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The MOS Transistor

Polysilicon Aluminum
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The NMOS Transistor Cross Section

n areas have been doped with donor ions 
(arsenic) of concentration ND - electrons 
are the majority carriers 

p areas have been doped with acceptor
ions (boron) of concentration NA - holes 
are the majority carriers 

Gate oxide

n+

Source Drain

p substrate

Bulk (Body)

p+ stopper

Field-Oxide
(SiO2)n+

Polysilicon 
Gate

L

W

n+ denotes n-type semiconductor region, but the doping concentration is larger 
compared to region denoted simply n or p. Similarly for p+.

NMOS transistor – since carriers are electrons (n type carriers). The current is 
caused by the flow of electrons (electrons flow from source to drain).

MOS? M – metal; O – oxide; S – semiconductor. Historically, the material for 
gate is a metal. Now, the gates are polysilicon. But MOS is retained. NPOS?

Field oxide isolates one device from neighboring devices.

L is transistor length (distance separating source and drain). In our class, we 
assume 0.25 micron fabrication technology. In this technology, the smallest 
feature that can be fabricated is 0.25 micron. 1 micron = 1 µm.

We will use 2.5 V as supply voltage (VDD = 2.5 V).

View transistor as a switch with an infinite off-resistance and a finite on-
resistance.
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Switch Model of NMOS Transistor

Gate

Source
(of carriers)

Drain
(of carriers)

VGS

VGS < VT VGS > VT

Open (off) (Gate = ‘0’) Closed (on) (Gate = ‘1’)

Ron

Fourth terminal, body (also called bulk) not shown. It is assumed to be 
connected to the appropriate supply rail: GND for NMOS, VDD for PMOS.

The terminal with higher potential (i.e. voltage) is designated as drain. Unlike 
bipolar transistor where collector and emitter terminals are fixed, the drain and 
source is not fixed. Whichever terminal that is connected to a higher potential is 
the drain.

Electrons flow from source to drain – so current (IDS) flows from drain to source.

Parasitic effects are ignored in this model.

For our fabrication process, VT = 0.43 V. Hence

transistor is off for VGS < 0.43 V

transistor is on for VGS > 0.43 V.
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Switch Model of PMOS Transistor

Gate

Source
(of carriers)

Drain
(of carriers)

VGS

Open (off) (Gate = ‘1’) Closed (on) (Gate = ‘0’)

Ron

VGS > VT VGS < VT

For PMOS, the terminal with higher potential (i.e. voltage) is called source.

If transistor is on, current flows from source to drain. This current flow is due to 
flow of holes from source to drain.

PMOS in our fabrication technology has VT = -0.4 V.

Transistor is on when VGS < VT. Transistor is off if VGS > VT.

If VD = 0 V, VS = VDD = 2.5 V, and VG = 0 V, then VGS = VG – VS = -2.5 V. Hence 
transistor is on, because VGS = –2.5 V is less than VT (-0.4 V).
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Threshold Voltage Concept

S D

p substrate

B

G
VGS +

-

n+n+

depletion 
region

n channel

The value of VGS where strong inversion occurs is called 
the threshold voltage, VT

Conductivity of the channel is modulated by the gate voltage - the larger the 
voltage difference between the gate and the source, the smaller the resistance 
of the conducting channel and the larger the current.

When VGS = 0 and the drain, source, and bulk are all connected to ground, the 
drain and source are connected by back-to-back pn-junctions (substrate-source 
and substrate-drain). Both junctions are reverse-biased, resulting in an 
extremely high resistance between drain and source.
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The Threshold Voltage

VT0 is the threshold voltage at VSB = 0 and is mostly a function 
of the manufacturing process
� Difference in work-function between gate and substrate 

material, oxide thickness, Fermi voltage, charge of impurities 
trapped at the surface, dosage of implanted ions, etc.

VSB is the source-bulk voltage

φF = -φTln(NA/ni)  is the Fermi potential
φT = kT/q = 26 mV at 300K is the thermal voltage
NA is the acceptor ion concentration (assuming PMOS transistor)
ni ≈ 1.5x1010 cm-3 at 300K is the intrinsic carrier concentration in 

pure silicon

is body-effect coeff. (impact of changes in VSB)

εsi = 1.053x10-10 F/m is the permittivity of silicon
Cox = εox/tox is the gate oxide cap. per unit area (εox = 3.5x10-11 F/m)
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VT is the value of VGS where strong inversion occurs.

VSB is also called substrate bias.

For our technology, tox = 5.7 nm, hence Cox = 6.1 mF/m2 = 6.1 fF/micron2.

For NMOS, replace NA with ND where ND is the donor ion concentration. Typical 
value for NA: 1015 atoms/cm3. Typical value for ND: 1016 atoms/cm3.

The threshold voltage is positive for a normal NMOS transistor and negative for 
a normal PMOS device.
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The Body Effect (for NMOS transistor)
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� VSB is the substrate 
bias voltage 
(normally positive 
for n-channel 
devices with the 
body tied to ground)

VSB always has to be larger than –0.6 V in an NMOS device; otherwise the 
source-body junction becomes forward biased. This is ensured by connecting 
the body to GND. Since VS can range from 0 V – 2.5 V, VSB range is from 0 V –
2.5 V.

The graph was plotted using these parameters:

VT0 = 0.45 V, | F| = 0.3 V and gamma = 0.4 V1/2

Example: At VS = 1 V, VBS = -1 V (VSB = 1 V).

VT = 0.45 + 0.4(1.26 – 0.77) = 0.65 V

Can use this trick to help with power consumption. Current can be reduced by 
increasing VT, which can be done by increasing VSB.
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Transistor in Linear Mode

S

D

B

G

n+n+

Assuming VGS > VT, VDS is small (i.e. VDS < VGS – VT )

VGS VDS

ID

x

V(x)- +

The current is a linear function of VDS

Assume VGS > VT (causing n-channel to form) and a small voltage VDS is applied 
between drain and source. The voltage difference causes electrons to flow from 
source to drain, creating a current ID flowing from drain to source.

At a point x along the channel, the voltage is V(x) and the gate-to-channel 
voltage at that point equals VGS – V(x). Not all of this voltage is used to move the 
electrons in the channel. A portion, i.e. VT is needed to support the existence of 
the channel. Hence the net voltage that can be expended to move the electrons 
is VGS – V(x) – VT.

The induced channel charge per unit area at point x is

Qi(x) = -Cox[ VGS – V(x) – VT ]

We can use the instantaneous charge equation to calculate the total charge in 
the channel, and subsequently the current. See pp. 91 – 92.
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Voltage-Current Relation: Linear Mode

For long-channel devices (L >> 0.25 micron)

When VDS ≤ VGS – VT (this is the definition of small VDS) 

ID = k’nW/L[ (VGS – VT)VDS – VDS
2/2 ]

= kn[ (VGS – VT)VDS – VDS
2/2 ]

k’n =  µnCox = µnεox/tox is the process transconductance
parameter ( µn is the electron mobility (m2/Vs) )

kn =  k’nW/L is the gain factor of the device

For small VDS, there is a linear dependence between VDS
and ID, hence the name resistive or linear region

For our technology, k’n = 115 A/V2 and k’p = -30 A/V2. k’n is much larger than 
k’p because electron mobility n is much bigger than hole mobility p.

In linear operation, there is a continuous conductive channel between source 
and drain regions.

W and L are the effective channel width and length. These actual dimensions 
are slightly smaller than the dimensions that we specify when we draw the 
transistor layout, due to inaccuracies in fabrication process. The drawn 
dimensions are designated Wd and Ld.
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Transistor in Saturation Mode

S

D

B

G
VGS VDS > VGS - VT

ID

VGS - VT
- +n+ n+

Pinch-off

Assuming VGS > VT

VDS

The current remains constant (saturates).

When the distance x reaches drain, V(x) = VDS. At the drain, the gate-to-channel 
voltage is VGS – VDS. The channel at the drain still exist as long as VGS – VDS > 
VT or VGS – VDS – VT > 0 V (i.e. VDS < VGS – VT). When VDS = VGS – VT, the 
channel at the drain end disappears.

The conducting channel is said to be pinched off. At the point where the channel 
disappears, the induced charge is zero.

The transistor is said to be in saturation region.
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For long channel devices

� When VDS ≥ VGS – VT

since the voltage difference over the induced channel 
(from the pinch-off point to the source) remains fixed at 
VGS – VT

� However, the effective length of the conductive channel 
is modulated by the applied VDS, so

ID = ID’(1 + λVDS)

where λ is the channel-length modulation (varies with the 
inverse of the channel length)

Voltage-Current Relation: Saturation Mode

( )VV
L

Wk
I TGS

n
D −= 2

'
'

2

The saturation current is obtained by substituting VDS with VGS - VT into equation 
for current in linear region.

The current remains constant (or saturates) and is independent of VDS, to a first 
degree.

Increasing VDS causes the depletion region at the drain junction to grow, 
reducing the length of the channel; the current increases when L decreases.

In shorter transistors, the drain-junction depletion region presents a larger 
fraction of the channel, and the channel-length modulation effect is more 
pronounced.
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Current Determinates

�For a fixed VDS and VGS (> VT), IDS is a function 
of
� the distance between the source and drain – L

� the channel width – W

� the threshold voltage – VT

� the thickness of the SiO2 – tox

� the dielectric of the gate insulator (SiO2) – εox

� the carrier mobility
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Long-Channel I-V Plot (NMOS)
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NMOS transistor, 0.25 m technology, Ld = 10 m, W/L = 1.5

cut-off

Ld is drawn length.

In resistive region, transistor behaves like a voltage-controlled resistor.

In saturation region, transistor acts as a voltage-controlled current source 
(ignoring channel-length modulation).

Note the squared (quadratic) dependence of ID on VGS in saturation that is 
clearly observable from the spacing between the different curves.
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Short-Channel Effects

0
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υsat =105

Constant 
velocity

Constant mobility
(slope = µ)

� For an NMOS device with L of 0.25 µm, only a couple of 
volts difference between D and S are needed to reach 
velocity saturation

ξc =

� Velocity saturation –
the velocity of the 
carriers saturates 
due to scattering 
(collisions suffered 
by the carriers)

5

Normally, the velocity of the carriers (upsilon on vertical axis) is proportional to 
the electric field (xi on horizontal axis) – carrier mobility is constant. However, 
at high field strengths, carriers fail to follow this linear model.

For p-type silicon (NMOS transistor), the critical field at which electron 
saturation occurs is around 1.5 x106 V/m (1.5 V/ m) and sat ~ 105 m/s.

Holes saturate at the same velocity, although a higher electric field is needed 
to achieve velocity saturation. Therefore, velocity saturation effects are less 
pronounced in PMOS transistors.

For a NMOS device with channel length of 0.25 micron, only about 1.5/0.25 ~ 
0.4 V between the drain and source are needed to reach velocity saturation. 
This is a common occurrence, hence velocity saturation is a typical 
phenomenon.
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Voltage-Current Relation: Velocity Saturation

For short channel devices, when channel is not pinched-off 
(i.e. VDS < VGS – VT)

�Linear:  When VDS ≤ VDSAT

ID = κ(VDS)k’nW/L[(VGS – VT)VDS – VDS
2/2]

κ(V) = 1/( 1 + (V/ξcL) ) is a measure of the degree of 
velocity saturation

�Velocity Saturation:  When VDS > VDSAT

IDSAT = κ(VDSAT)k’nW/L[ (VGS – VT)VDSAT – VDSAT
2/2 ]

The ID equations here take into consideration the fact that the carrier velocity is 
not linear, i.e. the velocity is as in previous slide. The ID equation on p. 10 
assumes linear carrier velocity.

For large L (long-channel transistor) or small VDS (low electrical field), (VDS) 
approaches 1 and current equation reverts to long-channel current equation. 

For short-channel devices, is less than 1. This means the delivered current, 
even in the linear region, is smaller than what would normally be expected!

VDSAT = (VGS - VT) (VGS - VT) is a function of VGS – VT, and does not depend on 
VDS (to a first degree), so increasing VDS further does not yield more current.

To reduce complexity, we assume VDSAT is a constant and = 1.

Conclusion: When VDS < VGS - VT, the channel is not pinched-off. For small VDS
(VDS < VDSAT), transistor is linear and ID is proportional to VDS. However, when 
VDS > VDSAT (but less then VGS - VT), current will not increase further even though 
we increase VDS. Transistor is in velocity saturation, and current is given by IDSAT
equation.
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Velocity Saturation Effects

0

10 Long 
channel 
devices

Short 
channel 
devices

VDSAT VGS - VT

� VDSAT < VGS – VT so 
the device enters  
velocity saturation 
before VDS reaches 
VGS – VT, hence 
more likely to 
operate in velocity 
saturation

For short-channel devices 
and large enough VGS – VT

� IDSAT has a linear dependence on VGS so a reduced 
amount of current is delivered for a given gate 
voltage

VGS = VDD

Other effects further reduce amount of current – like mobility degradation (that 
slows the surface mobility of the carriers wrt bulk mobility).

On the other hand, reducing the supply voltage does not have as significant an 
effect on current flow (as it does in long-channel devices).
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Short Channel I-V Plot (NMOS)
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Early Velocity
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Linear Velocity
Saturation

NMOS transistor, 0.25 m technology, Ld = 0.25 m, W/L = 1.5

Ld is drawn length.

Note the linear dependence of ID on VGS in velocity saturation that is clearly 
observable from the spacing between the different curves.

Velocity saturation causes device to saturate for substantially smaller values of 
VDS, resulting in a substantial drop in current drive for high drain voltages.

Eg.: at VGS = 2.5 V and VDS = 2.5 V, the drain current of the short-channel device 
is only 40% of the corresponding value of the long-channel device (220 A 
versus 540 A). See curve for long-channel device on p. 14.
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MOS ID-VGS Characteristics
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� Linear (short-channel) 
versus quadratic (long-
channel) dependence 
of ID on VGS in 
saturation

� Velocity-saturation 
causes the short-
channel device to 
saturate at 
substantially smaller 
values of VDS resulting 
in a substantial drop in 
current drive(for VDS = 2.5 V, W/L = 1.5)
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Short Channel I-V Plot (PMOS)
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PMOS transistor, 0.25 m technology, Ld = 0.25 m, W/L = 1.5

� All polarities of all voltages and currents are reversed

All the derived equations hold for PMOS – polarities of all voltages and currents 
are reversed however.

Due to lower hole mobility (resulting in smaller |k’p|), the maximum current is 
only 42% of what is achieved by a similar NMOS transistor at |VDS| = |VGS| = 2.5 
V. For PMOS, |ID| ~ 92 A but for NMOS ID ~ 220 A. See p. 18.

Effects of velocity saturation are less pronounced than in NMOS. The spacing 
between the different curves can be considered quadratic, similar to I-V curve of 
long-channel devices. The effect is not significant due to smaller mobility of 
holes compared to that of electrons. Smaller hole mobility causes c to be 
higher. 
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Subthreshold Conductance
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� Also known as weak-
inversion conduction

� Transition from ON to 
OFF is gradual (decays 
exponentially)

� Has repercussions in 
dynamic circuits and for 
power consumption

ID ~ ISe(qV
GS

/nkT) where n ~ 1.5 and IS
are empirical parameters

The plot is the same plot as in p. 19 (for short-channel device) but now ID is 
plotted with log scale.

Presence of subthreshold current is undesirable because it deviates from the 
ideal switch-like behavior.

For typical devices, the subthreshold current drops by a factor of 10 for a 
reduction in VGS of 90 mV.

In summary, transistor is already partially conducting for gate voltages below VT.



MOS Transistor.22

The Unified MOS Current-Source Model

VT0 (V) γ (V0.5) VDSAT (V) k’ (A/V2) λ (V-1)

NMOS 0.43 0.4 0.63 115 x 10-6 0.06
PMOS -0.4 -0.4 -1 -30 x 10-6 -0.1

S D

G

B

ID

ID = 0 for VGS – VT ≤ 0

ID = k’W/L[ (VGS – VT)Vmin – Vmin
2/2 ](1 + λVDS)    

for VGS – VT ≥ 0

with Vmin = min(VGS – VT, VDS, VDSAT)

� Current is determined by the voltages at the four 
terminals and a set of five device parameters

�
�
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The five parameters are for the 0.25 micron process referenced in text, and valid 
for minimum length device only.

For PMOS, the min function should be changed to max function, that is choose 
the largest value among the three variables. And ID = 0 for VGS – VT ≥ 0.

The unified model introduces a channel-length modulation even for linear 
region. This is done to make the equation as universal as possible.

Conclusion: For NMOS,

if Vmin = VGS – VT, transistor is in saturation and

ID = (½)k’W/L(VGS – VT)2(1 + λVDS).

if Vmin = VDS, transistor is linear and 

ID = k’W/L[ (VGS – VT)VDS – VDS
2/2 ](1 + λVDS).

if Vmin = VDSAT, transistor is in velocity saturation and 

ID = k’W/L[ (VGS – VT)VDSAT – VDSAT
2/2 ](1 + λVDS).
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The Transistor Modeled as a Switch
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VGS ≥ VT

VDD (V) 1 1.5 2 2.5

NMOS (kΩ) 35 19 15 13
PMOS (kΩ) 115 55 38 31

(NMOS, VGS = VDD, VDS = VDD →VDD/2)

Modeled as a switch with 
infinite off resistance and a 
finite on resistance, Ron

� Resistance inversely 
proportional to W/L 
(doubling W halves Ron)

� For VDD >> VT + VDSAT/2, Ron

independent of VDD

� Once VDD is reduced and 
approaches VT, Ron

increases dramatically

Ron for generic 
process, W/L = 1
For larger devices 
divide Req by W/L

The resistance value is the average value while NMOS is discharging from VDD
to VDD/2.

Unfortunately, Ron is time-variant, non-linear and depends on operating point.

Table gives equivalent resistance Req (W/L = 1) in 0.25 micron CMOS process 
(with L = Lmin).

For larger devices, divide Req by W/L. Doubling the transistor width halves the 
resistance.
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MOS Capacitances
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Sources of Capacitance

Cw

CDB2

CDB1

CGD12

CG4

CG3

wiring (interconnect) capacitance (CW)

intrinsic MOS transistor capacitances (CDB1, CDB2, CGD12)

Vout2
Vin

extrinsic MOS transistor (fanout) capacitances (CG3, CG4)

Vout

VoutVin

M2

M1

M4

M3

Vout2

CL

Parasitic capacitances influencing the transient behavior of the cascaded 
inverter pair consist of three components: intrinsic, extrinsic and wiring 
capacitances. All these capacitances are lumped into a single capacitance CL.

CGD12 is actually CGD1 in parallel with CGD2.
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MOS Intrinsic Capacitances

�Overlap capacitances

�Channel capacitances

�Depletion regions of the reverse-
biased pn-junctions of the drain and 
source

The first category is linear while the last two categories are nonlinear.
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MOS Overlap Capacitances

xd

Source
n+

Drain
n+W

Ldrawn

xd

Poly Gate

n+n+

tox

Leff

Top view

lateral diffusion

CGSO = CGDO = CoxxdW = CoW

Overlap capacitance (linear)

Leff = Ldrawn - 2xd is the effective channel length taking into account lateral 
diffusion.

Cox = εox/tox is the gate oxide cap. per unit area (εox = 3.5x10-11 F/m). Cox has unit of 
F/m2.

Since xd is technology dependent, it is customary to combine it with the gate 
oxide capacitance to yield the overlap capacitance per unit transistor width – or 
CO,with unit F/m.
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MOS Channel Capacitances

S D

p substrate

B

G
VGS +

-

n+n+

depletion 
region

n channel

CGS = CGCS + CGSO CGD = CGCD + CGDO

CGB = CGCB

� The gate-to-channel capacitance depends upon 
the operating region and the terminal voltages

Gate to channel capacitances has three components: gate to source, gate to 
drain, and gate to bulk.

Gate to bulk capacitance CGCB (also known as CGB) is always zero when 
transistor is on. When transistor is on, a channel is formed. This channel 
constitutes the bottom plate of gate capacitance, with the gate acting as the top 
plate. As far as the gate is concerned, the bulk doesn’t exist. It doesn’t see the 
bulk at all.
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Average Distribution of Channel Capacitance

Operation 
Region

CGCB CGCS CGCD CGC CG

Cutoff CoxWLeff 0 0 CoxWLeff CoxWLeff + 
2CoW

Resistive 0 CoxWLeff/2 CoxW
Leff/2

CoxWLeff CoxWLeff + 
2CoW

Saturation 0 (2/3)CoxWLeff 0 (2/3)Cox
WLeff

(2/3)CoxWLeff
+ 2CoW

� Channel capacitance components are nonlinear and 
vary with operating voltage

� Most important regions are cutoff and saturation 
since that is where the device spends most of its time

In cutoff – all cap in gate to substrate since there is no channel

Linear – substrate is shielded from the gate by the channel, cap is shared 
equally between S and D

Saturation – Channel pinched off at drain end, cap between gate and drain is
approx. zero and so is the gate-substrate cap, so all the cap is between the gate 
and the source.

The large fluctuation of the channel capacitance around VGS = VT is worth 
remembering (Figure 3.31 that is not included in these notes)

The total gate capacitance is getting smaller with an increased level of 
saturation

Since Co = Coxxd and Leff = Ldrawn – 2xd, CoxWLeff + 2CoW = CoxWLdrawn
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MOS Diffusion Capacitances

S D

p substrate

B

G
VGS +

-

n+n+

depletion 
region

n channel

CSB = CSdiff CDB = CDdiff

� The junction (or diffusion) capacitance is from the 
reverse-biased source-body and drain-body pn-junctions.



MOS Transistor.31

Source Junction View

Cdiff = Cbp + Csw = Cj AREA + Cjsw PERIMETER

= Cj LS W +  Cjsw (2LS + W)

side wall

side wall
channel

source 
bottom 
plate 
(ND)

channel-stop implant (NA+)

substrate (NA)

W

junction depth xj

LS

Nonlinear – decreases when reverse bias raised

Bottom-plate junction (abrupt) and side-wall junction (graded).  Note that side-
wall is counted for only three sides (not the side facing the channel).  The 
depletion region “wraps” around source and drain diffusions.

The junction depth xj is a technology dependent parameter and is normally 
combined with C’

jsw into a capacitance per unit perimeter Cjsw (Cjsw = C’
jsw*xj). 

Unit for C’
jsw is capacitance per unit area.
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Review:  Reverse Bias Diode
� All diodes in MOS digital circuits are reverse              

biased; the dynamic response of the diode                       
is determined by depletion-region charge or                       
junction capacitance

Cj = Cj0/(1 – VD/φ0)m

where  Cj0 is the capacitance under zero-bias conditions (a 
function of physical parameters), φ0 is the built-in potential 
(a function of physical parameters and temperature)

and m is the grading coefficient
� m = ½ for an abrupt junction (transition from n to p-material is 

instantaneous)

� m = 1/3 for a linear (or graded) junction (transition is gradual)

� Nonlinear dependence (that decreases with increasing 
reverse bias)

+

-

VD
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Junction Capacitance
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Drain-Bulk Capacitance: K eq’s (for 0.25 µµµµm)

high-to-low low-to-high
Keqbp Keqsw Keqbp Keqsw

NMOS 0.57 0.61 0.79 0.81
PMOS 0.79 0.86 0.59 0.7

� We can simplify the diffusion capacitance calculations 
even further by using a Keq to relate the linearized 
capacitor to the value of the junction capacitance under 
zero-bias

Ceq = KeqCj0
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MOS Capacitance Model

CGS

CSB CDB

CGD

CGB

S

G

B

D

CGS = CGCS + CGSO CGD = CGCD + CGDO

CGB = CGCB

CSB = CSdiff CDB = CDdiff

OVERLAP CAP – CGSO and CGDO – linear

CHANNEL CAPACITANCE – CGCS, CGCB, and CGCD – nonlinear, distributed 
across the three depending on the operating region

JUNCTION CAPACITANCE – CSdiff and CDdiff – from the bottom and sidewall 
source and drain to substrate.
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Transistor Capacitance Values for 0.25 µµµµ

Cox

(fF/µm2)

Co

(fF/µm)

Cj0

(fF/µm2)

mj φb

(V)

Cjsw0

(fF/µm)

mjsw φbsw

(V)

NMOS 6 0.31 2 0.5 0.9 0.28 0.44 0.9
PMOS 6 0.27 1.9 0.48 0.9 0.22 0.32 0.9

Example:  For an NMOS with Leff = 0.24 µm, W = 0.36 µm,   
LD = LS = 0.625 µm

CGC = Cox WLeff = 0.52 fF

CGSO = CGDO = Cox xd W = Co W = 0.11 fF

so Cgate_cap = CoxWLeff + 2CoW = 0.74 fF

Cbp = Cj0 LS W = 0.45 fF

Csw = Cjsw0 (2LS + W) = 0.45 fF

so Cdiffusion_cap = 0.90 fF

Calculation is done assuming the NMOS is off. Hence channel cap, CGC, is due  
entirely to the bulk. Also assume zero-bias condition, i.e. drain, source, and bulk 
all at 0 V.

Diffusion_cap dominates gate_cap – a worst case condition.  When the diffusion 
reverse-bias is increased (the normal operation mode) the diffusion_cap is 
substantially reduced (see plot on slide p. 33).

Typically, the diffusion_cap is at most equal to, and often smaller, than the 
gate_cap.


