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Exercise: EX 110-1 p46 [STE-101-213]]

* 1ALV MOSFET D EARENEZFRAEND
c VIXREBE. I EER. TR FTHF orLre s v—z 64—+
* (2.51) 11542(2 X549 57)
Execisel
Answer following questions simply (long if you like ©).
 EX 110-11 What stands for Vbs and Ip?
« EX 110-12 What is the (electric) relation between Vbs and Ip?
e Due date : Wednesday
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* Figure 2.21 plots ID versus VDS (with VGS as a parameter) for an NMOS transistor. In the
triode region, the transistor behaves like a voltage-controlled resistor, while in the saturation
region, it acts as a voltage-controlled current source (when the channel-length modulation
effect is ignored). Also shown is a plot of ID as a function of VGS (with VDS a constant). As
expected a linear relationship is observed for values of VGS >> VT Notice also how the
current does not drop abruptly to 0 at VGS = VT. At that point, the device goes into
subthreshold operation. To turn the device completely off, the gate-source voltage has to be
substantially lower than VT Subthreshold conduction is discussed in more detail later in the
chapter, when we discuss some second-order effects in MOS transistors.

* All the derived equations hold for the PMOS transistor as well. The only difference is that for
PMOS devices, the polarities of all voltages and currents are reversed.
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THEDEVICES  Chapter 2 (2.51)
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Figure 2.21 plots I, versus Vpg (with Vgas a
the triode region, the transistor behaves like a voltage-controlled resi e in the sat-
uration region, it acts as a voltage-controlled current (when the channel-length
modulation effect is ignored). Also shown is a plot of /T, as a function of Vs (with Vpg
a constant). As expected a linear relationship is observed for values of V¢ >> V5 Notice
also how the current does not drop abruptly to 0 at V54 = Vy. Al that point, the device goes
into subthreshold operation. To turn the device completely off, the gate-source voltage has
to be substantially lower than V. Subthreshold conduction is discussed in more detail later
in the chapter, when we discuss some second-order effects in MOS transistors.

All the derived equations hold for the PMOS transistor as well. The only difference
is that for PMOS devices, the polarities of all voltages and currents are reversed.
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Figure 2.21 |-V characteristics ol NMOS transistor (W= 100 um, L = 20 um in a 1.2 pm CMOS technology).
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Exercise: EX 110-2 p47 [STE-101-214]
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e 2.3.3 Dynamic Behavior H CET=05HATHS

R _ Figure 2.15
« R—4y3IE MOS Structure Capacitors 1654 >
Exercise

Answer following questions simply (long if you like ©).

EX_110-21 Why is the capacitance issue for MOS (FET) beside the (bipolar)
transistor?

EX_110-22 What type of capacitances does MOS have?

EX_110-23 Is capacitance between Gate and Source variable?

Due date : Wednesday
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MOS Structure Capacitances

The gate of the MOS transistor is isolated from the conducting channel by the gate oxide
that has a capacitance per unit area equal to Cox = eox/tox. From the |-V equations, we
learned that it is useful to have Cox as large as possible, or to keep the oxide thickness very
thin. The total value of this capacitance is called the gate capacitance Cg and equals CoxWL.
This gate capacitance can be decomposed into a number of elements, each with a different
behavior. Obviously, one part of Cg contributes to the channel charge, and is discussed in a
subsequent section. Another part is solely due to the topological structure of the transistor.
This component is the subject of the remainder of this section.

Consider the transistor structure of Figure 2.23. Ideally, the source and drain diffusion should
end right at the edge of the gate oxide. In reality, both source and drain tend to extend
somewhat below the oxide by an amount xd, called the lateral diffusion. Hence, the effective
channel of the transistor Leff becomes shorter than the drawn length (or the length the
transistor was originally designed for) by a factor of 2 xd. It also gives rise to a parasitic
capacitance between gate and source (drain) that is called the overlap capacitance. This
capacitance is strictly linear and has a fixed value

Figure 2.23
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The gate of the MOS transistor is isolated the Ir:unducﬁng channel by the gate oxide
that has a capacitance per unit area equal 16 C,, = €,, / 1,,. From the I-V equations, we
learned that it is useful to have C,, as Ispuusihk: or 1o keep the oxide thickness
thin. The total value of this capaci is called the gate capacitance C, and
CoWL. This gate capacitance can be decomposed into a number of :!:m-:ntn. each
dlffcn:nl behavior. Obviously, one part of C, contributes to the channel charge,

cussed in a subsequent section, Another pnrt is solely due to the topological
the transistor. This component is the subject of the remainder of this secti
Consider the transistor structure of Figure 2.23, Ideally, the sourc
sion should end right at the edge of the gate oxide. In reality, both s and drain tend to
extend somewhat below the oxide by an amount x,, called the lareral diffusion. Hence, the
effective channel of the transistor L 4 becomes shorter than the drawn length (or the length
the transistor was originally dcmgnnd for) by a factor of 2x,. It also gives rise to a parasitic
capacitance between gate and source (drain) that is called the overlap capacitance. This
capacitance is strictly linear and has a fixed value iS4

Figure 2. 23

© Renji Mikami — Mikami Consulting / Meiji University 2019

(4118 (T

ar




Memo

2019/11/24

J40—7 Y7 URL (Revised)
http://mikami.a.la9.jp/meiji/MEIJl.htm

18 i EEEm

= LERI(HMDAHNAL)
Renji_Mikami(at_mark)nifty.com
mikami(at_mark)meiji.ac.jp (Alternative)
http://mikami.a.la9.jp/ edu.htm

© Renji Mikami — Mikami Consulting / Meiji University 2019

10



