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Gate

Drain

Source

Base

Collector

Emitter
FET

✓ 3 terminal device

✓ Channel e- current 

from source to drain 

controlled by the 

electric field 

generated by the gate 

✓ Extremely high input 

impedance for base

BJT

✓ 3 terminal device emitter 

to collector e- current 

controlled by the current 

injected into the base

FET X BJT (NPN)
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• In addition to carrier type (N or P channel), there are differences in

how the control element is constructed (Junction x Insulated) and

those devices must be used differently

Depletion mode junction FETs (JFET)
npn

pnp

npn

pnp
Metal oxide semi-conductor FET (MOSFET)

– depletion/enhancement mode

– enhancement mode

(insulated gate FETs, IGFETs, are the same as MOSFETs)

Types of FETs
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Physical structure of the enhancement-type NMOS transistor:  (a) perspective view; (b) cross section.  Typically L = 1 to 10 m, W = 2 

to 500 m, and the thickness of the oxide layer is in the range of 0.02 to 0.1 m.
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The enhancement-type NMOS transistor with a positive voltage applied to the gate.  An n channel is induced at the top of the substrate 

beneath the gate.
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An NMOS transistor with vGS > Vt and with a small vDS applied.  The device acts as a conductance whose value is determined by vGS.  

Specifically, the channel conductance is proportional to vGS - Vt, and this iD is proportional to (vGS - Vt) vDS.  Note that the depletion 

region is not shown (for simplicity).
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Operation of the enhancement NMOS transistor as vDS is increased.  The induced channel acquires a tapered shape and its resistance 

increases as vDS is increased.  Here, vGS is kept constant at a value > Vt.
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The drain current iD versus the drain-to-source voltage vDS for an enhancement-type NMOS transistor operated with vGS > Vt.
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Output characteristics

for an NMOS transistor with

Vtn = 1 V and k’n (W/L)= 25 x 10-6 A/V2
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Derivation of the iD - vDS characteristic of the NMOS transistor.



12

Field Effect Transistors

Electronics – Celso José Faria de Araújo, M.Sc.

p+

L

Source 

Gate 
Drain

Channel Region

Body 

N-Type Substrate

v   > 0
B

i
B

i
S

v
S

v   < 0
G

i
G

v   < 0
D

i
D

p+

 
Cross section of an enhancement-mode PMOS transistor 

 

 

 ID 

 G 

 D  S  

 

 ID 

 G 

 D  S  

 B 

The PMOS Transistor



13

Field Effect Transistors

Electronics – Celso José Faria de Araújo, M.Sc.

Output characteristics for a 

PMOS transistor with

Vtp = -1V and k’P (W/L)= 25 x 10-6 A/V2
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Cross section of a CMOS integrated circuit.  Note that the PMOS transistor is formed in a separate n-type region, known as an n well.  

Another arrangement is also possible in which an n-type body is used and the n device is formed in a p well.



15

Field Effect Transistors

Electronics – Celso José Faria de Araújo, M.Sc.

(a) An n-channel enhancement-type MOSFET with vGS and vDS applied and with the normal directions of current flow indicated.  

(b)The iD - vDS characteristics for a device with Vt = 1 V and k’n(W/L) = 0.5 mA/V2 (d) The iD - vGS characteristic for an enhancement-

type NMOS transistor in saturation.

(d)
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Channel Length Modulation
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channel length (by L).
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Effect of vDS on iD in the saturation region.  The MOSFET parameter VA is typically in the range of 30 to 200 V.
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Large-signal equivalent circuit model of the n-channel MOSFET in saturation, incorporating the output resistance ro.  The output 

resistance models the linear dependence of iD on vDS and is given by ro  VA/ID.
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The current-voltage characteristics of a depletion-type n-channel MOSFET for which Vt = -4 V and k’n(W/L) = 2 mA/V2: 

(a) transistor with current and voltage polarities indicated; (b) the iD - vDS characteristics; (c) the iD - vGS characteristic in saturation.
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-  usually neglected (  1/  =VA→)

- Q-point most often located in saturation for analog circuits
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( assuming the MOSFET to be

in the saturation region )

( two solutions → only one

is possible )

Ex: VDD = 10 V R1 = 150 k R2 = 100 k RS = 10 k

RD = 50 k k’n(W/L) = 50 A/V2 Vt = 1 V

Solution:  ID = 100 A VDS = 4 V

Bias Circuits 1
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Basic MOSFET current mirror.

Q1: I → V converter

Q2: V → I converter

If Q2 in saturation
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the transfer characteristic; and transfer characteristic.
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Example: VDD=10V;Vtn = | Vtp| = 1V ; k’n= 2 k’p= 20 A/V2

(W=100 m; L =10 m |VA|= 100V for both the n and p device)

IREF=100 A.
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The source follower: (a) circuit;  (b) small-signal equivalent circuit; and  (c) simplified version of the equivalent circuit.
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(a) NMOS amplifier with enhancement load;  (b) graphical determination of the transfer characteristic;  (c) transfer characteristic.
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The NMOS amplifier with depletion load:  (a) circuit;   (b) graphical construction to determine the transfer characteristic; and  

(c) transfer characteristic.
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Operation of the CMOS inverter when v1 is high: (a) circuit with v1 = VDD (logic-1 level, or VOH);  (b) graphical construction to 

determine the operating point; and  (c) equivalent circuit.
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Operation of the CMOS inverter when v1 is low: (a) circuit with v1 = 0V (logic-0 level, or VOL);  (b) graphical construction to 

determine the operating point; and  (c) equivalent circuit.
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Dynamic operation of a capacitively loaded CMOS inverter: (a) circuit;  (b) input and output waveforms;  (c) trajectory of the operating 

point as the input goes high and C discharges through the QN;  (d) equivalent circuit during the capacitor discharge.
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(a) High-frequency equivalent circuit model for the MOSFET;  (b) the equivalent circuit for the case the source is connected to the 

substrate (body);  (c) the equivalent circuit model of (b) with Cdb neglected (to simplify analysis).
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Determining the short-circuit current gain Io/Ii.
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When to use JFETs

✓ JFET have much higher input impedances 

and much lower input currents than BJTs.

✓BJTs are more linear than JFETs. 

✓The gain of a BJT is much higher than that 

of a JFET.
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