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Cong ngheé vi co’

B Vi co khoi: 1a qua trinh tao ra cac cau trdc trén
dée bang an mon chon loc.

B Vi cor bé mat: 1a mét qud trinh tao ra cac cau
truc trén bé mat de bang cach lang dong mang
mong va an mon chon loc.
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Bulk Micromachining Surface Micromachining




Phan loai ky thuat an mon s
dung trong vi co khoi

An mon wort An mon khod

Phu thuoc vao dinh Phu thuéc
huong tinh the vao qué trinh
| |

Pang hudng Di huwdng Pang hudng Di huwdng

Cac chat 3n Cac chat 3n BrF,

2. , O Plasma dura trén F
mon co tinh axit mon cé tinh kiem XeF, -



Cac dac trweng an mon

B Toc dé an mon:
» Rate of removal of material/filim.

» Varies with concentration, agitation and temperature of
etchant, porosity and density of etched film.

B Po6 chon loc cua an mon:
» Tdc dd an mon twong dbi cla
mat na so v&i cAc mang va dé
vat liéu.

B Hinh hoc cuia cau triic &n mon:
» Chiéu sau an mon (R);
» D6 an mon ngang (U);
» Do dbc cua cac bire tworng bén (S);
» Do cong cla day cau trdc &n mon (B);
» Tinh di hwdng.




Cac vi du: An mon Silic khoi

Deep cavity by wet, Release etch Recess etch
anisotropic etching by RIE by RIE

96 sai
1.9 kV x70.8




Cac vi du: An mon wét Silic

Isotropic etching with HNA

| (HF : Nitric Acid : Acetic Acid)

SiO, Mask
/ 2

L~

Si0,

Anisotropic etching with KOH

(110)

£ DD LN ey —
MICROMACHINED TROUGHS IN SI

(100)




Tinh thé Silic

CAu trdc don tinh thé Silic

B Face-centred cubic (fcc)
structure (diamond structure)
with two atoms associated with
each lattice point of the unit
cell.

B One atom is located in position
with xyz coordinates (O, 0, 0),
the other in position (a/4, a/4,
a/4), a being the basic unit cell
length.

M Lattice constant a = 5.43 A.

The arrangement of the silicon atoms in a unit
cell, with the numbers indicating the height of
the atom above the base of the cube as a
fraction of the cell dimension.
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Chi s6 Miller

B Miller indices are a notation system in crystallography for
planes and directions in crystal lattices.

B A |attice plane is determined by three integers h, k and |,
the Miller indices, written (hkl). The indices are reduced to

the smallest possible integers with the same ratio.
plan (111) plan (221)

Determining the Miller indices for ‘
planes by using the intercepts
with the axes of the basic cell.




Xac dinh chi sO Miller

MExample:

» Take the intercepts of the
plane along the
crystallographic axes, e.g. 2, 1
and 3.

» The reciprocal of the three
integers are taken:
1/2,1/1 and 1/3.

» Multiply by the smallest
common denominator (in this

case 6):
3,6 and 2.

» The Miller indices of the
plane are: (362).

a<




Cac mat tinh thé va dinh huwdng

M (abc) ky hieu cho mot mat
tinh the.

B {abc} ky hiéu mot ho cua
cac mat twong dwong.

M [abc] biéu thi hwdng
vuong géc doi vo'i mat
(abc).

B <abc> ky hi€u mot ho cua
cac hwong twong duwong.

m{100}, {110} va {111} I3 ho
cac mat tinh the quan

trong nhat doi v&i tinh thé
Silic.

(001) (100)
\
(101) (110)

(111) (171)

(010)

(011)




Céac phién silic tinh thé don

B Mat cat chinh va mét cat
phu biéu thi dang pha tap va
dinh hwéng bé mat.

B Duwdng kinh dé trong chuéan
ché tao hién tai: tlr 100 t&i 300
mm.

B Chiéu day phién trong chuan
ché tao hién tai: tlr 250 t&i 600
m.

B Dinh hwdng bé mat :

» (100) for MOS and MEMS;
» (110) for MEMS:

» (111) for bipolar.

Secondary flat

Primary flat J



Cé&c phién 100 mm chuan

B Vj tri cia mat cat chi ra dinh hwdng bé mat va
dang pha tap.

B Mat cat chinh trén phién dinh hwéng (100) va
(110) doc theo hwong [110].

——

n-(111) n-(100)

A Secondary flat

Primary flat



CAc phién duwoc st dung
trong MUltiMEMS

B Phién Si 150 mm, loai p.
B Mst (100) + 0.5°,
B Mat cat chinh theo hwéng [110] + 0.5°.

(100) Surface L\

Z
A {100}
Si Wafer <110> Directions
-~ [110]
O/b >y

)(/ Wafer's Primary Flat K



An mon dang hwdng Silic

B T4t ca cac hwdng tinh thé dwoc an mon &  Mask
cung mot toc do.

B Cac dac treng:
» Cac chat an mon thwong la cac axit;
» Nhiét dd an mon: 20... 50 °C;
» Phan (rng bj gi&i han b&i khuéch tan:
» Toc dd an mon rat cao (1én téi 50
nm/min);
» Significant mask undercutting.

B Mat na 3n mon can dwoc lwa chon can
than:

» Au/Cr or Si;N, lang dong LPCVD lam
mat na co chat lwvong tot.

» SiO, c6 thé dwoc st dung lam mat na
cho an mon néng.

with stirring (

Si without stirring (




An mon dang hwéng Silic:
Cac chat an mon

25 ml
HNO 50 ml 22 °C
CH COOH +H,0 25 ml

Tao 16 tréng: IélrI]\Jer3 +H,O0 + HNO, — 2HNO, + 20H + \

Oxihoa:  gi* 4+ 40H™ - siO, + H,
An mon oxit:  SiO, + 6HF — H, SiF,



An mon Silic v&i HNA
B HNA: hon hop cla
» 49,23% HF, HF (49.23%)

» 69,51% HNO, va « 0/hn s
: . . s/ // 20 \%2
> Axit acetic (CH,COOH) ho&c i/ \%
70 30

nwoc (H,0) nhw chat pha loing. | Elchirate
, - 60 40 (km/h)
B HNO; oxy hoéa Silic,
HF tay I&p oxit:
» Ty l1é HNO4:HF cao,
- An mon bi gi¢i han béi qua trinh

50— 482

50
40
30
20

tay lop Oxit. 0 |
> TY e H\NOQ:H.F, _thép o s oun 90 80 70 60 50 40 30 20 10 e
- An mon bi gioi han boi qua trinh ¢, HNO, (69.51%)
tao oxit.
B Pha loang v&i nwdc hoac axit acetic:
» CH,COOH thwong dwoc st dung Iso-Etch Curve
b&i vi N6 ngan dwoc sy phan ly (from Robbins et al.)

cua HNO..



An mon di hwéng cua thuy tinh

B Single- or double-side etching of glass wafers is achieved
either by using HF-water solution or HNA.

M Typical etch rate for borosilicate glass in HNA: 1.9 um/min.

B Applications:
» Etching cavities and through-holes;
» Etching gas/fluid channels.

e

Undercut




An mon di hwéng cla Silic

B Cac dinh hwdng tinh thé dworc

an mon ¢ cac toc do khac - <10
nhau. O Y NA
B Cac dac trung:
» Cac chat an mon thuwong la <100>
Kiém;

» Nhiét d6 an mon: 85... 115 °C;

» Reaction is rate-limited;

» Toc dd6 an mon thap (ca. 1
um/min);

» An mon ngang mask nh.

B Mat na an mon duwoc lya chon

can than:

> Si;N, lang dong LPCVD lam vat
liéu mask tot;

» SiO, co thé dwoc sir dung Vo
mot sO chat an mon.




Thiét 1ap hé thdng &n mon

hemical etching of silicon.

—

Condenser —— [ /C°°“n9 water

V7
™

Heating dewar

f ven q!:_aboratory setup for wet

Thermometer

The principles for industrial
Wafer holder manufacturing equipment
are the same.




Chat an mon di hwéng cho Si

Etylenediamine 750 ml
Pyrocathecol 120 gr 115°C 1.25 35:1 S| N
Water 240 ml metals

TMAH 220 gr o . SiO,
Water + Isopropyl 780 ml 90°C 1.0 100:1 Si;N,



Hba hoc cua an mon di hwdng
B Cac giai doan cua qua trinh an mon:
» Van chuyén cac chat phan &ng téi bé mat dé silic;
» Phan &ng bé mat;
» Van chuyén cac san pham phan tng ra xa tir bé mat.
B Cé4c thanh phan an mon co ban: Key etch ingredients:
» Chat oxy hoa;
» Chat an mon oxit;
» Chat pha loang va méi trwéng van chuyén.

CO ché

Si+20H — Sl(OH)2 +4e
4H,0 + 4e — 40H + 2H (gasz
Sl(OH)2 + 40H — SiO (OH)2
2H,0

Overall:
Si+20H + ZH%O —>
— SiO,(OH),” + 2H,

(gas)



An mon di hwéng cla phién Si (100)

B L6 hdng dwoc dinh
nghia bai:
» Cac mat {111}
- Cac mat bén an mon
cham;
» Cac mat day {100} -
Mat an mon nhanh

B Hinh dang cudi cung
cua 16 hong phu thudc
vao:

» Hinh hoc ciia mat na;
» Thoi gian an mon.
B Hinh dang cdia hoc an
mon:
» Kim tw thap cat ngon
(Truncated pyramid);
» Rang chir V (V-groove);

> Kim tu thap (Pyramid). o

<110> Directions
{111} Planes \

(100) Plane \

Truncated Pyramidal
Cavity

V-Groove

Cavity

/ {111} Planes

Pyramidal
Cavity

AYERS

- P-SUBSTRATE |




Hinh hoc 16 hong cho phién (100)

1

ﬁvH(“)'c %n mon di huéng trong phién Si (100)

Gi cira s6 mat na md an mon dang hinh
vuong dinh hudng song song vdi cac hudng e
<110>.

e
54,70% | (111)

el

W, =W, - 2:I-cot(54.7°)




An mon ngang Mask

M (a) is a pyramidal pit bounded
by the {111} planes.

M (b) is a type of pit expected
from slow undercutting of
convex corners.

M (c) is a type of pit expected
from fast undercutting of
convex corners.

M In (d), further etching of (c)
produces a cantilever beam
suspended over the pit.

M (e) illustratates the general
rule for undercutting assuming
a sufficiently long etching
time.

<100> Mask
; <111> |

e

) Si |

\
\

/’
\ /
i .
] Si |
| \
£ \\

(e)




An mon di hwéng cua Si (110)

M Cavity defined by:
» {111} walls

— slow-etching planes;

» {110} floor

— fastest-etching plane;

» {100} bottom side walls

— fast-etching planes;

B Final shape of cavity
depends on:

» Mask geometry;
» Etching time.
M Cavity shape:
» Rhombic prisms;
» Hexahedric prisms.




Hinh hoc 16 hong cho phién
Si (110)

Slanted {111}
Vertical {111}

[
I Slanted {111}
[
Vertical {111) {10} &\
109.5°

170.5° < __
773

Top view



An mon chon loc
Cac phwong phap cho an mon chon loc

B Cac phwong phap an mon dyra trén dieu khién thi gian an
mon:

» Tinh toan thdi gian &n mon dwoc can trén co sé& tdc dd an mon.

— Dé dang, nhwng la mét phwong phap co d6 chinh xac khdng cao, badi vi vi tbc dd an mon
thay doi theo diéu kién hoa hoc clia chat an mon va cac yéu td hinh hoc han ché sw khuay
doéng cua an mon.

Do chinh xac: £ 20 um.

» Kiém tra d6 sau ctia hoc dwoc an mon trong cac khoang thoi gian
thich hop cho dén khi dat dwoc dd sau mong muon.

— Mét nhiéu thoi gian, nhwng dé chinh xac dwoc cai thién, Time consuming, but improved
accuracy. D6 sau khac khong déu tir hdc an mon nay dén hoc an mon do cac yéu to héa hoc
va hinh hoc van con la mét van deé.

D6 chinh xac: = 10 pum.

B Cac ky thuat an mon chon loc hoa hoc:
» Qua trinh an mon dirng lai khi dat dén mét I6p tro' doi vai chat an mon
hoa hoc.
— DO chinh xac: £ 3 um.
B Cac ky thuat an mon chon loc dién hoa:
» An mon dirng trén cac chuyén tiép pn dwoc phan ap nguwoc.
— Do chinh xac: £ 1 um.



An mon dinh thoi

® Vi du vé an mon dirng & mét chiéu sau bat
Ky, thé hien mat day bang phang.

[110] —>A

Masking Layer

..........................................

Top View —> A’ Cross Section A-A'

[110] lr—~>A

[100]

Top View —> A’




An mon dirng b&i cac mat {111}

B Vi du vé an mon dirng béi cac mat {111} giao
v&i nhau, thé hién mét rénh hinh chop.

Top View 'l__> A

Cross Sectlon A-A'

Cross Section B-B'




Ky thuat an mon dwng Bo

®mAn mon chon loc héa hoc:

» Etch rate depends on boron v T
concentration. l"
» An mon dirng néu néng do 2w}
Bo I&n hon 5:10%8 cm—. z |
.Lé,p dl‘fng én m‘bn BO % 10" Eant;jentratmn
dwoc ché tao bang: ™ B
. . .. = by 0
» By diffusion deposition, ’ ﬂ;ﬂ}%
Implantation or both; s T
» On the opposite surface of |
the wafer with respect to the o 0t 10t _T'
etch Cav":y Boron Concentration {cm ™)

Boron-dependent etch rate of
silicon (from Seidel et al.)




Co ché dirng an mon Boron

HLién két xen k& doi hdi nhiéu nang lwong hon dé duwoc
pha vo.

M Cac dién tr dwoc cung cap b&i chat &n mon tai hop voi
cac 16 trong khdi, thay vi tham gia vao phan tng hoa hoc.

Nguyén tu Bo xen ké

Nguyén tu Si Nguyeéen tu Bo thay the



Céac han ché clia &n mon dirng Bo

B Dién t& khong thé duoec tich hop trong I6p
dwng boron.

» Giai phdp: I‘éng dong mOt |&p epitaxi trén [Op an mc‘)’n
dwrng, vOi nOng d0 pha tap twong tw nhw vat liéu dé
cho cac linh kién tich hop.

» Diéu khién pha tap ty dong cla I&p epitaxi 1a mot
thach thurc.

n-type epitaxial layer

4

_/

p+ type boron stop layer

n-type substrate




Dwng an mon dién hoa (ECES)

® An mon chon loc dién hoa :

» Tdc dd an mon phu thudc vao thé nang
ap dung.

» An mon dirng néu dién ap tac dung vuot
qua gia tri ngwo'ng, dwoc goi la thé nang
thu dong.

> Vét liéu pha tap thap, ca dang p- va dang
n, co the dwoc thu dong hoa:

- Buoc st dung nhu 1a dé cho céac
thanh phan tich hogp nhw cac ap
dién tro.

B DO chinh xac cao: £ 1 um:

> Dat dwoc bang st dung cac k¥ thuét cay

va khuéch tan dwoc diéu khién tot.
B KOH va TMAH c6 thé dwoc st dung:

— Both avoid the health dangers of

EDP.

AN

oxide

Pt

np } etchant

stir bar /




D@ phién cho ECES

O-Rings

Hole for
Securing
Screws

— Backside

/ Posts

Etch Hole

-

Viewing Hole

Block Support

A practical way to make a wafer
holder to be used for electro-
chemical selective etching.

The principles for industrial
manufacturing equipment
are the same.




Co ché an mon dirng dién hoa

B An mon dirng dat dwoc bang cach phan ap ngwoc cac chuyén tiép pn.
B More in the Bulk Silicon Etching tutorial...

A |+
]
P-layers N N-IayersT

Vp

Etch
—+— Rate

Silicon Etching Anodic Passivation

Vn




ECES cho MultiMEMS

BAn mon diwng dién hda cho phép 3 chiéu day khac
nhau:
» Chiéu day dé (400 pm)
[0 Cho ché tao cac khdi gia trong nang:
» Chiéu day I&p epitaxi (3 um)
[0 Cho ché tao mang méng va |0 xo;
» Chiéu day giéng N (23 pm)
[0 Cho ché tao mang day, khdi gia trong, bosses....




An mon dirng trén cac chuyén tiép da
muc (Etch-Stop on Multi-Level Junctions

A WD16
aSI10_

";

A;J///
el
S Ry : e
il
i i
o
i
A i E T




Céac goc loi
An mon ngang cac goc loi
B Toc dd an mon cao cla cac mat chi s6 cao:
» An mon ngang manh céac goc 16i;

» Kim tw thap cat ngan hodc ranh chir V l1a hoc an
mon cung.

Mask will be undercut until
undercut {111} planes are exposed.




Corner compensation of mask is difficult
to establish as a repeatable process;
highly dependant on etching
parameters.

Corner Compensation in Silicon
(from Gupta et al.)




CA&c cau truc bl gbc

MOt phucong phap bu
goc don gian dé bu
goc I6i trong an mon

di huéng uct
(from Wei Fan et al.)




Cac thiét ké v&i cac géc 3n mon ngang
Designing with Undercut Corners




