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304 Metal-Semiconductor Contacts 

. The metal-overlap laterally diffused structure65 is basically a double 
(parallel) Schottky diode that does not involve a p-n junction, Fig. 38i. This 
structure gives nearly ideal forward and reverse I-V characteristics with 
very short reverse recovery time. However, the process involves extra 
oxidation and diffusion steps, and the outer n - ring may increase the device 
capacitance. 

For certain microwave power generators (e.g., IMPATT diodes) one uses 
the truncated-cone structure,66 Fig. 38j. The angle between the metal 
overhang and the semiconductor cone must be larger than 90° so that the 
electric field at the contact periphery is always smaller than that in the 
center. This angle ensures that the avalanche breakdown will occur uni­
formly inside the metal-semiconductor contact. 

5.7 OHMIC CONTACT 

An ohmic contact is defined as a metal- semiconductor contact that has a 
negligible contact resistance relative to the bulk or spreading resistance of 
the semiconductor. A satisfactory ohmic contact should not signifi.cantly 
perturb device performance, and it can supply the required current .with a 
voltage drop that is sufficiently small compared with the drop across the 
active region of the device. 

We shall first consider specific contact resistance that is the reciprocal of 
the derivative of current density with respect to voltage. When evalu­
ated at zero bias, this specific contact resistance Re is an important figure 
of merit for ohmic contacts: 67 

- ( al )-i Re= - · av v~o 
(97) 

For metal-semiconductor contacts with lower doping concentrations, the 
thermionic-emission current dominates the current transport, as given in 
Eq. 49. Therefore, 

R _ k (qcf>on) 
c - qA *T exp kT · (98) 

In deriving this equation, we have neglected the small voltage dependence of 
the barrier height. Equation 98 shows that low barrier height should be used to 
obtain small Re. 

For contacts with higher dopings, the tunneling process will dominate, 
and the current is given by Eq. 54a. Then 

(99) 

J 
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Fig. 43 Theoretica l and experimental values of specific contact resistance. (After 
Chang. Fang, and Sze. Ref. 67; Yu, Ref. 68.) 

Equation 99 shows that in the tunneling range the specific contact 
resistance depends strongly on doping concentration and varies exponen­
tially with the factor (<Jin,,/VNo). 

The calculated values of Re are plotted67· 68 in Fig. 43 as a function of 
1/v'N;;. For No;?: 1019 cm-3, R, is dominated by the tunneling process and 
decreases rapidly with increased doping. On the other hand, for N 0 $ 

1017 cm-3, the current is due to thermionic emission, and R, is essentially 
independent of doping. Also shown in Fig. 43 are experimental data for 
PtSi-Si and Al- Si diodes . They are in good agreement with the calculated 
values. 

Figure 43 shows that high doping concentration, low barrier height, or 
both must be used to obtain low values of Re. And these are exactly the 
approaches used for all ohmic contacts (Fig. 44). 
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Fig. 44 Low barrier height and/or high 
doping for ohmic contacts. 

It is difficult to make ohmic contacts on wide-gap semiconductors. A 
metal does not generally exist with a low-enough work function to yield a 
low barrier. In such cases the general technique for making an ohmic 
contact involves the establishment of a heavily doped surface layer such as 
metal- n + -11 or metal-p + -p contact by various methods, such as shallow 
diffusion, alloy regrowth , in-diffusion of a dopant contained in the contact 
material , double epitaxy , and ion implantation. For ohmic contacts on Ge 
and Si, Au- Sb alloy (with 0.1 % Sb) is first evaporated onto n-type semi­
conductors. These contacts are then alloyed at the corresponding eutectic 
temperature into the semiconductors under an inert gas (such as argon or 
nitrogen).~9 For GaAs and other 111- V compound semiconductors, various 
technologies have been developed for the ohmic contacts.70 A summary 
is listed in Table 5. 
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fable 5 Ohmic Contact Technology for 111- V and Mixed 111-V Compound 
Semiconductors 

Alloy 

Es Contact Temperature 
III- V (eV) Type Material Technique (OC) 

AIN 5.9 Semi-i Si Preform 
Semi-i Al, Al-In Preform 1500--1800 
Semi-i Mo, W Sputter 1000 

AIP 2.45 II Ga- Ag Preform 500--1000 
AIAs 2.16 II , p In-Te Preform 150 

II. p Au Preform 160 
11 ,p Au-Ge Preform 700 
II Au-Sn Preform 

GaN 3.36 Semi-i Al-In Preform 
GaP 2.26 p Au-Zn(99 : I) Preform, 

evap. 700 
p Au-Ge Preform 
n Au-Sn(62: 38) Preform 360 
II Au-Si(98: 2) Evap. 700 

GaAs 1.42 p Au-Zn(99: l) Electroless, 600 
evap. 

p In- Au(80: 20) Preform 
ll Au-Ge(88: 12) Evap. 
II In-Au(90: 10) Evap. 350--450 
ll Au-Si(94: 6) Evap. 550 
II Au-Sn(90: 10) Evap. 300 
n Au-Te(98 : 2) Evap. 350--700 

GaSb 0.72 p In Preform 500 
n In Preform 

lnP 1.35 p In Preform 
11 In, In-Te Preform 350--600 
II Ag-Sn Preform, 350--600 

evap. 600 
lnAs 0.36 II In Preform 

Sn-Te(99: 1) Preform 
InSb 0.17 II In Preform 

II Sn-Te(99: I) Preform 
GaAs1-xP., 1.42-2.31 p Au-Zn Evap. 500 

p Al Evap. 500 
II Au-Ge- Ni Evap. 450 
11 Au-Sn Evap. 450 

Al,Ga, - ,As 1.42-2.16 p Au-In Electroplate 400--450 
p Au- Zn Evap. 
p Al Evap. 500 
II Au-Ge-Ni - Evap. 500 
II Au-Sn Evap., 450--485 

electroless 450 
II Au-Si Evap. 

Ga, -, In,Sb 0.70--0.17 II Sn-Te Evap. 
Al, Ga, - , P 2.31-2.45 II Sn Preform 
Ga1 - , In,As 1.47-0.35 71 Sn Preform 
In As. Sb, - , 0.17-0.35 II In-Te Preform 
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Appendix H 

Properties of Ge, 
Si, and GaAs at 300 K 

Properties Ge Si GaAs 

Atoms/cm3 4.42 X 1022 5.0 X 1022 4.42 X IQ22 

Atomic weight 72.60 28.09 144.63 
Breakdown field(V /cm) ~ 105 ~ 3xtOS ~ 4 X 105 

Crystal structure Diamond Diamond Zincblende 
Density (g/cm3

) 5.3267 2.328 5.32 

Dielectric constant 16.0 11.9 13. l 
Effective density of 

states in conduction 1.04 X 1019 2.8 X 1019 4.7 X 1017 

band, N e (cm-3
) 

Effective density of 
states in valence 6.0 x 1018 1.04 X 1019 7.0 x 1018 

band, Nv (cm-3
) 

Effective Mass, m*/m0 

Electrons mT = t.64 mT = o.98 0.067 

mT = 0.082 mT = 0.19 
Holes mTh = 0.044 mTh = 0.16 m1h = 0.082 

mth = 0.28 mth = 0.49 m1h = 0.45 

Electron affinity, x(V) 4.0 4.05 4.07 

Energy gap (eV) at 0.66 1.12 1.424 
300K 

Intrinsic carrier 2.4 X 1013 1.45 X 1010 J.79 X 106 

concentration (cm-3
) 

Intrinsic Debye length (µ.m) 0.68 24 2250 

Intrinsic resistivity (0-cm) 47 2.3 X I(f 1Q8 

Lattice constant (A.) 5.64613 5.43095 5.6533 

850 
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Propertlea of Ge, SI end GeAa et 300K 851 

Properties Ge Si GaAs 

Linear coefficient of 
thermal expansion, 5.8 X 10-6 2.6 X 10-6 6.86 X 10-6 

t:.L/Lt:.T (0 C- 1
) 

Melting point (°C) 937 1415 1238 

Minority carrier 10-3 2.5 X 10-3 - 10-8 

lifetime (s) 
Mobility (drift) 

(cm2/V-s) 
3900 1500 8500 
1900 450 400 

Optical-phonon energy 0.037 0.063 0.035 
(eV) 

Phonon mean free 105 76 (electron) 58 
path Ao (A) 55 (hole) 

Specific heat 0.31 0.7 0.35 
(J/g-OC) 

Thermal conductivity 0.6 1.5 0.46 
at 300 K (W/cm-°C) 

Thermal diffusivity 0.36 0.9 0.44 
(cm2/s) 

Vapor pressure 1 at 1330°C 1 at 1650°C 100 at 1050°C 
(Pa) 10-6 at 760°C 1 o-6 at 900°C 1 at 900°C 
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