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®* |deal MS contact

K\ METAL-SEMICONDUCTOR CONTACTS O/
A

1. Intimate contact on an atomic scale, no layers of any type (oxide...) between

O component.
2. No interdiffusion or intermixing of metal and semiconductor

3. No adsorbed impurities or surface charges at interface

F

Work function

e = = .

Semuconductos
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l§ Metal workfunction

O
Semiconductor workfunction
X = {Eﬂ - E:]'I.iurl'm
Electron affinity
O

/3 v = 4.0 eV (Ge); 4.03eV (Si); 4.07 eV (GaAs)

%
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\l\? METAL-SEMICONDUCTOR CONTACTS O/
A

O Table 14.1 Electrical Nature of Ideal MS Contacts.
n-rype p-type
Semiconducror Semiconductor
l 1fyi Ohmic

O

Rectifying
_—
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O

METAL-SEMICONDUCTOR CONTACTS o/

P: (a) Construct the equilibrium encrgy band diagram appropriate for an ideal p-type
semiconductor to metal contact where ®,, < ®.

(b) Repeat part (a) when @, > ¢,

(c) Verify that an ideal MS contact formed from a metal and a p-type semiconductor
will be rectifying if ®,; < ® and ohmic-like if P, > d..

(d) Establish an expression for the barrier height, & = Eg, = E. . of the
rectifying p-type contact.



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Moetal

METAL-SEMICONDUCTOR CONTACTS
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O

METAL-SEMICONDUCTOR CONTACTS

(¢) Holc flow under bias must be examined to determine whether the given MS con-
tacts are rectifying or ohmic. Empty electronic states in the metal, which decrease
exponentially with energy below the Fermi level, can be thought of as holes for the
purpose of the discussion. For the ®,, < ¥ contact, there is clearly a barrier to hole

fiow in both directions under equilibrium conditions. Moving En,, upward relative
to Ey reduces the barrier 1o hole flow from the semiconductor to the metal. The
resulting S — M hole current is expected to increase exponentially with increased
separalion between £, and Ep5. Reversing the bias blocks hole fiow from the semi-
conductor to the metal, leaving only a saturating hole current from the metal 10 ihe

s
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METAL-SEMICONDUCTOR CONTACTS o/

sr:micunduntm:. The B, < @, contact is obviously rectifying. For the b,, > &
contact, there 1s no barrier to hole Aow from the semiconductor to the metaT Mms
over, _lhe small barrier to hole flow from the metal 10 the semiconductor van-ishes i;'
£py is moved only slightly downward relative to Epg. The @, > P, contact js
concluded to be chmic-like, thereby compleling the required vﬂiﬁcatiunf

(d) Since

clinterfoce — En..{}

- ideal MS(p-type) contact
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Typical metals used are molybdenum, platinum, chromium or tungsten, and certain silicides

O

l (e.g., palladium silicide and platinum silicide)

The semiconductor would typically be n-type silicon

@)

® Built-in potential

%
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\ SCHOTTKY DIODES
\l\j Electrostatic variables in an MS (n-type) diode under equilibrium conditions

O ; E X

(E. — 'EF}FH

Equilibrium energy band diagram
L

O

gVp

:n1=“"'

NS
negalive charge
Charge density Electric field Electrostatic potential

p
- . : w
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K\ I -

In metal: Electric field and potential = zero =2 no need for consideration

O

In semiconductor (n-type):

rn-:Hi"'

% §-function of
negalive charge

Separating variables and integrating from an arbitrary point x in depletion region to x
=W, where ¢ =0

Similar to € field on n side in p*-n junction if x, = W
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\l\j ® Electric potential AN
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SCHOTTKY DIODES

\l\j ® Depletion width

Since V(0) = —(V, — V,)
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SCHOTTKY DIODES

_ | 211 .8)(B.B5 > 10— 14y 1/2
:[.-'E' - ]ﬂ—lﬁj{]n.ﬁ} {ﬂ.-'-‘l-i}

aNp o, _ (1.6 x 10~ 1°}10'6)2.34 x 10-3)
(I11.8)(B.B5 > 10-'4)
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SCHOTTKY DIODES o/
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T e semiconductor 1
—k Current Flow in a Schottky Diode
Erp -E - .

E, rorward Bios = Current is determined by

A majority-carrier flow across
(a) p*-n junction diode o« X5 o \ the MS junction:
L . 3 - Ers — Under forward bias,
P -n junction diode “FM E; . . . .

>, £ majority-carrier diffusion
Z 7

from the semiconductor
into the metal dominates

!

O — Under reverse bias,

majority-carrier diffusion
from the metal into the

semiconductor dominates
i

&

|

Schottky Diode = Majority Carrier Device

Spring 2007 EE130 Lecture 12, Slide 2 = Va
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SCHOTTKY DIODES

» V (volts)

65 1.0

— Sl (Schottky)

" | - . ]
= m N D g F )
~‘.--) '.IA — k — B % _'- '_ > - ey

— GalfAs (PN Junction)
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Schottky Diode Electrostatics

SCHOTTKY DIODES

Built-in “oltage

o=[Ps— (B, - Exxdsm|ia

Charge distribution
'p_"[gN"D 0= x<s W

o x SW

Electric ﬂe!d B
E(x) =-22D 7 x|

3

Potential

vix) = - 2D - 12

2E;
Depletion width

| 5 STH3
W=[ 23 (3 —»;;.]
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X, =W
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ZENER DIODES O/

Characteristics . .

* A Zener diode is always
reverse connected el o

Bias
When forward biased, its Region
characteristics are just —
like of ordinary diode e il
It has sharp breakdown
voltage, called Zener Seec Somcewn
voltage

' Reyerse
Constant Currert

Zenes Voltage

10 February 2014
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ZENER DIODES
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