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Mohamed Osman
FETs are unipolar devices whereas BJTs are bopolar.
Unipolar because current flow is created by one type of carriers (either electrons for n-channel or holes for p-channel)

Mohamed Osman
JFETs are obsolete and MOSFETs are almost used everywhere nowadays.

MOSFETs have even higher input impedance and are more thermally stable.
 They can also be built smaller. n-channel MOSFETs do not need a negative gate voltage for control like n-channel JFETs. JFETs only work in depletion mode whereas MOSFETs can operate in both enhancement and depletion modes.

Gate leakage current in JFETs is order of magnitude higher than MOSFETs because although gate-to-channel pn junction is reverse biased there is still a very little reverse saturation current that accounts for a small negligible gate current.
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Mohamed Osman
Why does saturation physically happen?

Simply because for a fixed Vgs and increasing Vds, the channel width keeps increasing at the drain side and hence its resistance keeps increasing. So you reach a point until increasing Vds basically increases the driving voltage and the resistance by the same amount making the current flowing constant at saturation level.
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Mohamed Osman
Three regions of operation—> Vgs is always less than zero for an n-channel JFET

1) Cutoff:  Vgs<Vp   (complete pinchoff regardless what is Vds)
I_D = 0

2) triode or Ohmic region Vp < Vgs <0 and Vgs-Vds = Vgd  > Vp

In this region for small Vds values, the channel width is pretty linear along the channel between the drain and source and the control voltage is only Vgs. JFET acts as a voltage controlled resistor.

R prop wth 1/(Vgs-Vp)
conductance prop wth (Vgs-Vp)
Hence
I_D = const* (Vgs-Vp)*Vds

Rds = [(2IDss/Vp^2) *(Vgs-Vp)] ^-1
Without derivation relationship in triode region

I_D = IDss * [2(1-Vgs/Vp)Vds/-Vp - (Vds/Vp)^2]

3) Saturation
Vp<Vgs <0 and  Vgs-Vds = Vgd <= Vp —> Vds >= Vgs-Vp

Locus of pinch-off values that separates triode and saturation regions is given by
Vds_sat = Vgs-Vp

I_D = IDss * (1-Vgs/Vp)^2
Locus at which Vds=Vds_sat
 I_D= IDss/Vp^2 * Vds^2 (parabola)
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Mohamed Osman
Only in saturation which is the region of interest if operated as an amplifier
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Mohamed Osman
Arrow indicates current direction in the gate-channel pn juntion if it were to be operated in forward bias
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Mohamed Osman
Change  Rd from 2kOhm to 1.5kOhm to ensure device is in saturation
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