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Lecture 8: Surface Micromachining I
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;: Diffusion Modeling (Limited Source) Two-Step Diffusion
UCBerkeley EGIE.QML\1=
o u Usvally make detts fon. dppox. = Nix,0) = & S * Two sfep dlffuswn procedure:
= we can do his, becauie for sefficledty lowg diffusion fimes, ne watter Lobat 4 Step 1: predeposition (i.e., constant source diffusion)
Ho ovigind -ﬂu,u of Ho dopent dlishibufion , Yo diffissed dl:k-r!:ulw will be % Step 2: drive-in diffusion (| e., limited source diffusion)

cpm?w/haha# complementary error function or Gaussian) is determined by

Get Caussian Dr.r'frlbuﬁm
N(v(,tl exp (iT" ] g;:;;f::\ I -Kb which has the much greater Dt product:

loghy €1
N Df h % (O1)predep > (Dt)grive-in = impurity profile is complementary
> e a error function
rrus’e is ca-\,(eklv (Mamol

o rame * For processes where there is bo1'h a predeposition and a
% drive-in diffusion, the final profile type (i.e.,

(Ij th %o Si, fhan x (Ot), (Ot) o i it file is G ian (which
7) drive-in > redep = impurity profile is Gaussian (whic
Q'L = het€ o hmplart chose " PR s usually the case)

& Successive Diffusions 5 The Diffusion Coefficient
i uJ erkele_= "" I‘kB|B\j=
* For actual processes, the junction/diffusion formation is only E
one of many high temperature steps, each of which _ _Ea . . .
contributes to the final junction profile D= DO EXP| ——— | (as usual, an Arrhenius relationship)

* Typical overall process:
1. Selective doping

« Implant — effective (D), = (AR )2/2 (Gaussian) Table 4.1 Typical Diffusion Coefficient Values for a Number of Impurities.

* Drive-in/activation — D,t, Element Datom?/sec) v

2. Other high temperature steps ° AleV)
* (eg., oxidation, reflow, deposition) - Dt;, D,t,, .. B 10.5 3.69

* Each has their own Dt product Al 8.00 3.47
3. Then, to find the final profile, use Ga 3.60 3.51
In 16.5 3.90

_ P 10.5 3.69

(Dt)tot - z Diti As 0.32 3.56
i Sb 5.60 3.95

in the Gaussian distribution expression.
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i Diffusion Coefficient Graphs W Metallurgical Junction Depth, x;
" uC;Berkeley " UCBerkeley
- 100 o O Interstitial Diffusers
ot PR ——— % Note the much higher diffusion
! s utionl _ coeffs. than for substitutional = point at which diffused impurity profile intersects the
sm& | T background concentration, Ny
Touooio0 W w0 o

L Diffusers -
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i w0 / x = distance / x = distance %
X; f/ surface de=loauly  x; f/ surface
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[

Expressions for x; Sheet Resistance

7 ll[;, erheley

gt

Il UG)Berkeley
* Sheet resistance provides a simple way to determine the
* Assuming a Gaussian dopant profile: (the most common case) :ﬁzls::n':gzroz fae%‘?::t:\:/?:uﬁ::l:s frace by merely counting
9 anes W fhickees Ohims per Square

* Definition: e D"" Core. van® /
R=f’—= f—)— R{G) b

2
X N
N(x:,t)=N_exp| — J =N x. =2 |Dtln| —2 w*
(xgt)= N exp [Zx/DtJ S R (NBJ t PR
(a: tw] chect \ " Bumit squaver of pakriag

esistang n#a regdsfor

* For a complementary error function profile:

uni-ForlJ\, doyal wirkers €G- > — §0' of malerid
X; 4 Ng wl re.rirﬁvh‘«, f“'g‘ ' 2> o RERGXS
N(xj ,t)= Noerfc(ﬁ] =Ng - x;= 2+/Dterfc {N_OJ o.rww!w]: cl(/u.,n "/‘Pf') —

* What if the trace is non-uniform? (e.g., a corner, contains
a contact, etc.)

Copyright © 2009 Regents of the University of California



EE 245: Introduction to MEMS CTN 9/22/09
Lecture 8: Surface Micromachining I

i  # Squares From Non-Uniform Traces w Sheet Resistance of a Diffused Junction
| uC:Berkeley UC,Berkeley
o CE’M '_'l:_' For diffused layers: Majority carrier mobility
\!
chV S (l‘op' Sheet Effective Net impurity
resistance resistivity concentration
> w 10 zo \ /_)‘/ X -1 X / -1
L . -» R =1= U : o-(x)dx} = U "quN (x)dx}
= W - 0 Cormer = ﬂ.ﬁm Xj ° / °
0 [
— 0.65 sques oe3plI50U7 [extrinsic material]
Toow LA * This expression neglects depletion of carriers near the
LN i R D junction, x. — thus, this gives a slightly lower value of
%’ w N w Iw resistance than actual
v g I% ¥ ; * Above expr'ession was evaluated by Irvin and is plotted in
¥ "Irvin's curves” on next few slides
1 ¥ % Illuminates the dependence of R, on x;, N, (the surface
" 0.4 spenz I 035 s concentration), and N, (the substrate’ background conc.)

@. Irvin's Curves (for n-type diffusion) i Irvin's Curves (for p-type diffusion)
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Z Can determine these
given known predep.
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Np = 3x1016 cm-3

N, = 1.1x10!8 cm-3
(p-type Gaussian)
x; = 2.77 pm

Can determine these
given known predep.
and drive conditions
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Lecture Module 5: Surface Micromachining

CTN 9/22/09

& Lecture Outline
UG Be ke oy e —

* Reading: Senturia Chpt. 3, Jaeger Chpt. 11, Handout:
“Surface Micromachining for Microelectromechanical
Systems”

* Lecture Topics:
% Polysilicon surface micromachining
% Stiction
% Residual stress
% Topography issues
% Nickel metal surface micromachining
% 3D “pop-up” MEMS
% Foundry MEMS: the "MUMPS" process
% The Sandia SUMMIT process

& Polysilicon Surface-Micromachining
U B et L

Nitride Sacrificial

* Uses IC fabrication

Isolation\ Interconnect Oxide Structural h i .
Oxide Polysilicon | PO/IYSIlcon instrumentation exclusively
\ . 4. epe s
\ \ | ] * Variations: sacrificial layer
NV 1 thickness, fine- vs. large-
: = ' grained polysilicon, /n situ
E— o
Wafer
Hydrofluorlc
Release Standing
Etchant Polysilicon Lol o
Beam

ﬂ—t,a..

Rv/.. =]
| |

300 kHz Folded-Beam
Micromechanical Resonator
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gt

Why Polysilicon? W

I llﬁiﬂ. 1 — U 1 .
* Compatible with IC fabrication processes

% Process parameters for gate Jaolysilicon well known

% Only slight alterations needed to control stress for
MEMS applications

* Stronger than stainless steel: fracture strength of polySi ~
2-3 GPa, steel ~ 0.26Pa-16GPa

* Young's Modulus ~ 140-190 GPa Polysilicon Surface-Micromachining
* Extremely flexible: maximum strain before fracture ~ 0.5% Process Flow

* Does not fatigue readily

* Several variations of J)olysmcon used for MEMS
% LPCVD polysilicon deposited undoped, then doped via ion
implantation, PSG source, POCI;, or B-source doping
% In situ-doped LPCVD polysilicon
% Attempts made to use PECVD silicon, but quality not very
good (yet) — etches too fast in HF, so release is

difficult
A A
& Layout and Masking Layers %  Surface-Micromachining Process Flow
13 . UG Rete
* At Left: Layout for a Cross-sections through A-A’ * Deposit isolation LTO (or PSG):
ye—— folded-beam o Target = 2um
e Isolation Interconnect Nitrid % 1 hr. 40 min. LPCVD @450°C
capacitive comb- Oxide Polysilicon nride * Densify the LTO (or PSG)
driven micromechanical \ \ / % Anneal @950°C for 30 min.
resonator == % 3 Dugposi'r nitride:
o Target = 100nm
Masking Layers: 0“'5 . © 22 min LPCVD @800-C
] 1st Polysili on: Deposit interconnect polySi:
POLY1(cf) Dy rdh k- Zunefnitride? "¢ Tapget = 300nm
. P"‘°1'°"¢s'50=' dx\h hos lam € % In-situ Phosphorous-doped
Anchor Opening: % 1 hr. 30 min. LPCVD @650°C
Jox. ———ANCHOR(f) et 2o
o [ 2 Polysilicon: ' Cant pud daon Sty Hic, thliﬁ
POLY2(cf) ST @ - Lihoyrephy to define polyd

Capacitive comb-drive x;zﬁconnects using the POLY1(cf)

for linear actuation * RIE polysilicon interconnects:

Folded-beam support _ % ¢Cl,/He/O, @300W,280mTorr
i ‘ Remove photoresist in PRS2000

structure for stress relief

o
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Surface-Micromachining Process Flow w  Surface-Micromachining Process Flow

W ) " uCBerkeley i
o . e s Oxide Hard : :
Sacrificial * Deposit sacrificial PSG: * Deposit oxide hard mask
Photoresist Oxide N\ Sk A A ) ; () 00

Target = 2 Target = 500nm
i} 1°rr|‘r?,e 40 m.p:.m LPCVD @450°C N Tite % 25 g\in. LPCVD @450°C fse
* Densify the PSG A [ peer-o| @ smis?‘ Annetilo o
; ) % Anneal @950°C for 30 min. % Or 'I‘ET(A‘? for51 fnin. @ 1100°C
‘ * Lithography to define anchors _ in 50 sccm N,

% Align to the polyl layer

)
i

* Lithography to define poly2
structure (e.g., shuttle, springs,
gﬁivep gLi’eZ'ESl; elecf':'odes) using

! e cf) mas|

% RIE using CHF;/CF,/He % Align to the anchor layer

= = @350W,2.8Torr : = ' % Hard bake the PR longer to
[ElEEEe ] < Guick wet dip m 101 [siicon substrare ]  oxide mask Fir
% Quick wet dip in 10:1 HF to * Etch oxide mask first
remove native oxide % RIE using CHF,/CF,/He
@350W,2.8Torr

* Etch anchors

* Etch structural polysilicon
I/ > . . % RIE using CCly/He/O,
_'.\ / e i * Deposit structural polySi @300W,9280m4Torr
‘ % Target = 2um % Use 1 min. etch/1 min. rest

_ % In-situ Phosphorous-doped i increments to prevent
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