Chapter outline
Sunday, June 10, 2012 10:38 AM

MOSFET Chapter Outline

Describe field effects and operation of MOSFETSs.
Understand cutoff, linear and saturation operation
regions for given circuit.

Develop mathematical models for |-V characteristics
of MOSFETSs.

Develop concept of load line for MOSFET circuits
Analyze operation of resistor load inverter

Describe sources of capacitance in MOSFETSs.
Master dc/dc sweep simulation of MOSFET circuits
using spice, including spice model parameter editing
and W/L specification
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N-channel (electron channel) MOS Field Effect Transistor
Sunday, June 10, 2012 10:39 AM
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e p-substrate

e gate and gate oxide

e two N+ regions (meaning ND is high)

e Gate bias can be used to invert the surface from p-
type to n-type, creating an electron channel
connecting the two N+

e we can thus control current flowing between the two
N+ using gate bias

Other Symbols of N-MOSFET:
V)

Q

(¢

.
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2 terminal MOS Capacitor

Sunday, June 10, 2012 10:41 AM

2 terminal MOS Capacitor
Physical Structure

Metal electrode—"gate” . T oy
Vg OX
Oxide N i
N 7Zpisiisiiiiissiiiz//nm
p-type silicon substrate or “body” T

. (Metal) Gate electrode: low-resistivity
metal in early days, and later
polycrystalline silicon (N+ or P+ for low
resistivity) - now metal again in year
2011

. (Oxide) Silicon dioxide:stable high-
guality electrical insulator. Tox IS as thin
as 1-2nm in state of the art technologies
. (Semiconductor) Semiconductor
substrate or Body: n- or p-type Si

What happens in an
ordinary capacitor if we
apply a voltage difference
(vertical field)?
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We will induce negative charge - electrons on the negative metal plate in
an ordinary capacitor.

i, If the negative plate is p-type semiconductor instead of metal, at lower voltage, the negative charge is initially made of
ionized acceptors (Na), when the capacitor voltage exceeds a threshold, electrons are induced at the surface, we say the
surface is inverted (as it was p-type at voltages below threshold, now is n-type at voltages above threshold ). In fact, the
positive electrode is semiconductor too, say, N+ Si.

What happens in an N+/oxide/p-
Si capacitor if we apply a voltage
difference?

ko
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Vertical Field Effect In
NMOS (p-substrate)
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If VG is sufficiently small compared to a threshold, surface is

accumulated with holes.

Surface is depleted of electrons and holes

At high enough VG, vertical field is strong enough to induce
electrons at the surface of p-body.

Surface is now inverted from p-type to n-type electrically.

Vertical Field Induced Inversion
Charge Density (charge per unit

area)
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area)

Inversion electron charge density to first order:

Ql' = -Cox" (VG - VTN)

VTN: is called threshold voltage, the threshold gate voltage level
for creating significant amount of inversion charge

the negative sign simply indicates the charge is made of inversion
electrons

Cox''=eox/Tox is oxide capacitance per unit area
e ox=oxide permittivity (F/cm)
Tox=oxide thickness (cm)

Equation only applicable when VGS > VTH !!!
That is, the number of inversion electrons
must be positive!

Numerical Example:

MOS capact Ay
1) Find the number of inversion electrons
iInduced per square nm area (hnm”2) at Vg =
1.2V.

2) For a 66nm x 22nm area MOS cap in the
22nm CMOS technology above, how many | .v

inversion electrons are nlduced tV, 2\7?
/dz é’i (g 3~ VTH\
(nw .2V
e y

(o =

t)( £ lnwm

L = = G (ULY) =< B /y )
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Solution:
oxide permittivity = 3.9 * epsilion 0O
epsilon 0: vacuum permi Ly,

€0 = 8.854187817620x 1014 F/cm

S

epox_r = 3.9 # dimensionless
ep0 = 8.85e-14 # F/cm
nm_to_cm = le-7

cm_to nm = 1./nm_to_cm

epox = epox_r * ep0

I
1

tox_nm * nm_to_cm

tox_nm
tox_cm

coxpp = epox / tox_cm # F / cm”2

vt = 0.2
vg = 1.2
vgt = vg - vt

area nm2 = 66 * 22

ginvp = coxpp * vgt # F*V/cm"2, so C/cm”2
g = 1.6e-19

num_electrons per cm2 = ginvp / g
num_electrons per nm2 = num electrons per cm2 * (nm_to cm)**2

print 'For tox = %3.1f nm, VT = $3.1f V, %g electrons are induced per nm"2 area

o

at %3.1f V gate voltage' % (tox nm, vt, num electrons per nm2, vg)

I

For tox = 1.0 nm, VT = 0.2 V, 0.215719 electrons are
induced per nm 2 area at 1.2 V gate voltage

For an area of 1452.0 nm 2, 313.224 electrons are
induced
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Je % % % 5 % % % T OSTOe

q -
ginvp
tox_cm
tox_nm

Vg
vgt
vt

area_nm?2
cm_to_nm
coxpp
ep0

epox
epox_r
main
nm_to_cm

num_electrons

float
float
float
int

float
float
float

num_electrons_per_cm2
num_electrons_per_nm2

float
float
float
float
float
float
function
float
float
float
float

1.6e-19
3.4515000000000003e-06
le-07

1

1.2

10

0.2

14520

10000000.0
3.4515000000000003e-06
8.85¢-14

3.4515e-13

39

<function main at 0x0377F230>
1e-07

313.223625
21571875000000.004
0.21571875000000001
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4 terminal MOS

Sunday, June 10, 2012 10:49 AM

N-MOS Field Effect Transistor (n-
MOSFET)

- Substrate is p—type, there are two nt+ regions
— assume VIN = 0.5V, if we apply 10V at the gate, such
that VGS (10V) > VTN, the surface is inverted to n—type

— The two N+ regions are now connected by the inverted
n—-surface, or channel

— now let us add 2V to the second N+ region, the first
N+ region is grounded, to which direction should
electrons drift?

oV
= 05V ? What is direction of electron drift
o/ Y 2/ motion?
e 5
oxlde Tov H'— that is dl.rectlon of current flow-
/NTLJ;ij;ié;ii;iﬁﬂc) e Which n+ is source of electron flow?
J zfuld (left, right)
fi}ié;,/,I% Which n+ is drain of electron flow?
_/J\ (left, right)
7
VTN = 0.5V - Electrons drift from lower voltage N+

to higher voltage N+

- So the lower voltage N+ region is the
Source of electron flow and the
higher voltage N+ region is the Drain

[oV
R e
M _

| ox L d,e |(
W |f LS T emsmm=n ™

0 — .

S =~

mosfet Page 10



w [P L= ™
s 7 =<
e—ficld
77/;/\?__6&3
\/TN;OLS(/
In NMOSFET:

Higher Voltage N+ side is
(Electrical) Drain

Lower voltage N+ side is
(Electrical) Source

Electrical source/drain is
determined electrically and can
dynamically change from time
to time!

Current flows from Drain to
Source!

Drain and Source
Exercise for n-MOSFET
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W and L

Sunday, June 10, 2012 10:55 AM

A 3-D Picture / Gate Width

/'I e cacy Silicon dioidd
o A ilicon dioxide
“ . i Eulll"ui} silicon) (Si0y) W

" . g - x
: o -‘.‘1 i e
So "-‘n _- |
. ;t;‘:::lt t.‘ éu @ - G
- n = |
h‘\‘i [ \'\LV'“U\Y']\ |

m;

,J';' QJ.'--'(J;]

U_\' .oV ; Up
¥ Gy . o D
Source {S} | Gate (G } [)mln (D) | +
L

_zg_"_—__':l Channl regon| ":i_zs | o 1=—0 v
e e B -
p-type substrate ; Ugs Vsp —
" d — +

in i Body (B)
Un

e 4 device terminals: Gate(G), Drain(D), Source(S)
and Body(B).

e Source and drain regions form pn junctions with
substrate.

e vSB, vDS and vGS always positive during normal
operation.

e vSB always < vDS and vGS to reverse bias pn
junctions
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Operation regions and inversion charge along channel
Sunday, June 10, 2012 10:56 AM

Cutoff Operation Region (VGS
< VTN)

Turn-on Region (VGS >=VTN) \/érs”
- Linear Region (VDS <VGT
- Saturation Region (VDS >= 4,
VGT)

Inversion Charge Density Along
channel

Ve =V
W= (=Y Y SN ES—.
— Vs > Vrw ak phat Vis  Ral=0 70,
T oV thickness of red
© \/05 Ze channel indicates
7] = inversion charge

(%) nt (D> density
thicker means

higher
\/es <o ( Usg=o)

/Q (x) —/—[)d/ (\/&5 - ‘/(X\) V > y((jtsa-véxa)valﬂz:)le to
L/—\[/J = g

induce an inversion
layer, it decreases

V=0 4t x=o (5 end)
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( {_ ( 4 ldyci, 1L ueLiedsed

Vi)=ow AU X=-»o S end )

Vo) = Uhs ot x=L (0 exd) V(X): potential at x
== T with respect to

G0 ()

determines inversion charge density
net voltage must be above threshold to produce
inversion charge

Inversion charge density at source is:
Qls' = -Cox"(VGS - VTN)

Inversion charge density at drain is:
QID' = -Cox"(VGS - VDS - VTN)

Question: at what VDS will the inversion charge at
the drain decrease tqzero?

T & > Vry

F| & ] pWs
' S D \/osf\/QS/\/TA/

The linear or triode region of operation is defined as one
in which the entire channel region between source and

drain is inverted. \/%,[g \/&s‘(/w
Vq57 \/TH, O < \/os < \/é‘rT

Again, for a given VGS, at what VDS does the inversion
charge
density at drain become zero?
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Vos < VGrS ~V7—/J

Drain end inversion charge decreases to "zero" or
VGD is just equal to threshold voltage (VTN)

VGD = VGS-VDS
VGD = VTN

So MOSFET is in linear operation region when 0 < VDS
<VGS- VTN

or 0<VDS <VGT

G 0 Vgs> Viy

[ s D o vpg=vgs— Vi

Depletion / P

region

Gate Overdrive VGT:

VGT = VGS - VTN is called the gate bias overdrive, the
amount of overdrive with respect to threshold voltage
VTN

MOSFET Operation Regions

Vo' N ( V Voé/’ \/66’\/”(
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When 0<VDS<VGT, NMOS works in linear region.
When VDS > VGT, NMOS works in saturation region, so
VGT is also called Drain Saturation Voltage VDSAT.
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I-V characteristics derivation proper
Sunday, June 10, 2012 11:01 AM

MOSFET I-V Equation Derivation Proper

moster  Toe €7Ma+20h deriyation
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Id-Vd output curves

Friday, September 28, 2012 9:03 AM /6‘ [D

g D Fiest [p(enh'i’at which 1t i 5 and D
@ \/Oé Z 0 \/5370 :

15 Vos < Vew T, o, devie /s ot

else. z/i
— pS -
;g’ O e \/05 e VQ_T/ J’D: Ki’l( \/é"['(/os_';?) é/ﬂ@/ﬂl/
L V@ s =2 \/&‘T . :(; - Kn_? §&)7LMf47L/\dﬁ
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[#-| python

==}

vgs

0.00
Enter Vgs stop, between 0 and 10:
5.00 T

Enter no of points, between 1 and 6:

Enter Vgs start, between 0 and 10: between0.and 200: -
: \/ (2 '\/G;T
2 L

- oy
7
[y

\/&5 =5V Toar=

Device Parameters

Enter L in um, between 0 and 200:

2.00 -
Enter KP Inbetween 1 and 500: ©

25.00 ng _‘f'A_‘_-’L-g- (9"0 = 1;00/{[}\:
Enter VTO in V, between -3 and 3: 2z %

6 >

0.0005
i

Vds

Enter Vds start, between 0 and 10: 5—0 \/ — V,,=0.0V
— V=10
0.0004
— V=20V
— % —_ V=30
=
0.0003 —_— V=40V H
Enter Vds stop, between 0 and 10: ‘:'é — ‘1] :3.0“;).
0.0002 +
5.00 S
0.0001
Enter no of points, between 0 and 10: —
0 = fan)
: -/ 3 4) 5
ValV)

Simulate and Plot

Note where the drain current saturates with Vds - it
occurs at Vds = Vgt (Vgs - Vit)

In our text, Vt for NMOS is written as Vtn.
I'd like you to remember some critically important
biasing conditions at which Ids = 0:

- Vds=0 independent of Vgs
- Vgs < Vt independent of Vds
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Determining NMOS current
Sunday, June 10, 2012 11:04 AM

Determining N-MOSFET Current

First figure out S, D, G, B

Figure out VGS, VDS, VTN

Calculate gate overdrive VGT=VGS-VTN

If VGT < 0, device is in cutoff (or off), IDS =
0

If VGT >0, device is on. Vdsat = VGT
If Vds < Vdsat, Ids follows Ids = Kn *
(VGT - Vds/2) * Vds,
If Vds > Vdsat, Ids saturates at
constant value ldsat,
independent of vDS.
Idsat is simply Ids at Vds=Vdsat,
Idsat = kn * Vgtr2 /2

Summary:

({ /l, \//Vé 2 ® ;fv‘»’t [ﬂ(@n{'/\‘f’a— M/Lﬂ&& {/l/6 (6
@ \/Dé 70 V;g >0

5 Vs < Upy

2

5 Vs = Ver - L= Kw%
o 2 |

L,@l) ! \/°6¢
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Experimental I-V
Sunday, June 10, 2012 12:05 PM

Real MOSFET I-V Characteristics

We will make this measurement in our lab with two
OPAMP's and a shunt resistor for converting current to
voltage

/s s,o |
’ + V/¢
{3(0\ \//K
‘ -
7~ | 2

CD4007 NMOS

Can you estimate VTH? What about Vdsat at Vgs=8V?

_/
i vdstart
Z!o
d Avdend
( s lﬂm Vgs
: ie v
g steps nsteps vds Power
a7 130 g ig.zsoszv 50 10|0 1|50 200
& 0. ‘\250
& Ids "
‘Shummsistance 113‘762 mA J W
_,;10 Ohm
Channel DC resistance
N 1672.16-‘ lohm
-

mosfet Page 26



Circuit used:
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Spice simulation and numerical example of I-V
Monday, March 12, 2012 4:42 PM

** nmos_id_vd **

%k

* NI Multisim to SPICE Netlist Export
* Generated by: GuofuNiu

* Mon, Sep 26, 2011 10:08:53

*

*## Multisim Component V2 ##*
vw2d0dcl12ac00

+ distof100

+ distof200

*## Multisim Component V1 ##*
vwlg0Odc12ac00O

+ distof100

+ distof200

*## Multisim Component Q1 ##*

1 M=1

i

+ LEVEL=1
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MQ1dgO0OIDEAL 4TEN__ TRANSISTORS VIRTUAL 1
1 L=2e-006 W=5e-006 AD=0 AS=0 PD=0 PS=0 NRD=1 NRS=

.MODEL IDEAL_4TEN__TRANSISTORS_VIRTUAL 1 1

K = \Kp



— \

+ LEVEL=1
+VTO= 1

+ KP=25e-6
¥+ GAMMA=0:0
+ PHI= 0.6

+ LAMBDA=0.0
+ RS= 0.0

+ RD= 0.0

+ CBD= 0.0

+ CBS= 0.0
+1S= 1.0e-14
+PB= 0.8

+ CGSO= 0.0

+ CGDO= 0.0
+ CGBO= 0.0
+ RSH= 0.0
+CJl= 0.0
+MJ= 0.5

+ CJSW= 0.0

+ MJSW= 0.5
+JS= 0.0

+ TOX= 1.0e-7
+ NSS= 0.0
+TPG= 1.0
+LD= 0.0

+ UO= 600.0
+ KF= 0.0
+AF= 1.0
+FC= 0.5
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+TNOM= 27
+)

Multisim Simulation of MOSFET Circuits

.MODEL IDEAL_ATEN__TRANSISTORS_VIRTUAL__1_ 1
NMOS

+

+ LEVEL=

+VTO= 1 e e
+ KP= 25e-6 _

Note:

the letter "P" in KP does NOT stand for "p-
channel"!

The "P" stands for "Pri",
KP is the k' parameter in our equation,

]
Its physical meaning is /u CDX

Its unit is A/ 2.

Use virtual 4 terminal NMOS you can edit model name
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(rename) so that you can have different transistor models
in one simulation.

VTO is threshold voltage at zero VSB.
Its unit is Volt.

VT depends on substrate bias VSB also, which we will
address later.

Simulate NMOS in Multisim

place transistor, wire circuit
BR nmos_id_vd - Multisim - [nmos_id_vd] |?j@7m
@ File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help Jﬂﬂ

s u8k: > B&G88Q0 PHEEIODE-BED* 6 b-|—nueit— ~e? GO
*ed A B BEHHBE =AY 6" pliine L B-B-E---0-E-E -
B SIS F B8 e 0 m m % Place Virual BJT NPN 4T
% Place Virtual BIT NPN
& Place Virtual BIT PNP 4T
d ceeeeee e oo B Place Virtual BIT PNP
. I Pl Viria GaAsrer N
N SRR o N PSR ES RS s © & Place Virtual GaASFET P
CEocrrr i i L A Place Virtual JFETN
| EEEEEREEEEEEN EREE E—E‘m Sume s g T i prace Virtual NMOSFET 3TON
- =12V 1 Place Virtual PMOSFET 3TDP
= e e TR RN DN i il et
: B Place Virtual PMOSFET 3TEP
SEREEEEEEEEEY BN 3 o DA oBEE T place Virtual NMOSFET 4TDN
Lol ::::::: -1 & Place Virtual PMOSFET 4TDP
J o« I

W Place Virtual PMOSFET 4TEP

NN -

I
S Desont B rmos. e ol

+1 | Multisim - Monday, September 26, 2011, 9:39:14 AM -i
:%:‘ Results | Nets | Ce emsi Copper layersl i i I

Place Virtual 4TEN MOSFET

double click transistor, specify W, L values,
name g, d nodes as we did for bipolar transistor

mosfet Page 31



e
= 2um Sum
i w2

L1 =
=12V =12V

5 nmos._id_vd - Multisim - [nmos._id_vd]

E File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help
DESUSRs * BARRAQ POEESDLE -8
red X PBBuBO=mY 6" b oulme (i

& R @ m i

o Channel length:

Channel width:

Drain diffusion area:

Source diffusion area:

Drain junction parimetar;

Source junction perimeter: ] um A

Equivalent drain diffusion area: 1 Square(s)

2R REER : | D Equivalent source diffusion area: 1 Square(s)

= | Number of parallel transistors: 1

L H

E Desigﬂ]@nms_id_vd Edtmodel |

x

=
+| ' Spreadsheet data shown for entire design

Net name ~ Sheet Colar Trace width min (mif) ~ Trace width (4}
o nmosidvd  Default
1d nmos_id_vd Default
] nmos_id_vd Default

t View

"Edit Model" to edit model parameters
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& nmos_id_vd - Multisim - [nmos_id_vd] = @ - }K -

f\i‘j File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help e ]EJXIj
DgeLdER s 7 BT £HEEYESE- B Y| MOSFE Vitual -t TS 3% |
o b ox e 4 ST | m

LI o i Label iDnspla'y! Value | Fault EPms Euser ﬂe}ds‘

A K o
) Channel length: 2 um :

0 1. RN RN B 3
. L d """ -] Channel width: 5 um =
Edit Model X Drain diffusion area: 0 psqm |-
Source diffusion area: 0 psgq.m =

-MODEL IDEAL_4TEMN_ TRANSISTORS VIRTUAL 1 1 NMOS
Drain junction perimeter: 0 um =
-
Source junction perimeter: 0 um =
VTO= 1 =
= gas = .
st | Equivalent drain diffusion area: 1 Square(s)

SN
4 LAMBDA= 0.0 Equivalent source diffusion area: 1 Square(s)
+R5= 0.0
+RD= 0.0 Number of parallel transistors: 1
+CBD= 0.0
+CBS= 0.0 -

| Replece | [ ok ][ concel | [ mho | [ welp |
4 ='-.?= Original model has been changed
Change part model | | Change all models Reset to defoult | | Cancel ¢

NMOS Ids-Vds (output)
Characteristics

Example: simulate Ids-Vds output curves (varying Vgs) for
the above transistor in multisim. Can you identify linear

and saturation regions on each curve?
d

) (o)}
| = 2um Sum
N | V2

mosfet Page 33



Tos (AD

DC Transfer Characteristic

=
\
' \
v.)
<

O
1004 \/qA"'o' VvV

0 Qumed) O

Evﬂ&@wq”ﬂj] EuuhL@wq”;d] E“”lk;@"a”‘d] Ewh}@wq‘”‘d] Ewhi;@mq”’-d] Euule;@mq”-d]

1 { 4

Ids-Vds curves for different Vgs

If VGT < 0, device is in cutoff (or off), IDS=0

If VGT >0, device is on. Vdsat = VGT

If Vds < Vdsat, Ids = Kn * (VGT - Vds/2) * Vds,

Ids saturates at constant value Idsat, when Vds>Vdsat
Analog amplification is mostly done in Saturation region

Example: compare the simulation above with hand
calculation for Vdsat and Idsat at Vgs=5V.

/-v — O~
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58 nmos_id_vd - Multisim - [nmos_id_vd]

[EY File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help il )(iE |
DEFsUSsR: " BRGAQ POEEPEEE 0| MOSHE Vil
i

S

] e 4

| Lobel | pisplay. Value |Faule | Pins | user fislds|

I
|
Channal length:
0 1 2 s | o
e e = i
- . Channel width:
Drain diffusion area:
Source diffusion area:
Drain junction perimeter:
+
/:‘LE\;:___ Source junction perimeter:
/ a Iéﬁufﬁfo \4, Equivalent drain diffusion area: i Square(s)
+PHI= 0.6
\ + LAMBDA= 0.0 Equivalent source diffusion area: 1 Square(s)
N+ RS=_Ofe .
+Rb= 0.0 Number of parailel transistors: 1
+ CBD= 0.0
+CBS= 0.0
i pncsh
Repisce | Lo [[ane [ mo |[ v |
i, Original model has been changed
I Changs port model J' | Change all models . l Reset to default I l '
m—— - FRETTELR
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\/DSAT - V&T = ‘/&5 ~ Vo _LDS—: IWAT
\/psAr’f(/éfﬁff/T S EV?
— 7 47
= Sv—/
(o
= ¢ - ﬁgzﬂj Vs

N-MOS Ids-Vgs (transfer)

Characteristics

Example: simulate Ids-Vgs curves for various Vds for the
above MOSFET. Can you identify the saturation and

linear regions on each curve?
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d

) m
| = 2um Sum
N w2

DC Transfer Characteristic
1.3m |

1.0m 1
75D.D|.l ] ,

500.0p -

Voltage (V)

250.0p -

0.0 4=

-250.04 |

0 1 2 3 4 5 6
vv1 Voltage (V)
E vvZ=0.5; @mqg1[id] = wZ=1; @mq1[id] ] wv2=1.5; @mg1d] = ww2=2; @mq1[id] ] wwi2=2.3; @mqlfd] ] ww2=3; @mq1[id] = w2=3.5; @mq1[id]

7

Vos=2V =1V

0 < Vbs < Vas- iy

[ /new

Vgrs > %S*\/{H

mosfet Page 37



7/

\/o$ 4

=

—~—— . -—- -
- - -— -_—— e .-

What happens when VDS > VDS,sat ?
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Past pinchoff, further increases in lateral electric field are
absorbed by

the creation of a narrow high field region with low carrier
density

(Jn=gnunE, so if nis small E is large)

Vs = Vr
v | -0
n 'j,_ N n'

N
p-type substrate

v

Vs = Vr

VSB =0 V. DS> I /DSJ sat

v ] * fiio-0

e

- -
[high field region]
p-lype subsirate

v

Channel-Length Modulation

As vDS increases above vDSAT, length of depleted
channel beyond pinch-off point, DL, increases to support
additional voltage and actual L decreases.

This "pinched-off" region is high impedance, and a small
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distance can support a large amount of voltage

iD increases slightly with vDS instead of being constant
due to reduction of effective electrical channel length
(distance overwhich inversion is high)

Uas Upns
7 I ,.[ T

For Help, press F1 WVNDS = 5 10t: IRRENNEN B

LAMBDA

WLt VT g fer Vge=o
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Depletion-Mode MOSFET (VTN<O0)

NMOS transistors with

lon implantation process used to form a built-in n-type
channel in device to connect source and drain by a
resistive channel

Non-zero drain current for vGS=0, negative vGS required

to turn device off.

[0 Zzzzzzzzzzzzz2z22 [
+ { +
Implanted n-type
channel region

p-type substrate

| n

1y

2.8,V

-
r=-

Lo

Non-zero vSB changes threshold voltage, causing
substrate sensitivity modeled by

VN~ VTOH{\/VSBJFMF ‘xP”F]

VTO= zero substrate bias for VTN (V)
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gamma= body-effect parameter ( )
2phi_F= Fermi potential parameter (V)

3.00
2.75

2.50

2.25

2.00 -
1.75 =]

1.50

1.25
1.00
0.75 Vo
0.50

Threshold voltage (V)

0.25

0.00
-1 0 1 2 3 4 5 6

Source-bulk voltage (V)

Level 1 MOSFET Model in SPICE

—i——

DI 38

) rj, D sS4 Cl) in —5

e

Ry % Con
Con g

I

Typical defaulnt values used by SPICE:
Ky or Ky =20 pA/V?

y=0

A=0
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Vio=1V
L OF 15, =600 cm?/V.s
20-=0.6V

Cepo=Csso=Ccro=Cysw= 0
Tox=100 nm
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Transconductance (dlds/dVgs)

Monday, March 12, 2012 4:56 PM

Transconductance of a MOS Device

Transconductance relates the change in drain current to

a change in gate-source voltage
di
ng—dvb
GS\Q-pt

Taking the derivative of the expression for the drain
current in saturation region,

' ZID
8m =Ky E(VGS_V ™"~ 72
GS IN
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Homework on MOSFET, due Wed, Feb 27 class

Monday, March 12, 2012 5:48 PM

1.4.25 (a)

2. For a MOSFET with the following process parameters
VTO=0.5V, KP=25uA/VA2, W=4um, L=2um.

(a) Using Multisim, simulate IDS versus VDS curves for
VGS=0to 5V in 0.5V step.

Identify the (Vdsat, Idsat) point on each curve with a
marker (you can do this by hand on printed plots). VDS
range is from O to 5V.

Hint: Use the 4 terminal virtual NMOSFET

(b) Calculate by hand the Vdsat and Idsat for VGS=2.5V,
compare result with simulation from (a).
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