NEUB CSE 213 Lecture 9: Biasing of MOSFET
Body effect of MOSFET
It may not be obvious at first glance, but a transistor is a 4-terminal device. Gate, drain and source
are the 3 terminals that are used to control the transistor, but the bulk or body, if not properly
biased, may put the transistor inoperable.

Figure 1 PN junctions can be treated as diodes

The pn junctions defined by source-bulk and drain-bulk, which are basically two diodes, must be
reverse-biased to stop them from leaking current from the source/drain to the substrate. That
means that the source potential must always be equal or greater than the bulk potential. Since drain
voltage is always greater or equal than source voltage, we don't even consider the drain-bulk
junction.

Figure 2 The Body Effect

When VS>VB, the depletion width of the pn junction increases. That makes it more difficult to create
a channel with the same VGS, effectively reducing the channel depth. In order to return to the same
channel depth, VGS needs to increase accordingly.
The body effect can be seen as a change in threshold voltage and it is modeled as just that:
𝑉𝑇𝐻 = 𝑉𝑇0𝑛 + 𝛾 (√2𝜙𝑓 + 𝑉𝑆𝐵 − √2𝜙𝑓 )

(9.1)

where 𝑉𝑇0𝑛 is the threshold voltage when VSB=0, 𝜙𝑓 is a physical parameter (2𝜙𝑓 ≈ 0.6𝑉 for NMOS
1

and 0.75V for PMOS) and 𝛾 is a process parameter called body-effect parameter (𝛾 ≈ 0.4𝑉 2 for
1

NMOS and −0.5𝑉 2 for PMOS). For PMOS, the bulk voltage should always be higher than the source
because the pn junction is in the opposite direction (source p+ and bulk n−). Then, the threshold
voltage should be rewritten as:
(9.2)
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𝑉𝑇𝐻 = 𝑉𝑇0𝑝 + 𝛾 (√2𝜙𝑓 + 𝑉𝐵𝑆 − √2𝜙𝑓 )
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FET biasing
Some of the basic current relationship for FETs are given below
For all FETs:
𝐼𝐺 ≅ 0𝐴
(9.3)
𝐼𝐷 = 𝐼𝑆
(9.4)
For JFETs and Depletion-Type MOSFETs:
𝑉𝐺𝑆 2
(9.5)
𝐼𝐷 = 𝐼𝐷𝑆𝑆 (1 −
)
𝑉𝑃
For Enhancement Type MOSFETs:
(9.6)
𝐼𝐷 = 𝑘(𝑉𝐺𝑆 − 𝑉𝑇 )2
It is particularly important to realize that all the equations above are for the field effect transistor
only! They do not change with each network configuration so long as the device is in the active
region. The network simply defines the level of current and voltage associated with the operating
point through its own set of equations.

Fixed Bias configuration
Depletion type MOSFETs have characteristics similar to JFETs So before studying the MOSFET biasing
it is ideal to study JFET biasing.
Figure 3 below shows a fixed bias configuration for a JFET. It is one of the few FET configurations that
can be solved just as directly using either a mathematical or a graphical approach.

(a)

(b)
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The configuration of Fig. 3a includes the ac levels Vi and Vo and the coupling capacitors (C1 and C2).
Recall that the coupling capacitors are “open circuits” for the dc analysis and low impedances
(essentially short circuits) for the ac analysis. The resistor RG is present to ensure that Vi appears at
the input to the FET amplifier for the ac analysis. For the dc analysis,
𝐼𝐺 ≅ 0𝐴
And
𝑉𝑅𝐺 = 𝐼𝐺 𝑅𝐺 = (0𝐴)𝑅𝐺 = 0𝑉
The zero-volt drop across RG permits replacing RG by a short-circuit equivalent, as appearing in the
network of Fig. 3b, specifically redrawn for the dc analysis.
The fact that the negative terminal of the battery is connected directly to the defined positive
potential of VGS clearly reveals that the polarity of VGS is directly opposite to that of VGG. Applying
Kirchhoff’s voltage law in the clockwise direction of the indicated loop of Fig. 3b results in
−𝑉𝐺𝐺 − 𝑉𝐺𝑆 = 0
And
𝑽𝑮𝑺 = −𝑽𝑮𝑮
(𝟗. 𝟕)
Since VGG is a fixed dc supply, the voltage VGS is fixed in magnitude, resulting in the designation
“fixed-bias configuration.”
The resulting level of drain current ID is now controlled by Shockley’s equation:
𝑉𝐺𝑆 2
𝐼𝐷 = 𝐼𝐷𝑆𝑆 (1 −
)
𝑉𝑃

2

Figure 3 (a)Fixed Bias configuration (b) Network for dc analysis

NEUB CSE 213 Lecture 9: Biasing of MOSFET
Since VGS is a fixed quantity for this configuration, its magnitude and sign can simply be substituted
into Shockley’s equation and the resulting level of ID calculated. This is one of the few instances in
which a mathematical solution to a FET configuration is quite direct.

(a)

(b)

Figure 4 (a) Plotting Shockley’s equation (b) Finding the solution for the fixed bias configuration

In Fig. 4b , the fixed level of VGS has been superimposed as a vertical line at VGS = -VGG. At any point
on the vertical line, the level of VGS is -VGG—the level of ID must simply be determined on this vertical
line. The point where the two curves intersect is the common solution to the configuration—
commonly referred to as the quiescent or operating point. The subscript Q will be applied to the
drain current and gate-to-source voltage to identify their levels at the Q-point. Note in Fig. 4b that
the quiescent level of ID is determined by drawing a horizontal line from the Q-point to the vertical ID
axis. It is important to realize that once the network of Fig. 3a is constructed and operating, the dc
levels of ID and VGS that will be measured by the meters of Fig. 5 are the quiescent values defined by
Fig. 4b.
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Figure 5 Measuring the quiescent values of ID and VGS.

The drain-to-source voltage of the output section can be determined by applying Kirchhoff’s voltage
law as follows:
+𝑉𝐷𝑆 + 𝐼𝐷 𝑅𝐷 − 𝑉𝐷𝐷 = 0
And
𝑽𝑫𝑺 = 𝑽𝑫𝑫 − 𝑰𝑫 𝑹𝑫
(9.8)
Recall that single-subscript voltages refer to the voltage at a point with respect to ground. For the
configuration of Fig. 3b,
(9.9)
𝑽𝑺 = 𝟎𝑽
Using double-subscript notation, we have
𝑉𝐷𝑆 = 𝑉𝐷 − 𝑉𝑆
Or
𝑉𝐷 = 𝑉𝐷𝑆 + 𝑉𝑆 = 𝑉𝐷𝑆 + 0𝐵
And
𝑽𝑫 = 𝑽𝑫𝑺
(9.10)
𝑉𝐺𝑆 = 𝑉𝐺 − 𝑉𝑆
Or
𝑉𝐺 = 𝑉𝐺𝑆 + 𝑉𝑆 = 𝑉𝐺𝑆 + 0𝑉
And
𝑽𝑮 = 𝑽𝑮𝑺
(9.11)
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Self-Bias Configuration
The self-bias configuration eliminates the need for two dc supplies. The controlling gate-to-source
voltage is now determined by the voltage across a resistor RS introduced in the source leg of the
configuration as shown in Fig. 6.

(a)

(b)

Figure 6 (a) JFET self-bias configuration. (b) DC analysis of the self-bias configuration.

From the loop shown in figure 6b
−𝑉𝐺𝑆 − 𝑉𝑅𝑆 = 0
𝑉𝐺𝑆 = −𝑉𝑅𝑆
Since 𝑉𝑅𝑆 = 𝐼𝐷 𝑅𝑆
𝑉𝐺𝑆 = −𝐼𝐷 𝑅𝑆

(9.12)
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To solve this equation:
• Select an ID < IDSS and use the component value of RS to calculate VGS
• Plot the point identified by ID and VGS. Draw a line from the origin of the axis to this point.
• Plot the transfer curve using IDSS and VP (𝑉𝑃 = 𝑉𝐺𝑆𝑜𝑓𝑓 in specification sheets) and a few points
such as ID = IDSS/4 and ID=IDSS/2 etc.
The Q-point is located where the first line intersects the transfer curve. Use the value of ID at the Qpoint (𝐼𝐷𝑄 ) to solve for the other voltages:
𝑉𝐷𝑆 = 𝑉𝐷𝐷 − 𝐼𝐷 (𝑅𝑆 + 𝑅𝐷 )
(9.13)
𝑉𝑆 = 𝐼𝐷 𝑅𝑠
(9.14)
𝑉𝐺 = 0
(9.15)
𝑉𝐷 = 𝑉𝐷𝑆 + 𝑉𝑆 = 𝑉𝐷𝐷 − 𝑉𝑅𝐷
(9.16)
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NEUB CSE 213 Lecture 9: Biasing of MOSFET
Voltage Divider Bias
The figure below shows a voltage divider bias arrangement or JFET. It is to be noted that
𝐼𝐺 = 0𝐴
And that ID responds to changes in VGS
The gate voltage can be found using voltage division rule
𝑅2
(9.17)
𝑉𝐺 =
𝑉
𝑅1 + 𝑅2 𝐷𝐷

(a)

(b)

(c)

Figure 7 (a) Voltage Divider Bias arrangement (b-c) redrawn network for DC analysis

Using Kirchhoff’s law:
𝑉𝐺𝑆 = 𝑉𝐺 − 𝐼𝐷 𝑅𝑆
(9.18)
The Q point is established by plotting a line that intersects the transfer curve.

Increasing values of RS result in lower quiescent values of ID and declining values of VGS.
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Figure 8 Effect of RS on the resulting Q-point.
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The effect of RS on the resulting q-point can be shown in the plot below.
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Once the quiescent values of 𝐼𝐷𝑄 and 𝑉𝐺𝑆𝑄 are determined, the remaining network analysis can be
performed in the usual manner. That is,
(9.19)
𝑉𝐷𝑆 = 𝑉𝐷𝐷 − 𝐼𝐷 (𝑅𝐷 + 𝑅𝑆 )
(9.20)
𝑉𝐷 = 𝑉𝐷𝐷 − 𝐼𝐷 𝑅𝐷
(9.21)
𝑉𝑆 = 𝐼𝐷 𝑅𝑆
𝑉𝐷𝐷
(9.22)
𝐼𝑅1 = 𝐼𝑅2 =
𝑅1 + 𝑅2
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Bias configuration for depletion type MOSFET
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The similarities in appearance between the transfer curves of JFETs and depletion-type MOSFETs
permit a similar analysis of each in the dc domain. The primary difference between the two is the
fact that depletion-type MOSFETs permit operating points with positive values of VGS and levels of ID
that exceed IDSS. In fact, for all the configurations discussed thus far, the analysis is the same if the
JFET is replaced by a depletion-type MOSFET.
The only undefined part of the analysis is how to plot Shockley’s equation for positive values of VGS.
How far into the region of positive values of VGS and values of ID greater than IDSS does the transfer
curve have to extend? For most situations, this required range will be fairly well defined by the
MOSFET parameters and the resulting bias line of the network.
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Enhancement type MOSFET Biasing is not included in the syllabus but if interested you can find them in section
7.10 of Boylestad.
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1. Electronic Devices and Circuit, 11th edition, Robert L. Boylestad.
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