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Day 204 Review : CMOS Technology
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Day 204 Review: Inverter to NAND/NOR &+
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Transmission Gate TYE A CMOS F/F

—=
C
N
D—pD 0
c c PMOS FET
h, OFF iy
CLK - | S lok T
D S C
3 — s - - Er NMOS FET
CMOS Y RA—RAL—TFFIL, bV A2y 3T —NTG) TELN TS 1 ON

TG . XEICHEBALTEEE#“FLAHEY  FEYHELT WS ¢ C



Transmission Gate XOR
B XOR

B
—4 M, |
— ]7 — A
A *

M, TM 8
i

A
Figure 4.23 Transmission gale XOR. ut}%_l!

P213 STE-102-408
Figure 4.23

Transmission Gate
XORM & s

2020/10/19 © Renji Mikami — Mikami Consulting / Meiji University 2019



TANTEIE& NAND £ 7/-IENOR MD3IZ THEERK A FEIR

%4.281 XOR % NAND TfE3

() Y=A-B+A-B

A .
Y=A*‘B+A-B

) =(A-B)-(A-8B)
B él (:;z

N— Ne—

G, G,
A N—
Gs
()
B
Y=(A-A+A-B)-(B-B+A+B) > opiey

A =A-(A+B):B-(B+A) 1—/\ u )l//;ii ]

* NAND / NOR
= E * PLA (Sum Of Product)

=G, &G, 212z B,



Exercise: EX 205 X & EH

c AXDUTDOR—%FFEL, XEZERNLTARETEEDS,
« IXFIRY AL FE->TEEWD ., ZORINIILT EXEFERT S,

s MR OEEGZET )Yy XF HAIEEMERERESREOIL,

e EX 205-1:P212 Line 14~ Transmission gates can be™~ 4.2 STE-102-407

* Transmission gates can be used to build some complex gates very efficiently.

e EX_205-2 : P212 Bottom 5lines: Another example ~ P213 Line 10& T

* Another example of the effective use of transmission gates ~ Figure 4.23
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* Design Issues in Static Pass-Transistor Logic Design
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EX 205-1:P212 Line 14~ Transmission gates can be™~ 4.2 STE-102-407

* Transmission gates can be used to build some complex gates very efficiently. The
simplest example of this type of circuit is the (inverting) two-input multiplexer
shown in Figure 4.22. This gate either selects input A or B based on the value of
the control signal S, which is equivalent to implementing the following Boolean
function:

. not F=(A*S+ B*notS) (4.15)

* A complementary implementation of the gate requires eight transistors instead of
SiX.

* Figure 4.22 Transmission gate multiplexer and its layout.



EX_205-2 : Another example of the effective use of transmission gates
STE-102-407 ~ 408

* Another example of the effective use of transmission gates is the popular XOR circuit
shown in Figure 4.23. The complete implementation of this gate requires only six
transistors (including the inverter used for the generation of not b), compared to the
twelve transistors required for a complementary implementation. To understand the
operation of this circuit, we have to analyze the B =0 and B = 1 cases separately. For B =
1, transistors M1 and M2 act as an inverter while the transmission gate M3/M4 is off;
hence F = (not A) and B. In the opposite case, M1 and M2 are disabled, and the
transmission gate is operational, or F = A and (not B). The combination of both results in
the XOR function. Notice that, regardless of the values of A and B, node F always has a
connection to either VDD or GND and is hence a low-impedance node. If this were not
true, the circuit would be dynamic, and an occasional refresh would be required to
counter the effects of charge leakage. When designing static-pass transistor networks, it
is essential to adhere to the low-impedance rule under all circumstances. Other
examples where transmission-gate logic is effectively used are fast adder circuits and
registers. Both circuits will be discussed in later chapters.



EX 205-3(1) : Design Issues in Static Pass-Transistor Logic Design
STE-102-408

Design Issues in Static Pass-Transistor Logic Design

* When designing transmission-gate-based devices, one has to be aware of a
number of design problems that are specific to that circuit class.

* 1. Resistance.

* A transmission gate is, unfortunately, not an ideal switch, because it has a series
resistance associated with it. To get an idea of the nature and value of this
resistance, let us analyze the design instance of Figure 4.21c, when charging a
capacitance CL from 0V to VDD, that is, when passing a 1 from input to output.
The resistance of the switch is modeled as a parallel connection of the resistances
Rn and Rp of the NMOS and PMOS devices, defined as (VDD - Vout)/In and (VDD -
Vout)/Ip, respectively, The currents through the devices are obviously dependent
on the value of Vout and the operating mode of the transistors.



EX 205-3(2) : Continued - Design Issues in Static Pass-Transistor Logic Design

STE-102-408

During the low-to-high transition, the pass-transistors traverse through number
of operation modes. As its VGS is always equal to VDS, the NMOS transistor is
either in saturation or off. The VGS of the PMOS is equal to VDD, and the device
changes from saturation to linear during the transient. When computing Ip and In,
it is important to incorporate the body effect. The operating modes of the
transistors for different ranges of Vout are summarized below.

Vout< |VTp|: NMOS and PMOS saturated.
|VTp| < Vout < VDD-VTn: NMOS saturated, PMOS linear.
VDD - VTn < Vout : NMOS cutoff, PMOS linear.
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