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Ideal MIS Capacitor, V=0
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MIS in Accumulation

Tilting of conduction
band (the insulator)
caused by the applied
electric field
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MIS in Depletion
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Depleted region, balance of
negative fixed ions in i
semiconductor and positive
charges in metal contact
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MIS in Inversion
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When increasing the applied voltage even more, the depletion
region stops to grow. Instead the minority carrier form a thin
layer close to the oxide interface. b
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Surface Space-charge region, p-type
semiconductor
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QWE S W, > WB, Weak inversion [electron enhancement, 7,(0) > p,(0)].
Sy, > 2y, Strong inversion [11,(0) > p,,, or N, 4]

w, <0 Accumulation of holes (bands bending upward).
w, =0 Flat-band condition.

| Vg™ Vs> 0 Depletion of holes (bands bending downward). | Strong inversion (min, condition, p
. i-level at mi L= E(0 0 0 . ’ ’

W= Yy, Fermi-level at midgap, £, = £(0). n,0) =p,() = 1 doped semiconductor), the surface .’
conc. of n = p level in the bulk
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Space charge density versus surface
potential for p-type silicon, p=4*101°> cm-3
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Charge distribution, E-field, potential
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Charge distribution, E-field, potential
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MIS CV-graph, p-type semiconductor
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Strong inversion, frequency behavior
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The depletion layer

0 The calculation 1s similar
as for a n™p diode
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Ideal MOS C-V graphs for different
oxide thickness
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Silicon MOS Capacitor, interface

traps
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Interface trap system
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Equivalent circuits including

interface-trap
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Interface traps influence on C-V

curves
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*High f C method
*Low F C method
*High and low f C method

*No theoretical calc
needed, see eq 49

*Conductance method
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Conductance method
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Properties for different orientation of

silicon

Or1entat1c}n Plancarea Atomsin Available Atoms/cm®  Available
of unit cell cell area  bonds in bonds/cm?
cell area

(1L J3a%/2 2 3 7.85x10  11.8x10™
""" (110) J2a? 4 4 9.6x101%  9.6x10'4
. (100) & 2 2 6.8x1014  6.8x101

<100> ~5*101Y cm
<111>~5*10!" cm™2

<111>~3*10!? cm, radiation damaged
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Variation of trap time constant versus

107 Interface traps have a
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Oxide charge influence on flat band
bias
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work-function difference effect on
flatband voltage
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Work function difference versus
doping for poly silicon and Al
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Real MOS Capacitance

Influence of material parameters on V-
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Carrier transport in MOS structure

Temperature and E-field dependence!
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Current-voltage characteristics of Au-Si;N,-Si capacitor at room temperature
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Avalanche injection of electrons into
the oxide (c)
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Breakdown voltage of MOS capacitor

1000

Hot carrier injection cause a
change in the components
characteristic
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Dielectric breakdown

Metal
Dielectric
Defects Bmaﬁdﬂwn Semiconductor
| path

Occur when a chain of defects forms
between metal and semiconductor
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Time to breakdown versus oxide field
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DE-detector
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Fig. 4. [V-characterization of an 8.8 um AE detector.

Fig. 1. Overhanging silicon dioxide edge in the detector

window. 3.510™

310" A

2510 /
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5107
-15 -10 -5 0
Fig. 2. Schematic sketch of the detector structure. Reverse Bias Voltage (V)

Fig. 5. CV-characterization of an 8.8 um AE detector.

Fig. 6. Distributed capacitances in the AE detector. C; is
detector window capacitance, C» side wall capacitance, C; edge
capacitance, and C4 metal oxide semiconductor capacitance.
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An example, from “Streetman”

EXAMPLE 6-1  An n*-polysilicon-gate n-channel MOS transistor is made on a p-type Si
substrate with N, = 5 X 10°cm™, The SiO, thickness is 100 Ain the gate
region, and the effective interface charge Q; is 4 X 10'° gC/em?. Find C,
and C,;, on the C-V characteristics, and find W,,,, V-3, and V4.

N, 5101
SOLUTION 4 — L g 0.0259 111—010 = 0.329 eV
q n; S X 10

1/2 12
edp 11.8 X 8.85 X 1074 x 0.329
u/m = O =2 R
gN, 1.6 X 1079 x 5 x 10"

= 4.15 X 107cm = 0.415 pm
From Fig. 6-17, ®,,, ® —0.95 V, and we have

Q; =4x%x10° X% 1.6 x 107 = 6.4 X 107 C/em?

;39 %885 x 1074
C=J- = 345 X 10”7 Flem?
d 01 %X 10

Vip = @, — Q/C; = —0.95 — 6.4 X 107°/3.45 X 107 = —0.969 V
Q= —qN,W,, = -1.6 X 107 x 5 x 105 x 4.15 X 107
= —3.32 X 1078C/cm?

Q 332 x 1078
Vi = Vo il oy REE g G e 00 b hieRe' 2 I SRR
L P Gy IE 345 X 107
118 XB Ry 10™
Gpagliiis —— = 2.5 X 10 Flem
W, 415 X 10~

CilGa 10348 26107 % 28,410
Ci+Cy 345%107 +25x 1078

=233 X 107 F/em?

. &
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