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(L) universimar MOS Capacity plus source + drain
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Current can not flow!

D = pos. charged donor
P A = neg. charged acceptor
+ = pos. charge (hole)
e = neg. charge (electron)

BAA+A+ A ATA [@&D
e A+ A+A A A AD

A+ A+ A A A+ A+A+ A"'A
A A+ A+ AT ATA LA ﬁAr
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TEnerye MOS Capacity
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Current can flow!

Inversion
<
o+ e
2R “A A “A A"A° DeDe
Sey, A AAAA ApeR
A+ A+ A B A+ ALA+ ATA
BAH A AT ATA LA R o
Z
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Transistor Behavior
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Sima Dimitrijev, Understanding Semiconductor Devices, Oxford University Press 2000
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The MOS FET

Terms:

- accumulation

- depletion

- inversion
-threshold voltage
- pinch of f

- saturation current

- triode mode
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1.3 Transistor equation

For the range V=0 to Vy=V;-V+ Pinch-Off at:
Vp =V = Vr
pee, W 2
o = (Vo =Vr WVo)-3(Vo)
> d, L { °oTARS 2l } From there on:
uee, W
Dsat — 2(;0)( L (VG _VT )2
Independent of V
5 s Yo =
&l - * ;‘f_\ 2.0+V
£ ’ E 15v
%@. - j?% 1.0V
S o - R 28 0.6V
y i SR
% 1 2 3 4 5 6 7 0 1 2 3 4 5
DRAIN VOLTAGE (V) GATE VOLTAGE (V)
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1.3 Transistor equation

For the range V=0 to Vy=V;-V+

1o = #05 B Ve~V Vo )= 3V, I

oX

Pinch-Off at:

From there on:
_ HEYE, W (

Dsat ~— 2dox L
Independent of V

VG _VT )2
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Derivation
: . €98 .W-L
Gate Capacity: Co = ¥
. _ AX
Capacity within: Ax AC =Cg -

Charge between

X; (X + AX) AQ = AC(Vg — V(X))
S o dVv
El. Field in x-Direction: E=—1+
dx
Velocity of the Elec- Ve 1y E - dav
trons in the channel * ~ “ "5~ g«
: Electron mobility
Charge carrier density ~_AQ
per unit length Px = Ay
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AQ dV _AC(V; —-V(x)) dV

Current: Io=p, -v= :
D =Px "V Ax Hdx AX Hax
Co-MX(Vg-V(X)) dV Cg-u v
I, =—C G p—=—C (Vg = V(X))—
D L - AX Hdx L ( e~V ))dx
L Vp Vp Vp
|D-jdx=CG'“ J'(VG—V(x))dV=CG'“-{J‘vedv_ J-V(x)dVJ
0 L 0] L 0 0]
C-- ene, W-L
I, L= GL“(VGVD—%VE%)z“dOr : (VoVp —1V2)

(0)4

So far threshold voltage V; not considered! Therefore: Vg —Vs—Vy

I, = ,UdgongI\_/ {(VG _VT )'VD _%Vtz)}

(0),4
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Drivation (3)

Pinch off at Vp =V —Vr
It follows
_ uege, W { 2}
o =008 Wiy Ve Ve Vo) (Ve — Vi)
(0),4
I, = Meotr Wi,y 2 | Independent of
2d
MOSFET Characteristic Transfer curve Vb
BF 3 Up =
4l 4_ 2.0+V
£ /4 & 15V
%@_ S — % 1.0V
%ﬂ - ——— T Al _ﬂE 0.3V
/- | o __F__ ] — :_;; — 0.1v
% 1 2 3 4 5 B 7 0 1 2 3 4 4
DRAIN VOLTAGE (V) GATE VOLTAGE (V)
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00X
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Pinch off at Vp =V —Vr
It follows
neqge, W 5
o = HE0E (Ve —Vr Ve = V)= (Vs — Vi P
00X
ket Wi, /)2 | Independent of
2d,, L
MOSFET Characteristic  Transfer curve Vb )
5 - With pinch-off s Up-
4l #_ 2.0+V
g \ E iy
%@_ - S _f@é 1.0V
2 E—— No pinch-off ---”?% 0.6V
| - — 18 03v
Mo L —1 ol
o 2 3 4 ] L] 7 5

DRAIN VOLTAGE (V)

GATE VOLTAGE (V)

Page: 22 LO6 © J. W. Bartha 2021 TUD INTERNAL USE ONLY!




Continue =)

TECHNISCHE
@ UNIVERSITAT
DRESDEN "SCT_S5520_06.06" 04:00

CHSEN

VIDEO } )

C/\MPUS

Drivation (3)

Pinch off at Vp =V —Vr
It follows
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e ARVA VARVA R\ YA
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(L) universimar Drain Current vs. Drain Voltage
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Ip = (neger /do)  W/L- (V- V1) - 3Vp) Vo

Vi ~d,, N, and Material
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