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Two-Step Diffusion

* 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)

& Successive Diffusions
7 ue 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.

iy The Diffusion Coefficient
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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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* Sheet resistance provides a simple way to determine the
* Assuming a Gaussian dopant profile: (the most common case) resistance of a given f:onduc‘hve trace by merely counting
the number of effective squares
adsyee O por Sqlane

* Definition:
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* For a complementary error function profile: w . .
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* What if the trace is non-uniform? (e.g., a corner, contains
a contact, etc.)
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L. Sheet Resistance of a Diffused Junction
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* For diffused layers:

Majority carrier mobility

Sheet Effective Net impurity
resistance resistivity concentration
o X -1 X / -1
R, = £ U ! G(x)dx} = U ! q,uN(x)dx}
xj 4 / 0
! Oepord docresies ar

[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 Ny (the substrate background conc.)
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~  Irvin's Curves (for n-type diffusion)
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