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7. Bubble formation (as a reaction by-product)

& Wet Etch Limitations (cont.)

% If bubbles cling to the surface — get nonuniform etching

<« Bubble (gaseous by-product)
PR i PR
<—__1— Non-uniform etching

Tﬁ. Some Common Wet Etch Chemistries

" UCBerkeley

Wet Etching Silicon:

Common: Si + HNO; +

isotropic

( pic) (nitric
acid)

/

(1) forms a layer
of SiO,

Different mixture combinations yield different etch rates.

6HF —> H,SiF, + HNO, + H, + H,0

(hydrofluoric
acid)

.

(2) etches away
the SiO,

y

[110]

x [100] <110> plane L x coordinate

* Silicon has the basic diamond
structure
% Two merged FCC cells offset
by (a/4) in x, y, and z axes
% From right:
# available bonds/cm? <111> T .

ing

# available bonds/cm? <110>
# available bonds/cm? <100>

Increas

Fllg\e'rO/
etched Si wafer Solution: Agitate
wafers during reaction.
& Silicon Crystal Orientation
| UcBetkeley .
y a (100) plane (110) plane

@ f) t X
‘(:';°5 (')")“ €4 to this vector (1.1,0) @ coordinate
"7*77 <1005 plane L defines (1,1,1), <111> plane
to this vector vector 1 to resulting vector

& Anisotropic Wet Etching
e —

Anisotropic etches also available for single crystal Si:

% Orientation-dependent etching: <111>-plane more
densely packed than <100>-plane

One such solvent: KOH + isopropyl alcohol
(e.g., 23.4 wt% KOH, 13.3 wt% isopropyl alcohol, 63 wt% H,0)

=> E'R'<100> = 100 x E'R'<111>

Slower E.R.

Faster E.R.
4 Y]

Y
..in some solvents
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i Anisotropic Wet Etching (cont.) o Wet Etching SiO,

I UCBerkeley “uCBerkeley

Can get the following: Si0, + 6HF —H, + SiF¢ + 2H,0
g 9: Generally used to clear out residual oxides from contacts

<111> <100> Sio.
Ve e Problem: Contact hole is so thin that surface

tensions don't allow the HF to get into the contact

|j &I | / [ nto |
P E / \ / (on a <1005 - wafer) W//—) Generally the case for VLSI circuits
i bubble % ] oxide

54.7° Si Lo
'«——native oxide
can get this just by exposing
sio, nt Si to air —> 1-2nm-thick
a0 a1 300nm —>
/ Solution: add a surfactant (e.g., Triton X) to the BHF
before the contact clear etch
1. Improves the ability of HF to wet the surface (hence, get
(on a <110> - wafer) into the contact)
si . . " 2. Suppresses the formation of etch by-products, which
=> Quite anisotropic! otherwise can block further reaction if by-products get
caught in the contact
A More Wet Etch Chemistries % Wet Etch Rates (f/ K. Williams)
LU B etk L L e
* Wet etching silicon nitride [ = - SEEerre——— .

% Use hot phosphoric acid: 85% phosphoric acid @ 180°C
% Etch rate ~ 10 nm/min (quite slow)
% Problem: PR lifts during such etching
% Solution: use SiO, as an etch mask (E.R. ~2.5 nm/min)
* A hassle - dry etch processes more common than wet
* Wet etchining aluminum
% Typical etch solution composition:

80% phoshporic acid, 5% nitric acid, 5% acetic acid, 10% water
(H,PO,) (HNO,) (CH;COOH) (H,0)

(1) Forms Al,O; (aluminum oxide)
(2) Dissolves the Al,O,

% Problem: H, gas bubbles adhere firmlly to the surface —
delay the etch — need a 10-50% overetch time

% Solution: mechanical agitation, periodic removal of wafers
from etching solution T

Copyright @ 2014 Regents of the University of California 2
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i Film Etch Chemistries &
B ) UGB
* For some popular films:
Material Wet etchant | Etch rate Dry etchant | Etch rate
[nm/min] [nm/min]
Polysilicon |HNO;H,O: |120-600  |SF,+He |170-920
NH,F
Silicon H,PO, 5 SF, 150-250 Dpy Efching
nitride
Silicon HF 20-2000 CHF;+ 0, |50-150
dioxide
Aluminum H,PO,HNO,: | 660 Cl, + SiCl; | 100-150
CH,COOH
Photoresist | Acetone >4000 0O, 35-3500
Gold Kl 40 n/a n/a
5 Dry Etching % Physical Sputtering (Ion Milling)
" UGiBerkeley 1 B
* Physical sputtering * Bombard substrate w/ energetic ions — etching via physical
* Plasma etching A|" based upon momentum transfer
* Reactive ion etching plasma processes. * Give ions energy and directionality using E-fields
(+) ions generated by * Highly directional — very anisotropic

inelastic collisions with

RF (also, could be pwave) energetic e-''s
L Get avalanche effect
I - because more e-!'s

| < Develop (-) bias) come out as each ion is l l l l plasma

generated.
\Plasma (partially ionized gas composed of ions, PR PR

e-'s, and highly reactive neutral species)

WLV E-field . 1 film
_

I [ | <T wafer
I / *
Develops (+) charge toy .'. (+) ions will be accelerated \
compensate for } to the wafer Steep vertical wall

Copyright @ 2014 Regents of the University of California 3
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o Problems With Ion Milling
" UCBerkeley
PR etched
down to here
~LR | PROIY [P
(@) f.l 11
Once through 1 1 film o,
the film, the [ AN

etch will start ﬁ
barreling —
through the Si

1. PR or other masking material etched at al

poor selectivity!

N

redeposition — non-uniform etch — grass!

* Because of these problems, ion milling is not used
(very rare)

most

the same rate as the film to be etched — very

. Ejected species not inherently volatile — get

often

Plasma Etching

W

I UCBerkeley

* Plasma (gas glow discharge) creates reactive species that
chemically react w/ the film in question

* Result: much better selectivity, but get an isotropic etch

Plasma Etching Mechanism:

1. Reactive species generated in a
plasma.

. Reactive species diffuse to the
surface of material to be etched.

. Species adsorbed on the surface.

. Chemical reaction.

. By-product desorbed from surface.

. Desorbed species diffuse into the
bulk of the gas

Film to be etched

Si

O bhw N

<— MOST IMPORTANT
STEP! (determines
whether plasma etching
is possible or not.)

]

plasma .
Si Ngufral radu‘:al
(highly reactivel)
/ CF, - CF, + F
SiCF,, SiF, <— both volatile .". dry etching is po

direction —» thus, get isotropic etchl

isotropic Fo FO

TV

%  Ex: Polysilicon Etching w/ CF, and O,
[ ll[:jﬂ E!=
CF4 e CF4* + CF3 + CFZ* + CF* + F* + FO + CFZ* + ..

+ e

ssible.

* F° is the dominant reactant — but it can't be given a

component PR SiF,

«p Ex: Polysilicon Etching w/ CF, and O,

UG Berkeleyms
isotropic 0 0 .
component L PR F SiF,
) polySi \ \ ./
* Problems:

1. Isotropic etching
2. Formation of polymer because of C in CF,
% Solution: add O, to remove the polymer (but note
that this reduces the selectivity, S,,/p)
* Solution:
% Use Reactive Ton Etching (RIE)

Copyright @ 2014 Regents of the University of California




EE 247B/ME218: Introduction to MEMS Design CTN 2/14/14
Lecture 8ml: Lithography, Etching, & Doping

i Reactive Ion Etching (RIE) & RIE: Surface Damage Mechanism
[ UCBettie ey e —— UG Betke e .
* Use ion bombardment to aid and enhance reactive etching in
a particular direction
% Result: directional, anisotropic etching! * Relatively high energy
* RIE is somewhat of a misnomer . impinging ions (>50 eV)
% It's not ions that react .. rather, it's still the neutral r::;?;’f—> oyt ot P produce lattice damage
species that dominate reaction PR & g PR at surface
% Ions just enhance reaction of these neutral radicals in a l * Reaction at these
specific direction film damaged sites is
— N enhanced compared to
)/‘ Si damest > reactions at undamaged
* Two principle postulated mechanisms behind RIE E,(hfmd reaction over areas
1. Surface damage mechanism
2. Surface inhibitor mechanism
|Resu|1': E.R. at surface >> E.R. on sidewalls
& RIE: Surface Inhibitor Mechanism & Deep Reactive-Ion Etching (DRIE)
[ UCBerkeley |

I UGBerkeley

= LAOLLT:

* Non-volatile polymer The Bosch process:

Msle
|ayers are a Pr‘oducf of ® Inducﬁvely-coupled Plasma ! r; \
reaction * Etch Rate: 1.5-4 pm/min
* They are removed by * Two main cycles in the etch:

reaetve —— o 3 e high energy directional % Etch cycle (5-15 s): SF, (SF,") ‘e

PR u l { PR ions on the horizontal etches Si

- surface, but not % Deposition cycle: (5-15 s): C,Fg

f"/m/ = »ru : L removed from sidewalls deposits fluorocarbon protective

7 - . polymer (CF,"),

a \ no reaction * Etch mask selectivity:

( \ % 5i0, ~ 200:1

(+) ions breakup get % Photoresist ~ 100:1

the polymer layer  reaction * Issue: finite sidewall roughness

% scalloping < 50 nm
* Sidewall angle: 90° & 2°

|ResuIT: E.R. @ surface >> E.R. on sidewalls

Copyright @ 2014 Regents of the University of California 5
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& ~ DRIE Issues: Etch Rate Variance

Aspect Ratic

* Etch rate is diffusion'“m“’ed % 16 7.5 G0 38 30 25 21 18
and drops for narrow 2
trenches 5 178 1

% Adjust mask layout to B
eliminate large disparities g 128 e

% Adjust process parameters § 1 | with trench width ,
(slow down the etch rate o8 I
to that governed by the T T,
slowest feature) Tronch Width (um)

Semiconductor Doping

T

Doping of Semiconductors
U@BCQQLQ!l—
* Semiconductors are not intrinsically conductive
* To make them conductive, replace silicon atoms in the lattice

with dopant atoms that have valence bands with fewer or
more e~'s than the 4 of Si
* If more e-'s, then the dopant is a donor: P, As
% The extra e is effectively released from the bonded
atoms to join a cloud of free e-'s, free to move like e-'s

in a metal Extra free e-
: Si: Si: Si: -f~\:5i:p:
:Si: Si: Sic: Dope : Si Sie

% The larger the # of donor atoms, the larger the # of
free e-'s — the higher the conductivity

Copyright @ 2014 Regents of the University of California

ijﬁce . Doping of Semiconductors (cont.)
UGB! FELEETE

* Conductivity Equation: charge magnitude
onh an electron

O- qlunn_'_q/up p\

e|eC'"‘°“ elecfr'on hole density
mobility density mobility

conduchvny

* If fewer e-'s, then the dopant is an acceptor: B

:Si:Si:si: -B. :Si: B :Si:
. 0.

:Si:Si:Si:  Dope : Si Cs-_s/-
Dtiohi o il G

% Lack of an e- = hole = h*
% When e-'s move into h*'s, the h*'s effectively move in the
opposite direction — a h* is a mobile (+) charge carrier
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[

W Ion Implantation
Il' ML@U=
Method by which dopants can be introduced in silicon to
make the silicon conductive, and for transistor devices, to
form, e.g., pn-junctions, source/drain junctions,

f} -

iul_.ﬂﬂﬁl.‘¥=

The basic process: Charged dopant accelerated
to high energy by an E-Field
B+ (e.g., 100 keV)

B+ B+

<— Masking material
1 = wa'v-h»--erw (could be PR, could be
X

Ton Implantation

time to control the
dose.

B+ B
Control current & l l
B

Sdy oxide, etc.)
5. dov,

Si \Depfh determined by
energy & type of dopant

Result of I/I ﬂ

T . . . 4. .
& Ton Implantation (cont.) & Statistical Modeling of I/I
[ UCBekeley e e
Result of I/I @
/— Damage —> Si layer at N(x)
si si si top becomes amorphous Impurity _— Unlucky ions
N _/ % B not in the lattice, concentration /Np 4—Avg. ions
so it's not electrically :
si— si——si  active. One std. dev.
Ion collides with atoms and . away —> 0.61N —
interacts with e-'s in the High Temperature Anneal P
lattice—> all of which slow (9|5°' .'-'SUC‘"Y do a drive—m 2 std. dev.
it down and eventually stop diffusion) (800-1200°C) away — 0,14N,
iT. Si——Si Si 3 std. dev. 7
% Now B in the lattice away — o-lle Distance into Si material, x
& electrically active!
Si B si (serves as dopant)

Rp A Projected range = avg. distance on ion trends before stopping

| AR, A Straggle = std. deviation characterizing the spread of the

. e . . . . ~ distribution.
This is a statistical process — implanted impurity profile can be

approximated by a Gaussian distribution.

Copyright @ 2014 Regents of the University of California 7
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i Analytical Modeling for I/I W I/I Range Graphs
| UCBetkeley [ UG Betke e
Mathematically: (x . )2 * R, is a function of the
N(x) =N, exp| - P i e energy of the ion and atomic
P { ziARp)z . Ene.?gyn:luﬁofe:e.l-g; " number of the ion and target
some nonlinearties; H
Area under the . (some nonlinearties) m‘a‘reraal
impurity Implanted Dose = Q = j N (x)dx [ions /cm?] o * Lindhand, Scharff and
distribution curve 0 g Schiott (LSS) Theory:
For an implant completely contained within the Si: : ) :;i:':;:u;m:t’::::r"i ':To
Q=+27N,AR, z atoms of the target material
. L. . L . are randomly positioned
Assuming the peak is in the silicon: (putting it in one-sided * Yields the curves of Fig. 6.1
diffusion form) _ s, we can track the dopant front during a and 6.2 e
= b: t di ion step.
D, =Q ~ su seq“(" F;ff)‘;sm" step S, T R I W .I.m|u * For a given energy, lighter
N (x) D, /2 X-R, here (Dt), = one 0 Acceleraion coergy (keV) elements strike Si with
(0= &P - Pl v 2 iy higher velocity and penetrate
Jr(Dt),, 2(AR, Figure 6.1 g y and p
more deeply
% I/I Straggle Graphs &
[ UGB e
* Results for Si and SiO,
surfaces are virtually
o identical —» so we can use
. these curves for both
cuor & Diffusion
;- ———:\_Jrs—-w\’_\’——_—’
é 0.1 T" nT_ S
| i
hems sher (qpn
o I I_‘_;_J Iulru I I_L - Illmu:: E ’(f"‘i‘{
..\u(lcu:lul:;)klg; eV 1/_/&/).‘1# J(
Figure 6.2 /‘“—m/gf:&
.
[

Copyright @ 2014 Regents of the University of California 8
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Diffusion in Silicon Diffusion in Polysilicon

L
U

[ UCBerkeley UCBerkeley

* Movement of dopants within the
silicon at high temperatures

* Three mechanisms: (in Si)
® &'e ® e
w.__.c:r/‘éh-’ - _. @ Interstitial Diffusion
inepiy

* Impurity atoms

® & @® ” jump from one
“ ™

* In polysilicon, still get diffusion into the crystals, but get
more and faster diffusion through grain boundaries

* Result: overall faster diffusion than in silicon

o o
507@9 ®
® ® @

interstitial site to

another
ituti iffusion Interstitialcy Diffusion . sy oo

Subs‘rmf‘honal Diffusion .- — Get rapid diffusion Fast diffusion through Regular diffusion
* Impurity moves along mpurity atom ) % Hard to control grain boundaries itto crvstals

vacancies in the lattice ":P"I‘C‘as' a Siatomin  © Impurity not in Y
* Substitutes for a Si- | e °ﬂ'°e_ lattice so not * In effect, larger surface area allows much faster volumetric

atom in the lattice ~ ° Si atom displaced to electrically diffusion

an interstitial site active

& Basic Process for Selective Doping & Predeposition
LU B etk L L e

1. Introduce dopants (introduce a fixed dose Q of dopants) * Furnace-tube system using solid, liquid, or gaseous dopant

(i) Ion implantation sources

(ii) Predeposition * Used to introduced a controlled amount of dopants
2. Drive in dopants to the desired depth % Unfortunately, not very well controlled
% High temperature > 900°C in N, or N,/O, % Dose (Q) range: 103 - 10!¢ + 20%

* Result: % For ref: w/ ion implantation: 10! - 106 + 1% (larger
range & more accurate)
dopants

* Example: Boron predeposition Furnace tube
i’ P
B o wafer

__— Gases —>
Drive-in \
0O, + B,H, + carrier gas boat
\_'_I \
diborane (Inert gas:
e.g., N, or Ar) Predeposition Temp: 800-1100°C

Copyright @ 2014 Regents of the University of California 9
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;; Ex: Boron Predeposition
MLX_I=
* Basic Procedure:
1. Deposit B,0; glass

\

! | Si0, «— SiO, diffusion barrier
I I. I I $ i : (masks out dopants)
BBBBEB 2. B diffuses from B,O; —» Si

* Difficult to control dose

Q, because it's heavily Furnace tube

cross-section

dependent on partial

pressure of B,H, gas flow

% this is difficult to Q Less B
control itself concentration

% get only 10% uniformity

CTN 2/14/14

& Ex: Boron Predeposition (cont.)
1" UGBerkeley

For better uniformity, use solid source:

Furnace tube

«

‘—/Si Si Si Sisi s:(/ wafer
Gt

" Boron/Nitride wafer
— 2% uniformity

a Gener'al Comments on Predeposition

ngher doses only: Q = 10!3 - 10!¢ ¢cm-2 (I/I is 10! - 10!¢)
* Dose not well controlled: + 20% (I/I can get + 1%)

* Uniformity is not good
% + 10% w/ gas source
% + 2% w/ solid source

* Max. conc. possuble Ilmlted by solid solubility
% Limited to ~10%° cm-3
% No limit for I/I — you force it in here!

* For these reasons, I/I is usually the preferred method for
introduction of dopants in transistor devices

* But I/I is not necessarily the best choice for MEMS
% I/I cannot dope the underside of a suspended beam
% I/I yields one-sided doping — introduces unbalanced
stress — warping of structures
% I/I can do physical damage — problem if annealing is not
permitted

* Thus, predeposition is often preferred when doping MEMS

Copyright @ 2014 Regents of the University of California

Reactions:
Si + 0, - SiO,
5 Diffusion Modeling

= DOfmvr/y £om pu‘nh’ of Ap'eln Conc. MOve
Pbmﬁ’ o{ low cove. o/ ‘q(ll/ J
% = Queshm: Whets Nixt)?
T f&n ¢f Hina
Fiek's Law of Diffusion— (1 locs)

7(,,‘{) - baN(or,U wm
4&« [#em-s] ~Diffusion Coetiicient

Continutty Equationfor Parficle Flux—
Genend Foem: o
INGxt) -3

N
rale ZF {ncrease "eﬂa'h'f of ‘Vad:beroenq
of conc. o/ time of parficle flux
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i Diffusion Modeling (cont.) & Diffusion Modeling (Predeposition)
[ UCBettie ey m—————————— 1" UGBerkeley
we're leeacdsd B novs in Yo one- dimansiond Brm : = if phtlool om a lingar ale, would Ioot like Hlr:
JN(d.t) _ T _ °
a’ﬁ ks 2 low of %wz
MVEct) [ FWet) | .2 ~ >
0) 4nJ subshite @) in ()] S377-< D L'f&ﬂm in 1-D ] ) Mot) > Ns v [ L (20 - x
(= ax* ) Mo } M) = s [1- 70 [ 2 Tty |
Sekehiors: —9 depem/en" Upon 60\mJo Condlins
> wse yorickle separation or kplau Worm dechniques ‘ Nixt) > No erﬂ:(zn)‘ = Ggain, cm;(enwh7erm fonchion
(read fubles or gm’J‘]
Care 1: Predepssiton — emstunt couee diffucian - surfuee concontation Sty
L) Ho Same curing Ho diffusion Dose, @ £ €osd 2 of impurity ctbmms per unit avea in Ho &
Suff;ce - ﬂ? o mpurity amc £t <t = area unda fle cune o) < Iineqr Scale
oo fone > Mo L, BT redbendy Q@ Poritike» (@ B 0t] N e b K
4, +, (‘mp|ene'f|ir7 emn funchion Pm{sle / Square is Snm‘ﬁs
lza&amvm( — Nsﬂ — N\ R E"E T charncleriic Miien b"ﬁ*’\] | under e curve!
ome. »
Jt
s\"_ﬁ& %, distane {{ surface T >
-
- Diffusion Modeling (Limited Source) ﬁn, Diffusion Modeling (Limited Source)
I” uc;Berkeley " UGBerkeley
Case2: Drive-in — fiwlod soure diffusion , e, cmstant dose & (,t} !va”\, make deMy, fen. approx. + NGO = & §(x
Ny = e can do s, because 'fo'.mmcbdi, v diffiesion Fiwas, e water Lohat
Mot g, Ho tvigind Sepe of Ho dopodt diskibiin, o dHissed clstmbuction wil be
Mobta) N\ €, o sama N
Nolt;) 4,
Ne [TV Get Gavssian Distributim . conespods o o Aa#
X, distare €/ o Surfoce . g_é/_x/i_ Gaucsian In Ris =
ekl 22 2 [-Gi) 1 quen \ g
= Bwﬁnl Condition : N
O Wepro D Oh Cochod Dies " D (e ko a
) el . [ Moty @ 9 * 2 puble s fwﬂeh’v i e
ax ’x-o\_’ a ; h ‘Vv Si, #on *
This s eiwwled' to caying Pat Hares no Fhux D) QI. « y
Qoing out of #o & (2, ,Nhr) = hs %MPI‘M’- 0%
and Yty cohat
this says! J'o —>

Copyright @ 2014 Regents of the University of California 11
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i

’- Two-Step Diffusion
[aEEpE= e
* Two step diffusion procedure:

% Step 1: predeposition (i.e., constant source diffusion)

% Step 2: drive-in diffusion (i.e., limited source diffusion)
* For processes where there is both a predeposition and a
drive-in diffusion, the final profile type (i.e.,
complementary error function or Gaussian) is determined by
which has the much greater Dt product:

(O)predep > (Dt)grive-in = impurity profile is complementary
error function

(ON)drive-in » (OF)yreqep = impurity profile is Gaussian (which
is usually the case)

i Successive Diffusions
G Btk —
* For actual processes, the junction/diffusion formation is only
one of many high temperature steps, each of which
contributes to the final junction profile
* Typical overall process:
1. Selective doping
* Implant — effective (Dt), = (ARP)Z/Z (Gaussian)
< Drive-in/activation — D,t,
2. Other high temperature steps
* (eg., oxidation, reflow, deposition) — Djt;, D,t,, ..
* Each has their own Dt product
3. Then, to find the final profile, use

(Dt)tot = z Dit;

in the Gaussian distribution expression.

' The Diffusion Coefficient

E
D= D0 exp(—k—{f (as usual, an Arrhenius relationship)

Table 4.1 Typical Diffusion Coefficient Values for a Number of Impurities.

Element Do(cm?®/sec) Ea(eV)
B 10.5 3.69
Al 8.00 3.47
Ga 3.60 3.51
In 16.5 3.90
P 10.5 3.69
As 0.32 3.56
Sb 5.60 3.95

Copyright @ 2014 Regents of the University of California

ef.» ' Diffusion Coefficient Graphs

o e Interstitial Diffusers
TT T T T % Note the much higher diffusion
coeffs. than for substitutional

Substitutional & |

Infe'r'sﬁ'rialcz | 10+ _lulmllauwo;mnjjjgr“_';g(o‘i_l@ o
Diffusers ml ‘ L - ]
|

108 — N

Diffushon coefficient, [ (em?isec)

| 1o L 1 SRS . W —
oe [ L3 LR 1.0 (8}
Temperature, 1B00'T (K1)

—— . S—
0.65 0.7 075 08 0.8%
Temperare. 1000/T (K-1y
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i Metallurgical Junction Depth, x; % Expressions for x;
" uc;Berkeley “UCBerkeley
= point at which diffused impurity profile intersects the * Assuming a Gaussian dopant profile: (the most common case)
background concentration, Ng
2
LogIN(x)] LogIN(x)-Ns] N(x;,t)=N, exp[ (2 j ] Y- /Dtln(l':ll j
No- ‘/e -9-. p-Type Gaussian No-N, Net impurity conc. v B
n-type p-Type . .
- N-TYP region * For a complementary error function profile:
Ne \ N n-type region
/ x = distance ! / x = distance N(Xj,t): N, erfc L =Ng - Xj = 2./ Dterfc™ &
X; f/ surface X; f/ surface 2+/ Dt N,
i Sheet Resistance w  # Squares From Non-Uniform Traces
| UGBerkeley T UCBerkel

* Sheet resistance provides a simple way to determine the
resistance of a given conductive trace by merely counting
the number of effective squares

* Definition: ;WWEqwm
(ﬁ)t‘v = Rs %) a/p

/‘ r

m#a restsfor

Um-FnrtJ\’ doped mleme €G- > — §0% of maleriod
wl ,p;u»hvl','o, 'a ) 23 . R: R:){g
0: Covv(uclivi*? : Q(/lun +/a‘,f) °

“

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

., a corner, contains

Copyright @ 2014 Regents of the University of California 13
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Y

» Sheet Resistance of a Diffused Junction

“UCBerkeley

" For diffused layers: Majority carrier mobility

Effective

Sheet resistivity

resistance

- / -1 -1
-2 ot e o]

Net impurity
concentration

=

[extrinsic material]

* This expression neglects depletion of carriers near the
junction, x. — thus, this gives a slightly lower value of
resistance than actual

* Above expression was evaluated by Irvin and is plotted in
“Irvin's curves” on next few slides
% Illuminates the dependence of R, on x;, N, (the surface
concentration), and N; (the subsfm're background conc.)

CTN 2/14/14

[

5

Suriace dogast concesirasos, N, (sne/cm')

Irvin's Curves (for n-type diffusion)

1" UCBerkeley

-

Sustace dopans cosceraration, X, {a

10— T

Fig.77

sl 11y

b
P — actien depe] prostuct, R, 2, (okm- b

H% Using Fig. 2.7:
{ Jmslg

Example. /p-type

ﬁg Given:

1 Ng = 3x1016 cm-3

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

2 Can determine these
given known predep.
J and drive conditions

:- Determine the R,.

R’¥J =570 Lo um

R 470

Rt i e

Sustace dopast somormraticn, N, (sormicen')

@. Irvin's Curves (for p-type diffusion)

| UCBerkeley
10 ™ M n_fype
i Given:

AN 1 Ng = 3x1016 em=3
NN 3 e 2 N, = 1.1x10!8 cm-3
i j (p-type Gaussian)

. 1 x; = 2.77 um

uu_u(_

Can determine these
given known predep.
| and drive conditions

| Determine the R,.
E| u:f'lj Fl'{,.7.°l:
Ko, <?ODJ7. em

| 1y eric
m‘E
|
0

o
W

4 L iy
107 [H 1
Shees revisuance - pancissn depth prosect. .1, fohe )

]

*. Rg® foo_ 7 2895/0
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