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1. Precision Solution for Surface Potential Y.

Sum of Gate Voltage Terms
VG =VFB +LIJS+VC

Gate Voltage Term for All Charge Under the Oxide

Y, - PHI
Y,

th

Ve = V\/ W +Vy, exp[

Gate Voltage for Channel

—PHI
VI = V\/ qu + Vth exp(tpsv—] _VB

th

Gate Voltage for 1on Depletion-Region Charge

Ve =W/,

Iteration Solution

VGp = VG - VFB

y =exp(—PHI —vch]

th

f= (VGp - LIJS)Z - VZ LI‘L _Vth ﬁHeXp[%]

th

th

oo el

—p Lo
l'IJs_l'IJs fd



2. Solution for V, with DR Approximation Form (Eq. 27.)

a,=1+—L
2yWs
V
Py =, —
aa
C:Vthyzexp[tp’%1 —PHl _V"h]
Vth

MzJMf+Ca%:AA]—VB
a thh

vf+2vg4=Cam(_V']

C(a th
Aazaa—l
aa
VB =VBa _AaVI
P
a

Ay oYy zexp| Y
C C o,V

a ' th

V, =-aV In(évl2 +2 Ve Vlj
C C
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f=a,V, In(évl2 +2 Ve
C C

VIj-i-vl

Vg, +2AV, |

fy=a
d a'th 2VBa +AV|2

omit V,* Term

f=aV, |n(2ﬁvl j +V,
C

fq =aaﬁ+1
VI
V, =V, .
f

ipgrife = g (V152 - VIDZ) Ve

n = Vg and Vp inC Eq. 13
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3. DR Approximation — ., Reference

Y
2\ Wsa

VB=V l'IJs:y l'IJsa-'_ (l-le_l-lea)

VI=VG_VFB_L|JS _[ V'\j l'l'éa + y (LH _nga)

2\ Wsa

VTa = VFB + l'lea + y l'IJsa

Ve =V, =0

VI = Cxa(l'|Jsa _l'ps)

—u -
l'IJs - LI"sa aa
a, =1+—Y

2\ Ps,

=—-a

oy, a
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4. Drain Current — Strong Inversion

Vi =a, (P, — W) Eq. 31

: a,

IDdrift =7((L|Jsa - L|‘|sS)2 _( l'lea - Ll'&D)z)

l-IJs - l-IJo +Vch
W, =PHI +nV,

iDdrift =a_2a((l'psa - L|‘|0 _VS)Z _( l'l"La - l'“) _VD)Z)
VP = LIJsa - L|"0

: a,
IDdrift =7((VP ‘VS)Z _(VP _VD)Z)
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5. DR Approximation ). Reference—Level 3 Drain Current Solution

a, =1+ Y a1
2 l-IJsS

Vi = Vg +Pgg + Y4/ Wsg 42

Vp = Yo~ Vr 43
aS

VIS = asVPs 44

Vip =d |:VPs (Wep - LIJSD):| 45

) 1

IDdrift =E(VISZ _VIDZ) 46

. a

IDdrift =?S|:VP2 _(VP _(quD - LI‘!;S))Z:| 47

2
1Ddr1ft [ (l'psD LleS) (LIJSD 2L|JSS) ] 48



Strong Inversion—Level 3

Vias = Vs ~ Vo
Vps = Vp — Vg
Vi, = Vg +PHI + y/PHI +Vg
a =1+
2/PHI + Vg
V, = VG — VTs
Ps a

S

. Vo2
Ipdrift — s [VPVDS - ];S j

iDdrift = (VG - VTS)VDS - C‘s

Saturation

. _ s 2
IDdrift = ?VP

2
VDS
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6. Drain Current Solutions— Case C —Precision

Vip

Ipgis = ~BVin I dV; BV (Vis ~Vip) 57
Vis
Ddrlft J‘ VIdLIJ 58
P
VI = Vg = Vi —Wg — Y4/ Wy 59
Ip =Ipis s 60
1 5 3 3

Ipdriee =B (VG _VFB)(LIJSD "~|Jss) _5( UJsDZ ~Us ) 5 \E LL’DZ _%ZJ
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Ipgit =BV | (Wep —Wss) "‘\{ Wp? - ‘ESZJ 62




7. Case A - DR Approximation

.
IDdrlft = B J‘ VIdLIJs
W
oV __
oy, :
V,
__B ¥ _ B 2 2
IDdrift - a_a\_]" VIdVI _E[VIS VID :|
Vip

Ipgis = ~BVin I dV; =BV, (VIS _VID)
Vis
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8. Taylor Series Approximationto 3/2 Term in Eq. 61
2
f=v= 3/2
V3 R

2
f =vy= 3/2
o y3 l'lea

fq =V\/qJTa

_ Y
2\,

fd2

Y

2\ Wsa

f
fS =f0 +fd(l'|JsS _LIJsa) +%( l'l'!sS _l'l'éa)z

a=1+

f
fD =f0 +fd(l'|JsD _LIJsa) +%( l'IJS,D _Ll'ga)z

2 2
£.=v < 3/2 _~ 3/2:|
3 y|:3 l'IJsD 3 %S

=W (o —ws)] < (o -0 )° { 4 - %)’

iDdrift = (VG _VFB)(LIJSD - l'|JsS) _%(LIJSDZ - l'|Js52) _f3
. a 2 2
inar = (Vo = Vr) (Yo ~ts) =2 (Wo ~Wa)” s ~w)’|

VT =VFB +l'|Jsa +y l'IJsa
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9. Source Reference—Leve 3

qua = l'I"sS

Y
2 l-IJsS

a=1+

V1 = Vig +Wgs + Y4/ Uss

a

ipdrite = (Vo = V) (Wep — Ws) _E( WUp — L|Jss)2

Strong Inversion—Level 3

a=1+——
2/PHI + Vg

VDS = (quD - LpsS)
. a 2
IDdrift = (VGS _VT)VDS _EVDS

Vi, = Vg +PHI + WPHI

Vi = Vi, +y(/PHI +Vs —/PHI)

V- -V
VDSsat= Ga L




10. Pinch-Off Reference — Strong I nver sion

. a

IDdrift = E|:(L|JSS - L|‘|sa)2 _( l'IJSD - l'|'§a)2:|
With Depletion-Region Approximation

VI = Cx(l'|Jsa _l'ps)

) 1

1Ddrift = Z(VISZ - VIDZ)

Strong Inversion (EKV)

Y, =PHI +nV,,

VP :LIJsa _Lpo
quD :VD +L|Jo
quS :VS +L|Jo

. a
IDdrift =E[(Vs _VP)Z _(VD _VP)2:|
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