Chapter 10: Asymmetric MOS Junction
Diode M odels

10.1 Junction Diode |V M oddl

In BSIMA4, there are three junction diode 1V models. When the IV model selector
dioMod is set to 0 ("resistance-free"), the diode IV is modeled as resistance-free
with or without breakdown depending on the parameter values of XJBVS or
XJIBVD. When dioMod is set to 1 ("breakdown-free"), the diode is modeled
exactly the same way as in BSIM3v3.2 with current-limiting feature in the
forward-bias region through the limiting current parameters IJTHSFWD or
IJTHDFWD; diode breakdown is not modeled for dioMod = 1 and XJBVS
XJBVD, BVS and BVD parameters all have no effect. When dioMod is set to 2
("resistance-and-breakdown"), BSIM4 models the diode breakdown with current
limiting in both forward and reverse operations. In general, setting dioMod to 1

produces fast convergence.

10.1.1 Sour ce/Body Junction Diode

In the following, the equations for the source-side diode are given. The

model parameters are shown in Appendix A.
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Junction Diode IV Model

e dioMod = 0 (resistance-free)
(10.1.2)
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where |y, is the total saturation current consisting of the components
through the gate-edge (Jsgygs) and isolation-edge sidewalls (Jg5,s) and the
bottom junction (Jg),

(10.1.2)
| shs = Aseff‘Jss(T) + Pseff ‘]ssws(T) +Weffcj XNF ><Jsswgs(T)

where the calculation of the junction area and perimeter is discussed in
Chapter 11, and the temperature-dependent current density model is given

in Chapter 12. In (10.1.1), fy; eakdown 1S Given by

(10.1.3)
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In the above equation, when XJBVS = 0, no breakdown will be modeled. If
XJIBVS< 0.0, itisreset to 1.0.

¢ dioMod = 1 (breakdown-free)
No breakdown is modeled. The exponentia 1V term in (10.1.4) is

linearized at the limiting current IJTHSFWD in the forward-bias model

only.
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Junction Diode IV Model

(10.1.4)
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* dioMod = 2 (resistance-and-breakdown):
Diode breakdown is always modeled. The exponential term (10.1.5) is

linearized at both the limiting current IJITHSFWD in the forward-bias mode

and the limiting current IJTHSREV in the reverse-bias mode.

(10.1.5)
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For dioMod = 2, if XJBVS<= 0.0, it isreset to 1.0.

6.1.2 Drain/Body Junction Diode

The drain-side diode has the same system of equations as those for the
source-side diode, but with a separate set of model parameters as explained

indetail in Appendix A.

e dioMod = 0 (resistance-free)
(10.1.6)
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where |44 is the total saturation current consisting of the components
through the gate-edge (Jsgygq) and isolation-edge sidewalls (Jgyq) and the

bottom junction (Jgy),
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Junction Diode IV Model

(10.1.7)
I o = Auiert s (T)+ Paett Jssu (T) +Weffcj XNF X g (T)

where the calculation of the junction area and perimeter is discussed in
Chapter 11, and the temperature-dependent current density model is given
in Chapter 12. In (10.1.6), fy; eakdown 1S 9iven by

(10.1.8)
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In the above equation, when XJBVD = 0, no breakdown will be modeled. If
XJBVD < 0.0, itisreset to 1.0.

¢ dioMod = 1 (breakdown-free)
No breakdown is modeled. The exponential IV term in (10.1.9) is

linearized at the limiting current IJTHSFWD in the forward-bias model

only.

(10.1.9)
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¢ dioMod = 2 (resistance-and-breakdown):
Diode breakdown is always modeled. The exponential term (10.1.10) is

linearized at both the limiting current IITHSFWD in the forward-bias mode

and the limiting current IJTHSREV in the reverse-bias mode.
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Junction Diode IV Model

(10.1.10)
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For dioMod = 2, if XJBVD <=0.0, itisresetto 1.0.
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Junction Diode CV Model

10.2 Junction Diode CV M odd

Source and drain junction capacitances consist of three components. the bottom
junction capacitance, sidewall junction capacitance along the isolation edge, and
sidewall junction capacitance along the gate edge. An analogous set of equations

are used for both sides but each side has a separate set of model parameters.

10.2.1 Sour ce/Body Junction Diode

The source-side junction capacitance can be calculated by

(10.2.1)
Cbs = A&eff Cjbs + Psefijbssw+Weffcj WF ><:jbsswg
where C,, is the unit-area bottom S/B junciton capacitance, Cj, is the
unit-length S/B junction sidewall capacitance along the isolation edge, and
Civsswg 1S the unit-length S/B junction sidewall capacitance along the gate
edge. The effective area and perimetersin (10.2.1) are given in Chapter 11.

Ceiscalculated by

if Vps<O
(10.2.2)
- MJS
V. 0O
C..=CJST - bs__ =
Jbs ( )gl PBS(T) 5
otherwise
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Junction Diode CV Model

(10.2.3)
V, 0
C.,. = CIS(T )R+ MISx——t=_ 2
Sl sk 0r
CinssidScalculated by
if V<0
(10.2.4)
- MJSWS
V, 0
Cjbsm:CJSNS(T)’g[' WB(T);
otherwise
(10.2.5)

Voo
C. =CISNS(T )1+ MISWS bs 9
o = CISWS )§ ¥ PBSWS(T) 5

CibsswoiS calculated by

if Vpe< O
(10.2.6)
V 0— MJISWGS
C g = CISWGS(T) {1 bs 2
" PEowGST)5
otherwise
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Junction Diode CV Model

(10.2.7)
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10.2.2 Drain/Body Junction Diode

The drain-side junction capacitance can be calculated by

(10.2.8)
de = A\ieﬁcjbd + P C +Weffcj XNF >C

deff ~ jbdsw jbdswg

where Gy, is the unit-area bottom D/B junciton capacitance, Cjygs, IS the
unit-length D/B junction sidewall capacitance along the isolation edge, and
Cinaswg 1S the unit-length D/B junction sidewall capacitance along the gate
edge. The effective areaand perimetersin (10.2.8) are given in Chapter 11.

Cipaiscalculated by
if V<O

(10.2.9)

otherwise

(10.2.10)

Cpoa = CJD(T)>§+ MID x—ea__2
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Junction Diode CV Model

CinaswiS calculated by

if Vpg<O
(10.2.11)
V .- MJSWD
Cnaon = CJSND(T)>§- _ Vg 9
PBSAD(T) 5
otherwise
(10.2.12)
Cpasw = CISAD (T) + MJSAWD Vig g
PBSAD(T) 5
CirusgiScalculated by
if Vpg<O
(10.2.13)
V O— MJISWGD
Coong = CJSNGD(T)%D[- w9
PBSWGD(T )5
otherwise
(10.2.14)
C ooy = CJSWGD(T)>§+ MISWGD x—oa 9
PBSWGD(T ) 5
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Junction Diode CV Model
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