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Devices That Employ p-n and/or Schottky Diodes

- Photodiode
- Junction Field Effect Transistor (JFET)
- Metal-Semiconductor FET (MESFET)
- High Electron Mobility Transistor (HEMT) / Heterojunction FET (HFET)
- Bipolar Junction Transistor (BJT) / Heterojunction Bipolar Transistor (HBT)
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Principles of Operation

- Electrons flow from source (V   = 0V) to drain (V   > 0V) through the channel

- Applying a negative bias to the gate increases the thickness x   of the 
   depletion region, thereby reducing the thickness x   of the channel and
   decreasing its conductance (i.e., increasing R    )

- If V   is sufficiently negative such that x   = 0, no current will flow through device
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- At small drain voltages, current increases approximately linearly. As drain
   voltage increases, drain side of channel becomes narrower and current 
   increases at a lower rate and eventually saturates (more details below).

→

xw = t - Xd

Xd = (Gtf ( Vb; - Vo))
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( t - side p - n junction , Nas> ND)
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when VG = Vth (threshold voltage) , xw -
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so Xd = t

VTh=Vbi-9N¥t
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torsionally

Rch = f÷w → g = (qMnND)
' '

ID =¥n = (F) ' 9MnNDXw - VD
+ Derived above

Plugging in expression for xw :

ID-Goll-fff.IT/Vbi-Vo))HfV
where Go -_ Egg Mn Npt
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• Assume Lo long → apply gradual channel
approximation (i.e. , Ex and Eg are independent)

• In the channel under the gate , the potential 4 varies
as a function of y :

• 463=0 and locks) - VD

• Accordingly , xdcy) increases with increasing y
• xd (g) = Hsi - Vo - Olly)))" T

i.
. As V, gets larger :

T . . . . . . . . .
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• Xw decreases on drain →sat .

side of channel /:(• Rch increases
,
so ID is #

VG'

no longer linear M£63
. When xd(Lg) → t

,
Rch-20 → VD

Vknee
and current saturates Cubesat)
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• 0146) = knee when ×d(Le) - t :
FD

IDsat - . VGI

- t -_¥;dbi - Vo - Vknee))" Vcs
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(derivation in Muller ( Kamins)
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. How to fabricate a JFET
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MESFET (Metal-Semiconductor FET)
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MESFET with a Field Plate
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