Al A&
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(e, g, j) Photolithography Process= Etching : Etchant

Photolithography process

Photolithography process as

Etch the portion of poly Si Photolithography process

Etch the portion of PE-oxide
(Etch the portion of Ti/TiN/Al)

Poly-Si Etching

CE, » F*+CF;

CF, +e - CF;+ F*+ 2e
Si + 4F* - SiF, 1

Ti/TiN Etching
TiCl,2| Boiling Point(°C @1atm) : 136.4
Cl-Based(Cl,, BCl3) Etchant

PE-Oxide Etching Al Etching
21wt% NaC,Hs0 in Ethanol CCly + e —» CCl3 + CI" +2e
for 10 min at 298.2K Al + 3CI" = AlCI3 1

After this treatment, washing
Absolute Ethanol for 10min
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