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A pPHmMeRACezIeiRthE semICeNdUCtor industry. is to integrate more
cigeliits oo = el enle);

NihemaiNnteretoRsavill increase as the fieature sizes decrease.
Improper gedrheat may/ cause a failure of the designed chip.

Existingl metheesiiorelectrothermal simulation are time consuming.

Focus of'this work: to improve simulation efficiency by applying
analog event-driven modeling technigues.




e VJ&M ol Electrothermal Modeling
26 ﬁjl Co B
IRIESEIEIHIE] Jt'ﬁr: Vsis at therDevice Level

5 , A
UsediterstudyAindividual device heating.
Celrate, butitee computationally expensive.

W Lumped-ele ntinuous-time Approximations at Circuit Level

FM moedeling the physical effects of heat.
Elfiectively captures; the heat diffusion.

Temperattnensitieated as a time-varying quantity.
Disadvantage: Simulation time increases unacceptably as the number of
thermal interactions modeled increases.

Mixed frequency/time domain reduction method

Specially optimized for reducing the order of thermal network.
Useful for performing full-chip transient electrothermal simulation.




antals of Electrothermal
etwo imulation
&

A typical e hermal simulator
contains three elements:

thermal device models,
iderEmperatiiie=aependent
device charaeteristics.

Thermall device/mpdels, which
compute thexdevice temperature based
on| thelsoWeeonsUmption data.

Electrical device models, which
calculate; terminaliveltages.

In the proposed event-driven
electrothermal simulation approach :

All electrical models remain analog.

Electrothermal models are both analogiand
event-driven.

All thermal models are event-driven.

Electrical
Models
| nstantaneous Instantaneous
terminal voltage electrical characteristics

Electrothermal
Models

Instantaneous Instantaneous
dissipated power device temperature

Thermal

Models
Event-Driven

Fig. 1. Block diagram of a proposed event-driven
electrothermal simulation approach.




of Electrothermal Network
_ont. ;Electrothermal Network

il

DynamicanemelMAnalysis
CRhE POWENdissipated s directliyified into the thermal network.

INEREMPEiELlNE: at thEstEmalinode of a device is the operating temperature of
g thefuevicel

Iihe device :od gejusts itsibehavior as a function of its operating temperature.

Electrother Semiconductor Device Models

Interact withrthesthermal and electrical networks through the electrical and thermal
terminals, respectively.

Use the instantaneous device temperature to evaluate the temperature-dependent
properties.

Calculated power dissipation supplies heat to the surface of thermal models.
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m@ﬁh s'of Electrothermal Network
nu ont. — Thermal Network

NIEMpPEratiieral

Throumms diNd across Variables.
Power ioughivariable and temperature is the across variable.

Thermal Network

Solves for the dynamic temperature distribution.

Interconnection of thermal component models.




nentation

o

constants) oft thermal network.

TemWn e evaluated lessifrequently.

Mixed Signal Simuiation.

Analogl models are stilll used' for electrical devices.

Thermal signalsi of the electrothermal model are approximated by analog event-
driven signals.

Thermal models are entirely event-driven.




nentation, cont.
Electrothermal Semiconductor Models

ermelNmedelsicouple electricalland thermal networks.

AngiogNelectethermalmodels are required to model the power
NGissipation Idevicesiand “sourcing” this power out of a thermal node.

Analog e@ven edeling method

“Sourcing” of therpewer is performed at discrete intervals.

The freguency off these discrete intervals has been chosen as a function of the
number of analog solution points.

The value of the sourced power was determined by:
Maximum power between successive sourcing events.
Average power dissipated in the same intervals.
Power at the last sampling point.




Implementation, Cont.

>

When stateme

Usealifor discrete time
simulation.

Coyiz] ntedependent
assigr%nd sehedlling,

Values section

Usedi tor define/the primar?
algebraic relatiepships and
variables thiat anenorhe
extracted during| posts
processing,

The temperature-dependent
property of the linear self-
heating resistor is
implemented.

Equations section

Describes the terminal
characteristics of the model.

The governing equation of the
resistor and power dissipation
sourced out of a thermal node
is implemented.
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unment s
r ro =1,
al pha = 0,
to = 27,
nstep = 1
# Tenpl ate body

#
t

#
e
#
S
#
n

=

Local decl arations
state p p_lastl, p_last2,
p_now, pwt
val p pw, power
val r res
state nu count =0
# DCinitialization
when (...)

Electrothermal Semiconductor Models

# Convert an anal og signal
to an _

# anal og event-driven

si gnal

when(...){

# Tenper at ur e- dependent
roperty of a #li1near self-
eating resistor

{Sfiro (1+al pha*(tc(th)-

# Cal cul ati on of power

di ssi pation (p.m**2/

W =v(p, m**2/res

# DC aIgorPthn1 _

if (dc_domain)
power =pwr
el se power=pwrt

equations { .
# Governing equation for a

resistor
i (p->m) +=
di ssi pati on sour ced

of thermal node th
p(th) -= power




Implementation, Cont.
A - —Thermal Models

Thermal ne sist mainly
ofithermal resistance and # Tenpl ate of thernmal # DC initialization

: capaci t ances {
thermal capacitances # Templ ate header and

Tﬁgtheﬂﬁi models are typically # header decl arations

IUMPE IMEtieRSIof the tenplate cthermev th tl # Event-driven al gorithm
hEeat HowWs st = cth when(event _on(st)) {

y e # Thermal nodes
Allfmaterials exmiBIBsomER thermal ¢ th. tl }

resistance to heat!E:ow asaell # State node # DC al gorithm
as)d CapaGibyALo eNieats state nu st

# Argunents
nunmber cth = 0.0001

A psuedo-template of an event- # Tenpl ate body # Governi ng equation for

driven thermal capacitance { t her mal
P # Local declarations # capaci t ances

Two thermal nodes andione var p pwrc equat i ons{
state node. state p p(th->t1) +=

k pw c_| ast=0 pwr c
The state node is used to state nu pwc:tc(th,tl)=
connect the state nodes of the | ast time=0 deltc

electrothermal models. state tc deltcO }

When an event is scheduled on val tc deltc }
the state node, the temperature
of the model will be
reevaluated.

Fig. 3. Psuedo-template of event-driven thermal capacitance




émfwlatio Results

Electrical Electro- Thermal

Network thermal Network
Network

AAenE analeg moseling eircuit (Fig.
4&.

-
Analog Nodes:
connection peint o thermal models and
electrother odels.

Power dissipatieniat neee A is calculated
ONCe eyvery certalftime points.

State Node B':

Functions as a controll signal.

When power dissipation is updated, an
event will be triggered on node B, and the
temperatures at node A will be B.Simpletest circuit employing continuous-time models

reevaluated.

A. Smpletest circuit employing event-driven modeling

Fig. 4. Smple Test Circuits
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Fig. 5. Smulation Results /7 expanded view. Fig. 6. Smulation Results //stead- state comparison.

Instantaneous and steady-state cases.
Temperature evaluation every 5 analog solution points (Fig.5).
Temperature evaluation every 50 analog solution points (Fig. 6)

Simulation speed comparison
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VEnt=dRVENRMBEEngRtEchnigle in: electrothermal effects simulation
HESNIEEN resented

POVERNRENERsfifCIEntiyAaccliate in: both instantaneous and steady-
state Cases, |

Allews Wti aradjustment of the accuracy at a model parameter

level.

Future work L

Investigation into the possibility of combination of two techniques
(frequency/time domain model reduction technigue and analog event-
driven modeling technigue)

Development of ai method for extraction of event-driven thermal models
from layout.
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