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Metal Semiconductor Contacts

« Majority carrier device
— High speed
+ Rectifying contacts

— High barriers
— Moderate doping < 1017 cm-3

« Ohmic contacts
— Low barriers or
— High doping
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Barrier Formation
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Barrier formation
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Barrier formation
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Barrier formation
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Barrier formation
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Barrier formation
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Shottky-Mott barrier

— Ogp =X -y +Eg
— Dgy + Dpp = Eg
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Schottky barrier height vs. metal work function
Schottky-Mott model
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Schottky Barrier formation
Bardeen model
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Schottky barrier height vs. metal work function
Bardeen model

1.6
L ACU
1.4 A Au
i EG B CDO A Mo .
12| ACr NI
’ a ¢pPd A pt
T e R
> i A -|r'
9 g
Z 08| AMn q
[a1]
& ()
06 BN _ ()
047 dq)M
L AMg
0.2
0.0 | | |
3 4 5 6
®,, (eV)

L4

Mittuniversitetet
i MID SWEDEN UNIVERSITY




General case

© Dy =Cy*Dy + C3
— C, =1 -> Schottky
— C,=0->Bardeen

Table 1 Summary of Barrier Height Data and Calculations of Interface Properties for
Si, GaAs, GaP, and CdS (After Ref. 14) |

- D, _
izx?dluctor z ¢; (V) x (V) (1013 feV cm?) g (V) qd/E,
Si 0.274£0.05 -0.52£0.22 4.05 2.7+0.7 0.30=0.36 0.27
GaAs 0.07£0.05 0.51£0.24 4.07 12.5£10.0 0.53+0.33 0.38
GaP 0.27+0.03  0.02+0.13 4.0 2.7£0.4 0.66x02  0.294
CdS 0.38+0.16 -1.17£0.77 4.8 1.6+1.1 1.5+1.5 0.6
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Schottky barrier formation on different

semiconductors
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Schottky barrier lowering
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_pergy-band diagram incorporating the Schottky effect for a metal n-type semicon-
itact under different biasing conditions. The intrinsic barrier height is gdg,,,. The
ght at thermal equilibrium is g @,,. The barrier lowerings under forward and reverse
¢ and Agy respectively. (After Ref. 10.)
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Charge transport
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Basic transport process
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Fig. 16 Five basic transport processes under forward bias. (1) Thermionic emission. (2) Tuu-
neling. (3) Recombination. (4) Diffusion of electrons. (5) Diffusion of holes.
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Basic transport process

« Thermionic emission
— The charge transport is limited by the emission over the barrier
* High mobility
 High barrier
 "unlimited” supply of carriers
 Diffusion

— The charge transport is limited by diffusion of carriers into the
depletion region
* Low mobility
* “Low” barrier
* Tunneling

— Main charge transport is by tunneling through the barrier
 High doping

2011-03-31 “

Mittuniversitetet
MID SWEDEN UNIVERSITY 19




Current voltage characteristics

- Thermionic emission

- D qVv
| =sAT2exn| — 9328 | | exo| ] 1
Xp( ij[Xp(nij J

-Thermionic emission diffusion theory
-A* replaced by A** taking effects of diffusion into account

L4




Current voltage characteristics

- General characteristics

-Expression for I, depends on type of charge transport
-Typically a combination

- Forward direction
- Barrier height and ideality factor calculated
from a plot of In(I) vs. V
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Current voltage characteristics

Below resolution Linear Series resistance
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Current-voltage characteristics for a T1 n-S1C Schottky diode
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Current voltage characteristics

- Reverse direction
- Current should saturate for thermionic emission

- Factors increasing the reverse current
- Schottky barrier lowering
| oc exp (V 1/4 )
- Interfacial layers in the barrier

| OCeXp(\/llz)

- Recombination current
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Reverse current for a SiC Schottky diode
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Current voltage characteristics

- Activation energy plot
| -
In| =& | =1In(SA" )+—ﬂ(v D)
T? T k

- Barrier height calculated from slope of a plot of

In(Iz/T?) vs. 1/T
- SA* calculated from intercept with In(I/T?) axis
- Two methods to measure:

1. Vary temperature and keep V constant
2. Measure saturation current at different temp.
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Current voltage characteristics

—e— p-type (d=200um)
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The capacitance of a Schottky Barrier
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The capacitance of a Schottky barrier

Depleted Undepleted
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The capacitance of a Schottky barrier

 The parallel plate approximation

1/2 —1/2
C:(ngNDj (VB, +V, ij
2 g

* Doping concentration
dac> 2
dV, qge.N,

 Barrier height

O, =-V. +k—T 1+In£|\| j
9 Np
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The capacitance of a Schottky barrier
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The capacitance of a Schottky barrier

The expression for the barrier height 1s valid for a device
with:

1. Uniform doping
2. Completely ionized dopants

3. Low series resistance
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The capacitance of a Schottky barrier

1. Non uniform doping

The local doping can be calculated from:

2 AC *

N (X, )=
(%) ge, A% AV,

The barrier height can not be calculated
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The capacitance of a Schottky barrier
Non uniform doping
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The capacitance of a Schottky barrier
Non uniform doping

0.98 [
0.97
0.96 |
0.95
> 1
~ 0.94
m -
0.93 [
0.92 1
0.91

0.90

00 02 04 06 08 10 12 14 16 18 20
V. (V)

Barrier height calculated from CV data for a diode on a

semiconductor with non uniform doping 2

Mittuniversitetet
MID SWEDEN UNIVERSITY




Frequency dependence of the capacitance on p-type 6H-S1C

9%10%0
Q‘\‘ A 10 KHz
7%1020 | “o,‘ --m-- 100 KHz
, ., - 1MHz
6+102° \
S ’
&) 5%102°
N ,
g 4%1020
3*1020
2%1020
1*10%°
0*102° | | | | | | | —
-6 -5 -4 -3 -2 -1 0 1 2 3
Bias voltage (V) V)

Mittuniversitetet
MID SWEDEN UNIVERSITY




Frequency dependence of the capacitance on n-type 6H-S1C
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Photoelecteric measurements
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Photoelectric measurements

- Photoelectric excitation over the barrier according to
the Fowler theory

R ~ (hv-®p)?
- This expression 1s valid for

(hv-®y) > 3kT/q
hv <Eq

- Excitation over the bandgap has higher efficiency than
Fowler excitation (~ 104)

- Backside illumination reduces response from straylight
&
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Photoelectric measurements

Photoresp®?
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Summary of barrier heights

Diode Dpey Pgproto  |Priv Ny DPgact  A¥act
Ti-n 0.97 0.98 0.97 1.03 0.97 187
Ti-p 2.04 2.03 1.85 1.09 1.96 113
Ti-sum 3.01 3.01 2.82 2.93
Ni-n 1.12 1.06 1.08 1.06
Ni-p 1.34 1.86 1.67 1.34
Ni-sum 2.46 2.92 2.75
Cu-n 1.52 1.44 0.95 1.03
Cu-p 1.22 1.60 1.36 1.13
Cu-sum 2.74 3.04 2.31
P0L-0331 &

Mittuniversitetet
MID SWEDEN UNIVERSITY 41




Schottky photo diodes in 6H-S1C

* T1 based Schottky diodes on n-type and p-type 6H-S1C
 Finger shaped structure
* Different doping on n-type
* Electrical characterization
 Barrier height
* Forward current
* Reverse current
 Photoelectric characterization
 Relative spectral response
« Comparison of response for different devices
« Simulation of the expected response
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Schottky photo diodes in 6H-S1C

Front contact

Back contact

- No dead top layer, only surface recombination
- Loss of active area due to the fingers o
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The mask

- Cell area: 120 x 220 pm?
- Device area: 100 x 100, 75 x 75, 50 x 50, 25 x 25 pm?
- Border width: 10 pum

&




The mask

- Finger width: 0.6 - 2.0 um

hadl STAREGIR, T EORL S
- Finger length: 100, 75, 50, 25 um @




Electrical characteristics

Np(NA) ®B CV ®B 1V N Ir@ - 10V
N1 75%1015 |0.98 0.97 1.08 <10 pA
N2 209*x1016 |0.89 0.92 1.14 0.4 nA
N3 27%1018 10.94 0.79 1.23 0.5 mA
N4 1.0%1017 10.94 0.84 1.17 18 pA
P1 16*%1017 [2.43 1.94 1.03 <1pA

N1: Thin epitaxial layer (1.6 um)
N4: High density of visible defects
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The Permeable Base Transistor

Etched groove Overgrown

B B B B N DA

I I I | Gate I I I I

|\|_
_ _
Source

- Vertical MESFET
- Current controlled by depletion around gate
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The Horizontal Mesfet

Source Gate Drain
I—GS I—GD
I «—> +—— I
Contactlayer(n+) T "'mmm
Channel layer (n) e Ia

Substrate (p- or Sl)

Back contact
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The Permeable Base Transistor

Channel width
Drain
Gate ‘ Channel length
Source
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The Permeable Base Transistor in 6H-Si1C

Gate contact Gate | /Dr\ai‘n
RS

mmm Metal (Ti) 7/ Epitaxial (Nd-10 19w Bulk (Nd-10 D3
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The Permeable Base Transistor in 6H-Si1C
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