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M-S and p-n Junctions

Minor current components

The Schottky effect

Abrupt p-n junction

Charge, potential, field and bands...

Graded p-n junction

Charge, potential, field and bands...
Epitaxial diodes

Current components and IVV-characteristics




Focus on Minority Components
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After: Rhoderick and Williams (1988) Metal-Semiconductor Contacts




Recombination in the Depleted Region




Hole Injection (Deep Recombination)




Schottky Effect — Barrier Lowering
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Abrupt pn-Junction Diodes

Recipe

—

SMV 14xx
Skyworks

Diffuse from a
constant source

Clean-up
Deposit metal
Contact

Features

Building block
Control of Capacitance
Low forward drop

Lower reverse bias
leakage

Minority carrier device



Abrupt Junction via Diffusion
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Distance from the top surface
« Can be manufactured by counter-diffusing a surface region

« In a constant source diffusion N, can be rather high while keeping
the L, short — an approximation of abrupt p*n junction




Charge, Field, Potential and Bands




Graded Junction via Diffusion
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« Can be manufactured by counter-diffusing a surface region

* In alimited source diffusion N, can be distributed within a
smoother profile with a longer diffusion length.



Charge, Field, Potential and Bands




Epitaxial Growth Si-on-Si, CVD

There are a number of different methods that can achieve
epitaxial growth — MBE CVD, LPE, PLD, however, the
most popular for Si epilayers is the CVD (silane process).

The main reactions are as follows:

Si+ 3 HCl — SiHCl; + H,

4 SIHCI; — SiH, + 3 SiCl,
The decomposition of SICl, carried by H, over the silicon
wafers results in epilayer growth at temperatures > 1200°C.

Silane is rather pirophoric — especially when mixed with
nitrogen. It irritates the eyes and is rather toxic — with lethal
concentrations below 1 %.

Doping is achieved by admixing gases such as PH; and
AsH, — also extremely toxic.



Epitaxial Diode
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Recipe

 Oxidize
« Diffuse from a
— constant source
Features
Epitaxial Layer| . Building block
Avoids the necessity for a very thin base ~ * Low series resistance

The epitaxial (greek: emitaéio) layer needs * Low forward drop
only be several micrometer thick « Lower reverse bias

The secondary junction formed (say nn*) leakage
Is normally perfectly ohmic « Minority carrier device




Abrupt Junction In an Epilayer

p-type n-type epilayer n*-type substrate
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Distance from the top surface
 Can be readily manufactured, provided epitaxy is available

« Since the diffusion of the pn-junction is executed after the epitaxial
growth — the nn* transition is actually rather smooth




Static, Zero-bias Considerations
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Static, Biased Considerations
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Current Components
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