MOSFET - Structure

Properties
Oxide Insulator: e .=

N_Type: Bn=

Terminals:
Source (S) Gate (G) Drain (D)

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

oxide -TYPE Well
insulato r‘ ::::::

YPE Wel

®
P-TYPE: Substrate




MOSFET - Dimensions

Width (W)

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S




MOSFET — Operation and Modes

No current flows 1Into the gate.
Try to make current flow 1Into the
drain.

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S




MOSFET — Operation and Modes

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S




MOSFET — Operation and Modes

No current flows Into the drain.
Wrong way 1nto a PN junction.




MOSFET — Operation and Modes

No current flows Into the source.
Wrong way 1nto a PN junction.




MOSFET — Operation and Modes

For fun apply a voltage to the
gate.

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S




MOSFET — Operation and Modes

For fun apply
a voltage to

the gate.
J VGS

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S



MOSFET — Operation and Modes
Vs exceeds the PN
junctions turn on
voltage

VGS

}

Source = Gate

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S




MOSFET — Operation and Modes

A conducting path
exists between the
Drain and Source.

VGS

}

Source = Gate

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S




MOSFET — Operation and Modes

A conducting path
exists between the
Drain and Source.

VGS

Gate Drain

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

® \hat is the
Resistance?




MOSFET — Operation and Modes

The Gate-Oxide-f.e.
path resembles a

capacitor.
VGS e

Gate

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

® \hat is the
Resistance?




MOSFET — Operation and Modes

Capacitance/Unit Area
Cox = €ox/ oy

_}_ /
- Gate
A Drain

TS S TS TS S ST SSTS . SSSTSS

0 © O 0 9O

OX

® \hat is the

Resistance?




MOSFET — Operation and Modes

Capacitance/Unit Area
Cox = €ox/ oy

OX

Gate

)

VAP TSS S LTI S SIS SSTS, SIS SIS

What 1s the
Resistance?




Resistance Calculation Vgs exceeds the
PN junctions turn

on voltage, V..
Resistance of uniform charge distribution:
R = Length/((mobility)-(charge per unit length))

Capacitance/Unit Area: C,, = e,/t,,

Area = W-L (from MOSFET Dimensions Slide)
Total Capacitance: C = C_ -Area = (C_.-W-L)
Total Charge (Q=C-V): Q = (C_-W-L)-(vgs—V)
charge per unit length = Q/L = (C_,-W) - (Vgs—V4)

R = I—/(pn i Cox -W- (VGS_Vt))

MOSFET - Operation and Modes

Capacitance/Unit Area
Cox = €




MOSFET — Review channel shape

For fun apply
a voltage to

the gate.
J VGS

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S



MOSFET — Operation and Modes
Vs exceeds the PN
junctions turn on
voltage

VGS

}

Source = Gate
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MOSFET — Operation and Modes

A conducting path
exists between the
Drain and Source.

VGS

}

Source = Gate

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S




MOSFET — Operation and Modes

Capacitance/Unit Area

COX - 8OX/-l:OX
VES e —-

Source = Gate

)

VAP TSS S LTI S SIS SSTS, SIS SIS

L/ [un i Cox -W- (VGS_Vt)]

R =
® @ ® ® ®



MOSFET — Operation and Modes

Capacitance/Unit Area
Cox = €ox/ oy

OX

VGS

£l % /

Source — Gate

)

VAP TSS S LTI S SIS SSTS, SIS SIS

Rectangular
Channel

= I—/[un i Cox -W- (VGS_Va)]
®
®



MOSFET — Operation and Modes

INnCcrease vgg

VGS

= i /

Source = Gate

)

VAP TSS S LTI S SIS SSTS, SIS SIS

W

Rectangular

Channel

R = L/[n,-Cox-W- (vgs—Ve) ]




MOSFET — Operation and Modes

INnCcrease vgg
I,s Decreases

VGS VDS o

=, 1| 1

Source = Gate -

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

S

Rectangular
® Channel

® s = L/IeCo W (Y VO)]



MOSFET — Operation and Modes
Apply small vyg

VGS VDS o

=, 1| 1

Source = Gate -

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

Rectangular
® Channel

r.DvS = L/[un'COX'W' (\gs_vt)]




MOSFET — Operation and Modes

Apply small vyg
Current Flows

— T —f I
T £ 4o L}

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

A

i 'ps = L/ [un i Cox -W- (VGS_Vt)]
@i, = Vgs/ros = 1, Cox- (Wlh) - (Ves— V1) 'V_Ds




MOSFET — Operation and Modes

INnCcrease vpg

— T —f I
T £ 4o L}

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

Ll

i ps = L/ [un “Cox-W- (VGS_Vt)] @
@i, = Vgs/ros = 1, Cox- (Wlh) - (Ves— V1) 'V_Ds




MOSFET — Operation and Modes

INnCcrease vpg
Channel Tapers

Voo = vie =1
R S

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

Channel



MOSFET — Operation and Modes

INnCcrease vpg
Channel Tapers

Voo = vie =1
R S

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

Channel
®

s .. INcreases
= ?

)



MOSFET — Operation and Modes

INnCcrease vpg
Channel Tapers

V6S VDS;f Positive
i Source = - ?
(O]

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

Approximate
Channel
@

s .. INcreases
= ?

)



MOSFET — Operation and Modes

INnCcrease vpg
Channel Tapers

VGS Vps

i Source

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

28255833

Approximate

Channel

Ips = L/[n, - Cox-W- (Vgs—Vi-Vps/2) 1
@ i, ~Pn” Cox - (W/L) - (VGS_;/t_VDS/ 2) - Vbs



MOSFET — Operation and Modes

Increase v, even more.
Channel Tapers more.

VGS Vps

INncreases
= ?



MOSFET — Operation and Modes

Increase v, even more.
Channel Pinches.

Voo = vie =1
R S

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

Pinches



MOSFET — Operation and Modes
Increase v, even more.
Channel Pinches.
Current Saturates.

Vee = vie =1
R S

VTS S S STTSSS LTSS S S S ST TS S S ST TS S S ST S

Channel
Pinches

_ Ips . 77"
I, = Constant



MOSFETs: Mode Dependence

i, =0 for vg -V, <0 (cutoff)
W\ :
Ip = /uncox T _(VGS _Vt)VDS] for Vs _Vt >0 (TrlOde’ Vps << Vs _Vt)
_uc. [V (Vg =V, Vv Lo | V,>0 (Triod Vv
Ip = My Loy T Vaes = Vi Nops _EVDS or Vg —V,>0 (Triode,vps <Vgs —V,)
w1 :
ip=uC,, n E(vGS -V, ) for vg —V,>0 (Saturation, vy > Vs —V,)
fﬂ '[ITIA}* iD
= Yo — V, 0
Ups Tn(?;e I ]’ Ups ZII"G::,' _.VF VDS = Vt +1.5 Vt
fexion —:--',--t——- Saturation region ————> i Vps > Vs - V,
v =V, +2.0 Saturgtlon
= Region Vps = V; + 1.0V,

vgs =V, + 1.5 n Vps = V; + 0.5V,
Ugs = 1';,- + 1.0 B
| Ugs = VF + {.:'5
- >
Ups [\fr} VGS

tgs = V, (cutoff)



NMOS: Equations and Models

Mode i-v Characteristic Inequality Conditions Channel Shape
-

Cut-off ip =0 Vgs — Vin <0 No Channel
—
. w 1 Ves — Vin >0
Triode ip = UnCox (7) <vGS —Vin — EvDS> Ups ¢ o Tapered
Ups < Vgs — Vin
. Ups W Vgs — th >0
Triode (small vps) ip = —— = 1, Cpy (—) (vgs — Vi) vps Rectangular
Tps L Vps K Vgs — Vin
—
1 14 -
Saturation* ip = Ib = E.uncox (T) (VGS - th)z Vos = Ven > 0 Pinched

Saturation with 1 W
Finite Output ip = 5 UnCox (—> (s — Ven)*(1 + Avps) > Pinched

Resistance 2 L Vps Z Vs = Ven

Vgs = Vg — Vs W, : Free Electron Mobility W: Channel Width

Vps = Vp — Vg Cox = €04/ toy - Capacitance/Area L: Channel Length

ip : Drain Current €ox - Oxide Permittivity W/L: Aspect Ratio

V,, : Threshold Voltage, V,, >0 t,, : Oxide Thickness k., =k, (W/L): Device Parameter

Vov = Vgs — V

D
g

- S

n - EXcess Gate Voltage k. = u,C., : Process Parameter V, =1/\: Early Voltage, V, >0
Ip :

r
VDS DS

Triode (small vy) S Saturation



PMOS: Equations and Models

Mode i-v Characteristic Inequality Conditions Channel Shape
-

Cut-off iD =0 Vsg — |th| <0 No Channel
-
. w 1 Vse — Vi > 0
Triode ip = #pcox (T) <USG — |th| _ EUSD> Vsp SG | tP| Tapered
Usp < Vsg — |Vip|
. . Usp w Vsg = |Vip| > 0
Triode (smallvyy) ip = — = u,C (—) Vse — Ve |)v Rectangular
so) lp o Hplox I ( SG | tpl) SD Vep K Vsp — |th|

: . 1 w 2 Vsg — |Viep| >0 .
Saturation* ip=1p = EupCox (T) (vsg — |Vep|) sc = |Vl Pinched
Usp = VUsg — |th|
Saturation with Vep — |V | >0
o 1 w 2 SG tp .
Finite Output ip ==u,C (_) (v — |V |) (1 + |A|vsp) Pinched
p -~ ox SG tp SD > _
Resistance 2 L Vsp = Vsg ~ |Vp|
Ve = Vg — Vg W, : Hole Mobility W: Channel Width
Vgp = Vs — Vp Cox = €04/ toy - Capacitance/Area L: Channel Length
ip : Drain Current €ox - Oxide Permittivity W/L: Aspect Ratio
V,, : Threshold Voltage, V,, < 0 t,, : Oxide Thickness k, = k,"(W/L)
Vov = Vsg — | Vi, |- Excess Gate Voltage k"= p,C,, : Process Parameter V, =1/\: Early Voltage, V, <0

+so4 . 2
a 'D
. ﬁvso r Fsp
DO®O— |gO0=—=" D| -0 D

Triode (small vgp) Saturation




MOSFET Small Signal Model:

NMOS

1 w
ip = 5 UnCox (_) (vgs — th)z
2 L

_ dip

w
= UnCox (T) Ves = Vien)

vgs=Vgs

gm - dvGS

o w ,
ip = 5 UnCox (T) (gs — Ven)* (1 + Avpg)

2
_ dvDS 1 . VA
° 7 dip |, _ Ap I

Saturation Mode of Operation

PMOS

1 w
ip = I]f) = E.upcox (T) (vSG o |th|)2

dip w
Im = dv = UpCox (T) (VSG - |th|)
SGlyge=vsg
. 1 w 2
lp = Eﬂpcox (T) (USG - |th|) (1 + [Alvsp)
_— deD _ 1 _ @




	MOSFET - Structure
	MOSFET - Dimensions
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	Resistance Calculation
	MOSFET – Review channel shape
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFET – Operation and Modes
	MOSFETs: Mode Dependence
	Slide Number 34
	Slide Number 35
	Slide Number 36

