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Lecture 9:
MS & Hetero-Junctions

(Chapter 9)

Schottky Barrier
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Reference level↓

Metal
N-type 
semiconductor

Metal work 
function→

SC work 
←function

In contact: 
Fermi levels 
align

Electron 
affinity→

Schottky barrier :  φB0 = φm – χ

Built-in potential barrier: Vbi = φB0 - φn
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Schottky barrier bias
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Reverse Forward

Ideal Schottky junction
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Ideal 
Schottky junction
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Ex 9.1 Ideal W to n-type GaAs M-S junction; Nd=5x1015/cm3. 
Find theoretical barrier height, built-in potential barrier, and 
maximum electric field for zero applied bias.  
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Ex 9.2 Find the GaAs doping concentration and Schottky 
barrier height for the W-GaAs diode in Fig 9.3 (slide 5).  

10/17/2012 ECE 415/515  J. E. Morris 7

        From Figure 9.3, 
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Schottky Effect (barrier lowering)
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Ex 9.3  Calculate the Schottky barrier lowering for a GaAs M-S 
contact for which the electric field in the GaAs is 
E=6.8x104V/cm, for reverse biases of (a) VR=1V & (b) VR=5V.  
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Interface States
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φB0 is not exactly φm – χ

More complete model:
Thin oxide (electron transparent)
Dit/cm2.eV surface states in semiconductor

Donor states below eφ
Acceptor states above eφ
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I-V characteristics
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Reverse current increases 
with VR due to barrier lowering

Breakdown→

Plot gives JsT and hence (Si) 
A*=114A/K2.cm2 for φBn=0.67V
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Ex 9.4  Calculate the ideal Richardson constant for a free electron.  
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Ex 9.5  Use the results of Example 9.5  to determine the forward 
bias voltages required to produce a current of 10μA in a W-Si 
diode of measured barrier height φBn=0.67eV and a P-N junction of 
Js=3.66x10-11A/cm2. Assume junction areas of 10-4cm2.
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Ex 9.6  A PN diode and a Schottky diode have equal c/s areas 
and forward bias currents of 0.5mA. The Schottky reverse 
saturation current is 5x10-7A. The difference between the 
forward bias voltages is 0.30V. Find the reverse saturation 
current of the PN diode.  
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M-S Ohmic Contacts:
Ideal non-rectifying barrier (N-type)
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Previous case: φm>φs, (Schottky diode.)    Consider now φm<φs (below).
No barrier to electron flow semiconductor → metal
Effective barrier height for electron flow metal →semiconductor is  φBn=φn (small)
Hence ohmic contact.
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Biased N-type Ohmic contacts
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M-S Ohmic Contacts:
Ideal non-rectifying barrier (P-type with φm>φs)
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Electrons flow metal → sc valence band, 
(or no barrier to hole flow sc valence band→ metal)

Barrier small for electrons → metal 



10/17/2012

10

Tunneling barrier
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Ex 9.7  Calculate the space charge width of a rectifying 
metal-GaAs junction. Assume Nd=7x1018/cm3 in the GaAs 
and that the built-in potential barrier is Vbi=0.80V.
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Contact resistance
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Heterojunctions
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Homojunctions → same semiconductor (e.g. GaAs) on both sides
Heterojunctions → different materials

e.g. GaAlAs system …. Vary composition to vary band-gap

“Straddling” most common, and considered below

“Anisotype” → different doping 
→ Np or Pn (where “N” or “P” indicates the larger bandgap material

“Isotype”       → Nn or Pp
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e.g. nP (Ge/GaAs)
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pP heterojunction
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nN GaAs-AlGaAs heterojunction
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Electrons flow to align EF’s
n-type GaAs ← N-type AlGaAs

Electrons in interface potential well

“2-D electron gas”
Quantized energy levels _|_ j’n
Free to move in 2D ║ junction 

GaAs                                    AlGaAs
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Approximate by triangular potential well
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V(z)=eEz  x>0

V(z)=∞ x<0

E0, E1

quantized 
energy 
levels

2D electron gas
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2D currents ║junction  high mobility 
since doping light

See also 9.3.4  junction electrostatics
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Ex 9.8  Find ΔEc, ΔEv, Vbi for n-Ge P-GaAs heterojunction at 
300K using the electron affinity rule. (ni=2.4x1013/cm3 for Ge.)
N-Ge: Nd=1015/cm3 P-GaAs: Na=1015/cm3.  
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   From Example 9.8, 70.0 E eV. 
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