Metal

Insulator
v (oxide)
tOX SOX
Semiconductor
Substrate
ET4 296, 2007 - 2008
| } | _
T I E-field —
p-type h+ +
_T = = = o .
d ¢ T E-field  — vy
i T+
+ + 4+ + + l
|t Efield |
+ + + + + 4+ —
p-type +

ET4 296, 2007 - 2008

Accumulation T

layer of holes




h+l E-field
p-type

X4

\_ ]
T /
p-type

Induced negative space T

charge region

ET4 296, 2007 - 2008

‘ +

|

oO—+4

Negative
voltage

ASSIIIIMAIRIINEN

Oxide

applied

Oo——

Positive
voltage

o R S

applied

ET4 296, 2007 - 2008

Induced space charge region




- Inversion layer of electrons

7 [

v - E

v = ¢

7 C ----------- Er
oC—Y Oxide 7————————— Er
“Large” 2 EV
positive | p-type
voltage

= Xar {

ET4 296, 2007 - 2008

Thickness of the depletion layer

Definition of the potential, ¢,: @, = Er—Ee _k_T|
(S] €

Start with the Poisson equation: d® ¢ _d_E __P

dx’ dx &,
The electric field: The potential:
d_E ,0 :E(X) —X+C d¢(X) E(X):>¢(X) —de_ix +C
dx & 2 £, 2¢,
E(x,)=0=C, :—gﬁxd #(x,)=0=C, =—2ix§

S

_ Py vV
#(x) = 2. (x=x4)

S

E(x) =2 (x—x,)

S

So: Thus:

For (p = —eN,) the surface potential, ¢,
becomes:
eN_x? 2¢e
h,=90) - DX = x, - 200
S eNa
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7=300 K

Maximum depletion width, x_- (um)
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metal oxide p-type semiconductor

Definition work function difference: ¢, = ¢, — dwem
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Work function difference I

E
From previous figure follows: @, = & — beerm = Pnm —(;{ +7g+¢fpj

In the book is defined that: G =P — X
X'=x—x

...and in that case the work function difference becomes:

— A ' Eg
¢ms _¢m _(Z +7+¢pr
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Work function difference I

E
From the band diagram follows: eg, +V , = e;(+7g+e¢fp —ed,,

Rewriting this gives: V_,+ @, = -4,

The same result is found using the definition for ¢, and »' in the book.
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Flat-band voltage I

= That applied gate voltage at which the bands in the
semiconductor are flat

Seen before: accumulation, depletion, or inversion, dependent
on the applied voltage.

Flat band: in between.

Evac __________ - T Evac
e¢m e¢sem V B E'(:m) . E'(:sem)
= ke e
EF = ¢m - ¢sem = ¢ms
metal oxide semiconductor
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Applying a bias on a MOS-capacitor

...taking into account the voltage drop over the oxide...

In case no bias is applied: V ,, + @.o = —@rns

We now apply a bias and compare the new situation with the
situation in which no bias was applied:

VG = AVox + A¢s = (Vox _Vox0)+ (¢s - ¢SO)

:VOX + ¢S + ¢ms
In the case of the flat-band condition the surface potential, ¢,, is
equal to zero, so:

VFB :VG :Vox + ms
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Charge in the oxidel

— Thus far it appeared that for flat-band \I/G _.
condition the drop over the oxide was i Q'ss
equal to zero. '

— In practice on fixed charge (usually H ]
positive) is present on the Q'm: i Q,
semiconductor-oxide interface due to L
broken or dangling bonds.

Relation between V,, and charge \,/G - VlFB

distribution: V,, =Q,,/C,, i Qs

For flat band: V , = Q. = Qs o

QL o

...and s0: Vg =@, — C

0X
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Influence charge in oxide on VFBI

p-type
Metal Oxide semiconductor
QlSS
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Threshold voltage |

Definition threshold voltage: the bias required to get the MOS-
capacitor in strong inversion, ¢, = 24,,for a p-type semiconductor.

Charge neutrality: Qy; +Q/ =|Q%, (max)|

Because: Vg =V, +¢,+9,
= Vi =Vor + 2¢fp T Prns

¢s = 2¢fp
' 1
Further: | Vr = (é—n;: = C_OXQQISD (max)| - Q'ss)
Q'mT inss t
H " So: VTN = (|QéD (maX)| o Qs,s )[ gox j—i_ ¢ms + 2¢fp
3 0xX

|Q’sp(Max)| = eNXgr
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Gate (G .
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D
'
n+ n*

G ~—B

p }TS

T—OSubstrate or Body (B)

N-channel enhancement mode device: MOSFET not in inversion
for Vg = 0V, in other words, transistor is switched off.
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Source (S) I Gate, () IDrain (D)

D
n* n+
G B
p
S

T—OSubstrate or Body (B)

N-channel depletion mode device: MOSFET in inversion for
Vg = 0, in other words, transistor in switched on.
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L g

Space charge
regions

Induced electron
inversion layer
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Channel conductance, gdl

I, =env.W
=enu,EW

= ‘Qr; Hn

= ngDS

Vos
L

Here, Q' is the surface charge density in the inversion layer
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Transconductance I

1.C
— n~ox \/
g ~ 8' 5 N gmL L DS
6VGS 9, = ol D(Sat) — W:unCox (VGS _VT)
Vs L

Note that the transconductance is dependent on the geometry
of the device
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VDs(sat)/: Vgs— Vr

VGSS > VGSG

VGS4 > VGSS

VGSB > VGSZ

Vese > Vs

Ves1>Vy=0

VD5 -
W
Non-saturated part: |, = %%[ZNGS —V; Vs —VDZS]

Saturated part: I, = W%I?W(VGS -V,)?

ET4 296, 2007 - 2008

n-channel
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VDs(sat)/: Vgs— Vr

VGSZ > VGSl

Vs> 0

Vgs=0

Vesz <0

VT > VGS4 > VGSB

—
VDS
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Bias on the substrate I

— Note that the source-body junction is reverse biased, thus
that Vg = Vs— Vjis positive!!! (with respect to the n-type
region).

— A large reverse bias across the source-body junction
induces a larger depletion region (compare with a one-
sided diode).

The charge difference, AQ’;,, to achieve inversion becomes:

Q4 (max)=—eN,x,; =—./2ee,N, (2¢,,)

QéD = _ENaXd = _\/zegsNa(2¢fp +VSB)

AQhy =265 N, |20y +Ves —+[26 |

ET4 296, 2007 - 2008
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The threshold voltage becomes:

AV, = — AQéD _ «IZngNa [\/2¢fp +Vg _\/2¢fp]

C

0ox

ET4 296, 2007 - 2008

Charge distribution with a bias on the substratel

M 0] S
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Vgs § rds
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V'gs
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Ve _
=
Se °

Iy = ng’s
d 'g ' , :>|dzi gs:gr’nvgs
Vgs =Vgs+(gmvgs)rs =(1+ gmrs)vgs 1+gmrs
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Frequency limiting factors I

— Transit time: time required

to drift across the channel.

This time is determined by the saturation drift velocity and
this is not the limiting process.

— Charging time of the gate.
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Charging time of the gatel

C
—— 1 —
K

Ge D
v, Coer Ri=Vy
_ gmvgs a
Se

l; dT Iy
s

Ii = ja)CgsTVgs + ja)cng (Vgs _Vd)

+ ja)ngT (Vd _Vgs): 0

ags

Vd
digV
T On

L

Eliminate V4 |, = jw{cgﬂ +ng{

1+ gm RL
R A
1+ joR Cyer

...and because JaR| Cyqr << Ll; = jo[Cyr +C 4y (1+g,R, )]\/gs
%’—/

CM

In saturation ng = 0 (channel near the drain) and the capacitance
(and thus the frequency response of the device) is determined by

the overlap capacitance ngp.
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Cut-off frequency I

I, l,

—_— —

G oﬁ D
+
CgsT CM
Vis R,
gmvgs .
S e Cut-off frequency defined

by |14/} = 1, so:

I I

= = f, = = n
- = -
27 (Cyir +Cy) 27(Cyr +Cy ) 27C,

In case the MOSFET is in saturation and there are no overlap
capacitances, then: Cy, = 0 and Cy; = C, WL and thus:

f = Hy (VGS _VT)
! 2712

Iy
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