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Introduction: What is a MOS Capacitor?

MOS Capacitor: Metal Oxide Semiconductorl! Capacitor

» Metal : metal or poly-silicon material

__Mj_i » Oxide : SiO, or high-k dielectric material

0 Capacitor Semiconductor : p-type or n-type
semiconductor material

* Importance of MOS Capacitors
» Essential for understanding MOSFET*!]
» Basic structural part of MOSFET

[1] Dragica Vasileska (2008), "MOS Capacitors Description," http://nanohub.org/resources/5087

*MOSFET : Metal Oxide Semiconductor Field Effect Transistor has a source and a drain as an
additional contacts to the gate contact as shown in the picture above.
For more information, refer to the following reference [2]

[2] Dragica Vasileska (2008), "MOSFET Operation Description," https://nanohub.org/resources/5085
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Introduction: What Can Be Measured in MOS Capacitors?

Capacitance-Voltage Characteristics!®!
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[4] S.-H. Lo, et. al., IBM Journal of Research and Development, volume 43, number 3, 1999
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What Can Be Simulated by MOSCAP? (input):

MOS Capacitor with different geometry

Single Gate Double Gate

Insulatar Semiconductaor [nsulatar semiconductar Insulatar

Gate insulatnrthickness:l:lznm Left gate insulator thickness: |:|Enm
Gate insulatar layer nodes: 4 ﬁ Left gate insulator layer nodes: 4 i‘
semiconductor thickness: I:IEI]I]nm semiconductor thickness: |:|5I]nm
aemiconductar layer nodes: |:|1I]I] i‘ semiconductar layer nodes: 25 i‘
Right gate insulator thickness: I:Iznm
Right gate insulator layer nodes: 4 i‘
m Sung Geun Kim > %@m @gf
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What Can Be Simulated by MOSCAP? (input):

R @ MOS Capacitor with different
Gate Ssul.aturddleltect;lc |.:|:|nstant. dopmg and matenal
emiconductar npmgtype(]\y% \i

Gate electrode: |n+ poly shﬂln J\
aluminum * Insulator dielectric constant
i+ poly silicon k
APPIY volisd® S . paly silicon — Gate electrode type
Insulator Semicg lungsten

-specifa-f workiunction Gate workfunction* specification
Semiconductor doping type

Semiconductor doping density

1E14

Te+168/cma

Doping (fcm3)
m
&

*Workfunction is the minimum energy that is
needed to remove an electron from a solid to a
point immediately outside the solid surface
-http://en.wikipedia.org/wiki/Work_function

1E17 ~
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What Can Be Simulated by MOSCAP? (input):

* Environment parameters

» Special parameters(charge density in the insulator)

Device ] Envirnnment]
bl |

Fized charge densty--gate-tsulator (focm3): 0

Ambient temperature: @0 300K

Initial waltage (4

Final voltage ()

Mumber of Yoltage Steps:

-

Interface trap charge density in gate igsulatar (/cm): 0

[ . CHARGE

Freguency for AC analysis:

PURDUE Sung Geun Kim
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[5]Deal B. E., Electron Devices, IEEE Transactions on, 1980
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What If You Just Hit the “Simulate” Button? (output):

; : i 1% about this taol
Device ] Parameters ] Enwrnnment] 2, ' f '
3 ; Questions =

¥l = -1.7000000E+00 V2 = 0.0000000E+00 E
kdodel: | 3ingle Gate - o o o
J3ing h Slmulatlon starts with
" the default input parameters“
Gate insulatnrthickness:l:Ian O-1__ _ . oo o - ————m oo
1 1] T 177EE-01 R{ 0O
Gate insulator layer nodes: 4 ﬁ 1 1 3. 510ZE+00 Ul 1;
) ) ) 1 1 2. 6TOSE-02 R{ 1
Gate insulator dielectric cnnstant:l:IB.EI 1 o+ 2 32099E-02 o 1
: : 1 g+ 2 T8LOE-04 R{ 1:
Semmunductnrthmkness:I:Iﬁﬂl]nm 1 3+ 9 ATEOE-04 ui 2
Semiconductor layer nodes: |:|1I]I] ﬁ %
: . 1
Semiconductor doping type:lp.type j colution For hiss:
Prewvious solution used as initial guess
Insulator Semiconductor o-itr i-itr  psi-ercor n-error p-error
1 1] T.9069E-01 R{ 0O
1 1 A. BTIZE+00 Ui 1
1 1 1. 3544E-01 R{ 1
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i_-% characteristic

CACox-Y characteristic

Energy band diagram (at VG = 0)
Electron density (at VG = 0)

Hole density {at VG = 0)

Met charge density (at V& = 0)
Electrostatic potential (at WG = 0)

Electric field (at V&G = 0)

Energy band diagram (at [ast applied hias)
Electron density (at last applied bias)
Hole density (at last applied bias)

Met charge density (at last applied bias)
Electrostatic potential (at last applied hias)
Electric field (at last applied bias)

Dutput Log

Covwenload

:::::::éf’

Capacil
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[C-V Characteristics]
Voltage characteristics

Gate capacitance vs

[C/Cox-V Characteristics] Gate capacitance
devided by oxide capacitance vs Voltage
characteristics

[Energy band diagram]
Fermi level diagram

Conduction/Valence Band,

[Electron density]
semiconductor

electron density in the

[Hole density]
semiconductor

hole density in the

[Net charge density] p=q (N,—-N,+n-p)

[Electrostatic potential] : V = const-g°E,
[Electric field] : E = -VV

p : charge density

N,/N,: acceptor/Donor density
n/p : electron/hole density
g : electron charge

Ec conduction band edge

E : electric field

V : electrostatic potential
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Output characteristic
i[5
— Accumulation®

<_ Inversion!®]
Input @D 1 Se-0B —
1E18 5
E Csentrsons
E ] 2
§1E1?—_ Gﬁ“@ L:a._;e 1e-05 —
= 3 (]
8 Doping decrease £
| = )l
U -
1E16 - Doping decrease
_ se-07 —
Doping |

Ciot| va=o deCrease

[5] Mark Lundstrom (2008), "ECE 612
Lecture 3: MOS Capacitors,"
http://nanohub.org/resources/5363
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Example of Simulation (if the doping is changed)
C../C,./C

: total/oxide/dep letion capacitance

C . 1 C . gS C . gox depl
ot 1 N 1 779 W, T d | |€ex ! & s dielectric constant of oxide/semi conductor
C., CDelol W, :depletion width, d_, : oxide thickness
Wj, increase — C,,, decrease —C,,, decrease
Result: |Hole density (at VG = 0O - | | ] |'
=
S | ——C
Te+18 — L‘: i | oX
[l == Cen
2 Doping decrease 8 1 '| ||
5 i ! :
I i . Doping decrease
(]
té . & ~WD l-
v
5 C,,;: decrease
| EI!I | D!E | EI!B | I:I!-'Jf | EI!S

Fosition (urm)
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C,./C,,/C; :total/oxide/semicond uctor capacitance
&,, | €5 - dielectric constant of oxide/semi conductor
W, : depletion width, d_, : oxide thickness

d., increase — E_, decrease

1.5e-05 —

Te-08 —

Capacitance (Ffocme)

Se-07 —

CV Characteristics
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Gate valtage (W)
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2e+07 — \

|
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Increasing oxide thickness

= 1
@ {e+07 —
L
L]
: _dv AV,
= ‘on‘_ —
LLI
| dx d,,
|:|_
T T T T T T T T T 1
0 0.002 0.004 0,005 0.008 0.01

Fosition {um)

Electric field at the last applied bias
L4
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What is PADRE?: the simulator behind MOSCAP

PADREI!S] : classical drift-diffusion simulator

 PADRE simulates the electrical behavior of devices under
steady state, transient conditions or AC small-signal analysisl’.

Poisson equation

Self consistent simulation

Drift-diffusion equation

[6] Dragica Vasileska; Gerhard Klimeck (2006), "Padre,” DOI: 10254/nanohub-r941.3.
[7] http://nanohub.org/resource_files/tools/padre/doc/index.html
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Limitations of the MOSCAP Tool

« MOSCAP does not model guantum mechanical effects
» Confinement of carriers in the semiconductor
» Tunneling from the gate to the semiconductor

« MOSCAP does not have sequence plots — users cannot
see what happens in the intermediate steps between V;=0

and the last applied bias*  Energy band diagram (at ¥G = o)
Energy band diagram (at [ast applied bias)

« MOSCAP does not allow users to choose the frequency for

AC analySiS* Freguency far AC analysis: |low - |
high
|

* These features may be upgraded in the next versions.
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