Chapter 12: Temperature Dependence
M odel

Accurate modeling of the temperature effects on MOSFET characteristics is important to
predict circuit behavior over a range of operating temperatures (T). The operating
temperature might be different from the nominal temperature TNOM) at which the
BSIM4 model parameters are extracted. This chapter presents the BSIM4 temperature
dependence models for threshold voltage, mobility, saturation velocity, source/drain

resistance, and junction diode IV and CV.

12.1 Temperatur e Dependence of Threshold
Voltage

The temperature dependence of Vy, is modeled by

(12.1.1)
V, (T)=V, (TNOM )+ GKT1+ KTIL | k1o N T T 49
Leff 7] eTNOM 4]

12.2 Temperatur e Dependence of Mobility

The BSIM4 mobility model parameters have the following temperature

dependences
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Temperature Dependence of Saturation Velocity

(12.2.1)
U 0(T) =UO(TNOM )XT/TNOM )™

(12.2.2)
UA(T) =UA(TNOM ) +UALX{T /TNOM - 1)

(12.2.3)
UB(T) =UB(TNOM ) +UBLXT/TNOM - 1)

and

(12.2.4)
UC(T)=UC(TNOM ) +UCIX{T/TNOM - 1)

12.3 Temper atur e Dependence of Saturation
Veocity

The temperature dependence of VSAT is modeled by

(12.3.)
VSAT(T) =VSAT(TNOM )- AT XT/TNOM - 1)

12.4 Temperature Dependence of LDD
Resistance

* rdsMod =0 (internal source/drain LDD resistance)
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Temperature Dependence of Junction Diode IV

(12.4.1)
RDSW (T) = RDSW (TNOM ) + PRT XT/TNOM - 1)

(12.4.2)
RDSAMIN (T ) = RDSAWMIN (TNOM )+ PRT XT/TNOM - 1)

* rdsMod =1 (external source/drain LDD resistance)

(12.4.3)
RDW (T) = RDW (TNOM ) + PRT {T/TNOM - 1)

(12.4.4)
RDWMIN (T ) = RDWMIN (TNOM )+ PRT {T/TNOM - 1)

(12.4.5)
RSV(T) = RSWV(TNOM )+ PRT {T/TNOM - 1)

and

(12.4.6)
RSMMIN (T)= RSAMMIN (TNOM )+ PRT {T/TNOM - 1)

12.5 Temperatur e Dependence of Junction
Diode IV

* Source-side diode
The source-side saturation current is given by
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Temperature Dependence of Junction Diode IV

I gps = Aseff‘]ss(T) + Py Jssws(T) + W

where

J_(T)=Jss(tnom )

I, (T) = Issws(TNOM )

and

J sougsT) = ISSWGS(TNOM )

where Egisgivenin Section 12.7.

e Drain-side diode

(12.5.1)
XNF X ,6(T)
(12.5.2)
aF (TNoM)  E,(T) e T 40
o g vmom) ) " XTI SN oM oe
Pe NJS H
9 -
e (%]
(12.5.3)
o, (TNOoM ) E(T) e T o0
. g v,(TNOM ) v (T) * XTIS)dngTNOM o+
Pe NJS *
9 -
e %]
(12.5.4)
oF, (TNOM ) E,(T) e T 40
g mom) v XTISANCTNOM 3
Pe NJS *
g -
e (%]

The drain-side saturation current is given by
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Temperature Dependence of Junction Diode CV

(12.5.5)
I o = Auiert s (T)+ Paett Jssu (T) +Weffcj XNF X g (T)

where

(12.5.6)

g5 (NOM) E(T) iz T 09

¢ CTNOV
N (T) = JSD(TNOM ))@(pg Vi (TNOM ) Vi (T) TNOM QI
¢ NJD +
g (7]
(12.5.7)
aF, (TNOM)  E(T) e T 80
¢ - + XTID AN Q=
- ¢ V(TNOM ) v (T) STNOM g~
J0a(T) = JSSWD(TNOM ) vexp ] :
g 7]
and
(12.5.8)
aF,(TNOM)  E,(T) e T 86
¢ - + XTID %n QY
J_(T) = ISSWGD(TNOM ) sexpS— (Mom) v (T) STNOM -
- ¢ NJD +
g g

12.6 Temper atur e Dependence of Junction
Diode CV

e Source-sidediode
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Temperature Dependence of Junction Diode CV

The temperature dependences of zero-bias unit-length/area junction

capacitances on the source side are modeled by
(12.6.1)

CJS(T )= CIS(TNOM ) {1+ TCJI XT - TNOM )|

(12.6.2)
CISWS(T) = CISWS(TNOM )+ TCISW XT - TNOM )
and
(12.6.3)

CISWGS(T )= CISWGS(TNOM )41+ TCISWG X{T - TNOM )|

The temperature dependences of the built-in potentials on the source side are
modeled by

(12.6.4)

PBS(T )= PBS(TNOM )- TPBXT - TNOM )

(12.65)
PBSWS(T ) = PBSWS(TNOM )- TPBSW YT - TNOM )

and

(12.6.6)
PBSAVGS(T) = PBSMGS(TNOM ) - TPBSAG T - TNOM )

e Drain-side diode
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Temperature Dependence of Junction Diode CV

The temperature dependences of zero-bias unit-length/area junction

capacitances on the drain side are modeled by
(12.6.7)

CJID(T) = CID(TNOM )1+ TCIXT - TNOM )|

(12.6.9)
CJISWD(T) = CISAMD(TNOM )+ TCISW XT - TNOM )
and
(12.6.9)

CISWGD(T) = CISWGD(TNOM )1+ TCISWG XT - TNOM )|

The temperature dependences of the built-in potentials on the drain side are
modeled by

(12.6.10)

PBD(T) = PBD(TNOM )- TPBXT - TNOM )

(12.6.11)
PBSAD (T) = PBSAD (TNOM ) - TPBSW KT - TNOM )
and

(12.6.12)
PBSWGD(T ) = PBSVGD(TNOM ) - TPBSWG XT - TNOM )
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Temperature Dependences of Eg and ni

12.7 Temper ature Dependences of Eg and n;

* Energy-band gap of Si (Eg)
The temperature dependence of E; is modeled by

(12.7.1)
s an-4 2
E, (TNOM ) _116- 7.02” 10"“TNOM
TNOM +1108
and
(12.7.2)
s Ay 412
E, (T):1.16- 7.02° 10 °T
T +1108
* Intrinsic carrier concentration of Si (n;)
The temperature dependence of n, is modeled by
(12.7.3)
S TNOM U
n, =1.45e106NOM | [TNOM ., 601 5565981- Mﬂ
300.15 Y\ 300.15 & 2%, T
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