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» Specific Knowledge

* Engineering English — fundamental Knowledge for Specific
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Specific Knowledge 4 Logic Gates in CMOS

* Key Tech Words : CMOS
* Complementary Metal oxide Semiconductor
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Verilog {E 55 E
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Exercise EX 203 XEEH
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* EX 203-1:P191 Section 4.2 STE-102-402
* 4.2 Static CMQOS Design

e EX 203-2:P191 Section 4.2 STE-102-402
e 4.2.1 Complementary CMQOS

e EX_203-3:P192 STE-102-403 linel5 & T
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EX_203‘1 42 StatIC CM OS DGSlgn STE-102-402

* The static CMOS inverter discussed in Chapter 3 has excellent properties in many areas: low
sensitivity to noise and process variations, excellent speed, and low power consumption. Most of
those properties are carried over to more complex logic gates implemented using the same
circuit topology. Unfortunately, complex static CMOS gates. such as NAND gates with three or
more inputs become large and slow. Other design styles have been devised to address this issue.
In this section, we sequentially address the complementary, the ratioed, and the pass-transistor
logic styles, all of which belong to the class of the static circuits. This means that at every point in
time (except during the switching transients), each gate output is connected to either VDD or VSS
via a low-resistance path. Also, the outputs of the gates assume at all times the value of the
Boolean function implemented by the circuit (ignoring, once again, the transient effects during
switching periods). This is in contrast to the dynamic circuit class, that relies on temporary
storage of signal values on the capacitance of high-impedance circuit nodes. This approach has
the advantage that the resulting gate is simpler and faster. On the other hand, its design and
operation are more involved than those of its static counterpart, due to an increased sensitivity to
noise. The design and analysis of dynamic gates is discussed in the Section 4.3.



EX 203-2 4.2.1 Complementary CMOS  ste-to2402

» A static CMOS gate, as represented by the CMOS inverter of Chapter 3, is a combination of two
networks, called the pull-up network (PUN) and the pull-down network (PDN) (Figure 4.2). The
PUN consists solely of PMOS transistors and provides a conditional connection to VDD. The PDN
potentially connects the output to VSS and contains only NMOS devices. The PUN and PDN
networks should be designed so that, whatever the value of the-inputs, one and only one of the
networks is conducting in steady state. In this way, a path always exists between VDD and the
output F, realizing a high output ("one"), or, alternatively, between VSS and F for a low output
("zero"). This is equivalent to stating that the output node is always low-impedance node in
steady state. In constructing the PDN and PUN networks, the following observations should be
kept in mind:



EX_ 203-3 P192 STE-102-403 Line 15 & T

* A transistor (both NMOS and PMOS) can be thought of as a switch controlled by its gate signal.

* An NMOS switch closes when the controlling signal is high. A PMOS transistor, on the other hand,
acts as an inverse switch; that is, the switch closes when the controlling signal is low.

* The PDN is constructed of NMOS devices, while PMOS transistors are used in the PUN. The main
reason for this choice is that NMOS transistors produce "strong zeros" and PMOS devices
generate "strong ones". We can clarify this statement with the following simple example. Assume
that we try to discharge capacitance CL to GND through either an NMOS transistor (with the gate
connected to VDD) or a PMOS device (with the gate connected to GND). The NMOS transistor
discharges the capacitor all the way to GND (hence producing a strong zero), while the PMOS
device shuts off when Vout = |VTp| is reached (producing a weak zero). The former case is clearly
preferable. Similar considerations lead to the choice of PMOS transistors in the PUN.



Memo

2019/11/24

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

18 L EERMm

ZERB(HADHFNAL)
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

16



