N.CHEUNG EE143, S2006
Homework Assignment # 11 Solutions
Note:
|f | is sometimes labeled as [f | or [f 4| in equations (representing the value of [f ¢| for p-type and n-
type substratesrespectively )

Problem 1
(8 NMOS
_ 2106
[fe| =0.026 Inm =037V

Veg = fyg= 4.15—(4.15+0.56+0.37) = -0.93V

Vg at onset of strong inversion =2 [f¢| = +0.74V
2e,- 2v4 ,:1/21/2

Xgmax = ( N, )2=-0.22 mm

Qumax = Na* Xgmax = 4.4 101 q/cm?

Xox = 4.5 10%cm implies C,, = 7.7 108 Flcm?

dmax

_Q
Vox = C

=+0.91v

OX
\ Viy = Ve #Vg+Vp = -0.93+0.74 + 0.91 = +0.72V
(b) PMOS

Vg = 4.15 - (4.15+0.56 -0.37) = -0.19V
Vg at onset of strong inversion =-2 [fg] = -0.74V (. minus because of opposite charge of depletion region)

Q
Vox = - % =-0.91V (. minus because of opposite charge of depletion region)
OX

\' VTP = Vg +V4+V = -0.19-0.74 - 0.91 = -1.84V

Problem 2
£ 15=0.026 | 5 10° =0.332volts\ f,,c=-0.56-% Y=-0.892 volt
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_ s 1ng ) _oox
=} COX 2.33 10° F/lcm \ Xox Cox 2.33 108 F/lcm?2

b.) Phosphorus (donor dopant) implant will give a negative V1 shift.
DVy =1- (- 2) = 3vaolts (shifted from +1 volt to - 2 volts)

= 1480 A=148 nm

f
\ DV; =(—‘§'; by assuming all implanted phosphorus in Si areinside Si and localized at Si-SiO,

interface.
DV Cox 37 2.33 108
q 16101

\ Implant dosef = = 4.4 101/cm?



Problem 3

Cox=1.57 107 F /cm?

With Na=2* 10'%/cm3 and Nd=10"%/cm3
fn=0.35V

f p=0.37V

V1n=(4.15-4.15-0.56-0.37)+2* 0.37+0.45= +0.26V
V1p=(4.15-4.15-0.56+0.35)-2*0.35-0.3= -1.21V

Goal isto make Vyy (new) = -Vp (new) after threshold implant

The same implant will give identical V1 shift for both NMOS and PMOS.
Therefore V4 + DV = - (V1ptDV7)

We will find out later what specie is required from the algebraic sign of DV+.

DV1=(1.21-0.26)/2 = +0.475V
( + shift means p-dopant implant such as Boron)

0.475° 157" 107
1671019

Boron dose = = 4.66 ~ 101 /cm?2

Problem 4

(a) From the intercepts on the x-axis, V¢ (Vg =0) =1.5V, V4 (Vg=-2V) = 3.5V

2egN
(b)) DV =g [ (2f ol +Vep)Y? - (2If )2 ] wherethe body coefficient g = 3@‘
OX

N
Since |f 0.026 In (Talolo) and with Vgg =2V, we can solve for N, by iteration.

ol =
N ,~ 2 x 10%/cm3

(¢) Thesdopeof thel versus Vs curvesis mC, (W/L)Vpg= 10uA/V
With C,, =3 .45x 108 Flem?, WIL =10, Vps = 50mV
m, ~ 580 cm2/V-sec

Note: For carrier mobility of a MOSFET channel, one cannot simply use the mobility curves due to
dopant concentration. Scattering mechanisms at the oxide-Si interface usually reduces the mobility.
The rule of thumb is approximating the channel mability as % of the bulk mobility.

(d) Weknow V¢ (Vg =0) =1.5V

MCoxW
ForVg =10V, lpg=—5 —(Va-VT)? ~7.2mA.
Problem 5
Crin 1 CoxXdmax
a)—=— =0.52from graph = \ =0.923
( ) Cox grep Coxxdmax es
1+—=
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q Nxdmax 2 kT, Na

(b) e =A=27g I
Na
\ N =13 104
a
INT25 1010

By iteration, N,~ 1.5~ 1015/cm3

(©) V1 =-3V, C,,=1.33" 108 Flem?, If pl =03V

i AN |
FromVT=fMS—C—OX+2|fp| [+ Cor  fms =057V
Sincef =491V
\' gfy,=4.34ev
Problem 6

The narrow width effect is caused by the excess depletion charge in Si which the gate has to create outside
the W region (V- will go up as compared with the ideal case). Since the LOCOS structure (b) has the

most gradual rise of oxide thickness around the perimeter, the gate will have the most coupling with the
substrate Si to create excess depletion charges. The oxide cut (a) has an oxide slope of 90 °, the effective
coupling is less. For the oxide trench (c) , thereis no extra Si substrate next to the channel to create
excess depletion charge. Sructure (c) will exhibit the least narrow width effect.

The gate coupling to the Si substrate can also be visualized by the length of the dashed E-field lines (the
longer the lines, the less coupling). In terms of narrow width effect, ranking in decreasing order will be :
LOCOS, oxide cut, oxide trench.
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Problem 7

(@ Vgmax=8" 106Vv/cm 2" 10 cm=16V
(b) C,,= 1.725" 10 7 Flem?
With N_=10%6/cm3



If £ =0.35V

3[4 N V4 s
Viy = -0.56+ ff o + Ll - +0.07V
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(C ) Xdmax = qN

=310 5cm
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(d) Vg~ V;=5-0.08<V,=5V. Transistor isin saturation mode.
Ipsat = K[(Vg-V1)%/2] = 605mA

(€) A boron threshold implant will shift the V for more positive threshold voltageval ues.
DV;=qf/C,=16"101°"10%/1725" 10 "= 0.93V
New V1 = 0.93+0.07 = 1.0V

(f) Vg—V1=5-1.01 <V =5V. Transistor isin saturation mode.
Ipsat = K[(Vg-V7)%/2] =398mA
(9)

Cmax

MOSFEET

C-V will exhibit
low-frequency behavior
because inversion charge
can be supplied from

the S/D contacts Lo Cmin
! VG
V; =+0.08V
() Crmax = Co,= 1.725 7 10 -7 Flem?
1
L= - = 4 -8 2
Chin=C UC+ Xgrl®s 2.88" 10 °F/cm



