CHAPTER 9: MOS Diode Modeling

9.1 DiodelV Model

The diode IV modeling now supports a resistance-free diode model and a current-
limiting feature by introducing a new model parameter ijth (defaulting to 0.1A). If
ijth is explicitly specified to be zero, a resistance-free diode model will be
triggered; otherwise two critical junction votages Vjsm for /B diode and Vjdmfor

D/B diode will be computed from the value of ijth.

9.1.1 Modeling the S/B Diode

If the S/B saturation current Iy islarger than zero, the following equations
isused to calculate the /B diode current |

Case l-ijth isequal to zero: A resistance-free diode.

(9.2)
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where Nv,,, = NJ>(KbT) tq ; NJ isamodel parameter, known as the junction

emission coefficient.

Case 2 - ijth isnon-zero: Current limiting feature.
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If Vis < Vjsm
9.2
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otherwise
(9.3
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hm
with Vjsmcomputed by
Vism= NV, Ina@jth +1§;"
os @
The saturation current | 4, is given by
(9.4)

Isbs = A‘s‘]s + Ps‘]ssw

where J, is the junction saturation current density, Ag is the source junction
area, Jg, is the sidewall junction saturation current density, Ps is the
perimeter of the source junction. J; and Jg, are functions of temperature

and can be written as

(9.5)
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(9.6)
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The energy band-gap E, and E at the nominal and operating temperatures
are expressed by (9.7a) and (9.7b), repectively:

(9.79)
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In the above derivatoins, Jy, isthe saturation current density at T, If Jg IS
not given, J, = 1”107 A/m? Jy, isthe sidewall saturation current density

a T,.m, with adefault value of zero.

If 1y IS not positive, |,,is calculated by

(9.9)

9.1.2 Modeling the D/B Diode

If the D/B saturation current | islarger than zero, the following equations

is used to calculate the D/B diode current |,

Case 1l - ijth isequal to zero: A resistance-free diode.
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(9.9
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Case 2 - ijth isnon-zero: Current limiting feature.
If Vg < Vjdm
(9.10)
= bdaeex Vi Q. 1 +G,. V,,
é pg tmﬂ g
otherwise
(9.11)
bd:ijth+”thTde(Vbd VJd”)"' in Vi
tm
with Vjdm computed by
. agjth .0
Vjdm= NVmIn§—+13
t Isbd (4]
The saturation current | ,4is given by
(9.12)

od = Agds T Pyd sy

where A, is the drain junction area and Py is the perimeter of the drain

junction. If 1,4 is not positive, 1, is calculated by

(9.13)
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9.1.3 Model Parameter Lists

The diode DC model parameters are listed in Table 9-1.

Symbols Symbols
used in used in Description Default Unit
equation SPICE
J0 js Saturation current density le-4 Alrme
Js0sw jssw Side wall saturation current density 0 A/m
NJ nj Emission coefficient 1 none
XTI xti Junction current temperature expo- 3.0 none
nent coefficient
ijth ijth Limiting current 0.1 A

Table 9-1. MOS diode model parameters.

9.2 MOS Diode Capacitance M odel

Source and drain junction capacitance can be divided into two components:
the junction bottom area capacitance Cj, and the junction periphery
capacitance Cj,. The formula for both the capacitances is similar, but with
different model parameters. The equation of C, includes the parameters
such asC;, M;, and P,,. The equation of C;, includes the parameters such as
Ciswe Mijsws Posws Giswgr Miswg: @ Ppgyg.

9.2.1 S/B Junction Capacitance

The S/B junction capacitance can be calculated by

If P> W,
(9.14)

Capbs= AC, .+ (Ps - W )Cjbssw+Wefijbsswg
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Otherwise

(9.15)

Capbs= AC,.+PC

jbs jbsswg

where C;,,; is the unit bottom area capacitance of the S/B junction,
C

jbssw

Is the periphery capacitance of the /B junction along the
field oxide side, and C,qq IS the periphery capacitance of the S/B

junction along the gate oxide side.

If G islarger than zero, Gy, is calculated by

if V, <0
(9.16)

otherwise
(9.17)

If G, islarge than zero, C, is calculated by

if V< 0
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(9.18)
V O MJSW
CJbSSW: jswg[_ Pbs =
bsw @
otherwise
(9.29)
5
Cibssu™ ijvg-'- Mjswki
P 0
bsw @
If Cang iSlarger than zero, Cy,, is calculated by
if Vps<O
(9.20)
® vy 0 Miso
Ciossug = Cjongel™ 51
Fg)swgg
otherwise
(9.21)
x Vi 9
Cibsong :CismggJ’Mjsmg Pb H
bswg

9.2.2 D/B Junction Capacitance

The D/B junction capacitance can be calculated by
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If Py> W
9.22)
Capbd=A,C,,, +(Pd - W )Cjbdsw+ Wi Cipdswe
Otherwise
(9.23)

Capbd=A,C,;+PRC

jbdswg

where G, is the unit bottom area capacitance of the D/B junction,
C

iasw 1S the periphery capacitance of the D/B junction along the

field oxide side, and Cjys,q is the periphery capacitance of the D/B

junction along the gate oxide side.

If G islarger than zero, G, is calculated by

if Viy<O
(9.24)
e V. g
Ciba = ngl' ﬁz
b @
otherwise
(9.25)
& V,, 0
Ciba = ngl"' M, %;
b

If G, islarge than zero, Cjy, is calculated by

if Vyy< O
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otherwise

If Cang IS larger than zero, Ciygsg 1S Calculated by

if Vpg<O
..'Mjswg
& \yv. O
C =C - _bd +
'ibdswg j swi P =
R
otherwise
& v. 0
- bd =
Cdeswg CJS\N9§1+MJS\N9P =
bswg @

(9.26)

(9.27)

(9.28)

(9.29)
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9.2.3 Temperature Dependence of Junction Capacitance

The temperature dependence of the junction capacitance is mod-
eled. Both zero-bias unit-area junction capacitance C;, C, and
Ciswg) @nd built-in potential of the junction (P, Py, and P,,) are
temperature dependent and modeled in the following.

For zero-biasjunction capacitance:

(9.30a)

C,(T) = C, (T,om) {1 +1cj >OT)
(9.30b)

CISW(T) = stw( nom) >(1+tCJ SVV)DT)
(9.30c)
CiSWg(T) = szg( m)"(l"‘tC]SVVg@T)
For the built-in potential:
(9.319)
R(T) = R (Tn) - tpb>OT

(9.31b)

( ) bsm( nom) tpr
(9.31¢)

Ft))wvg(T) bswg( m) tprVV Q‘DT

In Egs. (9.30) and (9.31), the temperature difference is defined as
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(9.32)
DT=T-T,

nom

The six new model parameters in the above equations are described

in Table 9-2.

9.2.4 Junction Capacitance Parameters

The following table give a full description of those model parame-

ters used in the diode junction capacitance modeling.

Symbols | Symbols

used in used in Description Default Unit
equation SPICE
Cj g Bottom junction capacitance per 5e-4 F/m?
unit area at zero bias
Mj mj Bottom junction capacitance grad- 05 none
ing coefficient

Pb pb Bottom junction built-in potential 1.0 \%

Cjsw cjsw Source/drain sidewall junction 5e-10 F/m
capacitance per unit length at zero
bias
Mjsw mjsw Source/drain sidewall junction 0.33 none
capacitance grading coefficient
Pbsw pbsw Source/drain side wall junction 1.0 \%
built-in potential
Cjswg cjswg Source/drain gate side wall junc- Cjsw F/m
tion capacitance per unit length at
zero bias
Mjswg mjswg Source/drain gate side wall junc- Mjsw none
tion capacitance grading coeffi-
cient
Pbswg pbswg Source/drain gate side wall junc- Pbsw \%
tion built-in potential

tpb tpb Temperature coefficient of Pb 0.0 VIK
tpbsw tpbsw Temperature coefficient of Pbsw 0.0 V/IK
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Symbols | Symbols
used in used in Description Default Unit
eguation SPICE
tpbswg tpbswg Temperature coefficient of Pbswg 0.0 VIK
tgj tgj Temperature coefficient of Cj 0.0 1/K
tcjsw tcjsw Temperature coefficient of Cjsw 0.0 1/K
tcjswg tcjswg Temperature coefficient of Cjswg 0.0 1/K

Table 9-2. MOS Junction Capacitance Model Parameters.
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