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48521 FUNDAMENTALS of 
ELECTRICAL ENGINEERING

LECTURE 9A

The MOSFET
(Metal Oxide Semiconductor
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(Metal-Oxide-Semiconductor
Field-Effect Transistor)

MOSFET: physical structure
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MOSFET (n-channel): operation
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VGS ≤VT → ID=0

MOSFET (n-channel): operation

VGS >VTVGS >VT
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A channel opens
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MOSFET (n-channel): operation

Small VDS:Small VDS:
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Linear resistor

MOSFET (n-channel): operation
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MOSFET (n-channel): operation

Larger VDS:Larger VDS:

Near the drain
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Near the drain
channel shallows
→ ID saturates

MOSFET: output characteristics
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MOSFET: output characteristics
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FET: transfer characteristics
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FET: circuit symbols

p-channel devices:

5/5/2010
48521 Fundamentals of Elec Eng: 

The MOSFET 11

For n-channel devices, reverse the arrows

FET Model (Large-Signal)

Both FETs (JFET and MOSFET) can beBoth FETs (JFET and MOSFET) can be 
described by mathematically identical 
equations:
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FET Model (Large-Signal)
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MOSFET: biasing

Voltage dividero tage d de
Drain-Gate feedback
Current source
Self-bias
Zero-bias (depletion type only)
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MOSFET biasing:
voltage divider

RG = R1R2/(R1+R2)RG  R1R2/(R1 R2)
RG very large (~ MΩ)
iG = 0 →
→ VG = VDDR2/(R1+R2)
iG = 0 → iD = iS
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vGS = VG -iD*RS

vDS = VDD - iD*(RD+RS)

MOSFET biasing:
voltage divider

To find the operating point we usually

( )2
tGSD VvKi −=

To find the operating point we usually 
assume that the device operates in the 
saturation region, i.e.:
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tGSSDGGS VvRiVv >−= ;
But we also have:
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MOSFET biasing:
voltage divider
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MOSFET biasing:
voltage divider

Now, we have to solve for vGS:Now, we have to solve for vGS:
2)( tGSSGSG VvKRvV −+=

or

0)21( 22 =−+−+ GtSGSStGSS VKVRvKRVKvR
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)( GtSGSStGSS

This quadratic equation has two solutions; 
we must accept only vGS > Vt
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MOSFET biasing:
voltage divider

Once vGS is known, we calculate iD:Once vGS is known, we calculate iD:

( )2
tGSD VvKi −=

and  vDS = VDD - iD*(RD+RS)

5/5/2010
48521 Fundamentals of Elec Eng: 

The MOSFET 19

Finally, we must check if vDS > vGS - Vt

If not, the MOSFET is NOT in saturation !
Repeat, assuming triode (linear) region.

MOSFET biasing:
drain-gate feedback

Here vGS = vDSHere vGS vDS

In an n-channel enhancement 
MOSFET Vt >0
So, the saturation condition
vDS > vGS – Vt is always
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DS GS t
satisfied
vDS = VDD –RDK(vDS – Vt)2
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MOSFET biasing:
current source (mirror)
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