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outline

V; Specification

Uniform Doping
Delta-function doping, x. =0
Delta-function doping, x. > 0
Stepwise uniform

Integral solution
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threshold voltage specification

1) lorr
largest value that
designers can live

with.

2) ION
smallest value for
required system

performance.

g 3) Vbp
smallest value
consistent with [/,
target.
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ITRS 70 nm node (HP)

High-performance logic: 2006 (70nm node - bulk planar)

i) physical gate length: 28 nm
i) EOT,..=1.84 nm

i) Vop=1.1V

V) Iore = 0.15 wA/um

v) lon=1130 uA/um

vi) V{(sat) = 0.168V )

> ITRS 2005 edition
www.itrs.net
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ITRS 14 nm node (HP)

High-performance logic: 2020 (14nm node - DG)

1) physical gate length: 5nm (28)

i) EOT,,.=0.9 nm (1.84)
i) Vpp=0.7V (1.1)
ivV) logr = 0.11 uA/um (0.15)
v) lon = 2981 uA/um (1130)
vi) V(sat) = 0.208V (0.168)

ITRS 2005 edition
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ITRS 70 nm node (LSP)

low stand-by power logic: 2006 (70nm node - bulk planar)

1) physical gate length: 28 nm

i) EOT,,,=2.63 nm (1.84)
(1.1V)

V) loge= 105 pAum  (0.15) V= 40%Vp,

v) lon = 500uA/um (1130)

vi) V(sat) = 0.515V (0.268)

lec

i) Vpp=1.2V

ITRS 2005 edition
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outline

1) V; Specification

2) Uniform Doping
) Delta-function doping, x. =0
) Delta-function doping, x. > 0

5) Stepwise uniform
)

Integral solution
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uniform doping

dE/dx=-qgN, /&g
E(x) a

Eg

Area =2/ ;—

* N, controls Wy, and Eg

* lighter N, gives bigger W, and smaller Eg

« I grelatively insensitive to N,
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uniform doping (ii)

W, controls short channel effects

need L/ mW,,, >2

E s controls threshold voltage

VT = VFB + 21/)3 - QDM /COX
= VFB + 21/}3 + gSiES /COX

both are set by the doping density

Wou = \/485in /gN, E;=gN,W,, /e, = \/4‘]NA1/)B /€
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uniform doping (iii)

High N, gives small Wy, and good short channel effects,
but V- may be too high.

Would like to control W;,, and V;independently.

Solution: non-uniform doping.
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outline

1) V; Specification

2) Uniform Doping

3) Delta-function doping, x. =0
) Delta-function doping, x. > 0

5) Stepwise uniform
)

Integral solution
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delta function at the surface

p(x) A gD,! (x)Cl/em’

D,: dose (cm-?)

WDM X

a ; >0 (As*, P*)
"0 B) y

Opy = —qN W, Clem”

(assume net p-type doping (Qg < 0)
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electrostatics

I'(X)

DS = gSiES = _QS Wl.)M X

Qs =0Qpy +9D,

-gN , 5
QDM = _qNAWDM Clcm

(assume net p-type doping (Qg < 0)
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electrostatics (ii)

E(X) 4 E(O+) =gN Wy, /&

-

> E ¢
8SiES = _QS

= (qNAWDM — qDI) /”
/ Wom

i Area = 2y,
Eg=E (0 ) B q@ did not change
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electrostatics (iii)

Wiy = 415" 5/aN, does not depend on D,

V=V +2! ;" (QDM + gD, )/COX

AV, = _qDI/COX

e R
1) select N, forL /mW,,, > 2

11) select D, tfor desired V.
\_ J
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outline

) V; Specification
2) Uniform Doping

) Delta-function doping, x. =0
4) Delta-function doping, x>0
5) Stepwise uniform

6) Integral solution
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delta function at x = x,

p(x)

gD,6(x) C/cm’

Q,, =—-gN,W,, Clcm’

(assume net p-type doping (Qg < 0)
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E(x) 4

electrostatics

| o
E(x) ’ : E(x) =f—p(x)dx/85i
I X
X
dE /dx="1]"

/ E < decreased

V- decreased
How is Wy, affected?
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electrostatics (ii)

dE /dx = p/e;,; solve by superposition
E'(x) 4
p(x) 1 W?M X Eg
[
_qNA WDM
- 1 1{gN W, \ A
/ : q
Yg=—EWp == o Wom
2 2 Eg
- y,
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P(x) 4

electrostatics (iii)

EN(x) 4
D,58(x,.) C/lem? X W
qD,0(x.) C/cm DM
X
! " _ .E” = — D
V‘I/DM > E. Egilg qr;
i [ =qD,\
7 —(q
wS=ES'xC=l\ c I)xc
9 o y
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electrostatics (iv)

21/’13 ='JJ§+1/JS =

2

/r_l/qNAWDM\W qDl

DM Xe
Esi i

-

gN ,

V.=V, +2¢y,+

=

1

0).4

2E..
Won = \/ = (27/)3 + gD, x. /8Si)

\/quAgSi(sz + gD, x¢ /851') -

~

gD,

(0).¢

/
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electrostatics (v)

-

)
Woy = \/ZESi (27/)3 +qD, x, /gSi)
gN ,

1 2,’.
V.=V._.+2! .+ S (21 +gDx. /") #
T FB B Cox\/qNA( p T qUXc Sz) C,.

o J

When x. > 0, both Wj,, and V; are affected, but when x. is

close to O, we get a large change in V;-and a small change
in Wpy
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outline

1) V; Specification
2) Uniform Doping
3) Delta-function doping, x. =0
4) Delta-function doping, x- >0

5) Stepwise uniform

6) Integral solution
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stepwise constant doping

dE /dx =—-gN, /¢,

>

NA(X)

X
S
WDM

Area = 2y,
Result: smaller Wj,, higher V. (than uniform doping)
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stepwise constant doping (ii)

N,(x)t

See Tau and Ning. pp. 178-181 for
the solution to Poisson’s equation

for this profile.
Nas  Eqn. (4.28) for V;

+ Eaqn. (4.29) for Wy,
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stepwise constant (mathematics)

N,(x)*
(Ng =N, )x0(xg /2)
N, | 4 - <
gD, = _Q(NS - NAB)'XS
NAB /
Xo =X /2
| »X \__ J
Xe As

Use delta function results for W, and V;
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retrograde doping

dE /dx =—-gN, /¢,
NA(X) ¢

Area!l 2"

Result: larger Wy, lower V; (than uniform doping)
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retrograde doping

NL(X) 4 ‘equivalent’ to a delta-function
of positive charge at x/2

N,, D, = (NAB ! NS)xS" (xS /2)
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ground plane doping

dE/dx=-qgN, /&g

Xs WDM
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ideal ground plane doping

NA — 00
E(x)
A Nse 0
Es Wi = X

EW,, =21,

1
EESWDM =21, (uniform)
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Ly = 27/}3 /WDM
(ground plane)

Eg=4y, W,y

4 )

\(uniform) Y
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delta doping

NA 4 Ax 21/}8 = Esxs
. <>
N, e E, < qNiAx
NAB N;AXZ 8Si2w8
O%s
! > X
Wou = Xg
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delta doping (iii)

light doping for low C,
—_ and junction low
leakage
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outline

1) V; Specification

2) Uniform Doping

3) Delta-function doping, x. =0
4) Delta-function doping, x- >0
5) Stepwise uniform

6) Integral solution
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integral solution to Poisson’s equation

dE/dx = —qN,(x)/ &,

0 Wp
f dE=—gifNA(x)dx

E(x)

—E(x)

St x

Wp
q
—g—fNA(x)dx

Si x

-

\_

E(x) = %fNA(x)dx

Slx

~N

J
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integral solution (ii)

Wp
P = —fE(x)dx
0

Wy Wp .

Yo = —f &NA(X’)dx’ dx
0 X ESi |

|\ J/ I_I_l

dv

fudv=uv—fvdu

4 W )
E(x) = ,i "N, (x)dx
" ST ox
\§ J
4 w )
P =ifo(x)dx
E€si %0
\ /
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integral solution (iii)

) N
E =L [ N ()
Esi %
Y
f 2
=i f xN (x)dx
81 0
N Y

see Taur and Ning, p. 177

integral of doping controls V;

first moment of doping
controls Wy,
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integral solution (iv)

WDM
q
2w3=8—fo(X)dx N, (x)= N,z + SN4(X)
Si 0
N W2 Wom
21/JB=q r Tow | 9 f X6 N, (X)dx
€5 2 €si %
Wong =D
49 f xON', (x)dx
gN 45 15,2 €si o
2, = e Wi + W
5 f ON' (x)dx
8 ~ Y XC
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integral solution (v)

iIdentical to previous results

Lundstrom EE-612 FO6

NA(X), 4 D

/
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outline

V; Specification

Uniform Doping
Delta-function doping, x. =0
Delta-function doping, x. > 0
Stepwise uniform

Integral solution
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integral solution (iii)

N
WDM
E.=L v N (x)dx
S0
J
4 N\

WDM

2 = i H XN (x)dx

\_

Si 0

J

see Taur and Ning, p. 177

integral of doping controls V;

first moment of doping
controls Wy,
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integral solution (iv)

q D
=8—f N(X)dx NA(X):NAB-F(SN;{('X)
Si 0
N W2 Wom
2! B~ q.. A4 "CI (y@#N ;(x)dx
Si 2 Si 0
WDM _DI
N . DM
21 5 = 4 ,.AB ngM t SZWDJS (yﬁngs( x)d
. O/t N (x)dx \
0
%
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AN
2¢g

Yy =

integral solution (v)

NA('X)A ? qDI
2
WDM _DIXC

WDM :\/

2/
gN ,

(2” s T aD,x. /!Si)

iIdentical to previous results
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