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Doping of Semiconductors

m 14
UC Berkeley UC Berkeley

* 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

Semiconductor Doping atoms to join a cloud of free e”'s, free o move like e”'s
ina rt\e‘l’al Extra free e-
1Y .
9»8i%si:si: P | isi:p(
r.g .. .. —\ > ey -
:Si: Si: Sic: Dope : Si ¢ Siw

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

=

General Comments on Predeposition

=

Doping of Semiconductors (cont.)

il

UC Berkeley, UC Betkeley
* Conductivity Equation: charge magnitude * Higher doses only: Q = 103 - 1016 cm-2 (I/I is 10! - 10%6)
on an electron

* Dose not well controlled: + 20% (I/I can get + 1%)

o=qgun + qu, p * Uniformity is not good
ol 7 " '\ \ hole

ductivi % + 10% w/ gas source
concuctivity electron  glectron hole density % + 2% w/ solid source
mobility  density mobility * Max. conc. possible limited by solid solubility
% Limited to ~102° ¢m-3
* If fewer e”'s, then the dopant is an acceptor: B % No limit for I/I — you force it in herel
L . . * For these reasons, I/I is usually the preferred method for
. Si:Si:Si: . B. . Si: B :Si: introduction of dopants in transistor devices
RV ; L e * But I/I is not necessarily the best choice for MEMS
.Si:Si:Si: Dope < : SiGISi: Si: o % I/I cannot dope the underside of a suspended beam
e ST > /St [ 2 % I/I yields one-sided doping — introduces unbalanced
hole stress — warping of structures
% Lack of an e = hole = h* Crone gras bl % I/I can do physical damage — problem if annealing is not
% When e-'s move into h*'s, the h*'s effectively move in the . permitted L .
opposite direction — a h* is a mobile (+) charge carrier Thus, predeposition is often preferred when doping MEMS
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& Diffusion Modeling o Diffusion Modeling (cont.)
UC Berkeley UC Betkeley,
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i Diffusion Modeling (Predeposition) ol Diffusion Modeling (Limited Source)
UC Berkeley, UC Berkeley
= i phtiood on o linear soale, would losk like Hhir: N, Case2: Drive-in — limpiled soURe AifFusion, .., Conslant dose &
N
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& Diffusion Modeling (Limited Source)

]
U[} Berkeley,

(X Urvalhy make deb cn. Gpprox..+ N0 = @G
= we can do Hhis, becante for s Afusion Fimas, ne matler cobet
Ho ovigind J*n,u of o dopaut dishibicdion, Ho difused dlishbrefion il be

Same N
Get Gaussian Distibuion : Nf b o half
/ Gavesian h Hls = t’é

Two-Step Diffusion

L
UC Berkeley

* 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:

(O1)predep » (D)drive-in = impurity profile is complementary
error function

(ONgrive-in » (Ot)predep = lmpur'lfy profile is Gaussian (which
is usually the case)

N('K,U x
Cquation loghv
then Yo sharting i

( roble is can;(ek (m’m&l
E/ ,:h #e Si, H#en “1 >
i @ B = ht€ Ho implart dose
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& Successive Diffusions

UC Berkeley

* 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:

. Selective doping
« Implant — effective (Dt), = (AR,)?/2 (Gaussian)
* Drive-in/activation - D,t,
2. Other high temperature steps
* (eg., oxidation, reflow, deposition) - Dst3, D4t4, ..
* Each has their own Dt product
3. Then, to find the final profile, use

(Dt)tot = ZDiti

in the Gaussian distribution expression.

“ The Diffusion Coefficient

i
UC Berkeley

E
D= Do exp(— ﬁj (as usual, an Arrhenius relationship)

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

Element Dq(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
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& Diffusion Coefficient Graphs
UG Berkeley
oo 1300 1200 e Interstitial Diffusers
o0 T T % Note the much higher diffusion

coeffs. than for substitutional

Substitutional &
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ol Metallurgical Junction Depth, x;

me

UC Berkeley,

x; = point at which diffused impurity profile intersects the
background concentration, N

Expressions for x;

il
UC Berkeley

* Assuming a Gaussian dopant profile: (the most common case)

2
X; / N
Nlx;,t)]=N,exp| —| —~ =Ny > x;=2|Dtln| —2
(f ) P (2\/Dtj 5 J (NBJ

* For a complementary error function profile:

X N
Nlx,,t)=Nerfd —’—|=N, - x,=2/Drerfc”’| =2
( J ) (2\/EJ B J {NOJ
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Log[N(x)] Log[N(x)-Ng]
No- ‘/e.g., p-type Gaussian N--N Net impurity conc.
o~ N
-t
\ Z'g” n-TYPe ':.eg¥°p:
Ne \ N n-type region
1
/ x = distance / x = distance
X; f/ surface X; f/ surface
75
5 Sheet Resistance
UC Berkeley

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

the number of effective squares
&
* Definition: Ohhr por e

/
. REEErE)  an
%‘: [Asfw]j) d«ag ,t“”(mﬁsqm»e: of makriaf
A < ‘ o

- wesistine v #a rest

Uniforihy deped materiel €+ Y SL71 — § Y of mafedel
wl m‘t‘rﬁvﬁy f’% % 5 ReRex§
0= Conduchivity = §(jan 4p1p)

* What if the trace is non-uniform? (e.g., a corner, contains
a contact, etc.)
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=  # Squares From Non-Uniform Traces

]

~ UG Berkeley
R Coact
} I/(me"‘;) e
T4 i T
AR b :
f i

- W e V ' \ Corner & 0.56 syuares

|—' 0.65 squares

2w

s sl
s by SR IR I
" w 2w w
, w T 4 & I w
oo |
— W
|—‘> 0.14 squares }'—’ 0.35 squares
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= Irvin's Curves (for n-type diffusion)

m
" UC Berkeley,

___ Example. p-type
1 Given: J/
Ng = 3x10!6 cm-3

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

Z Can determine these
1 given known predep.
and drive conditions

Sutlace dopam comcentraton,

* Determine the R.
T Using Fig. 2.7
Rs¥; = 470 2 pam

RS‘ lL_.7° =175
2.7 _\/Q_

w0
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.. Sheet Resistance of a Diffused Junction

my
- UC Berkeley,

* For diffused layers:

Majority carrier mobility

Sheet Effective Net impurity
resistance resistivity concentration

iyl ; B
M = L= [tk 2| q#zv’ﬁ)dx}

@W* coe hmféx‘rrinsic 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 Ny (the substrate background conc.)
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~  Irvin's Curves (for p-type diffusion)

]
- UC Berkeley,

__ Example. n-type
i Given:
Ng = 3x10!6 cm-3

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

i Can determine these
given known predep.
and drive conditions

3 = =2
F E S
B A 11 e e o 2 L S i S L R /

Surface depan Sncorraiion. N (BISMAC)

Determine the R,.
E U:inj Fig.7.9:
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