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What is PROPHET?

Specifying PDE’s for PROPHET to solve
Discretization on a mesh

Applications

Summary



Developed at Bell Labs as a process simulator

Released externally as a TCAD simulation
platform (Stanford, UT Austin, and Conor Rafferty
added device simulation capabilities)

Permits user-level specification of PDE’s created
from reusable operators
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PDE is a sum of terms (well, almost)

Terms are a combination of geometric and
physical operators: PDE =GP, + G,P, + G,P,
Geometric operator: Vx, V-, d/ot

Physical operator;  flux = f(4,V4,X,VX,...

Functions permit evaluation of intermediate
values with chaining back to solution variables



Spatial operators: divergence, nodal
Differentiation wrt time

Interface flux

Dirichlet

Constraint

Interface algebraic



Algebraic building blocks: +, -, *, /, sqrt, exp, etc.
Fluxes: —&Vy,nuVy—DVn

Many domain-specific expressions:
space charge density
mobility
device contact boundary conditions
Shockley-Reed-Hall and Auger recombination



<geo_op>.<phy_op>(<inputs>|<outputs>)@{<where>}

V-(ey) box_div.lapflux(psi|psi)@({silicon,poly,oxide}
q (P —n+ N z+> - N ;) nodal.nscd(electrons,holes,netdope|psi)@({silicon,poly}

constraint.continuity(0|psi)@{silicon/oxide,poly/oxide}

dirichlet.device_dirichlet(netdope|psi)@{CONTACTS}



system name=silicon poisson

"
+
+
+
;
"
+

sysvars=psi

termO=ndiv fbm.lapflux (psi|psi)@{SEMICONDUCTORS, INSULATORS}
terml=nodal.nscd(electrons,holes,netdope|psi) @ {SSEMICONDUCTORS}
term2=dirichlet.device dirichlet (netdope|psi) @ {CONTACTS}
term3=constraint.continuity (psi|psi) @ {ALL INTERFACES}
tmpvars=electrons, holes

funcO=quasiFermi (psi|electrons,holes) @ {SEMICONDUCTORS}



Timestepping
typically TR/BDF2 with LTE-based timestep control
PDE block staggering

Newton nonlinear algorithm on a single block

convergence detection in residual and/or update norm
range clamping
damping

Small signal AC, preliminary harmonic balance



Apply Gauss’ Theorem

vr=U="1G-R

Ot

Approximate on a mesh

§V.ng— UdQ =0

QCV QCV

F-7dS —$UdQ =0 '
SCV QCV

§SPF #dS = F, 1

3£di§2 =U,V,



Control volume integration is
“closed” by including external flux

§F ndS extp Z lpl i

Thus, the natural boundary condition
Is zero-flux if equation has no
interface flux terms
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the “Real” Flux

— E_x w/o charge correction at Si/Si0O2
—— E_x w/charge correction

0.01
Depth (um)
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Modeling quantum effects via Density Gradient
_aser simulation

nterconnect interactions with substrate (device
evel frequency domain)




Models quantum confinement of particles adjacent to silicon/oxide interface.
The large chemical potential barrier of the insulator requires the wave function
to vanish at the interface. Continuity of this wave function pushes carriers

away from the barrier.

2 2
F =—DVn+unVy+2un L % Vin
4lgm Jn

n

vin

Quantum potential: 25,
| Jn




V-(ew)tqlp-n+N,—N;)=0

<
V-(an«/;)Jrﬂ(w—k—Tlnﬁ—@ =0
2 q n, )
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V.(pr\/;)+@(w+len L_4 |=0
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%+V-(ynnv¢n)+r20

Py (4, pV, )t r=0
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