MOSFET transistor |-V characteristics
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Is the transistor in saturation region?
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Body Effect

The source and bulk will not be at zero volts all of the time
The p-type bulk will be connected to the lowest supply voltage for an IC
Discrete MOSFETs may have bulk tied directly to the source

-

But for ICs we can assume that there can be a posigyédV NMOSFETS
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Body Effect

 Positive \5g for NMOSFETSs tends to increasgence decreasq,Qor a
fixed VGS

Vs> Vi
VS>O — VDS >0
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Body Effect

- Modeled as a change in the threshold voltage as a functioggof V

- The source is, by definition for NMOSFET, at a lower positive potential than
the drain, which is why we use it as our reference voltage

Vi = Vi +V(,/20; +Vgp—,/20¢)

« SPICE will calculate this variation in threshold voltage, or you can over-ride
its calculation by directly specifyingamma
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Temperature Variations

- The threshold voltage varies with temperature due to carrier generation in tr
substrate --- tends to decrease with increasing temperature

- ~2mV for every 1°C increase

Vi = Vto+V(J2‘pf +Vgp—./20¢)

« K also changes with temperature due to change in mobility
- Tends to dominate temf_)eratuv\e/ varlatlonzfor lagge i
U SHC o T Ves— Vi)

« Will i p increase or decrease with temperature?
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Where is drain, where Is source?

f e

n-channel transistor p-channel transistor
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PMOSFETs

« All of the voltages are negative

 Carrier mobility is about half of what it is for n channels
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« The bulk is now connected to the most positive potential in the circuit

« Strong inversion occurs when the channel becomes as p-type as it was n-ty]
« The inversion layer is a positive charge that is sourced by the larger potentia

and drained at the smallest potential

« The threshold voltage is negative for an enhancement PMOSFET
- Note that the flatband voltage (which is negative) effects now tend to

increase the PFET threshold while they decreased the NFET threshold

|
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PMOS

The equations are the same, but all of the voltages are negative
Triode region:

Ves2[V]  PVbs=|Ves~V{

| 2 1 w TA
'p = Kl2(Ves=Vi)vpg ~Vpd Kl = SunCoxy [\,_2}

Ip IS also negative --- positive charge flows into the drain
Saturation expression is the same as it is for NFETS:

. _ 2

'D‘ = K[(vgs—Vy) ](1+)\‘VD§)
+V dd sat
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PMOS

- Characteristic appears to be the same, except that all of the voltages are
negative
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PMOS

- Butitis generally displayed as:

-Vps
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30 VGS:-Z.OV I\ID::Le:L5
20 ,
0 Vgs=-1.5V
0 Vgs=-1.0V

-10

Lecture 20-11




Depletion Mode NMOSFET

- Depletion mode FETs have a channel implanted such that there is conduction

« The operation is the same as the enhancement mode FET, but the threshold
voltage is shifted

« V1S negative for depletion NMOS, and positive for depletion PMOS

N+
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Depletion Mode NMOSFET

« Negative gate voltage is required to turn the channel off
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Depletion Mode NMOSFET

« The g Vs. \ggcharacteristic is still quadratic in saturation

W=1 micron
L=1 microns
Vt0= -2 volt 5
K ;=2e-5(AV )

Ips (MA)
N
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Examples

 Find the largest value thapRran have before the transistor fails to operate in

saturation
5V

="

R

S5kQ

-5V

V, = 2V
K. = 20uA/V°
L = 10um

W = 400um
=0
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Examples

« Find the drain currents and voltages for both transistors

10V

10kQ

M2

10V

15kQ

}7

_{I\/Il

V, = 2V

K. = 20uA/V°
L = 10um

W = 100um

A=0
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« What is the effective resistance of the transistor in the triode region?

10V

‘{

24.8kQ

Examples

V, = 1V
K = 0.5mA/ V
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Examples

« Select the R’s so that the gate voltage is 4V, the drain voltage is 4V and the
current is ImA.

10V 10V
V, = 2V
§ Re1 Ro K = 1mA/ VP

—{ A=0
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Examples

« Select the R’s so that the transistor is in saturation with a drain current of
1.0mA and a drain voltage of 5V

10V

4|

Ra2

V, = -1V
K = 0.5mA/
A =

Rp
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Examples

Solve for the drain current and voltage

20V
V, = -2V

32kQ K = 1mA/ VP
A =0

10MQ
4kQ
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