
Lab 02 : Extraction of MOSFET parameters

April 15, 2015

1: Extraction of the speci�c current Is

d(ln(ID))
dVs

= 1
ID
∗ dIDdVs

= gms

ID
......and thus weak inversion has the condition where slope of ID with VS is log linear and constant

The following two measurements are where the MOSFET is in saturation and use the 8if method to �nd ISpecific. In this
case because we are looking into the MOSFET source circuit we do not have to worry about slope factor n. Simply go to the
point where gms

ID
= 20 and read o� the current the divide by 8 to arrive at the speci�c current.

Vgate = 2.0 VD = 5 : ISpecific = 0.735 uAmp

Vgate = 1.7 Nominal Vt VD = 5 : ISpecific = 0.92 uAmp
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The triode region determination of speci�c current is a little more complicated. I used Vds=15mVolts which results in if = 3
and ir = 2 which is convenient in the last part of the calculation of speci�c current.

Vgate = 2.0 VDS = 0.015

VDS = 15mV

√
1 + ir + ln(

√
1 + ir − 1) = 2− 15mV

φt
= 1.42

Solving iteratively yields ir = 2

2√
1+ir+

√
1+if

= 2√
1+2+

√
1+3

= 0.535

Since:

gms

Id |max = 40

Thus we will look to where:

gm
Id = 0.535 ∗ 40 = 21.4 to read the drain current which is seen to be .687 uAmp.

In order to �nd the speci�c current we reuse the solution from above:

ID = (if − ir) ∗ ISpecific = 0.69 uAmp

(3− 2) ∗ ISpecific = 0.69 uAmp

ISpecific = 0.69 uAmp



Vgate = 1.7 (Nominal Vt) VDS = 0.015

Using the same reasoning as before with if = 3 and ir = 2 we will look to where:

gms

Id |Max = 0.535 ∗ 40 = 21.4 to read the drain current which is seen to be .687 uAmp.

In order to �nd the speci�c current we reuse the solution from above:

ID = (if − ir) ∗ ISpecific = 0.75 uAmp

ISpecific = 0.75 uAmp



1.2: Using the methodology described in reference[5] ( Unambiguous TH0 Extration) �nd IS
and VT0 of the MOSFET.

VDS = 26mV

√
1 + ir + ln(

√
1 + ir − 1) = 2− 26mV

φt
= 1

Solving iteratively yields ir = 1.5

2√
1+ir+

√
1+if

= 2√
1+1.5+

√
1+3

= 0.56

Since:

gm
Id |max = 18

Thus we will look to where:

gm
Id = 0.56 ∗ 18 = 10.4 to read o� the threshold voltage.

VT = 1.576

In order to �nd the speci�c current we reuse the solution from above:

ID = (if − ir) ∗ ISpecific = 1.21uAmp

(3− 1.5) ∗ ISpecific = 1.21uAmp

ISpecific =
1.21
1.5 = 0.8 uAmp



2: Extraction of VP

To �nd VTH0 read the value o� the graph where VS = 0. That value is:

VTH0 = 1.61

The value of the slope factor graph @VS = 0. above con�rms the results of the �rst lab experience where we saw slope factor
n > 2. I had doubts as to the veracity of this number until now. The slope factor is not constant in this con�guration. The
source is not tied to the bulk in this con�guration except where VS = 0 at the beginning of the sweep. Thus this plot starts at
n = 2.1 and declines from there.



Summary of Extracted Parameters

Speci�c Current

• Saturated values run approximately 0.9 to 1.1 uAmps

• Triode values run lower: 0.7 to 0.9 uAmps

Threshold Voltage

• Unambiguous extraction of parameters = 1.58 Volts

• 3ISpecific method = 1.61 Volts

• 8ISpecific method = 1.7 VoltsVS = 0.

The 3ISpecific method seems to be an accurate way of measuring the threshold voltage due to the levels but it is dependent on
an accurate value of speci�c current. I unfortunately did not think to vary ID + and - a small amount to test the sensitivity of
the threshold voltage to nominal speci�c current.

Slope Factor

• The subthreshold slope was measured in Laboratory #01 in varying degrees of weak inversion below threshold. Range
of values: n = 2 to n = 2.4 with increasing gate voltage. It seems the depletion region capacitance CInversion must be
increasing here to decrease the in�uence of the gate capacitor in this case. The source is maintained at the bulk voltage in
this method.

• The slope factor n measured by the 3ISpecific method was at a higher inversion level. Range: n = 1.6 to n = 2.0 as VS
decreased. The source voltage is being lifted up o� the bulk voltage in this method. Increased values of VSB appear to be
a�ecting something other than that which was a�ected by the grounded source measurement. I think that possibly CBulk
capacitance must be decreasing here to increase the in�uence of the gate voltage on the φSurface in this case resulting in
lower slope factor due to reverse bias. Due to time limitations I can not further investigate that at this moment.

• The source is not tied to the bulk with the 3ISpecific method. Thus the approximation n = 1 + CD

COx
will not be as valid.


