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Single PMOS

‘Simulation shows the ability of the PMOS

to pass logic level 1
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Cgs = f,(Vd,VgVs,Vb) (eq 3-2)

Cgd = f,(Vd Vg, Vs,Vb) (eq 3-3)
Cgb = ﬁ(VGﬁ Vg, Vs, Vb) (eq 3-4)
lds
Equation 3.7
A L
Vdsevgs-vt Saturated
Visovgs-ot

Equation 3-6 would
\ / do this
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Figure  Two main domains are considered in the model: the linear area and the saturated area
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[F V<0, the device is in cut-off mode,

Ids=0 (3-5)
[F Vs<VVTO, the device is in linear mode
g6, W v, )
Ids = UO s ((V -V, % ) (3+6)
IF Vd,}Vs,-VTO the device is in saturated mode:
Jds =02 ( )’ (3-7)
TOX
With:
vt = 70+ GAMMA(y/(PHI - vbs ) - PHI (39)
£y=8.85 10" F/m is the absolute permittivity
¢, = relative permittivity, equal to 3.9 in the case of $i02 (no unit)
Mos Model 1 parameters
Parameter  Definition Typical Value 0.12pm
NMOS PMOS
V0 Theshold voltage 04V 04V
ifi Carrier mobility 0.06mV-s  |0.02mV-s
T0X Gate oxide thickness 2nm 2m
PHI Surface potential at strong inversion 03V 0.3V
GAMMA | Bulk threshold parameter 04V 04 V"
W MOS channel width lm Ium
L MOS channel length 0.12m 0.12um
Table . Parameters of MOS level 1 implemented into Microwind?



Ids Model 1 would do this

Linear
Vds<vgs-vt
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Figure - Infroduction of the saturation voltage VdSat which truncates the equations issued from
model |

One of the most important change 1s the introduction of ¥ds,z, a saturation voltage from which the current
saturates and do not rise as the LEVEL] model would do. This saturation effect is significant for small

channel length. The main LEVEL3 equations are listed below.

CUT-OFF MODE. Vgs<0
Ids=10 (3-9)

NORMAL MODE. Vgs>Von

Vie

Ids = Keff i(1 + KAPPA. Vds)Vde((Vgs -Vith)-—)  (3-10)
Leff 2



with

Von=12Vth
Vith = VTO+ GAMMA(vPHI - Vbs Y PHI)
Vde = min(Vds,Vdsat)

Vdsat = Ve + Vsat - «JVﬂz + Vsat®

Vdsat = Vgs - Vth

ye = x4
0.06
Leff =L-2LD

The formulation of the eftective factor Keff (Equation 3-11) ncludes a mobility degradation factor THETA,
which tends to reduce the mobility at high Ves. The consequence is a reduction of the current Ids as

compared to LEVELL,

Keff 84 " (-11)
TOX (14 THETA(vgs - vil)




In sub-threshold mode, that is for a gate voltage less than the threshold voltage, Vs is replaced by Von in

the above equations. An exponential dependence of the current with Vs s introduced by using the equation

3+12. Notice the temperature effect introduced in the denomunator nkT.

Without any voltage applied to the gate, the curent is no more equal to zero, The current of /ds for Vgs=01s

called the Joff curtent (Figure 3+9) Ts value in 0.12ym is around 10™ A, In contrast, for Vgs=VDD, the

maximom current Jon i of the order of several mA (10° A),

[ds = Ids(Von Vds)m*p(

1ds (log)
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Figure 3-9: Infroduuction of an exponential law to model the sub-threshold behavior of the current



Emopdosic atro TNV OEpUOKpaaia

The MOS device 1 sensitive to temperature, Three main parameters are concerned: the threshold voltage
1170, the mobality U0 and the slope in sub-threshold mode dependent on kT/g. Both VIO and 1) decrease

when the temperature increases . The physical background 15 the degradation of the mobility of electrons

and holes when the temperature increase, due to a higher atomic volume of the crystal undemeath the gate,

and consequently less space for the cument carriers, The modeling of the temperature effect 1s as follows:

T4213, 4
00=10 30
(t=21) (—— 00 ) (¢q.3-13)
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Figure 3-10 The effect of temperature on the MOS characteristics. In Id/Ve mode, a specific Vds makes

the current independent of the temperature.

To obtain the curve of figure 3-10, click the icon MOS characteristics, select the curve Id/Ve, and enter the
value "0" for the upper limit of 7, so as to draw only one single curve. Enable the screen memory mode by
a click on the icon Enable Memory. When you change the temperature, the change in the slope and the

temperature-independent point appear, as shown in figure 3-10.

Mos Model 3 parameters

Parameter  Definition Typical Value 0.12um
NMOS pMOS

VIO Theshold voltage of a long channel | 0.4V 04V

device, at zero Vbs.

U0 Carrier mobility 006m Vs |0025m Vs

TOX Gate oxide thickness 3mm 3nm

PHI Surface potential at strong inversion | 0.3V 0.3V




LD Lateral diffusion into channel 0.01um 0.01um
GAMMA | Bulk threshold parameter 04 V" 04 V"
KAPPA | Saturation field factor 001V 0.01 V!
VMAX Maximum drift velocity 150Km/s 100Km/s
THETA Mobility degradation factor 03V 03V
NSS Substhreshold factor 007V 0.07 V"
W MOS channel width (.5-20um 0.5-40um
L MOS channel length 0.12um 0.12um

Table 3-xxx: list of parameters used in the implementation of the LEVEL3 model in Microwind?

Nimos Width=10.020, Length=0,120 pm (167x2 lambida)
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Fig. 3-11. The user interface to investigate the effect of each parameter on the current Ids (W=10um,
L=0.12um)
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Figure 3-15: The MOS capacitance considered in MOS model 3
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Figure 3-16: The evolution of MOS capacitance with the drain voltage (W=10um, L=0.12um)

2
s :EC, 1| e~V ~Vam (3-15)
3 2(VGS = Vt) = Vd.sm
2
Cis =EC,. | —te " (3-16)
3 2(VG - Vr) = Vakax
Coy =0 317)
with
ci=wr 2 (3-15)

TOX
W= width of the MOS device (m)
L = length of the MOS device (m)
TOX = oxide thickness (m)



The two remaining capacitance Cpg and Csp are junction capacitance, Their model is given by equations 3-

19 and 3-20,

Cp=WL, —— (19

Co =W (3-20)

sonree W
( - EQQ- J
PB
where

W 1s the channel width (m)

L 15 the drain length, according to figure 3-17 (m)
CJ is around 3x10e-4 F/m2
PB is the built-in potential of the junction (around 0.8V)

MJ is the grading coefficient of the junction (around 0.5)
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Figure 3-17: The junction capacitance for drain and source contributes significantly to the MOS

capacitance
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