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Preface

Documentation of techniques for increasing the speed of

MOS circuits, evaluation of a specific technique and

application of the technique to existing and newly designed

CMOS/SOS circuits were performed. A 4x4 bit RAM, 2x4

decoder, two registers and read/write control logic were

designed and the precharge speed-up technique was evaluated

and simulated using SPICE2, to determine if it actually

increased the operating speed of circuits to which it was

applied. A methodology was determined for applying

precharging to existing circuits through application to a

previously designed portion of a CMOS/SOS ALU and to the

newly designed circuit elements mentioned above. Extensive

SPICE2 simulation indicated that precharging does increase

circuit operating speed, but must be selectively applied.

I offer a special thanks to Major W. Sutton, my thesis

advisor, for allowing me to take on this thesis project and

for his overall assistance and draft reviews. My

appreciation also goes to 2nd Lt. M.McConkey for his

valuable assistance in understanding the SPICE2 models. - .
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Abstract " L . - ,

Methods of increasing the operating speed of integrated

circuits were investigated and a reference to speed-up

techniques was generated. Precharging, a specific method,

was applied to existing and newly designed CMOS/SOS circuit

elements and evaluated SPICE was used for transient signal

timing analysis.

Precharging was applied to a test circuit, the first

bitslice of a previously designed ALU circuit and three

newly designed chip circuit elements, to determine its

effect on the operating speed of each circuit. Precharge

configurations of each circuit were then simulated with

SPICE.

-4d The results of this thesis research indicate that

precharging can be applied to both existing and newly

designed circuits, that it significantly reduces low-to-high

signal transition delays, if applied correctly, and, in

general, it has a detremental effect on high-to-low signal

transitions, and increases the associated delays. In

addition, the effectiveness of precharging is dependent on

the amount of current applied to the precharged nodes.

xix
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I. Introduction

A. Background

1. CMOS Technology

Complementary Metal Oxide Semiconductor (CMOS)

technology is characterized by low power consumption and

excellent noise immunity, while offering high integration

density and rapid circuit switching speeds when compared to

other technologies. CMOS originated due to requirements for

portable/low power systems for avionics and aerospace

applications. Although CMOS has a lower switching speed

than some technologies, specifically NMOS and bipolar, and

thus a lower maximum frequency of operation, its advantages

have made it the emerging technology for both military and

j & civilian applications for Very Large Scale Integration

(VLSI).

CMOS circuit performance can be improved as smaller

geometries are used. Circuit speed will be improved and

power dissipation reduced. However two basic limitations

exist; optical printing capabilities, since the wavelength

of light provides a lower bound on the dimension sizes used,

and the fabrication processes themselves which will call not

only for reduced lateral dimensions, but for oxide

thicknesses less than 20 nanometers. For these thinner

oxides, more "pure" manufacturing elements will be required

to maintain a minimum acceptable yield during the fabric-

ation process.

When comparing integrated circuit parameters, layout

.- .

............. .. ............................................. .•°S*i*.P !*.- *



density, speed-power product and gate delay are the primary

characteristics of concern to the circuit designer. A small

speed-power product can result in low power dissipation and

rapid circuit operation (associated with gate delay) and . . -

higher circuit densities become increasingly important as

VLSI applications and requirements become more advanced.

2. Silicon-On-Sapphire (SOS)

SOS technology uses sapphire as a substrate in place of

silicon in the basic MOS fabrication process. SOS has

increased in popularity since it offers the highest speed

power product of any silicon technology and can compete with

any other silicon technology in packing density. However,

the cost of the sapphire substrate has limited its use

primarily to military systems where its additional advantage

of low susceptability to radiation effects is of critical

importance. Optimum performance is obtained when SOS is

used with CMOS devices, where power consumption is minimal

and noise immunity is excellent. Speed can thus be

increased since the parasitic capacitance that exists when a

silicon substrate is used doesn't exist when sapphire is

used. SOS processing requires only a third of the steps

required for silicon substrate (bulk CMOS) and is less

susceptible to mask and oxide defects.

3. Factors Influencing Circuit Operating Speed

The two factors contributing to the speed of a circuit

1-2
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are: capacitance and resistance. Capacitance measures the
amount of charge that must be provided to a unit of area

before the voltage changes and resistance is a measure of

the ease with which current can be supplied to this given

area. The values of the resistance and capacitance of

certain materials and circuits is dependent on both the size

(length and width) of the materials used for a specific

application and on the process that is used for fabrication

of the circuit or chip. To increase the speed of the

circuit, the resistance or capacitance (or both) must be

reduced to minimize the resultant RC time constant delay.

The following data reviews some of the various approaches

used to affect speed changes in integrated circuits.

a. Fabrication Materials

Lower loading capacitances have been achieved

using insulators such as sapphire and gallium arsenide in

place of silicon for IC substrates. Use of sapphire has

resulted in higher clock frequency operation in large scale

integrated circuits and is believed to be based on the

reduction of long interconnect capacitances in data buses

and control lines. Medium scale integrated circuits using

gallium arsenide substrates have shown to have overall

higher switching speeds. Yuan et al [11, provided test

results upon comparison of silicon to both sapphire and

gallium arsenide substrates. Their studies indicated that

for line widths greater than 2.5 microns, substantial

1-3
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capacitance reduction could be achieved by use of sapphire

and gallium arsenide substrates. Propagation over inter-

connect lines with greater than 2.5 micron widths have shown

these positive results but little data is available on line

widths below this 2.5 level.

b. Fabrication and Processing

Dennard et al (2], have accumulated data on the

optimization of silicon gate MOSFETs for high performance

logic applications for both room temperature and liquid

nitrogen temperature operating environments. The principal -

factor affecting their success has been the optimization of

ion-implant techniques that have been able to achieve

lightly doped substrates, resulting in shallower junctions

for minimizing lateral diffusion under the edge of the gate

and the field oxide. Strict control of doping has permitted

fine adjustment of device and field region thresholds.

New developments in lithographic and etching techniques

have resulted in reduced feature size. An expected increase

in speed is associated with any reduction in feature size,

however this has been found to hold true for only small (low

density) circuits. As the size of a circuit increases due

to its complexity, the density of the chip per given unit

area increases. Since feature size reduction results in

less cross sectional area for line widths, hence reduced

drive current capability, the effect of reducing the feature

size with an increase in the density of the chip, is

1-4



expected to increase time delays. Device performance is no

longer expected to be the primary source of delay since the

individual transistors are expected to switch more quickly,

however interconnection delays are expected to dominate the

delay times. The distances that a signal will need to -

travel will be greatly increased relative to the feature

sizes of the circuits themselves.

c. Circuit Design and Layout

From the previous information, it appears that

improvements in the manufacturing processes are going to

continue to have a significant effect on the performance

of integrated circuits. However, circuit design methods can

be a more flexible approach to increase the speed of

I~e circuits. The circuit designer can modify an existing --

design or incorporate specfic techniques into an original

design as part of a routine design procedure, to attempt to

overcome or at least reduce the RC time delay within the

circuit.

"Bootstrapping", "charge pumping" and "precharging" are

terms used among circuit designers and rarely refered to

within available design literature, to refer to circuit

modifications and "hybrid" type circuits used to increase a

circuit's operating speed. The distinct lack of data

concerning these topics in technical publications and other

- literature implies a reluctance by circuit designers to

,.. .. disclose their personal "tricks" of the trade due to profes-
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sional (competitive) as well as other reasons.

In some cases, however, even though a particular method

may be frequently used and refered to by both individuals

and literature, no quantitative performance data in support

of this particular speed-up approach is presented or is

otherwise made available. As a result, the reader is left

with only the author's interpretation of the success of the

method and must speculate on its applicability to other

circuits.

B. Problem Statement

The purpose of this thesis is to investigate and

collect data on various techniques developed and implemented

to increase the operating speed of electronic circuits, and

to select a specific technique and demonstrate its

applicability to CMOS technology for VLSI applications by

determining the extent to which the circuit speed is

actually affected by the speed-up technique.

At this time, the only CMOS research performed at AFIT

was performed by Capt. W. Sommars, GE-83D, in his thesis [3]

which developed a CMOS/SOS cell library. Since AFIT

interest is primarily in SOS technology, this thesis will

involve only CMOS/SOS and will make use of the existing SOS

library.

Since time will not permit fabrication of the actual

chip and subsequent testing, a simulation will be performed

to determine the performance of the circuitry. However, the
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data package required for fabrication will be completed and

sent to MOSIS. Additional thesis work can then be generated p

to test the chip.

This thesis is intended to provide the VLSI circuit

designer with a consolidated source of information on the

analysis of circuit signal delays and a reference to

specific methods that may be used to increase the operating

speed of ciruits under design. Much of the available

literature refers to and uses specific speed-up techniques,

but the impact of the technique on the circuit's performance

is often assumed rather than specifically evaluated. This

project will also provide an evaluation of a specific

technique to prove or disprove its inherent worth for

application.

A secondary objective of this thesis is to actively use

the CMOS/SOS library previously designed by Sommars (31 and

extend the AFIT knowledge base in the CMOS/SOS area.

C. Assumptions

The following asssumptions were made to limit the scope

of this project:

1. The reader has an extensive understanding of the ' .

VLSI CAD tools at AFIT

2. The reader has a basic understanding of circuit

theory and transient signal analysis

- *3. The reader is familiar with Metal Oxide

1-7
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Semiconductor devices

" - D. Approach

The following approach was used for this thesis:

1. Evaluate transient switching as it pertains to

bipolar, MOS and CMOS circuits.

2. Evaluate the existing CMOS/SOS library and

become familiar with SPICE2, a circuit simulator

3. Perform a literature search for "speed-up"

circuits and techniques

4. Apply precharging to the first bitslice of

Sommars' CMOS/SOS ALU O'

5. Run a SPICE simulation on the modified

bitslice and the original ALU bitslice and compare the

timing results

6. Design a Memory/ALU Bitslice circuit modified

ALU and apply precharging to it where possible

7. Design additional library cells as required

to support the Memory/ALU Bitslice circuit design

8. Run a SPICE simulation on the Memory/ALU-

Bitslice circuit with and without precharging applied and

compare results

9. Design chip layout

E. Sequence of Presentation

. . Chapter II provides a review of basic CMOS circuits.

1-8
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Chapter III continues with a review of transient timing

analysis for bipolar, MOS and CMOS circuits. A review of

bipolar transistor timing is included to facilitate the

timing review, since most practicing engineers are more

familiar with timing analysis as it applies to the bipolar

transistor than to the MOS transistor. Chapter IV provides

data on speed-up techniques and circuits that can be applied

during the design process and presents the criteria for

selection of precharging as the technique evaluated during

this thesis. Chapter V presents the system designs for the

modified CMOS/SOS ALU Bitslice and for a Memory/ALU

Bitslice circuit that demonstrates an application of the

modified ALU bitslice and the use of precharging in a larger

circuit. Chapter VI presents the detailed design of the

circuits described in Chapter V. Chapter VII presents a

comparison of the results of a SPICE2 circuit simulation on

a test circuit, and the modified and unmodified ALU bitslice

circuits. Chapter VIII provides this authors conclusions

and recommendations for future projects.
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II. CMOS Review

The following sections provide a review of basic CMOS

circuits.

A. The basic CMOS element is a series combin-

ation of an N-type and a P-type metal oxide semiconductor

transistor as shown below in Figure II-1.

+V
dd

V V

in out

Figure II-1. CMOS inverter.

This circuit performs a logical inversion function. A metal

oxide semiconductor transistor is a device in which the

current in a channel between two electrodes, referred to as

the source and drain respectively, is modulated by the

voltage applied to a third electrode, referred to as the

gate, which is physically separated from the source and

drain by an insulating material. In the N-type transistor,

the majority carriers are electrons so that positive

voltage on the gate will increase the conductivity of the

channel. For gate voltages less than an established minimum

positive threshold voltage, the channel is cut-off and no

appreciable drain current flows. The operation of the P-

:Il-"



type transistor is similar to the N-type however, the

majority carriers are holes and the operating voltages of

the P-type device are negative. The threshold voltages for

" either type transistor can be controlled by the impurity

doping level of the channel during fabrication and is

therefore a design parameter of the transistor itself.

The basic operation of the circuit of Figure II-1 is as

follows: if Vin is at 0 volts, the P-type transistor is

biased on by a negative gate-to-drain voltage and the N-type

transistor is cut-off by a zero gate-to-drain voltage. The

output of the inverter then approaches +Vdd (the supply

voltage), since the N-type transistor causes an "open

circuit" to exist between the output and ground when it is

cut-off. If the input voltage is increased, the current in

the N-type transistor rises and the current in the P-type

transistor falls. The input voltage at which the two

transistors are in the constant current region at the same

time marks the active operating region of the inverter

circuit. As the input voltage increases beyond this point,

the output voltage falls to zero. Therefore for an input

voltage at or near the value of the supply voltage, the N-

type transistor will be turned on, bringing the output of

the inverter to ground potential and the P-type transistor

will be cut-off.

For either output state, the total current flow results

from the equivalent of a cut-off transistor since either the

* . N-type or the P-type transistor will be in cut-off
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permitting near zero current flow. This is the principal

advantage of using CMOS technology, since low current flow

results in low power dissipation. Current flows in the CMOS

circuit only during high to low or low to high transitions

as the circuit passes through the active operating region of

the transistors.

In order for one or the other of these transistors to

be turned off when the input is either high or zero, the

threshold voltages for the N-type and P-type transistors

must be positive and negative respectively so both

transistors must be enhancement mode types for correct

circuit operation. A transfer characteristic for the basic

CMOS inverter is provided in Figure 11-2. Where VT
P

and VT are the respective threshold voltages of the p-
N

type and n-type materials.

15

14-

13-

12

9-

V 5u I0-

4 ,

2lvv..._..
o I 1I I I I I I_

0 I 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 1?

Figure 11-2. Transfer characteristic for
CMOS transistor inverter [4].
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The single CMOS inverter may be extended to provide

NAND and NOR applications as illustrated in Figure 11-3 and

Figure 11-4.

+V
dd .-

V
out

V

V .

2

Figure 11-3. CMOS NAND circuit.

+V
dd

V
out

V V
1 2

Figure 11-4. CMOS NOR circuit.

In the NAND configuration, when all inputs are high, all N-

type transistors in series are in a conducting mode while

all P-type transistors are in cut-off. The line to ground

is closed and the output is low. In the NOR configuration,
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if any one of the inputs is high, the output will be shorted

to ground.

B. Four characteristics must be considered if a

specific transistor technology is to be used for design:

1. Speed of operation

2. Power dissipation/consumption

3. Ease of designability

4. Ease of integration

CMOS dissipates very little power as already stated, but is

not the fastest transistor technology. However, measures

can be taken to speed up its operation. This is the primary

effort of this thesis.

Ease of designability and integration then become

primary driving factors in the choice of a specific

technology. Conflicting opinions exist over the integration

capability of CMOS circuits since proponents of other tech-

nologies contend that twice as much area is required for

CMOS applications since both a P-type and N-type transistor

is required to implement even the most simple inversion

function, as compared to NMOS technology for instance, where

a smaller transistor/load transistor pair can be used for

the same function. However, Krambeck et al [5] have

developed a new approach in CMOS requiring the use of only a

single P-type device with mulitple N-type devices in their

domino logic cirucit. This approach has considerably reduced
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the requirement for chip area and threatens the design

community's universal acceptance of the factor of two

increase in chip real estate when using CMOS technology.

From the data available, CMOS is on an equal ranking with

other technologies as far as ease and flexibility of design

are concerned. CMOS offers standard cells for design that

leave the problem of compactness and density of design as a

function of the state-of-art as in the case of Very Large

Scale Integration (VLSI) applications, and as a function of

If CMOS is selected as a transistor technology to be used

for design, two basic types exist, CMOS bulk and CMOS

Silicon-On-Sapphire (SOS). Table I-i provides comparison

data on the advantages and disadvantges of bulk versus SOS

[1]"'-

TABLE I-1

CMOS/SOS versus CMOS Bulk

Advantages of CMOS/SOS Disadvantages of CMOS/SOS

Lower parasitic junction Parasitic edge leakage
capacitance

Lower power dissipation Back channel leakage
Lower propagation delay Floating substrate
Higher packing density - ChargeStorageeffect
Higher packing density
Higher punch through Reduced mobility -

voltage N channel
Reduced junction shorts Sapphire variability
Radiation hardened Thermal conductivity
Reduced "soft" errors Wafer Breakage -
Reduced Latch-up Thermal shock
Good scaling Commercial viability
Tolerant to Parameter

variations
Simplicity of design
Mixed technologies
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CMOS/SOS is characterized by better ease of design, better

control of threshold and punchthrough voltages, radiation

hardness and according to the available data has a factor of

two better power dissipation and propagation delay than its

bulk counterpart. The fabrication process however causes

many of the problems associated with CMOS/SOS. SOS is

subject to variable starting material characteristics and

planar substrates during processing, floating substrate

charging effects and "back-channel" leakage [1].

There is cause for concern among proponents of SOS

technology when CMOS is considered for VLSI application.

Present predictions and preliminary test results indicate

that as feature sizes decrease below the present state-of-

the-art (2 micron) that loading capacitances are expected to

increase in SOS to the point where bulk and SOS become

comparable in performance. Figure 11-5 provides

preliminary data on loading capacitance as a function of

feature size for both SOS and bulk [1].

C , -C , + 2 C , 2 C ,

20 -

4H 10C 0 " oS

201

15 2 3 .

* Feature S~z@ F (M,aon)

' i" Figure 11-5. Loading capacitance vs. feature size [1].,"
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The applications of CMOS in VLSI design is an emerging

field, however whether SOS or bulk technology is the most

advantageous appears to be a matter of preference at this

point in time since present efforts by industry seem to be

making bulk and SOS technologies more comparable and the

field is a competitive one.
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III. Circuit Delay and Timing Analysis

The following sections provide a review of timing

analysis with respect to bipolar, MOS and CMOS circuits.

For the reader who is not familiar with timing

analysis for basic circuits, this chapter begins with a

review of bipolar transistor timing (the most easily under-

stood analysis) and concludes by expanding the basic bipolar

concepts to MOS and CMOS devices switching theory and

reviews circuit propagation delay.

There are two types of delays that must be evaluated

for signals in circuits, switching delays that are charac- -

teristic of individual transistors, and propagation delays

associated with the transfer of a signal over an intercon-

nection line.

The section on NMOS circuits is intended to introduce

the reader to the switching delays associated with MOS

devices. A more detailed review is provided in the section

on CMOS devices.

1. Bipolar Transistor

The transistor can be used to closely

approximate a switch. A simple bipolar transistor is used

here for the purpose of simplifying the analysis and is

illustrated in Figure III-i.
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+VC(-!
*Vcc "

y

Figure III-i. Bipolar transistor [6].

Figure 111-2 represents the two ideal cases of transistor

operation, as an ideal open switch and as an ideal closed ..

switch.

a. b.

Figure 111-2. a. Bipolar transistor as an open switch
b. Bipolar transistor as a closed switch [6].

In Figure III-2a, when the transistor acts as an open

switch, no current flows. When the transistor acts as a

closed switch,shown in Figure III-2b, a high value of

current flows through the transistor to ground. In Figure

,- III-1, when the voltage on the base of the transistor is

111-2
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zero, the transistor is cut-off and no current flows,

similar to the ideal open switch case described above, and

the output voltage approaches the supply voltage, Vcc. If a

large enough voltage supplies enough current to the base to

drive the transistor into saturation, then the transistor

turns on and approximates the case of the ideal closed

switch. Current flows from collector to emitter and the

output voltage drops to an effective ground level. During

the time that the transistor switches from cut-off to satur-

ation, the transistor passes through its linear operating

range. If high speed switching is to take place, reactive

effects of the transistor in this region must be taken into

consideration. Three transistor equivalent circuits are

used when evaluating the switching characteristics of the

O transistor switch:

a. Open switch in the cut-off region.

b. An active region model as illustrated in
Figure 111-3.

c. A closed switch in the saturation region

The open and closed switch models have already been refered to.

E

Figure 111-3. Active region transistor model [6].
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There are three factors that affect the transition switchingK/

times (from high to low or from low to high) of a transistor:

1. Depletion region capacitances causing a

delay time

2. Diffusion capacitances and the Miller

effect capacitances causing rise and fall

times to exist

3. A storage time constant during which

time excess base charge is removed before

the transistor is permitted to drop from

its saturation region into its active

operating region

L' -

The response of a common-emitter bipolar switch to

a rectangular pulse is shown in Figure 111-4.

din

0

-Eff
I Time-l

Il w ) -- -- --- -.--- --

IC O, /CI..i"'

I I
0

.
1 1

Cu," __I I l

' I"---1T......-1r---- ------- --------- ------- ..[

Figure 111-4. Input waveform and response [6].
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The waveform is composed of a delay time, a rise time, an on

time, a storage time, and a fall time. The delay time is

defined as the amount of time required for the waveform to

rise to 10% of its peak value after the input changes. The

rise time is the time taken for the waveform signal to

rise from 10% to 90% of its final value. The turn-on time

is the sum of the delay time and rise time. The storage

time is defined as the sum of the saturation storage time

and the amount of time required for the waveform to drop to

90% of its peak value after the input changes. The fall-

time is the time required for the waveform to drop from 90%

to 10% of its peak achieved value. The turn-off time is the

sum of the storage time and the fall time.

If the input to the base of the transistor is less than

the required minimum turn-on voltage of the transistor, then

the circuit will be cut-off since no current will flow. If

the base terminal is driven with a negative voltage,

Voff, for a specified period of time, then it will charge

the base-emitter and base-collector depletion region , -

capacitances Cbe and Cbc respectively. If the input

voltage is then changed to a positive value, the voltage of

the base will not be able to change immediately and will

approach the turn-on voltage of the transistor at a rate

controlled by the capacitance values Cbe, Cbc and the base

resistance Rb. The transistor will not turn on until the

minimum turn-on voltage has been achieved on the base. The

time lapse between the application of the positive input to
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the base and the time when the transistor actually turns on

is the passive delay time. As the base voltage changes, the

voltage across the depletion-region capacitances changes in

a non-linear manner. For high frequency transistors the

depletion region capacitance is defined as the average

value of capacitance determined from the total change in

charge on the capacitance as the voltage varies from one

value to another, divided by the total voltage change,

and is approximated by the equation (6]:

1.5k 2/3 2/3C ------------ 1(t V S)V ) I Ell":'
(V'-V)

where is the barrier voltage, k is a constant, and V and

V' are two different values of voltage. The time constant

of the circuit is:

Td = (CBE + CBC)RB [2] -

If the initial voltage on the base is -Voff and must

increase to Von for the transistor to turn on, then the time

required to reach Von can be determined from a general

charging equation:

t 7-
v(t) = vi + (Vt - vi) (1 - e ) (3]

- where v i  is the initial voltage and vt is the target

111-6

." .



t

voltage.

The passive delay time can then be solved for:

-td/ 7d

V -VOFF + (VON + VOFFl e [4]

where VON and -VOFF are the transistor maximum and

minimum input voltages respectively as seen by the base then

the passive delay is:

(VoN + VOFF)

t'd = Tdln[ ------------- [5] -
(VON VBE(ON))

To determine the rise time of the switch, the analysis"-

must include the transition of the waveform through the

active region of operation. To accurately perform this

analysis the D factor of the transistor must be used. The D

factor is given by the equation:

D (1 +W tRcCBC) [6]

and is a standard form for aiding in representing the total

capacitance from base to emitter when a load resistance is

applied to a high frequency transistor circuit and is

related to the Miller effect capacitance. For more detailed

information the reader is referred to Modern Electronic

Circuit Design, by Comer [6].

111-7
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The minimum base current required to saturate the tran-

sistor is:

Vcc

I(7]1

where /o is the large signal current gain of the
transistor. If the transistor enters the active region, the

collector current will achieve its final value exponentially

with a time constant based on the D factor of:

D

0 where is the corner frequency of the transistor

frequency response and is defined as:

--------- (beta cut-off frequency) [9]
rbcCD

where CD is the diffusion capacitance which will vary

with the emitter current and rbc is the base to collector

resistance.

Turn-off time analysis must consider two cases. The

first case is for the fall-time associated with a

nonsaturated switch when the base current is greater than or

equal to zero and the second case is for a base current less

than zero.

111-8
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If the base current is lowered the collector current

reacts to this decrease with its own exponential decrease

with a time constant equal to:

D

t Z -10]
OFF (A)0

as given earlier for turn-on delay analysis review.

If the input voltage changes to a negative value, the

base-emitter junction will become reverse biased. However,

the base voltage will not change instantaneously and a

negative base current exists. The negative current will be

present until the capacitance is totally discharged,

corresponding to the point in time when the collector

current reaches zero. The negative base current removes

charge much faster and the collector current will reach a

zero value much faster than in the previous case. The time

required for the collector current to reach zero is the

turn-off time of the transistor. The collector current can

be represented by the equation:

-tWjg/D
IC = IC2 + (0o IB3 - IC2)(i - e[1]

and the turn-off time can be determined by setting I C to

zero and solving for t:

111-9
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IB2-..

.I-.

t n [ - - (12]

IB3

where IB2 is the initial base current and IB3 the

final value of base current.

If the base current is greater than the minimum level

required to put the transistor into saturation, a decrease

in the the base current will not have any noticeable effect

on the collector current i.e. no instantaneous changes will

try to occur. If the base current is suddenly changed from

an overdrive condition to a zero value there will be a time

delay associated with the recognition of the change in base

current and any noticeable effect on the collector current.

The time associated with this "recognition" of a change in

base current is the storage delay time and is based on the

gradient of minority carriers in the base region. The

storage delay is determined by the equation: -

(IB2 - IB3)

t = Tsln [131
(IB(sat)- IB3

where Ts is the recombination time associated

with excess charge stored on the base.

Many of these delays can be controlled by the fabric-

ation process, through manipulation of the operating para-

meters of the transistor.
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2. MOS Transistor Timing

Consider the NMOS transistor circuit shown in Figure

111-5.

voo

T,: VdP OL

OV

Figure 111-5. NMOS transistor with depletion load [7].

@ The time to discharge the load capacitance CL from a

high output state to a low state is smaller than the time

required to charge the capacitance CL through the depletion

transistor resistance of TL due to the low resistance of the

pull-down device TD when it is in the on state. The time to

charge the load capacitance is longer than the time to

discharge since the charging takes place via the high resis-

tance pull-up transistor TL.

The toff and ton times can be approximated by using

the equation:

dVout

I L = CL ----- IDS or -) [14]= - dt-,
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Time constants are defined for each of the delay times.

CL
TD is proportional to

D

and

ICL"
TL is proportional 

to---

L

Where TL is the time required to charge the load

capacitance CL and 7D is the time required to discharge the

same load capacitance where/3D and 13L are the respective

gains of the pull-down and pull-up devices. The time

constant for the pull-down will be much less than the pull-

up since/3D is much greater than/3L.

The gain factor (either L or D is given by:

W
=jnCi --- (151

L

where Ci is the insulator capacitance,btn is the

electron mobility (An for n-channel devices) and the hole

mobility (,Lp for p-channel devices) and W and L are the

dimensions of the transistor. The greater mobility of

electrons than holes in silicon is one reason for the higher

gain obtained for n-channel devices. The effective mobility

can also be affected by temperature, electric field strength

and the fabrication process used. However, the major
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contributor to the gain of a transistor is the proper design

of the "aspect ratio", W/L, where the gains of the

transistors can be individually determined.

In Figure 111-6, the input and switching waveforms for

the NMOS circuit are shown. As indicated an increase in

the gain of the load device would correspondingly reduce the

charging time but would use more power since power

dissipated by the transistor is proportional to the gain

factor 7.

input voltage

0

time --

SI I-L

VDD-V -.

output voltage".
" V (0,3 increasing

Figure 111-6. Turn-on and turn-off waveforms [7].

The transient waveforms are similar to the

bipolar waveforms previously presented, however the primary

difference is the lack of storage time delay in the MOS

transistor. In operation a current path is established from

source to drain and a voltage applied to the gate controls

the source-to-drain current similar to the operation of a

valve. A positive voltage applied to the gate with respect

to the source, will tend to attract free electrons from the

111-13
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• .substrate into a layer or channel adjacent to the oxide.

This effect is large enough to cause the channel to have an

excess of electrons. The drain-to-source voltage will then

cause a considerable current to flow. The gate charac-

teristics differ with the bipolar base characteristics and

result in zero storage time for a transient signal. The

other delays associated with the MOS transistor are common

to the bipolar transistor. In the next section Comp-

lementary MOS (CMOS) circuits will be evaluated for their

switching characteristics. This is an abbreviated, quali-

tative analysis of NMOS switching. A more extensive

analysis is provided in the following section concerning

both NMOS and PMOS devices since both are used in the comp-

j ~ilementary structure of CMOS.

3. CMOS Timing Analysis

The drain-current characteristic of an N-type

transistor is a function of the drain and gate voltages:

2
Ids N= KN[2VdsN (vgs - Vthreshold ) - Vds N 1 [161

for Vds < VgsN- Vthreshold

N N N

2

Ids= KN[VgsN- VthresholdN] [17]
N N N

for Vds > Vgs Vthreshold
N N N
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Id = 0 for Vgs <_ Vthreshold [18]
N N N

where KN is a constant defined by:

KN =AN E oxW/ (2LTox) [19]

where AN = electron mobility

ox = permitivity of the oxide layer

W - channel width .

L = channel length

Tox = thickness of the insulating oxide

The effective capacitance at the gate of the transistor is:

Eox (L)(W)
Ceff= [201

Tox

Similar equations for a P-type device can be derived.

For the inverter shown in Figure II-i, the current in

the P-type transistor is determined by:

Ip = Kp[2(Vdd - Vout) (Vdd- Vin

2
- IVthreshold I) - (Vdd- Vout) ] [21]

P

for Vout> Vin+ IVthreshold I
P
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2
Ip = Kp[Vdd - Vin- IVthreshold I] [221

P

for Vout < Vin + IVthreshold "
p

and

Ip= 0 for Vin+ IVthreshold I - Vdd (231

P

The switching response time of the CMOS logic circuit is

determined by the amount of current that can be provided by

the transistors to charge the load capacitance of the

circuit at the input and the output.

If a step input signal is applied to the circuit, the

output voltage can be used to solve for an approximate value

of switching speed:

Ip= IN + IC  [241

dVout
IC= Cout ------ Ip - IN [25]

dt

and solving for t:

v v

t~Cut dVout =cufdVout [6
o u C o u - -[2 6 1 ." '

f =Ip - N] I CV O  V O
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S.: i A minimum value of t is achieved if the current charging the

capacitance, IC  is made as large as possible.

Based on the inverter circuit, if Vin is a positive

voltage equal to Vdd , then:

dVout
Cout -------- -IN  [27]

dt

since the P-type transistor will be an "open" and will not

effect the circuit. The NMOS device will be driven into

saturation and IN can be represented by:

2

IN KN(Vin Vthreshold ) [281

and

dVou 2-...Cout - _KN(Vin- Vthreshold ) [29]
dt N

since Vgs= Vin = Vdd

dVout 2
Cout ---- -- - KN(Vdd- Vthreshold

dt N

2 2
= -KNVdd (1 - 1N) [30]

111-17
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Vthreshold VT
N N

where N--------------------- -------- (refer to Figure 11-2)

Vdd Vdd

solving for Vout(t) gives:

2
KNVdd(l - aN)

Vout(t) =Vdd 1 1-----------------t [31]
Cout

The fall time can then be calculated as [4]:

-1 0.1

7 N 011 - CNaF -0.1----nh -(---------- [321
= N)

(1aN

Cout AN CIN
where TN ------- and KN -

(K~N) (Vdd) 2

The rise time response can be determined similarly and

results in [4]:

-1 0.1

tanh (1---------

TR =P T[------------- ----------------------- ] [33]

(1 -1 aIP
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Cout Ap CIN
where Tp - and Kp =

(Kp) (Vdd) 2
2L

Any difference in the rise and fall times results from the

difference in the mobility factors of the majority carriers

in the P-type and N-type materials, the input (gate)

capacitance CIN, and the length of the channel of the

respective transistors.

The response times of particular interest for the CMOS

inverter circuit are the rise and fall times and the

associated pair delay. The pair delay (for the P-type and

N-type transistor pair) is approximated by [41:

1 1

T = 0.9 (------ +- ---------- ) [34]
2 2

(1- cN) (1- p) P)

Cout 2LToxCout
where T------- -------- ----- TN

KN Vdd N W Vdd

where (IN and tp are the normalized threshold voltages for

the inverter.

The pair delay is the delay that a signal experiences

after it has propagated through two cascaded stages of

inversion thus representing the effect of one rise-time and
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. one fall-time. It is measured at the 50% points of the

- signal waveform. This is how signals are standardized for

experimental analysis. This approximation results from

_summing TF and TR while:

1. Ignoring the tanh term

2. Approximating the C- 0.1 factor with 0.9 in

the numerator of the first term

Experimental results have shown that this approximation

is within 10% of the measured values [4] and depends on the

* response of the two stages since one delay will be

*- determined by the N-type device and the other delay will be

determined by the P-type device due to the inversion of the

input signal.

B. Propagation Delay Analysis

Propagation delay is the result of transmitting

signals from one part of a circuit to another or from one

chip to another. This brief analysis is based upon the work

of Mohsen and Mead [8].

The propagation path is modeled as a large

capacitance. As such, delays are associated with the

charging and discharging of this capacitive load when

signals are transmitted. A driver stage (composed of a

driver chain and output driver) is used at the transmitting

end of the line and some form of an input (sensing) circuit --

111-20
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. .1..
stage is used at the receiving end of the line. Figure III-

7 shows the system design model:

C IN TPUT I NPUT

DRVRCAN DR:VEP HIGH STAGE
S-, r---'i CAPACITANCE .

LINE

: VC. II :T I I TCL
L J L - .J L _J 

Figure 111-7. Large capacitance design model [8].

Delay times exist for the output driver and driver chain,

the time required to charge the line capacitance through the .

output driver, and an input circuit delay. A load (line)

capacitance, CL, is driven with a signal that originates on

the gate of an MOS transistor with gate capacitance CG. '

To drive a large capacitance CL, an elementary driver

circuit is used to drive increasingly larger drivers in

cascade until the last (output) driver is large enough to

drive the load. If the delay of the elementary driverTDR

is then the delay of a driver f times as large is f TDR- If

N stages are used, then the total driver delay is:

Tch = NfTDR [35]

The output driver circuit, with input capacitance CD,

charges the capacitance of the line, CL, with a voltage.

There is a delay associatd with the output driver which

-' should be included for in the total driver delay Tch and the
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capacitive load (line) delay TL. The input circuit detects

the signal at the other end and generates an output voltage

VO . A delay 7i exists for the input circuit.

Figure 111-8 shows the relationship among the three

delays considered here.

INPUT STAGE GAIN

- ._

00

V,/mn"."

INPUT VOLTAGE SWING

Figure 111-8. Delay relationships chart for large
capacitance line [8].

The total delay, T" , may be calculated as the sum of the
Ddriver delay, the line delay and the input circuit delay:

- " - 7 +. r i  (361
D ch L i
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IV. Speed-up Techniques

This chapter provides information on various speed-up

techniques. As previously discussed, these techniques deal

with methods of circuit modification that can be implemented

by the circuit designer if additional speed is desired

within a specific circuit being developed.

This chapter begins with a presentation of capacitor

pull-up circuits as they apply to MOS circuits in general

and concludes with a review of the "precharge" techniques

that have been implemented by various designers. The

section on precharge techniques begins with applications to

NMOS circuits and concludes with CMOS based applications.

The intent of this chapter is to present speed-up techniques

that are presently or have been used in circuit

applications, to provide reference data for the potential

circuit designer.

A. MOS Capacitor Pull-Up Circuits

Simple speed-up capacitors may be used to increase

the switching speed of bipolar transistors by reducing the

storage time during the switching transient. However, for

MOS circuits, there is no storage time delay. Alternative

uses have been developed however, for adding capacitors to

MOS circuits to try to increase their their operating speed

through pull-up circuits.

The data available on this technique dates back to

1969 and addresses only its application to MOS circuits in
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general. The circuits are "ratioless" type circuits and are

based on a single phase clock. The RC time constant of the

circuit will limit its operating speed. In normal ratio

type circuits the DC current is limited by the use of high

impedance loads. This method implements a capacitor as a

load element in place of the normal load resistor to

increase the speed of the circuit to the range of 5 - 10

Megahertz.

The pull-up circuit is illustrated in Figure

IV-1 below (9].

v s

[ I 1 Vdd [

P1 %P2 N Q3

N 01
-- ~~Q2 4 "[.

113 151I ""-.,
Vin {N Q1 t[

"C1 C2 -141[ [

Figure IV-1. Ratioless capacitive pull-up
inverter circuit [9].

The characteristics of the circuit are:

a. Operating voltage is obtained from the

clock pulse

b. MOS capacitor C4 blocks all DC current

c. The rise time at point P1 is as fast as

the clock pulserisetime dueto CI-C4 ...

IV-2
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capacitance division

d. Calculations indicated that the circuit

has the capability to perform at 25-30

MHz

Referring to the circuit of Figure IV-1, capacitors Cl and

C2 are non-linear p-n junction capacitances associated

directly with the MOS devices, C4 is the load element, C3 is

the input capacitance to transistor Q3 of the next stage and

C5 is the overlap capacitance of the coupling device. Q1 and

Q3 are driver devices and Q2 is the coupling device.

When transistor Qi is off, during the rise time of

the clock pulse the voltage at P1 rises rapidly. The

coupling device begins to conduct when the clock pulse

S reaches the Q2 turn-on threshold voltage. The charge

stored on Cl and C2 is redistributed such that V1 = V2.

During the fall time of the clock signal, Vi falls rapidly

due to an appropriate Cl:C4 ratio while node P2 discharges

slightly through Q2 during turn-off.

If Q1 is on, then during the clock.rise time the

capacitive divider at P1 is in parallel with the resistance

of Q1 giving V1 an exponential form. As the clock passes

the threshold voltage of Q2 it turns-on putting Cl in

parallel with C2 + C3. This results in a lower maximum

value of Vl which decays toward zero as the clock pulse

decays toward zero. The purpose of this technique is to

force the circuit to operate as closely to the shape of the

input clock as possible thereby reducing delays.
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Measured circuit time constants were determined to

be short enough for 10-20 MHz operation, somewhat less than

the computer predicted operating speed.

Use of capacitors alone as load elements has not

developed as a widespread technique for speeding up

circuits. The primary reason being the impracticality of

designing capacitors as the scale technology progressed from

small, medium and large to very large scale integration.

The most widely used load element at this time is the

depletion-mode transistor, which provides a high load

impedance. However, the parasitic capacitances internal to
r .

the load transistor do have an effect on the operating

speed of the switching transistor, as discussed above.

B. Bootstrap Pull-Up Inverter

The inverter circuit shown in Figure IV-2 is

useful for fast switching operations when large capacitive

loads are to be driven.

V00

IT

Ck.l

VS
',1,0

Figure IV-2. Bootstrap Pull-up circuit for increased
drive capability [10].
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An additonal transistor, T3, is coupled to the

capacitance Cl to drive the load capacitance C2. During

initial operation, TI was operating in the saturation

region, the driver, T2, was in the triode region, the output

was at a low voltage level and a voltage of Vdd - V appears

across Cl. As Vin switches to zero voltage, the output

voltage increases as transistor T2 shuts off. The gate bias

for T1 is then the voltage across Ci.

As T2 begins to shut off due to a zero input

voltage, the voltage stored across C1 remains during the

switching transient. As the voltage at the output

increases, the load transistor is forced into its triode

operating region which causes VO  to rapidly reach its

maximum. The gate of the load transistor Ti, reaches a

maximum of 2Vdd - Vo - VSS, where VSS is the substrate bias

voltage. Transistor T3 simply acts as an additional pull-up

device that enhances the speed of the voltage rising from a

low to a high level.

C. Precharging

The concept of precharging is based on the

premise that the transition of a low level signal to a high

level takes a longer period of time than the transition of a

high level signal to a low level. This premise is valid

assuming the discharge of the circuit occurs through a small

resistance compared with the resistances encountered when

the circuit is charged to a high level, creating a smaller

RC time delay on discharge of the circuit. This situation
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•• exists in the standard MOSFET circuit using a depletion mode

load transistor.

The precharge concept can be effective for both

switching and propagation applications. The precharging

process is easily used when a two phase clock is being

implemented within the designed circuit. Temporarily unused

lines are precharged to a high level through the relatively

low resistance of the wire. The capacitance of the wire

holds the line high (similiar to the action of a pull-up

transistor). This precharging is accomplished under control

of phase I of the clock and actual circuit switching occurs

during phase 2 of the clock.

In this way if the next signal on the line is high the

line will already have the high level available on it

and if the next signal is a low level, advantage can be

taken of the more rapidly occurring transition fall-time of

the line from high to low. The careful design of the

circuit to synchronize the two phase clock scheme to

accomplish this precharge task is critical to valid

operation of the circuit. Coordination of either pulling or

setting a point or line high is used to reduce the slow low

to high transitions. It has applications in carry-chain

circuits for ALUs and is frequently used within RAM memory

cells for read operations when increased speed is desired in

the slow memory access process. The precharge concept can be

used selectively within a circuit to set specific lines high

on the first phase of the two phase clock. Due to the

IV-.6

. ..-. ".' " " ' ,". . "• / .',".' '","-" '-. .- ." .' . *-,-' ". - .%. *' . ' ** t ,2 2 . -,"2 .-. - -',-,-



discharge times of the individual gates, the precharged

line(s) will remain at the high level and trigger subsequent

combinational logic to its functionally correct levels

(either high or low), until the actual input signals on

gates which electrically precede the precharged node

propagate to the precharged lines and the gates tha* follow.

As the input signals arrive, they can either be high and

take advantage of the already high (precharged) inputs to

subsequent gates and not have to suffer a gate by gate delay

for each gate, or be low where the more rapid high to low

transition time is the only speed-up that can occur. This is

similar to the "domino" effect [4] described by Krambeck et

al as the precharge is used to initialize the circuit for

L-o operation using a two phase clock.In practice, precharged

lines to the same gate could, in the optimum case, propagate

the correct signal level to the output of the combinational

logic, occur independently of the input, and reduce the gate

delay for circuits beyond the precharged node to near zero,

since all the gates will be set to the correct high or low

level before the actual inputs ever reach the combinational

logic themselves. If high levels occur on certain lines more

frequently during operation in comparison to other lines,

and this can be predicted during the design process, then

those lines should be precharged. The advantage of thii is

that this charging to a high level is automatically applied

to combinational logic gates that follow the precharged

layer of gates, thereby "presetting" the inputs and outputs
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of the following gates so that "highs" on the "real" inputs

that occur later won't have to do it and the only gate

delays that will occur happen while the "real" inputs are

propagating to the location of the precharged gates.

For switching applications, fabrication techniques and

new materials are progressing to the point where equal rise

and fall times will be achievable. Even so, this applic-

ation of precharge will continue to be valuable. However,

the designer should keep in mind the limitations of this

application. The maximum frequency of operation of a

circuit will be determined by the speed of the slowest part

of the circuit. Even though some lines may be precharged,

and the delays along these portions of the circuit reduced,

if other parts of the circuit operate slower, i.e. a large

number of "real" input lows occur, then this slower part of

the circuit and its associated delays will determine the

maximum frequency of operation. This effectively negates

the addition of the precharging, since the remainder of the

circuit must wait for the slowest part to complete its

function.

A complementary alternative to the precharging concept

is the selective grounding of certain lines that are

expected to have a high occurrence of low signals on them.

This produces the same effect as the precharge since the

ground, or low signals are propagated through the

combinational logic that follows the "grounding" layer and

set the gates that follow to the correct level before the

IV-8



actual input signals arrive. The delays associated with

these following gates are again reduced/eliminated since the

real input signals will not have to cause the actual

switching of the gates since it will have already occurred

by the grounding taking place on phase one of the two phase

clock. The effective use of precharging or grounding is

clearly dependent upon the individual delays of the gates

being used. The precharge/ground must have time to occur

(and stabilize) before the actual input signals arrive at

the precharged layer of gates. Additionally, phase two of

the clock, which controls when the signals are passed out of

the "black box" circuit, must not occur until the actual

input signals have propagated through the circuit itself.

This aspect of delay reduction will continue to be a

function of the individual gate delays which are controlled

primarily by the fabrication techniques used. However, the

use of precharge will remain as a good means for reducing

the delays associated with long, high capacitance lines

within circuits as well as for the selective method

discussed above.

There is very little reference material on the

concepts of precharging. Most of the data available deals

with specific applications in which precharging was used.

No established guidelines seem to exist at this time. The

following information refers to specific implementations of

precharge or precharge-like techniques. Although the first

section below is directed at NMOS circuits, the applications
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of precharge can be modified to CMOS design. A review of

precharge-based circuits follows.

I. NMOS Applications

a. Charge Pumping

This charge pump technique was designed to

realize the standard erase-then-write two step write

operation of a memory circuit in a single step. The charge

pump circuit is shown in Figure IV-3 [11]. The charge pump

circuit was applied to the read/write circuit as shown in

Figure IV-4. The actual operation of the circuit will not be

discussed here. Any reference to actual circuit operation

is only intended to aid in evaluating the operation of the

* O- precharge circuitry.

CL

To Charge
Pump Circuit

Figure IV-3. Charge pump circuit [111.
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Cs'L

CI CC

oil oi

CS

Figure IV-4. Read/write circuit [11].
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When the read operation begins, 0CG, QCD, QE, and

QD are turned on by the column select (CS) and the row

select (RS) respectively. The data is stored on OM and is

provided at point B for output. If QM is ON originally,

then node B is low and node A is high after the read

operation. The charge pump circuit pulls the level of node

A to the value of Vdd and since the path to ground through

point B is still closed, point B will remain low. After a

short time QM will invert its state due to tunneling and

node B will be pulled high by the charge pump circuit.

Therefore by applying CL to the charge pump circuit, the

state of QM can be inverted. The simultaneous occurrence of

QM driven to a high or a low, and node B driven to the

inverse of the signal stored on the gate of QM turns the

normal two step erase-then-write process into a single step.

Although refered to as "charge pumping" this circuit

performs a simple precharge function on the memory cell.

Whenthe clock pulse occurs, the state of the transistor QM

will determine if the node A will be charged to a high level

and whether or not node B will be high or low.

b. NMOS Dynamic RAM Cell

Newkirk and Matthews [12] implement precharging

when their dynamic RAM cell is used in a 3 transistor memory

subsystem, with an interface and address cell. The

interface cell is precharged during phil,the first clock

pulse of a two-phased clock. If sense (read) is high then

ExtIO will be high due to the precharge unless a stored
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" "high" discharges the precharge. If drive (write) is high,

then the input value on ExtIO to be written to the memory

" cell will determine if the precharged line is grounded

(value on ExtIO is high) or if it stays at a high level

(ExtIO is low). Figure IV-5 shows a diagram of the memory

subsystem.

EXT IO

1- Sense

Dr ive- --

--- Prechrge

l I------- Wr i te-bar .

S e I'k 7:' i

Read-bor

Memory / --.,

Transistor

' .i Figure IV-5. 3-transistor Memory Subsystem (12].
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In this implementaion, the precharge scheme was used to

facilitate the reading and writing of data to the memory

cell. An underlying benefit of using the precharge is an

increase in the speed of the read and write operations of

the cell. Memories are inherently slow in this regard and

precharging is an excellent way to shorten the memory access

cycle.

c. CalTech OM2 Arithmetic Logic Unit (ALU)

Mead and Conway [13] provide a review of their "Our

Machine" (OM) Project at Caltech and emphasize the system

requirement for a high performance carry chain within the

ALU since they felt the carry chain would have the most

limiting effect on the performance of the system. They

implemented a Manchester-type carry chain, and since it had

a limited capability to propagate high signals, they took

advantage of a null period experienced in the processing

cycle of the op-code of the computer. They decided to

precharge the data paths of the carry chain, to reduce the

requirement for high-level signal propagation through

relatively slow pass transistors. The carry-out line was

precharged and the actual data being supplied to the carry-

Out line determined if the carry-out line would be shorted

to ground or not. Figure IV-6 shows the carry chain circuit

for the ALU.
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Precharge Carry-out ' "

Ci

Carry-in

Figure IV-6. Carry chain circuit for 0M2 ALU [13].

2. CMOS Applications

a. Domino Logic Circuit

Krambeck et al [5] apply the concept of pre

charging in their design of a CMOS domino circuit. They

employ a precharge signal that is used to turn on all the

gates in a circuit at one time thereby reducing the

requirement for complex timing schemes and reportedly taking

advantage of the inherent speed of the CMOS gates.

Specific application of their domino circuit to an 8-bit ALU

has indicated through simulation to be one and a half to two

times as fast as traditional circuits performing similar

functions. The domino circuit is shown in Figure IV-7. The

values of the inputs (Ii 15) to the transistors determine

the output of the domino circuit cell after the precharge.

Individual dynamic cells are isolated from each other by

I V-15
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inverter stages.

CHANNEL

Isolation
I.,.N Inverter

LO U P•CHAR

Figure IV-7. Domino logic circuit [5].

In addition to increasing circuit speed, Krambeck's

circuit has eliminated the internal clock race condition by

placing the inverter after each logic block for isolation.

During the precharge phase, the outputs of all the inverters

are driven to a low level by the precharged node and

therefore all n-type transistors driven by these inputs are

turned off. During phase two of the clock, any internal

clock delays cannot incorrectly discharge the storage nodes

since the path to ground through the n-type transistors is

open. All internal nodes can make at most one transition

until the next precharge, therefore a stable propagation

state exists. Since this process is similar to the falling

of dominos as the signal passes from block to block, this

name was applied to the design.

b. Domino Logic Modification

' Gonsalves and Man [1] describe a dynamic CMOS
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technique making use of the domino circuit previously

described. The redundancy of information characteristic of

CMOS, low power dissipation and lower capacitances, thus

higher speeds, can be achieved if the n-type dynamic CMOS

logic block shown in Figure IV-8 is used in lieu of standard

CMOS circuitry. Silicon area is also reduced since only N n-

type devices are used and 2 p-type devices (total N+2

devices) are used instead of N p-type and N n-type devices

as in standard CMOS.

OT
11 2' C.I.&ECHA EVALUATION

L.. OUT-I 1 .(I.~

Figure IV-8. n-type dynamic CMOS logic block (141.

The inherent deficiencies of Krambeck's design are

determined as:

1. The combination of the dynamic block and

inverter results in inverted signals which

decreases logic design flexibility

2. The clock race problem is just controlled,

it is not overcome

These deficiencies are resolved by a specific "No Race"

| (NORA) [1] design approach. However, the precharge scheme
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is treated in the same manner as implemented by Krambeck.

The primary difference between the two approaches is

Krambeck's use of inverters for isolation versus Gonsalves

K use of latch stages to store information in successive

stages, his addition of p-type dynamic blocks as well as the

n-type domino logic cell used by Krambeck and a subsequent

emphasis on pipelining of data within cirucits.

3. High Speed Precharge Circuit

Stewart and Plus have integrated precharging to

provide a high performance, high speed EEPROM [15]. The

precharge generation circuit is shown in Figure IV-9. The

precharge signal generated in the precharge and control

circuit is used to switch on the decoders and sense

amplifiers following changes in the memory address inputs.

A high speed parallel decoder and sense amplifier

circuit which detect small voltage changes on the lines as

data is read out of the memory cells. The actual operation

of the circuitry will not be discussed. This circuit simply

demonstrates another application of precharging used to

drive other circuits.

The parallel decoder is shown in Figure IV-10 and the

sense amplifier circuit in Figure IV-11.
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designing for minimum propagation delay: avoid dominating

* the chip area with wiring interconnections.

a. Cross Under Effect

In addition, Anami et al [17] have recommended an

approach for reducing the "crossunder effect" and its

associated delay due to the parasitic effect of the

resulting resistance. The designer should avoid crossunders

in the critical signal paths of the circuit. The aspect

ratio can be minimized however to reduce any loss in speed

and the optimum width of the crossunder can be expressed by:

1/2
Wopt = [(CtRxo)/(RoCxo)] [1]

where Ro  is the output impedance of the line driver

driving the crossunder line, Ct is the capacitance following

the crossunder,Cxo is the capacitance per unit area ofthe

crossunder and Rxo is the sheet resistance of the cross-

under. They have verified this equation through

experimental use of ring oscillators.

b. Large Capacitance Loads

Mohsen and Mead [8] have addressed driving a j
large capacitive load as referred to in Chapter III.

Mohsen and Mead have evaluated specific cases for

minimization. Delay times for push-pull depletion load

driver stages with a single-ended depletion load input stage

were analyzed. For this case the following analysis was

derived [8].
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Total driver chain delay is minimized when each
successive driver stage is larger than the previous one by a

factor of e (the base of the natural logarithm). Where:

~CL
Y = = f and ln(Y) = N[ln(f)]

CG

and

f C
= inY f---] = e ln[- -- ] [2]

inf CG

Minimum total delay is achieved with a fan-out factor f

equal to the base of the natural logarithm, e.

Depending on the application, the input stage delay can

be optimized to different values.

Their overall conclusions suggest that for

minimum delay time, the designer should try to keep the

delays of the driver circuit, the high capacitive line and

the sense circuit comparable, i.e. 7ch TL T i . This

conclusion follows from the delay relatonships presented in

Figure 111-8.

c. Repeaters

A repeater is simply a series pair of inverters.

Chwanr; et al [181 have successfully implemented both

precharging and line buffers/repeaters in their high density

64K CMOS Dynamic RAM. The repeaters used in series between

8K memory array segments reduced the word-line delay from 30

• . . nanoseconds to 10 nanoseconds.
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This application uses both precharging and simple

inverters to increase circuit operation. Figure IV-12 shows

the dynamic RAM arrays with the repeaters located between

* arrays and Figure IV-13 shows the use of precharging within

the circuit.

ARRAY AAM1ETA

AIA ARRAY

Le RaI.WRDLE INVR

ARRAYARRAY

i'.0

ARRSK ARR AV
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Figure IV-13. Precharge implementation circuit [18].

E. General Remarks

This chapter consists of all the data that was

found as a result of a continuing literature search for W

information. Much data was found referring to fabrication

methods and improved selection of fabrication materials.

These appear to be the primary areas in which most of the

effort is being expended to improve the speed of circuitry. -

Different terms have been used i.e. charge pumping

and bootstraping, to describe, after analysis, what in

actuality is a form of precharging. However, the term,

"bootstraping" has also been associated with transistor

pull-up circuits. The reader is cautioned to disregard the

terms used to describe specific techniques and really

IV- 24
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determine exactly what the circuit is doing prior to

considering it for use in a design, since different names

are sometimes associated with the same method or technique.

F. CMOS VLSI Applications

1. Requirements

The major requirements for a specific speed-up

technique to be considered useful are (in order of

importance):

a. Simplicity

b. Ease of Implementation

c. Applcability to variety of circuits

d. Frequency of Use

The designer should be able to implement the

method with minimum modification if a circuit exists

already, the particular technique should use a minimum of

chip area, which becomes critical in VLSI applications, and

should be a simple enough approach to permit use by even the

most basic of designers.

The frequency of use of a certain technique is a

measure of the design community's acceptance of the

technique for use. This requirement is included as a

justification for selection of a specif c technique for

evaluation during this thesis.

2. Selection of Technique

From the information provided in section A of this
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chapter, and from a review of available literature, the

most commonly used speed-up technique is precharging or some

modification thereof; i.e. Krambeck et al [5] and the

charge pumping scheme (11]. There are two primary methods

of precharge implementation. The first method, using

precharging on output lines with a two-phase clock, permits

an implementation of a precharged line as shown in Figure

IV-14 below. The line is charged high in phil and the

value of the data and the phi2 clock determine if the line

will be grounded or not. This circuit is useful for reducing

delays over large capacitance lines and will reduce the

charging delay time of the lines. This method was not

considered for simulation during this thesis.

+V ,'''

dd

philbar-

phil

databar- 3

data Transmission

phi2bar- Gates

phi2

databar line

Figure IV-14. Output precharge circuit scheme.
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The second method precharges selected nodes within a circuit

using individual transmission gates that pass Vdd to the

selected node when a pass signal is applied to the

transmission gate. This normally occurs on phase one of a

two phase clock. This scheme is shown in Figure IV-15. Any

number of transmission gates can be used for this

appication, however a single transmission gate is required

for each line that is to be precharged to maintain isolation

of the individual signals.

dd

phil N
- 0 Transmission

philbar Gates

,of..

N lines to N precharge nodes

Figure IV-15. Internal transmission gate precharge scheme.

Implementation of transmission gate circuits can be

accomplished during the design of the circuit with no

additional effort and with minimal use of circuit area. The

precharge scheme can be used dnywhere within the circuit

where additional speed is required and can be applied to any

circuit design. Any line that can be charged high and then

pulled low or left high, based on circuit data manipulation,
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can be subjected to precharging. Transmission gates will be

discussed in more detail in chapter V.

These characteristics make the precharging concept a

reasonable choice for evaluation.

From review of the literature, precharging was the most

popular manual design technique used to speed-up circuit

operation. Although it was frequently used, little data was

available on exactly how good an approach it really was.

Many designers had used it, with reported increases in

speed, however, a consolidated source of information was not

available. Since precharging had the highest frequency of

use, an analysis of its capabilities was performed.

Therefore, the remainder of this thesis was concerned
with applying precharging to an existing ALU bitslice and to

newly designed circuit elements using CMOS/SOS technology.

The circuits were extensively simulated using SPICE

transient analysis to determine the success of precharge

application.

Chapters V and VI present the precharge design of the

ALU bitslice and the design and precharge of additional

circuit elements to be used for simulation.

The results of the simulations are presented and

evaluated in Chapter VII.
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" V. System Design

A. Introduction

The design portion of this project was divided into

two main areas:

1. CMOS/SOS ALU Bitslice modification using

precharge techniques

2. Implementation of a circuit using the modified

ALU bitslice as a circuit element built around a 4x4 bit

Random Access Memory (RAM) referred to as the Memory/ALU

Bitslice circuit

In this chapter, the modified ALU bitslice using

precharging, and the Memory/ALU Bitslice circuit design,

incorporating the modified ALU bitslice, are presented. The

more elaborate circuit was used to demonstrate the applic-

ations of precharging techniques to elements within a more

complex circuit. The applications presented here demon-

strated the flexibility of precharging as a design tool

which can be used in new designs as well as being added to

existing designs.

B. Requirements

1. The following design requirements applied to the

modification of the ALU bitslice and the design of the

Memory/ALU Bitslice circuit:

a. The bitslice precharge circuitry must be:

1. Capable of speeding up circuit operation

2. Be easy to implement
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3. Use as little area as possible

4. Apply to a wide variety of circuits

b. The Memory/ALU Bitslice circuit must:

1. Demonstrate the precharging concept

applied at a chip level, i.e. a large circuit application.

2. Demonstrate uses of precharging applied

* to elements commonly used by the circuit designer

2. To meet these requirements, SPICE2 was used for

simulation. To determine the performance of the

precharge speed-up technique, the following steps were

* followed:

a. Design a test circuit

b. Simulate the test cirucit with SPICE2

c. Use a variety of precharge configurations and
simulate circuit operation for each configur-
ation

d. Compare test circuit results

e. Simulate the 2x4 decoder circuit using SPICE2

f. Apply precharging to the decoder, RAM and
registers

g. Simulate the operation of the circuit using
SPICE2

h. Compare the results of the two simulations

i. Simulate basic bitslice operation using SPICE2

j. Select bitslice nodes to apply precharge

k. Design of the precharge circuit itself

1. Implement the precharge modifications to the
circuit

V- 2I
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m. Simulate operation of modified bitslice with

SPICE2

n. Compare the results from each analysis

o. Incorporate the ALU bitslice into a circuit
using a 4x4 memory circuit

p. Evaluate results and present conclusions

C. Circuit Selection

For the evaluation, a test circuit was designed for

basic precharge and timing evaluation and the first bitslice

of the CMOS/SOS ALU designed and developed by Sommars [3],

was selected as a more complex circuit to which the

precharge technique was applied and evaluated. At the

time this thesis took place, the ALU and the CMOS/SOS

library were the only existing CMOS/SOS based VLSI

components available at AFIT. The precharge technique was

applied to only the first bitslice of the ALU to limit the

scope of the simulation required and to eliminate redundancy

of effort for application/evaluation since the subsequent

bitslices of the ALU differed only slightly from the first

one and thererfore could be precharged in the same way.

D. Design Rules

This design effort made use of the same design

rules used by Sommars [3] in support of his design of the

CMOS/SOS library cells based on the unpublished notes of

Seitz [18].

E. ALU Bitslice Modifications

The output lines of the ALU were precharged on phase
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one of a two phase clock and the data will be read out of

the ALU on phase two of the clock. The capacitance of the

output lines will be charged on phase one and the value of

the data (high or low) will determine if the line is

discharged to ground through the low resistance of the pull-

down transmission gate or will remain high at the output of

the circuit. The CMOS transmission gate is used for the

precharge pass element. This gate is shown in Figure V-1.

IN IN

philbar phil philbar"''philphl
phil ] ~ Pi ba

OUT OUT

Figure V-1. CMOS transmission gate [7].

This gate ideally has zero resistance when closed and

infinite resistance when open. It is formed by joining the

sources and drains of a pair of MOS transistors of opposite

polarity. Control signals on the gates of each transistor

determine whether or not the signal will be transmitted. If

each device has a threshold voltage of 2 volts, and the

* ... control voltages to the gate of the p and n type devices are
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0 and 10 volts respectively, the n type device will remain

"on" until the input to the transmission gate reaches 10 - 2

= 8 volts, when it will turn "off". However, the p type

device will continue to conduct since the gate to source

voltage of 8 volts is greater than the p type device

threshold voltage of -2 volts. In this manner the entire

supply voltage, Vdd, can be transmitted by the gate and a

"good" precharge can take place. Two precharge circuits

were used; an internal precharge circuit and an output

precharge circuit. The internal precharge circuit was used

to selectively precharge nodes within the bitslice circuit

and the output precharge circuit precharged only the output

lines of the bitslice. The basic block diagrams for the

. internal and output precharge circuits are shown in Figure

V-2 and Figure V-3 respectively. Block diagrams of the

unmodified and the modified ALU bitslices are also provided

in Figures V-4 and V-5 for comparison.

. +V "

I d d 

• ;

nodel node2 node3 node n

Figure V-2. Internal precharge circuit.
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philbar

phil,

data output line

databar

data

phi2bar

phi2-

I. Figure V-3. Output precharge circuit.
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Vdd

SO-S3 Internal

Precharge

Circuit

4 phi2

AO-- Cm
3 PA FO

BO-

2

Figure V-5. Modified (precharged) ALU bitslice circuit.

F. Memory/ALU Bitslice Circuit Design

To complete the second part of this system design,

a circuit was designed that incorporates the modified ALU,

makes active use of other CMOS/SOS library cells and

requires the development and implementation of additional

circuit components. Precharging is applied to this expanded

circuit (in addition to the ALU) to further demonstrate the

use of precharging techniques in basic design.

In addition, design of the Memory/ALU circuit
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demonstrates the utility of the CMOS/SOS library for

practical design and sets the stage for future design

efforts in the CMOS/SOS area.

The Memory/ALU circuit was designed to perform

in conjunction with a microprocessor controller. The

circuit is composed of the basic ALU, a 4 bit by 4 bit

static Random Access Memory (RAM), a row decoder and the

necessary control logic required to manipulate the memory

and the ALU.

The transmission gate is used in this design to

clock the signals within the circuit, since the use of

transmission gates is presently the only effective way to

control and isolate clocked signals in CMOS circuits.

1. Circuit Function

The function of the circuit is as follows:

Data will be written into memory in 4-bit words in

accordance with a decoded 2-bit row address, with both data

and address supplied by the microprocessor. Data processing-

can be performed for two operator functions and for single

operator functions. To perform arithmetic or logical

operations between different operators, two registers will

be implemented to hold the two respective 4-bit words that

have been read from memory. The registers will be selected

by a register select line. Data is first read into the A

register. As data is subsequently read into the B-register,

the register select signal will pass the ALU command on the

V-8
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SO-S3 input lines into the ALU, and the function selected by

SO-S3 will be performed. If only a single operator is

required, i.e. A + 1 (an increment function), the register

select line will still select register B, after data is

entered into register A, but the contents of register B

will not be used. For either case, the data from memory is

applied to the ALU for manipulation based upon the command

input to the ALU generated by the microprocessor controller.

The output of the ALU can be monitored to determine if the

circuit performs the desired functions correctly.

For single chip implementation, the following signal

lines will be required:

a. Two address lines

a ib. Four data input lines

c. One read/write line

d. Four ALU command lines

e. Two ALU bitslice output lines

f. One register select line to the ALU-

g. One external clock line.

h. One chip ground line

i. One Vdd line

j. One substrate connection

Total: 18 chip pins

The system circuit diagram is shown in Figure V-6.
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AO-Al 2 Row 4 4x4
Decoder Bit RAM

Readbar/Write 
Rio l o o n R q
Controlleroi

philwc 44 tA ar i

register Two four-b regis
select 4 R ristterC oster

• ALU !First•-
"S0-S4 4 input 4 _7)Bitslice ''[-

5. AController ol

Figure V-6. System circuit diagram.""'

2. Additional Components Required-.-

In addition to the existing ALU, the following--.-

additional circuit components that will be required are:

1. RAM cell - static (no refresh required) from-[-.
which a 4x4 bit RAM was realized ""-

2. 2x4 Decoder "

3. Two four-bit registers :.

4. Read/Write Control .. .

5. ALU input control

The basic decoder, 4x4 bit RAM and the register
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circuit elements were initially designed, and then

precharged. This was done to demonstrate the flexibility of

precharging during the circuit design phase.

F. Memory/ALU Circuit Chip Layout

The pad layout for the expanded circuit chip is

provided in Figure V-7. The choice of chip pads is limited

for CMOS/SOS applications. Pads will be selected from the

following list:

1. padVdd

2. padground

3. padblank

4. padout (composed of paddriver and padamp)

5. padin

At this time no capability exists to generate a two

phase clock on chip. Therefore, these circuits were

designed with the intention of driving them with an off-chip

two phase clock source. Pad types are represented by their

respective numbers listed above.
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R/W Reg Vdd DO D1 D2 D3
Sel

3 3 5 5 3 1 5 5 5 5

AO 5 3

Al 5 Read/Write 3
m5 Controller

so 5 r 2x4 3!Oecodell:::-
$1 5 3

S2 5 A&B 3 SUB
Internal Registers

S3 5 Precharge 4 FO
Circuit

CLK 5 3
Bitslice"

3 Circuit 3

3 3

3 3

L 3 3 3 3 2 3 3 3 3 3 -

GND

Figure V-7. Pad layout for chip.
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VI. Detailed Design and Analysis

This chapter begins with a brief analysis of the

* predicted advantage of precharge when used with the CMOS/SOS

"" library cells in circuit design.

The chapter concludes with a presentation of the

detailed designs of the modified ALU bitslice and the

Memory/ALU Bitslice circuit. The precharge circuitry which

is applied to the ALU bitslice and the elements of the

Memory/ALU Bitslice circuits are shown in their schematic

and CLL plot layouts.

A. Test Circuit Delay Analysis

This analysis is intended to provide the reader with a

• better understanding of the expected advantage of using

precharge as a circuit speed-up technique. The timing

values presented are those results achieved by Sommars from

his SPICE2 simulations of the individual CMOS/SOS library * -

cells that were designed [3]. SPICE2 circuit simulations

were performed on this test circuit to determine the

validity of this analysis and demonstrate the precharge

concept. The results of the simulations are discussed in

more detail in Chapter VII.

This is a rough approximation analysis of the delays

- associated with logic gates to be used for this design and

is only intended to provide the reader with some basic

reference information to more easily understand the nature

of the delays being evaluated. In Figure VI-1, a series

logic circuit is presented composed of one nand gate and two
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inverters.

Nand Invl Inv2

A

B-D>

Outl Out2 Out3

Figure VI-1. Delay analysis circuit.

The delays referred to here are taken from SPICE2

analyses performed by Sommars 13].

The delays in the nand gate, as the inputs change, are:

inputs: 0 volts to 5 volts - 1.0 nsec

(output goes from high to low)
a-

inputs: 5 volts to 0 volts - 1.0 nsec

(output goes from low to high)

When inputs A and B are both driven high, OUTI is

driven low and OUT2 is driven high. OUT1 experiences a 1.0

nsec delay before it reaches its final low value.

The delay times for the inverter are:

input: 0 volts to 5 volts - 0.15 nsec (at the output)
(output goes from high to low)

input: 5 volts to 0 volts - 0.25 nsec (at the output)

(output goes form low to high)

If A and B are driven low then OUT1 will be driven to a

low value after 1.0 nsec, OUT2 will be driven high after a

VI-2
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0.25 nsec delay and OUT3 is driven low after an additional

delay of 0.15 nsec. The total delay time is calculated in

equation [1]:

1.0 0.25 + 0.15 = 1.4 nsec [1]

If A and B are driven high the same delay time is

achieved due to the equal rise and fall times for the

respective gates. Therefore the maximum operating frequency

of the test circuit is:

1/1.4 nsec - 714 MHz [21

If precharge was implemented, and applied to OUT1, then

OUT2 and OUT3 would be driven low and high respectively. If

nand inputs A and B were subsequently driven low, driving

the output of the nand gate high, maximum advantage could be

taken of the high precharge at OUTI and the only

contribution to the circuit delay time would be the nand

transition delay (which would, theoretically, be reduced

since the nand wouldn't necessarily need the entire 1.0 nsec

to drive the OUT1 node high when it is already precharged

high), since the precharge signal would have already "set

up" the circuit. Therefore the overall circuit delay would

be reduced by 0.4 nsec and the operating frequency would be:

1/1.0 = 1000 MHz [31

Therefore, with the nand output driven high by inputs A and

B, a 40% increase in operating speed could be achieved by
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Sprecharging the OUT1 node. However, if the nand inputs

drive the output low after it has been precharged, then OUT1

will be driven from a high precharged level to a low level,

OUT2 will be driven high from a low level and OUT3 will be

driven low from a high level. The only delay reduction that

occurs for this scenario is the reduction in transition

delay in the second inverter, since OUT3 will be driven low

from a high level and in an inverter, a high to low

transition takes 0.15 nsec and the low-to-high transition

takes 0.25 nsec in an inverter. The total delay is reduced

by only 0.1 nsec, from 1.4 nsec to 1.3 nsec, and a maximum

operating frequency of 769 MHz, a 7% increase in operating

frequency.

& If each output, OUT1 through OUT3 were precharged on

phase one of the clock, even if the output of the nand were

driven low, a gain in speed would be achieved since OUT2

would already be high and OUT2 would not have to wait for

the inverter delay. The delay would then be reduced by the

0.25 nsec savings incurred by the precharge. The maximum

operating frequency would then be:

1/1.15 nsec = 869 Mhz [4]

Therefore, a 21% increase in operating frequency could be

achieved with the addition of the precharge. This method is

only valid for alternating inversion of signals within the

combinational logic. This situation occurs frequently

within common combinational circuits and can be taken
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advantage of by the circuit designer by applying precharge

techniques. This is the method by which the nodes within

the bitslice were selectively precharged. If all of the

nodes, OUT1, OUT2 and OUT3 are precharged, then no matter

what the output of the nand gate (either high or low), there

will always be at least a minimum time savings of one

transition from low to high across an inverter, either INVI

or INV2.

This delay approximation can be performed for each

possible precharge configuration that could be applied to

the test circuit.

This analysis provided the baseline from which the

results of the SPICE simulations of the test circuit,

Memory/ALU bitslice circuit elements and the bitslice were

interpreted.

B. Modified ALU Bitslice

The detailed design of the precharge implementation was

performed in three steps. First, the lines to be precharged

were selected. For simulation, two precharge configurations

were used, the bitslice with ten internal nodes precharged

and the bitslice with four nodes precharged. The two

configurations were chosen to determine the best approach to

precharging the bitslice based on the results of the test

circuit simulation. The bitslice was divided into three

sections and each section was simulated independently. The

simulations and results are presented in more detail in

VI-5
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Chapter VII. Secondly, the layout of the circuit was

determined to minimize wasted space, although this is not

critical for this application and simulation, and remain

within the established design rules. The third step was the

active implementation of the circuit using CMOS/SOS library

cells developed by Sommars [3]. The CLL layouts of the

internal precharge circuit for each bitslice precharge

configuration are shown in Figure VI-2. Some redesign of

Sommars' ALU was required to permit SPICE simulation and to

correct deficiencies in design.

a.

b.

Figure VI-2. CLL layout of internal precharge circuit.
a. Ten node precharge
b. Four node precharge
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Ten transmission gates are required for the internal

precharge circuit of the first approach and four

transmission gates are required for the second precharge

approach. A single transmission gate is required for each

precharge. line. Therefore, to precharge more lines the

designer need only add more transmission gates.

The output precharge circuit is more complex since it

is based on the output line being pulled down to ground or

left at a high level depending on the value of the data on

the output line. This precharge scheme causes the output of

the ALU to be inverted for each line that is precharged. If

the output from the ALU is high, the precharged output line

will be grounded. If it is low, the output line will remain

high. The advantage of the precharge applied here is that, .-.

although they are inverted, the outputs from the ALU are

realized more quickly, since all the output lines are

charged high and only the high data outputs will cause any

type - delay when the precharged line is grounded through

the low impedance transmission gates to ground. This

precharge approach is typically used for high capacitance

lines and is recommended by Ullman 124]. A CLL layout of

the output precharge circuit is shown in Figure VI-3.

This circuit was not used in the circuit simulations,

since analysis of delays in long high capacitance lines was not

the primary purpose of this thesis.
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+Vdd

phil

philbar
databar

data

databar

phi 2

phi2bar

GND

Figure VI-3. output precharge circuit CLL layout.

If the output precharge circuit had been used, the first

bitslice of the ALU would have used only one such circuit

since the bitslice has only output. However, the output

precharge circuit could easily be expanded to handle more

precharge lines by addition of more output precharge

circuits.

The ALU performs the basic functions of the Motorola ALU

after which it was modeled, which are listed in Table VI-l.

Table VI-l. ALU Functions

L"arnC s:Wm Ar W.8 0OWWO, -

53 52 51 MiP

~ t a. P.. P A 9.6 4A*S

L 6 6 N -. (

L I. 4A .. 1 @$weP, 1A..I

L . . Low -I- P I frogws 40*SI -al

L N 4 P. S. A.~ . * P 4A -n~. 11 ~Ie P4N
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The first bitslice schematic diagram is shown in Figure

VI-4 and the associated CLL layout is shown in Figure VI-5.

Phil phi2

philbarphi-4-

Figre I-4 AL BislCe ceaiMDarm(1

A' - - -S2-

FiueS3. L isie L aot

Thge I ALU itslice chematic iagram ih 3h]pehag

circuit implemented for the ten node and four node precharge

configurations are presented in Figure VI-6.
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+Vdd

phil.
philbar

phi 2 : -

Tenpndesarechrged

Vcow

S3 '. "

FO
BOM

AG

FigureVI-6a. Detailed Schematic Diagram of Bitslice with
oTen nodes precharged.

S-• 
. • .

phil

philbar.

-- phi2bar "

S3 -
S1,so

Figure VI-6b. Detailed Design Schematic of Bitslice with -"
Four nodes precharged. -.,

A CLL layout of the two precharged bitslice

"il'21 configurations is provided in Figure VI-7. .':

°" -% "



r-

ri I A

Figure VI-7a. CLL layout of Ten node precharge bitslice.

• --"Figure VI-Tb. CLL layout of Four node precharge bitslice. "

C. Memory/ALU Bitslice Circuit Design

The Memory/ALU circuit design was accomplished in three

steps. First, the schematic designs were generated for each

circuit element within the limits imposed by the

availability of logic circuit cells in the CMOS/SOS

library. The following gates were available:

- Inverter Gate (Slow and Fast types)

- 2 Input NAND Gate

- 3 Input NAND Gate

- 4 Input NAND Gate

- Transmission Gate

VI-11
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- 2 Input NOR Gate

- Double Buffer

Second, the elements were layed out to minimize the

area used and remain within the imposed design rules.

Third, the circuits were implemented using the available

NMOS CAD design tools and required CMOS/SOS library cells.

The following circuit elements were designed:

- Two 4 Bit Registers

- Read/Write Controller

- ALU Bitslice Input Controller

- 2x4 Decoder

- 4x4 Bit Static Random Access Memory (RAM)

1. Register Design -

Two different size registers were required. The A

register received data first when data is read from the

memory to be processed. Data is read from memory and stored

in the A regsister on phi 1 of a two phase clock. On phi 2

of the same system clock cycle the data is retained in the A

register and, on the next phi 1, data is read into the B

register. On the next phi 2 pulse the data from both

registers is read into the ALU for manipulation. To

properly time this process the A register is designed twice

as large as the B register so the data it contains may be

retained throughout another read cycle as data is read into

the B register. Both registers are composed of transmission

S.. gates to isolate the signals and inverters on which the
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signal is stored temporarily as it is passed between

* - register layers. A register select signal controls the

direction to where the read data is stored. The schematic I

diagram for the A register is shown in Figure VI-8 and the

associated CLL layout in Figure VI-9. The third and fourth

layers of the register reverse the signal connections

required to pass the signal between layers since during this

time data is being read into the B register and the register

select line will be selecting register B. A schematic

diagram and CLL layout of the B register are shown in

Figures VI-10 and VI-I respectively.

From Memory

DO D1 D2 D3

Register
SelectN P N P

N F Pi" =phil

phi2 N

LN P ~ 1I~
N P N P

DO D1 D2 D3

To ALU,

Figure VI-8. A register schematic.
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From Memory
Register-Select DO D1 D2 D3 i

phil

phi2 2

2.Red/rie onrole

f VI- 1

DO D1 D2 D3

To ALU

Figure VI-10. B register schematic.
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I. ~V I- 15 - :



7

Data is written to the memory on phi 2 and when the

read/write line is high. Data must be available on the data

input lines DO - D3. Both the inverted and non-inverted

data values are written into the memory cells. Data is read

from the memory on phi 2 when the read/write line is low.

Data is read only from the non-inverted data line of the

memory cell. The schematic diagram for this circuit is

shown in Figure VI-12.

dataO dataO datal a -1 data2 daTa2 data3 a ata

II

N PN N N

N N N N P -

AO/BO dataO Ai/BI datal A2/B2 data2 A3/B3 data3

phi2 R/W

Figure VI-12. Read/Write Controller schematic diagram.

A CLL layout of the Read/Write Controller is shown in Figure

VI-13.
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applied only after the data has been read from memory into

the A and B registers (or just the A register - depending on

the function to be performed). The input commands SO - S3

are passed into this circuit on phi 2 and when register

select goes low, indicating that data is being read into the

B register, passed along in the A register and eventually

out of both registers, the command is passed into the ALE).

VI-17
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The data that was input from the A and B registers (or just

the A register -depending upon the command input) is

processed. This circuit insures that only valid data is

processed. The ALU has a built in level of transmission

gates that clock data in on phi 1, therefore this circuit is

buffered on its output to insure the charge signal is held

until the following phi 1 clock pulse when the SO-S3

inputs are applied to the ALU. A schematic diagram of the

ALU Input Controller is shown in Figure VI-14 and a CLL

layout is shown in Figure VI-15.

Register Select To ALU select

phi2

p .7

so

NN

Si _.To

ALU

S2 PF7
NN

S3

Figure VI-14. ALt Input Controller schematic.
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Fiur V-15. ALU Input Controller CLL layout.

4. 4X4 Bit Random Access r (RAM)

The memory is composed of the vertical and horizontal

iterations of a basic six-transistor static memory cell that

is shown in Figure VI-16.

Data Data

Figure VI-16. Six-transistor memory cell.
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The operation of the cell is based on back-to-back inverters

connected in a flip-flop configuration. Whenever data is to

be written, the row select is set high and the data on the

data line and the data bar line is applied to their

respective inputs of the flip-flop. This data remains

available on the flip-flop indefinitely, may be read at any

time and does not require refresh (i.e. a static memory

cell).

The CLL layout for the static memory cell is shown in

Figure VI-17. This cell is iterated sixteen times to

generate the 4x4 bit memory.

5. 2x4 Decoder

The 2x4 memory row decoder provides the row

select signal to the row of memory cells that is read from

or written to. The schematic diagram of the circuit is

shown in Figure VI-18 and a CLL layout in Figure VI-19.
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AO DO =AO' Al'

Al D1 AO' Al

D2 =AO Al'

D3 =AOD Al

Figure VI-l8. 2x4 Decoder schematic diagram.
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C. ALU/Memory Bitslice Precharge

The ALU/Memory was precharged in accordance with the

previously presented precharge schemes. For this project,

the chip elements that were precharged were the one bitslice . -

of the ALU, the 2x4 row decoder, the A and B registers and

the 4x4 bit RAM.

To effectively isolate the interconnections between

chip elements and to precharge selected lines efficiently,

transmission gates were used on the inputs and outputs of

each chip element. Signals are passed on alternating phases

of a two phase clock.

The bitslice was precharged as outlined in Secton B and

the decoder was precharged as shown in Figure VI-20.

Vdd

phil-. __ ~philbar .;

A0 -- - 0 DO A0' A I

Al- I - -D1 AO' Al

--- D2 AO Al'

- D3 AO Al

Figure VI-20. Schematic of precharged 2x4 Decoder
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Figure VI-21 shows the CLL layout of the decoder circuit.

111

Figure VI-21. 2x4 Precharged Decoder Circuit.

The only change to the basic RAM, in addition to one

transmission gate for each of the four data lines, was the

addition of inverters on the data output lines to the

registers to isolate the precharge on the output lines. If

this isolation did not occur, the data lines, of the
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individual flip-flop memory cells, would change to all high

states if the data lines were directly precharged. The A

and B registers were designed to compensate for the

additional inverter on the output lines from the memory.

The corresponding schematic diagram and CLL layout for

the precharged memory are provided in Figures VI-22 and VI-

23 respectively.

Vdd Data Da

phil

--.-

Row Select

Figure VI-22. Schematic of precharged memory. -

Figure VI-23. CLL layout of precharged memory cell.
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The registers were precharged on their outputs only

using one transmisiion gate for each output line. The

schematic diagrams and CLL layouts for each register are

presented in Figures VI-24 through VI-26.

From Memory

Vdd DO DI D2 D3

phil

DO D1 D2 D3

To ALU

Figure VI-24. Precharged A & B register schematic.

* .. ... . .. .. . ........ ..........
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1 1 J I '

IN r' 11' 111 1

12Figure 25. CLL layout of Precharged B register.
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Figure VI-26. CLL layout of precharged A register.
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The Memory/ALU Bitslice design presented here

demonstrated a practical application to at least a part of

Sommars' ALU, offered a larger circuit in which to

demonstrate the technique of precharging, and demonstrated

the application of precharging to an existing circuit (ALU

bitslice) and newly designed circuits (2x4 decoder and

RAM). The decoder, RAM and the registers were selected as

candidates for precharge since these elements are

traditonally slow devices. Memory and other storage

elements have slow access times and are in most need of

speed-up technique application. The ALU input controller

and read/write controller were composed primarily of

transmission gates used as pass elements, and were not good

candidates for precharge application.

To conclude this chapter a detailed schematic diagram

of the Memory/ALU Bitslice chip circuit is shown in Figure

VI-27.
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-. - VII. Simulation Results Analysis

This chapter reviews the results of the simulations

performed on the test circuit presented in Chapter VI, the

newly designed circuit elements of the Memory/ALU Bitslice

circuit and the first bitslice of the ALU previously

designed by Sommars [3].

The intent of this simulation was to determine the

validity of the precharging concept as a legitimate method

of speeding up circuit operation, to demonstrate the use of

precharging in both newly designed and already existing

circuit elements, and, given a specific circuit to speed-up,

how to most effectively precharge the circuit.

Experience was gained on an incremental basis as more

A simulations were performed on the different circuits.

Since the design of many of the circuit elements was in

process and modifications to the bitslice circuit were being

considered in conjunction with the performance of the

initial test circuit simulations, the precharged circuit

element designs and the precharged bitslice implement

precharging in accordance with the results of those initial

simulations.

Specific constraints were established for the

simulations to evaluate circuit precharge performance and

for standardizing the inputs and outputs of the circuits.

These criteria are discussed in the following section.
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A. Simulation Scenario Evaluation Criteria

Simulations were performed for each test circuit

configuration, each newly designed Memory/ALU bitslice

circuit element except the A shift register, and each

bitslice section. Each circuit's inputs were selected to

generate an output high-to-low transition for one simulation

and an output low-to-high transition for the other

simulation. This illustrated the effect of precharging on

both high and low transitioning signal levels. Tran-

sitioning input waveforms were used to enhance delay

analysis.

A 2 nsec precharge pulse width was selected since

simulations on the individual gates demonstrated that they

0 switched on the order of 2 nsec, and thus this was

considered a valid precharge pulse width based on the

expected operating speed of the circuits under simulation.

The precharge pulse was applied to selected nodes without

isolating the nodes from the rest of the circuit. There is

an advantage gained by applying precharge in this fashion to

the active circuit. Since the precharge occurs when the

circuit becomes active, the requirement to isolate the

individual gates/circuit elements when nodes are precharged

is reduced. In this way, most transmission gates required

for isolation could be eliminated, thus saving space on the

chip.

For purposes of simulation, the precharge pulse was

delayed (from the start of the input signal sequences) by 4
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nsec and "straddled" the 5 nsec transition point of the

input waveforms. This insured that the precharge was -

available when the circuit became active. It was not

intended to simulate an actual phase 1 signal of a two-phase

clock.

The varying input levels insured a varying output that

illustrated the effects of high-to-low and low-to-high

transition gate delays for purposes of analysis. The input

signals sequences are shown in Figure VII-1. The first

signal level (1 or 0) began at 0 nsec and lasted for 5 nsec

where it transitioned to either high or low, lasted 10 nsec

and then transitioned back to its original value for 25

nsec, for a total signal time of 40 nsec. The same time

frames for the precharge and input pulses were used for each

simulated circuit configuration to permit direct comparison

of results.

1st Simulation
(Identical
010 nand 0 1 0
inputs)

2nd Simulation
(Identical
101 nand 1 0-1
inputs)

Precharge 0 1 0

Time(nsec) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 -- 40

Figure VII-1. Test circuit input waveforms.
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All input waveforms were "ideal" with no delays

(instanteous level transitions). This simplified the delay

analysis. Circuit delays for each simulated circuit were

determined with respect to the ideal input waveforms as they

transition from high-to-low or low-to-high at the 5 nsec

point. For this analysis, all the circuit delays presented

are measured with respect to the 5 nsec ideal transition

point on the time scale.

For purposes of delay evaluation, "valid" high and low

signal level thresholds were established. For a signal that

was transitioning from low-to-high, the delay was determined

as the time required for the signal to reach 3.75 volts DC

measured from the 5 nsec ideal time point on the time axis

of the SPICE waveform plot (0 to 75% V output signal
max

swing). For a signal that was transitioning from low-to-

high, the delay was determined as the time required for the

signal to reach 1.25 volts DC measured from the 5 nsec point

on the time axis of the SPICE waveform plot (100% to 25%

V output signal swing).
max

SPICE simulation data are provided in Appendix A, B and ....

C for the test circuit configurations, the Memory/ALU

Bitslice circuit elements and the sections of the bitslice

respectively.

Also included in the appendices, for each simulated

circuit configuration, is a numbered node cifplot and

SPICE/mextra node cross reference provided to aid the reader
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in following this analysis and for future duplication of the

simulations presented in this thesis.

B. General Observations

Some general observations can be made from review

of the SPICE data.

The 2 nsec precharge pulse is clearly visible on many

of the waveform plots as a high transitioning spike around

the 5 nsec point on the time axis. In many cases the pulse

fails to cause the circuit to switch because the circuit was

active (beginning to perform its function, based on the

input), at the time the pulse was applied. The output

waveforms display the effect of the precharge, both when it

is suppressed (circuit trying to reach 0 volts) and also

j * when the waveform is transitioning high after the precharge

has been applied.

In order to provide an adequate precharge pulse to the

selected precharge nodes, oversized transmission gates were

used to provide enough current to precharge the nodes. This

was accomplished by increasing the gate widths of the

transmission gate PMOS and NMOS devices.

Simulations were performed using different widths for

the transmission gates. The cases where the widths were

increased shows a considerable increase in the strength of

the precharge pulse as it was applied to the different

nodes. Simulations were performed using gate widths two,

three and four times the width of the basic transmission

gates designed by Sommars.
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The test circuit simulations were performed with

transmission gates four times the basic gate width, and the

chip elements and bitslice sections were simulated using

gate widths of one, two and three times the basic gate

widths. These simulations were performed to demonstrate

that when a sufficiently large current pulse could be

provided, the precharge method did indeed precharge the

specific nodes as desired. However, due to the capacitance

of interconnect wiring, addition of precharge circuitry can

slow the circuit down. This effect can be eliminated if the

circuitry is laid out with short wiring runs and

consideration is given to insuring sufficiently large

transistor sizes within the precharge circuit.

C. Test Circuit Simulation

The test circuit described in Chapter VI was

composed of a single nand gate and two inverters in series.

This test circuit was implemented with the CMOS/SOS gates

available in Sommars' library. The test circuit simulations

were performed to demonstrate the basic technique of

precharging, to determine its impact on positive and

negative signal transitions, and from these results

determine a methodology for applying precharging to circuits

in general. The results of these initial simulations were

applied to the Memory/ALU Bitslice circuit element and

Bitslice section simulations. Twelve separate simulations

were performed on the test circuit. Two initial simulations
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(one for a high-tolow signal transiton and the other for a

low-to-high signal transition) were run on the circuit,

before any precharging techniques were applied, to establish

a baseline to which the other simulation results could be - -

compared. Three nodes were available for precharge

application, the output of the nand gate, the output of the

first inverter and the output of the second inverter. The

remaining ten simulations selectively precharged these

outputs individually or in combinations.

For the test circuit, the inputs to the nand gate were

selected to provide a low-going pulse, 101, at the output

(identical nand inputs of 010) for the first simulation and

to provide a high going pulse 010 at the output (identical

nand inputs of 101) for the second simulation. The

outputs from the nand and both inverters were monitored and

plotted for each SPICE simulation. On each waveform plot,

the nand output is depicted by the equal sign (=) waveform,

the first inverter output by the plus sign (+) waveform and

the second inverter output by the asterisk (*) waveform. Of

primary interest is the second inverter output waveform.

Since this is the final circuit output it suffers from the

total circuit delay generated by the circuit and is the

signal provided to subsequent circuits or circuit elements

in a more complex circuit configuration.

1. Basic Test Circuit

The SPICE simulation data is provided on pages A-3

. . through A-7 of Appendix A.
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The delays associated with the input signals' first

transition for this circuit simulation are presented in

Table VII-I.

Table VII-1

Basic Test Circuit Delays

Nand Inputs Nand First Inverter Second Inverter
Output Output Output
(nsec) (nsec) (nsec)

010 2.5 3.0 4.0

101 1.5 2.5 3.0

2. Precharging Nand Output

The delaytimes presented in Table VII-2 were

determined from the SPICE waveform data in Appendix A, pages

A-8 through A-12.

Table VII-2

Test Circuit Delays with Precharged Nand Output

Nand Inputs Nand First Inverter Second Inverter
Output Output Output
(nsec) (nsec) (nsec)

010 5.5 6.0 7.0

101 0.5 1.5 2.0

Results

The nand output high-to-low transition delay is

increased, which substantially delays the transition for

- each subsequent gate output. The nand output low-to-high
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transition delay is reduced by 1.0 nsec, which causes an

earlier transition in each subsequent gate, when compared to

the basic test circuit.

3. Precharging First Inverter Output

The SPICE data for this circuit simulation is

provided in Appendix A, pages A-13 through A-17. The delay

times of interest to this analysis are presented in Table

VII-3.

Table VII-3

Circuit Delays Precharged First Inverter Output .

Nand Inputs Nand First Inverter Second Inverter
Output Output Output
(nsec) (nsec) (nsec)

010 3.0 1.5 2.0

101 2.0 3.5 4.5

Results

The nand output high-to-low transition delay is

increased while the transition times are reduced for both

inverter outputs. The nand output low-to-high transition

delay and each subsequent gate output transition times are

all increased.
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4. Precharging Second Inverter Output

The SPICE data for this circuit simulation is

provided in Appendix A, pages A-18 through A-22. The delay

times for the circuit are presented in Table VII-4.

Table VII-4

Circuit Delays - Precharged Second Inverter Output

Nand Inputs Nand First Inverter Second Inverter
Output Output Output
(nsec) (nsec) (nsec)

010 2.5 3.5 9.0

101 1.5 2.5 5.5

Results

For the nand output, high-to-low transition, the first

inverter output shows a 0.5 nsec delay increase, while the

second inverter output delay increases by 5.0 nsec, as

compared to the basic test circuit.

For the nand output low-to-high transition delay, the

nand and first inverter outputs occur at the same time as

for the basic test circuit, however the second inverter

output transition time is increased by 2.5 nsec.

Examination of the extracted circuit parameters, used

in the SPICE simulation, shows that the addition of the

precharge circuitry to the output of the second inverter

increased the load capacitance by a factor of seven, thus

slowing down the transitions greatly.
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5. Precharging Nand and First Inverter Outputs

The SPICE data for this simulation is provided

in Appendix A, pages A-23 through A-27. The circuit delays

are presented in Table VII-5.

Table VII-5

Circuit Delays - Precharged Nand and First Inverter Outputs

Nand Inputs Nand First Inverter Second Inverter
Output Output Output
(nsec) (nsec) (nsec)

010 5.5 6.5 7.5 2
101 0.5 3.0 4.0

Results

* *The precharge increases the delay for the nand output

high-to-low transitioning signal which then degrades the

transition time for both subsequent inverters. Although a

1.0 nsec delay reduction is achieved at the nand output for

its low-to-high transitioning signal, both the first and

second inverter output delays increase by 0.5 and 1.0 nsec

respectively, due to the detrimental effect of the precharge

on the first inverter output high-to-low transition.

6. Precharging Nand and Second Inverter Outputs

The SPICE data for this circuit simulation is

provided in Appendix A, pages A-28 through A-32. The

circuit delays are presented in Table VII-6.
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Table VII-6

Precharged Nand and Second Inverter Output

Nand Inputs Nand First Inverter Second Inverter
Output Out ut Out ut
(nsec) (nsec)(sc

010 5.5 6.0 11.5

101 0.5 1.5 3.5

Results

The nand output high-to-low transition delay and hence

the subsequent inverter transition times are significantly

increased by the application of precharge. The nand output

low-to-high transition delay is reduced and hence the first

inverter outputs also. However, in spite of the precharge

signal, a 0.5 nsec delay increase is evidenced at the output

of the second inverter due to the previously mentioned large

capacitance load created at the circuit output by the

particular precharge interconnection.

Overall Results

As already discussed, the output of the second inverter

is of primary interest. If its delay can be reduced, by

reducing the delays of the gates affecting that node, then

the overall speed of the circuit can be increased.

The second inverter output delays are presented again

together in Table VII-7. The respective increases or

decreases in delay times are shown as percentages.
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Table VII-7

Total Circuit Delays

Nand Total Node Delay
Input Circuit Delay Precharged Change

(nse c)1
010 4.0 none baseline

(no change)
101 3.0 none baseline

(no cahnge)

010 7.0 NAND +75.0%
101 2.0 NAND -33.3%

010 2.0 INVI -50.0%
101 4.5 INVl +50.0%

010 9.0 INV2 +125.0%
101 5.5 INV2 +83.3%

010 7.5 NAND,INV1 +87.5%
101 4.0 NAND,INV1 +33.3%

010 11.5 NAND,INV2 +187.5%
101 3.5 NAND,INV2 +16.7%

D. Memory/ALU Bitslice Circuit Element Simulation2

Three elements of the Memory/ALU Bitslice circuit

were simulated; the decoder, the B register, and a single

static RAM cell. The data from the SPICE simulations for

each of these elements is provided in Appendix B.

1. 2x4 Decoder Simulation

Three decoder configurations were simulated,

the basic decoder to establish a baseline for comparison,

the decoder with precharge of each nand-inverter

interconnect line, and the decoder with precharge of each

output line. Three output lines were monitored for each
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simulation. On the SPICE waveforms, the 00 selected line

is represented by the asterisk (*), the 11 selected output

line is represented by the plus (+) sign, and the 01

selected output line is represented by the equal (=) sign.

The inputs to the decoder are identical 010 pulses.

Onlyone simulation was performed for each configuration,

since the 00 and 11 select lines are monitiored and the 010

inputs cause a high-to-low and a low-to-high transiton on

the same SPICE output plot.

The 010 input waveform is of the same format as

presented in the sample waveforms in Figure VII-1.

A 010 input to each decoder input corresponds to a

selection of the 00 output line, then the 11 output line,

and then the 00 output line again.

For each simulation, the 01 and 10 output line should

remain constantly low for all the simulations since the

input never causes either one to be selected. For the

decoder simulations it can be seen that the 01 output line .

was constantly low, indicating that the decoder operated

correctly for non-selected lines, based on the decoder

input, since the line was never selected (never went high).

For the precharge configurations, simulations were

performed for precharge transmission gate device widths

using the basic widths, and two and three times the basic

widths. The intent is to show the effect of a deficiency of

current (narrow width transmission gate) and increasingly

larger current precharge pulses (wider gate transistors) on
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the effectiveness of the precharge technique. In the

tables, results from circuits using transmission gates

transistors with these dimensions are represented by xl

(times 1), x2 (times 2) and x3 (times three) respectively.

a. Basic Decoder Simulation

(Refer to Figures B-6)

To determine decoder delay times, thp analysis

was performed by first observing the transition of the

output lines as the two decoder inputs changed from 00 to 11

(based on an input sequence of 010 at both inputs). After

the decoder input changes to 11 at the 5 nsec point, the 11

selected output line reaches the 3.75 volt minimum value at

the 9.0 nsec point. The 00 output line achieves the 1.25

volt, non-selected condition at the 9.0 nsec point. This

data is tabulated in Table VII-8.

Table VII-8

Basic Decoder Delays

High-to-Low Low-to-High
Inputs Delay Delay

010 4.5 nsec 4.0 nsec

b. Precharged Decoder

(Refer to Figures B-4 through B-10)

Two different precharge configurations were

simulated to determine the best approach to precharging the

decoder. These simulation results demonstrate the need to

carefuly select the nodes to be precharged within individual

- circuits and circuit elements.
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1. Precharged Decoder (Internal nodes)
(Refer to Figures B-4 through B-6)

The application of precharge at the

internal node between the nand gates and the inverters

causes the outputs of all the select lines to be driven low

after the precharge. This accounts for the output node

high-to-low transition delay reduction for the x2 and x3

gate widths data presented in Table VII-9. The original

transmission gate transistor size does not produce an

appreciable reduction in transition delay. The low-to-high

output transition is degraded due to the precharge causing

the outputs to be pulled low during the first part of the

input signal.

Table VII-9

Precharged Decoder (Internal node) Delays

Input Decoder Output Transition Delay

High-to-Low Low-to-High
x1 x2 x3 xl x2 x3

010 4.0 3.5 2.5 7.5 7.5 8.0

2. Precharged Decoder (Output Nodes)

(Refer to Figures B-8 through B-10)

This precharge configuration degrades the

performance of the high-to-low transitioning waveform,

however, this is not a serious drawback, since it is a

"high" select decoder. The low-to-high transition delay is

reduced by 1.5 nsec in the best case, and by 0.5 nsec in the

* .[[ . worst case, when compared to the basic decoder delay
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results. The results are presented in Table VII-10.

Table VII-10

Precharged Decoder (Output Nodes) Delay

High-to-Low Low-to-High
Input Decoder Output Transition Delay

x1 x2 x3 X1 x2 x3

010 5.0 5.0 5.0 4.0 3.5 3.0

2.B Register Simulation
(Refer to Figures B-l1 through B-16)

Ii
a. Basic B Register

(Refer to Figure B-12)

For the basic B register, the output

lines float until 5.5 nsec after the input signal

transitions (input finally propagates to output), then

gradually approach their final values. However, the

monitored high signal output line fails to reach the

minimum 3.75 volt level and the low signal output line fails

to reach the 1.25 volt level. Instead, the high driven

output reaches a maximum value of 3.6 volts at 11.5 nsac

after the input signal transition and the low driven output

reaches a minimum of 1.35 volts at 11.5 nsec after the input

signal transitions. The B register fails to operate

correctly, but the effective signal delays (time to reach

maximum/minimum values) will be used for comparison to the

precharged register configuration delays. These effective
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delays are tabulated in Table VII-II.

Table VII-11

B Register Delays

High-to-Low Low-to-High
Input Delay Delay

1 11.5 nsec

0 11.5 nsec

b. Precharged B Register

(Refer to Figures B-14 through B16)

The circuit fails to operate correctly

after the precharge is applied, however the effecs of the

precharge are clearly visible on the waveform plot. the

precharge favors the low-to-high transitioning signal. The

delay (actual and effective) results are presented in Table

VII-12.

Table VII-12

Precharged B Register DelaysInput Dea

xl x2 x3

1 12.0 11.5 7.5

0 12.0 12.0 12.0

3. RAM Cell Simulation

(Refer to Figures B-17 through B-26)

The ram cell was not simulated directly, since

simulation of the flip-flop itself would have been

_ necessary and would have unnecessarily complicated the
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precharge simulation. The precharge of the RAM cell was set

up as a precharge of the "data" line and was designed to

take place only during a read of the data, when data is read

from the "data" line of the memory cell. With cascaded

cells, making up the entire 4x4 memory, the data lines are

common to all the RAM cells. To precharge the data line on

a read of the memory, isolation of the precharged node is

required to prevent the indescriminate writing of a high
r

data signal into the flip-flop memory cells, due to the

precharge, when a specific row of the memory was selected.

Therefore isolation inverters were added to the data lines

of the RAM. These inverters limit the precharge to only the

data line outputs.

The simulation of the memory was limited to a single

cell with an isolation inverter attached to its data line

output. The simulation of the cell entailed application of

a signal to the inverter input and a precharge of the

inverter output. This represented a selection of the cell

on a memory read, the flip-flop data being output to the

data line andthedata signal propagating to the isolation

inverter output. Therefore, the only delay being simulated

was that across the isolation inverter.

The 4x4 memory supplies data to the A and B registers.

Since the isolation inverters inverted the data signal from

the flip-flop, memory cells, the registers were designed to

account for this inversion.

For the precharge configurations, the precharge

VII-19

I. ." 4



II

simulations were performed for the basic device width

transmission gate, and widths two and three times the basic

width. In the tables, these widths are represented by xl,

x2 and x3 respectively.

a. Basic RAM Cell

(Refer to Figure B-17 through B-19)

A 010 waveform, as presented in Figure

VII-1, was applied to the data line of the RAM cell driving

a 101 output waveform at the output of the inverter. Then a

101 input was applied driving a 010 at the output of the

inverter. The delays are presented in Table VII-13.

TABLE VII-13

Basic RAM Cell Delays
Input Delay

010 5.5 nsec

101 5.5 nsec

b. Precharged RAM Cell

(Refer to Figures B-20 and B-26)

When the output transitions from high-to-low,

a delay increase results when the precharge is applied.

When the output transitions from low-to-high, the transition

delay is reduced by 0.5, 1.5 and 2.5 nsec respectively for

the original, 2x and 3x widths of the transmission gate

devices. Again the effectiveness of precharging is

increased when the transmission gate transistors are large

enough to supply an appreciable amount of current.
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TABLE VII-14

Precharged RAM Cell Delays
Delay

Input x1 x2 x3

010 6.0 6.0 7.0

101 5.0 4.0 3.5

These simulations indicate the following:

- Precharging can enhance the operation of a

circuit, i.e. more clearly define high and low signal levels

- The results of precharging must be carefully

analyzed to determine if it has any effect on the circuit to

which it was applied, i.e. the basic RAM cell circuit

displayed no positive or negative effects of precharging for

the original size transmission gate, but did show an effect

as the transmission gate transistors were increased in size,

allowing a greater precharge current pulse.

- Selection of the nodes to which precharge is

applied is critical, i.e. as displayed by the two different

decoder precharge configurations. One circuit displayed a

marked enhancement in operation while the other precharged

circuit displyed degraded operation due to the difference in

the nodes that were precharged.
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D. ALU Bitslice Simulation

Simulation of the entire bitslice was attempted but

failed. The simulator produced error statements. The

reason for the failure was not determined. However,

incrementally increased circuit size simulations that were

performed by adding portions of the bitslice circuit

(individual gates), indicated that SPICE was not capable of

simulating a circuit that was comprised of more than

thirteen gates. As an alternative simulation approach, the

bitslice was divided into three separate sections. The

bitslice design provided three independent sections that

were tested for high and low transitioning output waveforms.

Two different precharge configurations were simulated

on the bitslice sections. In the first, all the nodes

selected were internal to the individual sections. this

included four nodes in the first section, two nodes in the

second section and four nodes in the third section. In

the second simulation, the precharged nodes were the

respective outputs of each section. Thus only two nodes in

the first section, one node in the second section, and one

node in the third section were precharged. Simulations

using the basic transmission gate transistor width, a

transmission gate with a 2x transistor width and a 3x

transistor width were perfoormedThe SPICE simulation data

are provided in Appendix C. Numbered node cifplots and node

cross reference list are also provided in the appendix. For

..the bitslice section simulations, the input waveforms are of
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the same format as presented in Figure VII-1 and the 3.75

volt and 1.25 volt levels apply to high and low

transitioning output signals.

Simulation of the sections of the bitslice completes

the basic testing of the precharge concept, since the test

circuit was a series combination of gates and the bitslice

sections offer parallel combinations of the gates.

To clearly follow this analysis, the reader will need - -

to refer to the appendix.

1. First Section Simulation

The first section of the bitslice requires

eight inputs to operate:

A - operator0-
B - operator

PHI1 - Phase 1 Transmission gate pass signal

PHIlBAR - Inverse of PHI1l

SO -> S3 - ALU Control Inputs

For these simulations these inputs had the following

values:

Table VII-15

Section 1 Simulation Input Values

A - 010/101

B - 000

PHIlo" III

PHIlBAR - 000

so - 000
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S1 - 000

S2 - 111

S3 - 11l

Two simulations were performed, one for A = 101 and the

other with A = 010. The ALU control signals $0-$3 caused

these inputs to produce outputs of 010 and 101 (the inverse

of whatever A was) respectively. The same outputs existed

at each of the two section 1 output nodes. Although the

outputs from each node were logically the same, they were

not identical since one output came from a two-input nand

gate and one came from a three-input nand gate. The two

different input sequences for A insured both high and low

transitioning waveform outputs for comparison and analysis.

On each SPICE waveform output, the two-input nand output is

represented by the asterisk (*) waveform and the three-input

nand output is represented by the plus sign (+) waveform.

The A input did not conform exactly to the waveforms

of Figure VII-1 for these simulations. Instead of waiting --

for 5 nsec for a change from high-to-low or low-to-high, the

signal transitions at 0 nsec on the time axis. The input was

modified in this manner since initial SPICE waveform outputs

indicated that the delays associated with the first section

caused an approximate 5 nsec delay before a section one

output waveform transition and the output waveform exceeded

the 40 nsec total simulation time before reaching

equilibrium when the standard 5 nsec delay waveform was used
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as input. To encompass the entire waveform the inputs had

to be provided at an earlier timeframe during the

simulation. The precharge pulse was maintained at the same

time frame (4 to 6 nsec). The standard precharge pilse was

maintained since the 5 nsec internal circuit delay of the

first section permitted the precharge pulse to coincide

directly with the output waveform transition when the 5 nsec

delay on the inputs was eliminated.

The result of this earlier application of the A input

is that the transitions from low-to-high or high-to-low

occur slightly earlier than the 5 nsec time point which had

been characteristic of the previous simulation waveforms.

For the precharge configurations, simulations were

0. performed with the basic transmission gate, and the

transmission gate with its device widths two and three

times the widths of the basic transmission gate device

widths. These are represented by xl, x2 and x3 respectively

in the Data Table VII-16.

a. Basic First Section
(Refer to Figures C-3 and C-4)

For a 010 input for A, the expected output -

is a 101 at both monitored output nodes. The 2-input nand

gate output is high, then begins its transition to a low

threshold. It achieves the 1.25 volt threshold afterll.0

nsec. The 3-input nand output achieves the 1.25 volt

threshold after 7.5 nsec.

For a 101 A input, a 010 output was expected. The 2-
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input nand output reaches the 3.75 volt threshold afterl0.5

nsec and the 3-input nand output fails to reach the

threshold and reaches a maximum of 2.55 volts afterll.5

nsec.

b. First Section Precharged at Two Output Nodes
(Refer to Figures C-7 t-ro ug-h C-2)

For an A input of 010, both the two and the

three input nand outputs achieve the 1.25 volt threshold for

the simulations.

For a 101 A input, the two-input nand output achieves

the 3.75 volt threshold for each simulation, however the

three-input nand output only achieves the threshold for the

simulation with transmission gate device widths three times

the width of the basic transmission gate.

c. First Section Precharged at Four Internal Nodes
(Refer to Figures C-15 through C-20)

For an A input of 010, both outputs achieve the

established 1.25 volt threshold.

For a 101 A input, the two-input nand achieves the 3.75

volt threshold, but the three-input nand still fails to

achieve the threshold for all the simulations.

Table VII-16 summarizes the delays for the first

section of the bitslice.
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Table VII-16

First Bitslice Section Delays
Output Delays

A Input Pre- 2-Input Nand/3-Input Nand
charge

X1 x2 x3

010 none 6.0/2.5
101 none 5.5/6.5

010 2 nodes --------- 12.5/9.5 13.0/10.0 13.0/10.0
101 2 nodes --------- 10.5/11.5 8.5/11.5 6.5/7.0

010 4 nodes --------- 10.5/7.5 9.0/6.5 8.5/7.5
101 4 nodes --------- 13.0/11.5 13.0/11.5 13.5/11.5

2. Second Section Simulation

The second bitslice section had only two

inputs and was the least complex of the sections. One input

was held at a constant high for each simulation while the

other was varied to obtain a high and a low transitioning

output waveform. The values are presented in Table VII-17.

Refer to Figures C-21 and C-22 in Appendix C.

Table VII-17

Section 2 Inputs

VINI - 111
VIN2 - 010/101

These simulation inputs conform to those specified in

Figure VII-1.

a. Basic Second Section
(Refer to Figures C-23 and C-24)

With input 010, the expected output was 101. The output

, ireaches the 1.25 volt threshold after 6.0 nsec.
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r For input 101, the waveform reaches the 3.75 volt

threshold after 6.5 nsec.

b. Second Section Precharged at One Output Node

(Refei to Figures C-2 thr-ug-C-32)

For inputs of 010 and 101 the outputs

achieve the established 1.25 and 3.75 volt thresholds. The

low-to-high delays are reduced and the high-to-low

transition delays are increased.

c. Second Section Precharged at Two Internal Nodes
(Refer to Figures C-35 through C-40)

For 010 and 101 inputs, the output waveforms also

achieve the threshold voltages. However, the precharge

reduces the delay of the high-to-low transition in this

precharge configuration, since the precharge of both inputs

to the two-input nand gate drives the output low after the

precharge, thereby favoring the high-to-low transition and

hindering the low-to-high transition.

Table VII-18 tabulates the delays each of these circuit

configurations.

Table VII-18

Second Bitslice Section Delays

Input Precharge Output Delay

xl x2 x3

010 none 6.0 o.__
101 none 6.5

010 1 node ---- 7.5 7.5 7.5
101 1 node 6.0 5.5 4.0

010 2 nodes ---- 6.0 4.5 3.5
101 2 nodes ---- 9.5 9.5 9.5
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3. Third Section Simulation

The third bitslice section had three inputs; a

carry bit, an ALU select signal and the input from the

second bitslice section. The carry signal was kept constant

at zero, the select signal was kept at a constant high and

the third input was varied to produce a transitioning

waveform at the circuit output. Table VII-19 summarizes the

inputs. Refer to Figures C-41 and C-42 in Appendix C.

Table VII-19
Bitslice Third Section Inputs

Carry - 000
Select - 111
VINI - 010/101

The expected output is 101 for a VINI = 010 and 010 for

* i VINI = 101. VINI conforms to the waveforms presented in

Figure VII-1.

a. Basic Third Section
(R-efer to Figures C-43 and C-44)

For a 010 input, the output reaches the 1.25 volt

threshold after 7.0 nsec.

For a 101 input, the output reaches the 3.75 volt

threshold after 6.5 nsec.

b. Third Section Precharged at One Output Node
(Refer to Figures C-47 through C-52)

For a 010 input, the output delays are all increased

by at least 1.5 nsec.

For a 101 input, the output delay is initially

increased for the xl case, but is reduced by 0.5 nsec in the
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x3 case.

c. Third Section Precharged at Four Internal Nodes
(Refer to Figures C-55 and C-T

For the 010 input, all cases reflect an output delay

increase of 3.5 nsec.

For an input of 101, the output delay is initially

increased by 2.5 nsec for the xl case, but is reduced by 1.5

nsec for the x3 case when enough current is supplied to the

node during precharge.

Table VII-20
Third Section Bitslice Delays

Input Precharge Output Delay

xl x2 x3

010 none 7.0 -_-
101 none 6.5

010 1 node 8.5 8.5 9.0
101 1 node 8.5 7.5 6.0

010 4 nodes 10.0 10.5 10.5
101 4 nodes 9.0 7.0 5.0

E. Results Summary

The results of these simulations indicate the

following:

- Precharge reduces the circuit delay when

applied to nodes that are transitioning from a low to a high

level.

- Precharge has a negative effect when applied to
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nodes where the signal level is transitioning from high-to-

low.

- Precharge can be applied to both series and

parallel combinational circuits.

- In circuits, such as the logic high select

decoder, the detremental effect of the precharge on the

high-to-low transition is not a serious drawback, since the

decoder operates only on high select (low-to-high)

transitions. Circuits such as the decoder, and other "high

only" type circuits, would benefit from precharge

application.

- The effect of the precharge at a node, is

I* dtermined by the amount of current that is applied to the

node during the precharge.

- Nodes considered for precharge application must

be carefully selected to prevent degradation of circuit

operation.
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VIII. Conclusions and Reccommendations

A. Conclusions

The intent of this thesis was to investigate and

generate a single reference document of techniques to speed-

up electronic circuit operation, select a specific technique

that could be applied to CMOS/SOS technology, apply the

technique to existing and new CMOS/SOS circuit designs, and

through simulation, determine if the technique actually

speeds up the operation of the circuit to which it was

applied, and subsequently determine a methodology for

applying the technique to circuits in general.

When reviewing the circuit simulations, it should be

emphasized that, overlapping the precharge pulse with the

input signal transition is not an accurate reflection of the

standard two-phase clocking used in CMOS circuit design at

AFIT. This experimental approach insured that the precharge

pulse would be available at the time of input signal

transition and eased analysis and evaluation of the

precharge technique.

1. Activities Performed

The following activities were performed during this

thesis:

- Data was collected on known circuit speed-up

techniques.

- Precharging ( a specific speed-up technique) was
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evaluated to determine if -it applied to CMOS/SOS circuits

and if it increased circuit operating speed, since it was

the most commonly used method in the literature for speeding

up circuits.

- To expand the AFIT CMOS/SOS technology base, a

chip circuit was designed, using Sommars' CMOS/SOS library,

that made use of the first bitslice of his ALU and required

the design and development of additional circuit elements.

- Precharging was applied to the bitslice, and some

of the newly designed circuit elements.

- SPICE circuit simulation was performed on a test

circuit, the bitslice and the newly designed circuit

elements.

- Through the simulations, precharging was applied

to indivdual circuits and the effects of the precharge were

determined.

2. Circuit Simulation Conclusions

The following conclusions were drawn from the

circuit simulations performed:

- Precharging reduced the delays of signals that

were transitioning from low to high.

- Increased output delay occurs when consecutive

levels of inversion, e.g. the outputs of two series
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inverters, are both precharged.

- Precharge can increase the signal delay at a

node when the node is subsequently driven low by circuit

function.

- Poor selection of candidate precharge nodes

can have a detremental effect on circuit operating speed.

- It is difficult to determine which nodes within

a circuit to precharge to obtain the maximum benefits of

precharge application.

- The results of precharging must be carefully

analyzed to determine the effect on the circuit to which it

was applied. The addition of precharge circuitry increases

the capacitance of the nodes to which the precharge is

applied due to the capacitance of the interconnect wiring.

To insure the effectiveness of the precharge, a sufficient

amount of current must be applied to the selected nodes to

overcome this increase in capacitance.

- Since it is difficult to determine which

precharge approach to use, either precharging internal nodes

or by charging only circuit outputs, then it is essential

that circuits under consideration for precharge application

be simulated using SPICE or some other method to determine

the optimum approach.
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3. Suggested Precharge Approach

The following procedure is recommended if a circuit is -

being considered as a subject for precharge application:

- Select candidate precharge nodes.

- Through signal analysis, determine the signal

levels expected at the candidate nodes during normal circuit

operation.

- If signals are predominantly high at specific

nodes, then these nodes should be considered for precharge. . -

An excellent example of this is the high select 2x4 decoder

designed during this thesis.

- If neither high nor low levels dominate, then

perform a simulation to determine the effect of precharge

and apply precharge in accordance with the simulation

results.

- Implement one transmission gate for each node to

be precharged and determine the best place to locate the

gates, to save maximum chip area.

4. Special Problems Encountered

In addition to these precharge results, several

problems were encountered with some of the tools used to

prepare the SPICE simulation files.
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- SPICE fails to simulate a circuit consisting of

more than thirteen gates.

- Available SPICE reference documentation is not

adequate, especially in the preparation of input files.

- The extractor, Mextra, fails to correctly

calculate the capacitance of output nodes that are "floating

poly", and some other node capacitances calculated by Mextra

are not obvious when the circuit layout is examined.

B. Recommendations

The following are recommendations for future

research on topics related to this thesis:

- Determine why the extractor, Mextra, fails to

calculate correct capacitances on outputs when a "floating"

polysilicon line is connected and research the algorithm for

other node capacitances to verify correct parameters for

SPICE analyses.

- Investigate the operation of SPICE and determine

its limitations for circuit simulation, specifically, why it

simulates only a limited number of CMOS gates

- Since only a limited analysis was performed

during this thesis, expand the analysis and apply

precharge to more advanced/complex circuits

- Investigate delays in large capacitance lines
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- Investigate the impact of implementing the output

precharge circuit described in chapter 4, which applies to

delay reduction in high capacitance lines

-Simulate the entire bitslice circuit, then

simulate Sommars' entire ALU verifying its logical

correctness

- Complete the chip design and submit the

Memory/ALU Bitslice chip fabrication specifications, and

test the operation of the chip after manufacture

-Fabricate portions of the bitslice that were

enhanced by precharge and determine the impact of precharge

li on an actual simple circuit

- Fabricate the output precharged decoder circuit

and the basic circuit and determine the effect of

precharging on the circuit through physical performance

evaluation of the circuit

- Precharge the ALU, then fabricate both the basic

and precharged configurations, test each version and compare

the results
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Appendix A

SPICE analyses data are presented for the test circuit

discussed in Chapter VI. Five different precharge

configurations were used to determine the basic function of

precharging:

a. Precharge only the Nand output

b. Precharge only the first inverter output

c. Precharge only the second inverter output

d. Precharge the nand output and the first

inverter output at the same time 4

e. Precharge the nand output and the second

inverter output

A simulation was run on the basic test circuit to act

as a baseline for comparison to the precharged

configurations.

There were two simulations run for each test circuit

configuration. The first was with identical nand input

signals pulsed high from 0 - 5NS, low from 5 - 15NS and high

from 15 - 40NS. The second simulation inverted the

identical inputs to the nand (low - high - low) for the same

time frames. A standard precharge pulse was used for each

configuration; a high pulse from 4NS to 6NS and low for the

remainder of the simulation.

To evaluate the SPICE simulation data, a mextra/SPICE

node number cross reference list and a node cifplot are

provided for each test circuit configuration. The SPICE

A-1
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• input data refers to SPICE nodes and the cifplot refers to

mextra nodes. In the reference list, the mextra nodes are

in the first column and the corresponding SPICE nodes are

presented in the second column.

The waveform plots are also based on SPICE reference

nodes. To determine which node is being monitored for

output, look at the ".PLOT" line of the input listing, find

the node number in the "V( )" expression (there may be more

than one V() expression, since multiple node output

waveforms can be plotted) refer to the node list, look at

the right column and find the number you retrieved from the

input listing. Then find the corresponding mextra node

number and locate this node on the circuit node cifplot.

* *This can be repeated for any node on the input listing or

the circuit cifplot.
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Figure A-i. Basic Test Circuit Node Plot.

Table A-i

BASIC TEST CELL NODS~ CROSS REFV EtiC^- LIST

VC. I
;S 0

a 2

16 3

7 G
24 7
15 3
9 9
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1*******11/27/84 SPICE 2G.1 (15OCT80) ********18:02:36*****

0 CMOS/SOS TEST CELL CONFIGURATION

0** INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT-80
:OPTIONS ITL1=5k00 ITL5-Z
MNODEL NMOS NMOS (VTO=IV TOX=75NN UO=400 NSUB=2.5E16 LD-0.7UM)

41LEVEL -
.MODEL PMOS PMOS; (VTO-1V TOX=75NM UO=200 NSUB=3E15 LO-0.7UM)
+LEVEL-l
VDD I 0 DC 5V
MI 1 3 2 1 PMOS L=5.OU W-10.ZU
M2 7 6 0 0 NMOS L=5.OU W=15.OU
M3 2 3 7 0 NMOS L=5.OU W=15.OU
M4 8 9 0 0 NMOS L-5.OU W=15.OU
M5 9 2 0 0 NMOS L-5.OU W=15.ZU
M6 1 9 8 1 PMOS L=5.0U W-30.ZU
M7 1 2 9 1 PMOS L-5.OU W=30.OU
M8 1 6 2 1 PMOS L-5.OU W-IZ.OU
C9 1 0 0.ZPF
CIO 0 0 0.3PF
Cll 2 0 O.IPF
C12 9 Z 0.1PF
C13 8 0 O.1PF
VINI 6 0 PULSE (OV 5V 5NS ONS ONS IONS)
VIN2 3 0 PULSE (OV 5V SNS ONS ONS IONS)
.TRAN 0.5NS 40NS
:PLOT TRAM V(8) V(9) V(2) (OVSV)

END
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,. -.% -, W-V-I- ;

....I lv ..... SPICE 24. (15OCT68i ... IetDZ3 ..

a CMS/SOS TEST CELL. CONFIGURATIONI .. TRANSIENT ANALYSIS TEM4PERATURE - 27.961 DEC C
............................................................................................

#LG, %!I

TIME VlsI

X .. a ----- . t-su 1.25*4.89 2.5994'99V 3.7594.98 9.8994-99

5. 4.85f S.Sgood*1 .8 x
5.00-994S 5.69- * X1.89d-09 5.M993.3* x

2.5394-89 I.6U94.16 *. x
3.9994-99 5.5994-99 * x

316-9 S994A * o..

4.18d-09 S.99.9 * . . . K

5.5"9d-99 S0.9 * . .n
6 d33-Al 5.994.9 ..

6.5994-99 1.8904984
7.8954-86 4.994d5* f.
7*5e9d339 49949

6.5994-99 Z.2314'9 .A

9.5094-99 a.149 -d * .
1.800d-00 2.032d-92 KX

dote4-9 6.9494-13 KX
I.I39-96 I.93I4-93 X
I l194-95 2.434d-94 KX
). 26646f 39549

1.308d-9o 2.66 4-9 KX
1.3594-96 -4.610d-97 KX
1.456963-6 -I.8644-97 KX

I d19-06 1.7474-96 KX
I.566469 2.165W-IS KX

I.664-00 2.2±74-96 a

1.716d-08 2.8614-92 .

1.7543 3.97324-lI.994-9 88 77*8 6 d .

2.9594-6649940..
2.346 1.1d4

2.1196 .941 . ..
2.2364-96# 93.3$
2.2564d-9 5.1994.9 . ..

2.1164-66 5.3699 .

2.6564-66 5.1964.96 * X2.694-36 1.906.6 x
2.7949 S.9.96 * x

2.96d-ES 1.9664.69f * ,.
32069S S.649 d .

3.16d-99 4.36 .

3.39:4-:3 1.9.6 Id::. K

3.459.2-68 5.9394.99 .
3.506d-95 S.E94.6 . .
3.50 5.664.69 . ..

6523-6 1.6949 .

3.6±94-9 9.6495
3.90# 696 1.964.6 ..
3.9564-98 5.6004,6 .
4.809#d-93 5.0084-10 .

U Figure A-2. SPICE Waveform Plot of Basic Test

Circuit with Input 010.
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1*******11/27/84 ***~*SPICE 2G.1 (15OCT80) *******wl8:02:47*****

0 CMOS/SOS TEST CELL CONFIGURATION

INPUT LISTING TEMPERATURE = 27.05 DEG C

S ***SPICE DECK CREATED FROM TESTCELL.SIM, TECH=CMOS
.WIDTH OUT-80
.OPTIONS ITL1=Sf(Z ITL5=0
.MODEL NMOS NMOS. (VTO=1V TOX=75NM UO=400 NSUB=2.5E16 LD=0.7UM)

+LEVEL-1
.MODEL PMOS PMOS (VTO=-IV TOX=75NM UO=2.09 NSUI3=3El5 LD=9.7UM)
+LEVEL=1
VDD 1 0 DC SV
MI 1 3 2 1 PMOS L=S.ZU Wzlg.OU
M2 7 6 0 0 NMOS L=5.ZU W=15.ZU
M3 2 3 7 0 NMOS L=5.0U W=15.OU
M4 8 9 0 0 NMOS L-5.0U W=15.ZU
M5 9 2 0 0 NMOS L-5.ffU W=15.0U
MG 1 9 8 1 PMOS L-5.OU W=30.OU
M7 1 2 9 1 PMOS L=5.OU W=30.ZU
M8 1 6 2 1 Pl4OS L=5. ZU W=10.ZU
C9 1 .0 ..2PF
CIZ 0 0 Z.3PF
Cli 2 0g 0.1PF
C12 9 Y ff.IPF
C13 8 0 0.1IPF
VINI 6 0 PULSE (5V OV 5NS ONS ONS IONS)
VIN2 3 Z PULSE (5V OVV 5NS ONS OUNS lZNS)
.TRANI fl.5NS 4(1N:
.PLOT TRAN V(8) V(9) V(2) (OV,5V)
.END
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..... 11/7/9..... SPICE 2r.1 (16OCT651.... IS62,47 ..

* CMOS/SOS TEST CELL CONFIGURATION

9*' TRANSIENT ANALYSIS TEMPERATURE - 27.999 DEC C

6 SLEGEND.

TIME Viol

W-)"l-------------9. 4*99! 3.2594+99 2.5954.99 3.7554*99f S5.9994.99

ff. 4-99 2.259d-90 K . . . - - - - - - - - - - - - - - - - -

d.949 2259d-90 X
1.5994d-99 2.259d-9 X
2.994-5d:9 2:.594-96 52:.99d-.9 2.29-6 Kd

3.9994-99 2.259d-6
4.9##Ed_99 2.:259-95.
4.5999 2.519 X

d.99-99 2.2594-99 K

5.594-9 2.259-9.

6.5994-99 2 .8634-92 * x.
7.899-89 3.962d-01.
7.6994-99 1.7774.9 ..

6.9964-9 3.749..

9.8094-99 4.939d-90

1.1594-9to 51499*. d KX

1.3949 5.19439 4 ..
1.4994-99 5.946S

1.3564-96 6.9Pd9944
3.64-96 5.9053239 * ..
3I.659-96 59949 *
I.7914-9 5.S 49

1.6594 -98 3.7994.99 . .

2.7.99-96 1.634-9 .
2.9694-06 2.934-9 K.8 .

1.29#-96 2.4364-9

A 02.3594-9 2.94-5
2.99-86 -4.634-67 X

2.5694-98 2.154-06 KX

2.7996d-68 2.2554-86 X

2.69 4 9 2.25 4-9 K3 d
2.6594-96 2.584-96 KX

2.594-98 2.2594-98 X

3.3994-9 2.2594-66 X
3266d88 2.94-90 K

3:.54-96 2.2594-96 K
3.3964-6 2.2594 -9 KX
3.369d-98 2.2594-960 X
3.401d-06 2 .584-9 K
3.4594-96 2.259d-8 K x

3 594-96 2.2594-98 KX

3.7994-99 2.2594-6d
3.764-9 2.259d-9 KX
3.8994-96o 2 .259d4-6 K
3.8694-08 2.2594-98 X
3.9994-96 2.2594-8 K x

3.564-96a 2.2594-9 Ka _. 5 d

4.6994-98 2.2594-96 X

3 I

* Figur.?~e A-3 SPIC WaeomPotOXai
Test CiciXih nus11

3.09#doo 2.2 dA-?



Figure A-4. Node Plot of Test CIrcuit Precharged
at the Nand Output.

Table A-2

PRECH~ARGE NAND OUTPUT ONLY -NODE REFERENCE LIST

-,S 1
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1****1127/8 ****~ SPICE 2G.1 (15OCT80) *******23:57:40***w*

0 CMOS/SOS TEST CELL PRECHARGE NAND OUTPUT - INPUT 010 STANDARD D4,P2

0** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WJIDTH OUT-8I
.OPTIONS JTLIw5110 ITL5-0
.MODEL NMOS NMOS; (VTO=1V TOX-75NM UO-400 NSUB-2.5E16 LD-0.7UM)

+LEVEL-1
.MODEL PMOS PMOS; (VTO-1V TOX-75NM UO=200 NSUB-3E15 LD-8.7UM)

+LEVEL- 1
VOD 10Z DC 5V
*Ml 1 3 2 1 NMOS L=5.ZU W-5.IU
M2 1 3 5 1 NMOS L-5.ZU W-20.IU
*M3 2 6 1 1 PMOS L=5.IU W-18.ZU
M4 5 6 1 1 Pt4OS L-5.ZU W=40.ZU
M5 1 7 5 1 PMOS L=5.OU W=10.ZU
M6 10 9 1 1 NMOS; L-5.OU W=15.ZU
M7 10 7 5 0 NMOS L-5.ZU W=15.IU
ms aS 12 11 0 NMOS L-5.ZU W-15-OU
M9 1 5 12 1 NM405 L-5.IU W=15.ZU
MI 1 12 11 1 PNOS L=5.0U W-30.ZU
Mll 1 5 12 1 PMC'S L-5.ZU W=30.ZU
M12 1 9 5 1 PMOS L-5.IU W-10.IU
C13 1 0 0.425PF
C 14 1 0 0.3.U5PF
C15 5 0 0.243PF
C16 12 1 0.189PF
C17 11 I Z.1PF
*C18 2 0 0.68PF
VINi 7 1 PULSE (ZV 5V SNS INS INS IRNS)
VIN2 9 Z PULSE (IV 5V SNS INS INS iONS)
VP1 3 Z PULSE (f(V 5V 4NS INS INS 2NS)
VPZ 6 0 PULSE (EV ZV 4NS INS INS ZNS)
.TRAN~ 0.5N5 40NS:
.PLOT TRAN V(11) V(12) V(5) (OV,5V)
. END
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I ....I1/27/84.... SPICE 2r.1 (15OCT891 ..... 23S74 ..

9 CMOS/SOS TEST CELL PRECHARGE NANO OUTPUT - INPUT 019 - STANDARD D4.P2

TRANSIENT ANALYSIS TEM4PERATURE - 27.9"s DEC C

. . . . . . ...........................................

OLEGEND.

VtII,
V(I2)

TIME V(II)

X(..)-------SB. _d1*98 1.258.1449 2.899d.ENf 3.759d*1Ef 5.9994.39

9. d1408 5.0094449 .

lUR~ed-18 5.00.6E* ..

I.98d-E9 S.9*9
2.See-d 5.Fd*S

d.1.-9 5.09d*99.

.9 4 6 - 9 S O f fd99d 8 *x

4.SU d-9 5.0d~9
4.0.5 5.9d9408 * ..

5 6 5 9 # ~d -0 9 5 .8 9 3 4 4 4 3 .
7:.0.1-93 5.95: 9*

7.5.19 .999d.ES*

.5091-9 5.999d 99

9.,9d:68 4.644d
I.S0ld08e 4.925d:96..a
1.9CMd-S 4.4ZS4d5 .go
I.I0Ed-98 3 .61849. a
I.15@d-9 2.1544. * .

1.208d-98 2.9840
I.25dM-98 Il74 -S .1.3sed -68 2.672d -12
1.350d-9 5.963d4-53 *
1.409.1-98 6.328d -4 9 4
1.4 Sod -08 l.23d9S4
1.5god-fl 9.26540-6
I.5594-9_ -I.S, 4-96

I .69.1-8 -. 6d-87

I.7 M00 S.864d-09.
1.750d-8 2.314d14 * -

1. of9.-8 8.6746 a ..

1) 0.-98 9.07-E . - . *
1.950.1-88 2.273d::9
2.903.d-08 3.847d*0

a.5d1 4.75* .Z.1t79d-98 4.946d45
2.I50d-9 .994445 -2.2nyd-SB 4:9 9d*I ___

2.255.-98 8.999.1.1
2.351d-198 5.099*9 . .
2.3594-I H .e 9*9
2.4011-3 .99*..
2.45Sod-_8 5,1f04.5 6..
2.5801-9 d.:94.0 *
2.558.1-33 5.090'98d
2.689.1-18 5.:9d*9 .
2.659.d-8 5SI'4 .
2.700,1-98 S.9.11 . .. ,
2.750.-9 5:9994d: .
2.06od-8 5.0994*580 * ..
2.056.1-9 68.004*59 * x
Z.909 go 5.694*9
2.9501J-00 : 5.0&#dB * 6
3.89.1-98 5.0909 *

3.2016 5.000d-69 *

3.300d- 8 5.09 4 8 d x

3.1500-8 5.8944 d x

3.604'j-8 S.0994 d x
'.j0-8 5 .0540 . . .

3-7594-89 5.ap9od6 .

3.4Z -so6 SAY 9 *6 .a .

3.65So -d 5.0190d*6

33040 5 .PM0 5 .

3.6504J-08 5.005'69 *. .

4.7004-08 5. 90 3 x

N:9d@ .and Ouptwt ipt 00

3 ~ ~ ~ ~ ~ A 105d ~o~do



1*******11/27/84 **~* SPICE 2G.1 (15OCT80) ********23:57:23*****

0 CMOS/SOS. TEST CELL PRECHARGING ONLY THE NAND OUTPUT

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITL1=5k00 ITLS=Z
.MODEL NMOS NMOS (VTO=IV TOX=75NM UO=4ZO NSUB-2.5E16 LD=0.7UM)

+LEVEL=l
.MODEL PMOS PHOS. (VTO=-1V TOX=75NM UO=200 NSUB=3EI5 LD=0.7UM)
+LEVEL=l
VDD 1 0 DC 5V
*Ml 1 3 2 0 NMOS. L=5.ZU W=5.OU
M2 1 3 5 0a NMOS L=5.0U W=20.0U
*M3 2 6 1 1 PMOS. L=5.0U W=10.0U
M4 5 6 1 1 P140S L=5.0U W=40.0U
M5 1 7 5 1 P140S L=S.ZU W=10.0U
MG 10 9 0 0f NMO0S. L=5.ZU W=15.ZULiM7 10 7 5 0 NMOS L=S.ZU W=15.OU
M8 Z 12 11 0 NW'CS L=5.ZU W=15.0U
M9 0 5 12 0 N110. L=5.0U W=15.ZU
MlO 1 12 11 1 PMOS L=S.OU W=3Z.0U
Mll 1 5 12 1 PMlCS L=S.ZU W=30.OU
M12 1 9 5 1 PMOS. L=S.0U W=10.ZU
C13 1 0r Z.425PF
C14 0 Z 0.305PF
C15 5 kY 0. 243PF
C16 12 0 0.199PF
C17 11 0 0.1PF
*C18 2 0 0.68PF
VI ri 7 0 PULSE (5V 0V 5NS 0NS 0NS IONS)
VIN2 9 9 PULSE (5V (IV 5NS OrNS ONS IONS)
VPI 3 .0 PULSE fk(V 5V 4NS ONS ONS 2NS)
VP2 6 G PULSE EV OV 4NS ONS ZNS 2NS)
*TRAl ,-(. 5NS 4.04S
.PLOT TRAN V(11) V(12) V(5) (OV.5V)
END

A-li



S.. . . . ...... .... . .......

* 104 ........ I ICE 2r.1 (15OCT6. 23:5:2"

9 CMOS/SOS TEST CELL PRECHARGING ONLY THE NANO OUTPUT

0*.**. TRANSIENT ANALYSIS TEMPERATURE - 27.959 OEG C

............................................................................................

#LEGEND,

V(I)
V(12)-t VIII2

K

TI4E V(II)

X(-*-------------- . d6o5 I .2S9d-6 2.59dBf 3.75569E 3.5992466

6. d6 2.259d-g9 X .5.509<1-IS 2.2596-OSK

:1.gd-#11 I :11d'B X.0006-O 9 2.269d:-9 X
1.599d-09 2.269d-06 X .

3.009d-09 2.ZSd-9 X .

3.5006-99 2.2596-ES K .4...0d-9 2.25d-0 K .
4.56d-69 2.259d-96
5.90d-99 2.2726-8 . • ..

5.59od-89 2.429d- 8 2 d

6.9006-95 9.1116-02 .**.•6.599d-09 1.972d:1 . .

7.000d-fl 3.1556d9 . . * - .6.US d-fl 4.46d9.. . *
8.0066-89 4.6956.99 *
6.50d-09 4.976d99 .7o Dd- 9 4.99d:62

o.50ed-99 4.899# K8.5008d-09 4. 996.9 .
I.951d-91 5.d996d99 .. "
I.OSd-46 $. 909..
I.I55d-9 5.899d.95 .

I 1.100-fe 5.0960 *
1.209<146 5.0996.69 . . .-
1.2006 5.19681 * .. S -1.100d-08 5.0I969 *.
.63-08 5.909d.09 -x

I.406*-96 5.0996d69 .".1.4fl.J-#a S.g::d # .:

I.450-06 5.099d.0 . ... K
1.540<1-3 5.999d.19 * .'.

1.5566-06 5.0006.69 . .-.. °
1.45,9--8 S.Opd,,•""--
(.6004-0 5.d09069

1.6584-80 5.0PO*0 * .0..

I.700- 5.099d.99 * "."

1.756d-8 5.99d0 ..

1. C S8-09 5.06.09 a
1.900<1-66 1.969
1.95-0 44 ., 

"

2.ood-06 4.79.1d0: . - -
2.f0S d-6 3.9376'd
2 .10d-06 2.742d960 . -80 ,
2.150d- _ 1.31d*0 .* ..
2.20d-OR 3.428d-I. I 1
2.259Bed: 9 .7 8-Z.2 . .
2.29d-6 1.1426-12 * 

.

2.350d-08 2.592d-83 * .

2.405d-96 3.03d-6 *.
2.S0-6 -1.05d-06 *- .

2.550d-08 4.5716-d7 
.

2.6003-06 5.2-44d-6 X .

2.6Sd-95 -5.293d- K. X.-"
2.04-6 2.7906-900
2.75<d-06 2.375d-96 X .

2.69od-06 2.221d-96 X "

2.'S d-06 2 .26-06 K . -.d2.990d-08 2.2616-96K
2.596-9 B 2.266 -96 x '
3.040<-96 2.2696-06 K 1

3.0514-06 2.29d-0 K . X3.l00<1-98 2.2596-06 K . *

3.1541-06 2.296-96 d .3.2066-06 2.296-06 X.
3.25.1-08 2. 269-K: .
3., 0<-J0 2.2!9d-96 K 1

3.250.1-06 2.21.9d-06 K . "" .
3.4'0 -08 2.2 X-06 K .
3.45,J-08 2.2696-06 K
3.500d-96 2.259d-S X
3.550 -00 2.29d-06 X .
3.6040 -98 2.2-9gd - 0 X.
3.6504-8 2.259d-06 K "
3.7506-0 2.2696-06 x3.6d-96 2.259d-0 X
I .765:,d-:: 2.2"d-:: X

3.'00d-98 2.259-06 d X

3.90<-60 2.2 96-039 4-0 .Z.d-:8 X **-X

4.e900-0 2.2S9-0 0 .

Figure A-6. SPICE Waveform Plot of Precharged.Nand Output with Inputs 101.
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Figure A-7. Node Plot of Test Circuit Precharged
at First Inverter output.

Table A-3

00!CH.A7.E IIVI OUTPUT ONLY -NODE REFERENCE LIST

G , 0
VC'

'S

32
U 3
14

37 5
3 G
16 7

24 10
is i

A-i13



1*******11/27/84 SPICE 2G.1 (I5OCT80) ********23:59:47*w****

0 CMOS/SOS PRECHARGE INV1 ONLY -INPUT 010 - STANDARD D4,P2

0** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-88
.OPTIONS ITL1=5irO ITLS=0
.MODEL NMOS NMOS (VTO=1V TOX=75NM UO=400 NSUB-2.5E16 LD-Z.7UM)

+LEVEL=l
.MODEL PMOS PMOS; (VTO-1V TOX-75NM UO=200 NSUB=3E15 LD=0.7UM)
+LEVEL-I
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS Lm5.ZU W=20.ZU
M2 2 5 1 1 PMOS L=S.OU W=40.ZU

64 M3 1 7 6 1 PMOS L=5.HU W=I0.ffU
M4 10 9 0 0 NMOS L=5.0U W=15.ZU
M5 10 7 6 0 NI'IOS L=5.0U W=15.ZU
M6 0 2 11 0 NMOS; L=5.ZU W=15.ZU
M7 0 6 2 0 14140 L=5.0U W=15.0U
M8 1 2 11 1 PMOS L=5.ZU W=30.ZU
M9 1 6 2 1 PMOS L=5.OU W=39.OU
Muf 1 9 6 1 PM105 L=5.ZU W=19.ZU
CII 1 0 Z.405PF
C12 0 0a 0.305PF
C13 6 0Y 0. 129PF
C14 2 0U 0.248PF
CIS 11 0 0.IPF
VINI 7 0 PULSE (0V 5V SNS ONS 0N18iNS)
VIN2 9 0 PULSE (8V 5V 5NS ONS 0NS IONS)
VP1 3 0 PULSE 'VV SV 411S ONS ONS 2NS)
VP2 5 0 PULSE (6V ZV 4NS 015 ONS 2145)
.TRAM .0.5NS 40NS,
.PLOT TRAM V(11) V(2) V(6) (OV.5V)
END

A- 14



S11/27/6. ......... SPICE 2,.1 (15OCT69.. ........ 23.S9,47..

* CMOs/SOS - PRECHARGE INVI ONLY INPUT 019 - STANDARD 04.P2

* TRANSIENT ANALYSIS TEM4PERATURE * 27.999 DEC C

x
TIME VIII)

XI----- B. 4*99 1.2524-68 2.5994.99 3.7594.99f S.99.of

6.9d-69 S50994-99 - - - -

1.9091-69 5.880d.:. ..

2:0949 5.9994.99 ..

2.69 99 6.599499 .. . x
.9-3 099 .so S. x

4.68#d-69 5.8094.08 *...xX
4.109d-9 .949
5.609d- 9 4.9614*99'R . ..

5.5094-99 4.7734:69 . .
8.S89d-89 4.36649. ..

d.09-99 3. 44 .9 . .
7.99#d-9 1.9764.9 .. *

7.199d-9 9 .4714-61..
6. :94-9 1:.1';4d- Iso:9 -9 1.494-9 31.

9.909:d-99 1:114d-:2 ..
9.19d-9 2 .2d- 3 .

I. d9-9 4. 3511-s4*

d.99-:6 6.92S4-96 X

1.42 d9 2.213d-9 K.

IAN'4-1 221-9 Z K .

1.64-J:8 2 .263d-68X
1. 4- s 12 49 .Z.d: X
1. 7584_- . 1. 2gd-3 X1.8594-00 2.60 .259 

.62.Good -as 2. 29d4-00

2.504-96 2.265d*99

2.2594-96 1:2d-94.9

2.ood-9 so5.0994.99 I
2 .4194-96 5.999469. ..

2.19d-08 1.21I99..

2.6964-96 3.940 . . . .g
2.059d_9 6.4: d .

2.70d-65.949 .4 .
2.25#d-98 4.999d-96 .
2.6994-99 5.9994.9 * .

2.8394-96 5.940 1 . x

2.5594-9 66SA9d69 x
2.9994-98 1.899489 . x
3 ,.9d0-9 S.949 goo x

IS9d-96 I.949 Ed ... X
2:70#0d-9 5.o94.d .
3209411-:8 1.949

3.3094-06 . 09 9 d . .XX

3.:604-96 5.099 ,9 ..

3 .150.1-96 5.099*0 ..

3.6194-6 5.094 6 d . .

3.416:d-90 1.09d64 9 . .

3.7:d 7d 6

3 5 fA-i 5



1*******11/27/84 SPICE 2G.1 (15OCT80) ********23:Sg:34*****

0 CMOS/SOS -PRECHARGE INVI ONLY -INPUT 101 - STANDARD D4,P2

INPUT LISTING TEMPERATURE 27.000 DEG C

.WIDTH OUT-80
.OPTIONS ITL1=5FO ITL5=0
.MODEL NMOS NMOS; (VTO-1V TOX=75NM UO-400 NSUB=2.5El6 LD-O.7UM)

.LEVEL=1
.MODEL PMOS PMOS (VTO--1V TOX-75NM UO-200 NSUB=3E15 LD-0.7UM)
eLEVEL-1
VOD 1 0 DC SV
MI 1 3 2 0 NMOS L=5.ZU W=20.OUA.M2 2 5 1 1 PMOS L-5.OU W-40.ZU
M3 1 7 6 1 PI4OS L-5.OU W-.10.OU
M4 10 9 0 0 NMOS: L=5.0U W=15.OU
M5 10 7 6 09 NMOS L=5.0U W=15.ZU
M6 0 2 11 0 NMOS L-5.ZU W-15.OU
M7 0 6 2 0 NMOS L-5.OU W=15.OU
M8 1 2 11 1 PMOS; L-5.0U W=39.OU
M9 1 6 2 1 PMOS L-5.OU W=30.OU
M10 1 9 6 1 PMIOS: L=5.0U W=10.OU
ClI 1 ;1, 0.405PF
C12 0 Z 0.305PF
C13 6 0 0.129PF
C14 2 0 0.Z48PF
C15 11 0 O.lPF
VINI 7 0 PULSE (5V OV GNS ONS ONS IONS)
VIN2 9 0 PULSE (5V OV 5NS ONS ONS IONS)
VPl 3 0 PULSE (OrV 5V 4NS ENS ONS 2NS)
VP2 5 0i PULSE f6V OV 4NS ONS ONS 2NS)
.TRAN 0.5NS 40NS;
.PLOT TRAN V(11) V(2) V(6) (OV,5V)
END

A- 16



I.......11/27/84 ........ SPICE 2;.1 IISOCTI) .........23,51,34" ....

* CHOS/SOS - PRECHARGE INVI ONLY - INPUT 11 - STANOARD 04.P2

0 .... TRANSIENT ANALYSIS TEMPERATURE - 27.III DEC C.................................. ........... ..... ... i:ii
V42)diL IE ND

• V(II) ..-

V(6)
x

TIME VIII)
X(• ) ...... )-- f. d.o 1.29Sod.d 2.59d9di 3.75#d49 9 S . i

a. d8 2.259d-88 X
S.9d-19 2.259d-88 X .

1.893-99 2.26l98 X
I.S9gd-99 2.259d-01 X ,

2.9938d-99 2.259d-69 X
2.S9di-99 2.259d-08 X
3.28d-9 2.259d-98 X "
3.599d-d9 2.25d-0 X .

4.99i3d-29 2.2S9d-08 X
4.598d-9 2.259d-90 X •
S.I9d98-99 2.259-98 X
S.S9d-99 2.269d-8S *

6.99@d-99 2.263d-68
6.S9dd-99 2.3fid-96 . •
7.99d-99 2.4798d-8
7.598d-89 I.96Id-82 *

4.99d-9 2.29ld-9
0.5"d-69 9.828d-8It 4 --

9.866d-69 2.224d9
9.58d-9 3.66#d-96I.Msd-0is ,.&3?d.Nd •"
I.55d-98 4.493d*9 . .-- ..
1.1038-38 4.993d-*" . . ".
I . 5 d - 8 4 .9 9 3 9 9d - " .
I.26d86 .99d* 9d *
I.258J-88 5.9#d8* .
|.299d4-338 S.9.99dited * .

3.359d-96 9.999d 8.39 " x
1.4904-08 5.99d8.d ."."."."
I. 4S9d-dig S.9.39d~d ,* .-...
1.659.d-s8 5.9 59didi *d. .
I.6Sf3-S8 S.399d.d3 . "
I.SS9,Ji-0ig S.6fd-ffffd ""
1.7684-98 S.993d8d9 .

1.7938-93 6.64948.96

1.006d-68 .9998d gd .

1.85o8-98 4.9078*39.
2.,Vpd88 4.9638d9" t
1.A9#-90 4.412didi .

2.89d-98 4.d628-d2•.
2.6S6d-40 2.22#d-88K ..
2.35d-98 9.473d-64 K . •
2.49d-08 -. 685d-99 " ...
2.200d-86 -4.6d348-0 2o,

22599-96 1.358-9lld
2 . 3 8 2 . I5 2 - 3 K X

2383 -9.99-53

2.3Sdd-96 3.S4d-4 X "2.48$d-018 -1.805d-05 X , -. '

2.49:d-9 -4,1e9d-98 X
2. d-9 36d:-:96 X

2.958-98 2.2648-90 X •
2. 3S3-9 3.9357d-33 X •
2.796d-00 2.49d-98 X •
.7118-68 2.169d-9 X

2.9169d-08 2.28d-96 X "
3.2 Sd-98 2.264d-68 X

250:--4 2.2598-93 X
3.2S9d-93 2.2S9d-38 X
3.29I8-98 2.259d-98 X X
3. 399-38 2.259d-98 X .

3.108d-90 2.259d-86 X •
3 .1 0d-98 2.259d-98 X .

3.2Sd-38 2.2S98-38 X
3.939d-98 2.2!59d99 X

3.538d-96 2.259-63.463'- s 2 .268-06 X .
3.6 592-J ZS 2fd: X .

3.7338-9N 2.2S9d-36 X •
3.608,J-9 2.269d-96 X "
3.69d-38 2.2S9d-S8 X. .""

3.9d-96 2.29d-38 X
3.8d94-99 2.269d-i3S X

4.9d0id-di 2.29d-d68 X .

Figure A-9. SPICE Waveform of Precharged First
Inverter with Inputs 101.

A- 17
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Figure A-10. Node Plot of Test Circuit Precharged
at Second Inverter Output.

Table A-4

PRECHARGE INV2 ONLY -NODE REFERENCE LIST

GND 0
"I i 1~
P Ill S I

'37
16 7

7 9
24 t
9 1
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l******1/2/84 ******SPICE 2G.1 (15OCT80)****0:05***

0 CMOS/SOS PRECHARGE INV2 ONLY -INPUT 010 -STANDARD D4,P2

Z*%* INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITL1=50f0 ITL5-0
.MODEL NMOS NMOS CVTO=IV TOX-75NM UOw400 NSUB-2.5EI6 LD-0.7UM)
+LEVEL-1
.MODEL PMOS P1405 (VTO-1V TOX-75NM UO=200 NSUB-3E15 LD-0.7UM)
+LEVEL=l
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L,5.0U W=20.OU
M2 2 5 1 1 PrIOS L=5.0U W=40.0U
M3 1 7 6 1 PMOS L=5.ZU '4=10.ZU
M4 10 9 0 Z NMOS; L-5.0U W-15.ZU
M5 10 7 6 Z NMOS; L=5.OU W=15.0U
M6 0 11 2 Z AMNOS L-5.ffU W-15.0U
M7 0 6 11 0 NMOS L=5.OU W=15.ZU
M8 1 11 2 1 PMOS; L=5.OU W-30.OU
M9 1 6 11 1 PMO05 L=5.0U W-30.0U
MI0 1 9 6 1 PMOS L=5.0U W-10.0U
Cll 1 0 0.405PF
C12 0 Z 0.305PF
C13 6 0 0.129PF
C14 11 0 0.109PF
CIS 2 0 0.77PF
VIN1 7 0 PULSE (OV 5V 5NS ONS ONS 1ONS)
VIN2 9 0 PULSE (ZV 5V 5NS 0NS 0NS 19NS)
VP1 3 0 PULSE (kfV SV 4NS ONS ONS 2NS)
VPZ 5 0f PULSE (EiV 0V 4NS 0NS ONS 2NS)
.TRAN 0.5NS 40N:
.PLOT TRAN V(2) V(11) V(6) (0V,5V)
.END

A- 19



I.....1/2-. , - .8/SP 1C....... .I. 1 - .-OT9) .. ,.. - ...

. CMOS/SOS PRECHARGE INVZ ONLY - INPUT DI - STANDARD D4.P2

TRANSIENT ANALYSIS TEMPERATURE - V?.81 DEC C

.......................................................................

51.EGEND.
*, VIZ)
-sV(2)VIII)

TIME V12)

X ----- -. d8.6 1.209d.o 2.59d9.E 3.759d. 0 5.899d.99

a. 8d-9 d ."S. .d.##

I.559d-,, 5.,,,d.,, * . . ."S
1.09d-5 , . ,5 * . . . S
1.58-J-69 S..9#d+f xd
2.84-69 S.031d.-g : d .

3.0#d-9 5.05*5d8 * ..--
3.5861-89 S.95d8.9 * Xx
4.00#d-29 5.008-0 * X
4.Sgd-9 5.9985 g la
S.591d-59 S.999d+8. * X ...
6.59d-65 S.0918:d6 * . * .

6.509d-89 5.5 9d.95 .*
7.966d-99 5.695d59-
7.508-99 4.998d5 .2. -
0.60d-69 4.956d.08 6.*
6.506d-:9 4829de *
9.190od-9 415d.95d - ..
9.500d-9 4.227d. - .*"

1.909d-90 3.84d8 * .
.56d-08 3.44d14d: .::
1.I9d-O8 3*g6 Sd -
.10d-S 2.792d.9 8

I.Z9Sd-68 2.3 5d*5 . .
.- 16 2.541d5 . *-

1.350d-00 1*4.6d.95 •*.
.400d-08 I.874d8:
.9d8 .8.9 - *8d.

.50- 6 6.93d-lI11.558.-50 7.478d-91 • -
1.699.-96 6.233-01 "" " * '

I.65od-8 5.192d-01 ..

..709802 4.826-S 1
1.75sd-98 4 7d-0 ..

o.0od-so 4.899d-0, "
I.0GSd-50 6.727d-l .1

.d-00 2.,d., .0.#6d-"
.9508-0 I.317d:9

2.000-08 1.774d .
2.5 -88 2.148dg +.'
2.190d-98 2.51 g Fft
2.1Sod-,6 2.8 22d-, "
2.960d-08 3.126d59 •#
2.259d-8 3.394d.5 *
2.3#0d-90 3.6Z2df5 -
2.350d-96 3.852d96 6
2.406d-8 4.927d.55
2.400d-5 4.167d.99
2.590d-:8 4.324d.5 * *
2. 60d:.. 4.4258.95 ' .
2.600d-go 4.5248 . .
2.650,-88 4.613d-69 +•.".
2.70d-98 4.68d09 . . .
2.70a-O 4.728d:03 . ... -
2.00@d-00 4.763d::9 ...
2.6504s 4.228.99 . .

2.9014-09 4.8S4d.5 +.*
2. 90d-9O 4.089d6 0 *
3.00.64-08 4.902d-O.9 .. j
3.900.J-08 4.8.95~g . . .13.050d-08 4.919d+68 6 "
3.05d:-8 4.96d.d . " .

3.409.1-56 4.956d.0W . .X .:3.200d-O8 4.964d.80 "3.300 -00 4.97d:9 : X
3.3,0d-0 4.970d.6 7 x
3.40".d-08 4954.99d: : x1
3. 45 0,-0 4.9 848 9 d X ....3.500,-98 4.967d.9 . .
3. 111d-08 4.969d.99 . X -3.0.-0 4.9186 , d
3.600.d-8 4.9938.09 . x
3.70,-J8 4.9948.65 d:. .

3.6094-,O 4.9604 . .

3 . ? G d _ , 4 .- d: :-3 .90.1-0f) 4.990d6 ,..
4.1008-06 4.9?980 + . .

-. Figure A-11. SPICE Waveform Plot of Precharged
Second Inverter with Input 010.

A-20

1). . - . .o r . . . .....- . - . . - . . . ________________.________________________
-,

____________



1*****11/8/8 ~SPICE ZG.1 (15OCT80) ********00 :00.42*****

a CMOS/SOS PRECHARGE INV2 ONLY -INPUT 101 - STANDARD D4,P2

0** INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT-80
:OPTIONS ITLI=500 ITL5=0
.MODEL NMOS NMOS (VTO-1V TOX=75NM UO=490 NSUB=2.5E16 LD-0.7UM)
+LEVEL-1
.MODEL PMOS PMOS (VTO-IV TOX=75NM UO=200 NSUB=3E15 LD-0.7UM)
.LEVEL=l
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L-5.ZU W=20.OU
M2 2 5 1 1 PNOS L-5.0U W=40.ZU
M3 1 7 6 1 PNOS L-5.0U W=10.ZU
M4 1Z 9 0 0 NMOS; L=5.OU W=15.0U
M5 10 7 6 0 NMOS L=5.ZU W=15.ZU

Ali MG 0 11 2 .Z NlOS; L=5.ZU W=15.ZU
M7 0 G 11 0 NMOS L=5.0U W=15.OU
M8 1 11 2 1 P1405 L=5.ZU W=3Z.ZU
M9 1 6 11 1 PMOS L=5.ZU W=30.ZU
N1O 1 9 6 1 PHOS; L=5.ZU W=10.ZU
Cli 1 0 0.405PF
C12 0 0 0. 305PF
C13 6 Z 0. 129PF
C14 11 0 0.1OSPF
C15 2 0 0.77PF
VINI 7 0 PULSE (5V fly 5NS ONG ONS 1ONS)
VIN2 9 0 PULSE (5V fly 5NS ONG ONS iONS)
VPI 3 0 PULSE (fry 5V 4NS ONS ONS 2NS)
VP2 5 0 PULSE (SV OV 4NS HS ONS 2NS)
.TRAN Z.5NS 40NS.
.PLOT TRAN V(2) V(11) V(6) (OV,5V)
.END
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I.......11/29/84 ........ SPICE 2G.1 (1SOCT89) ........**8*.6*****....

• CMOS/SOS PRECHARGE INV2 ONLY - INPUT 11 - STANDARD 04.P2

.... TRANSIENT ANALYSIS TEMPERATURE - 27.009 DEC C

"LEGEND'

+eVIZII
VI6)

TIME V(2)
-
) f. d.9 1.258.d9 2.59#d80 3.75#8.99 S .55d.s

9. d.95 4.518d-BR IC .
1.505d-10 4.5I:d-:I X.

I.Od-9 '. ' d-E X
1.S5od-9 4.d51886 X
2.09d-89 4.S18d-98 X
2.509d-99 4.58d-98 X
3.509d-99 4.Sid-96 X.
3.500d-:9 4.58d-96 I X

4.909d-89 4.SI8d-98 X .
4.199d-99 2.58#d-81
5. 98d-09 9.371d-91 * •
5.o52-09 1.377d00 * .
6.999d-99 I.696d.99 . . .
6.599d-99 I.S67d99

•

7.9908-99 I.928d.99**
7.S:99-:9 1.97d:9 . .

8.959d-99 2.1958
8.59o0-99 2.59289 .. .
9.N.d-09 Z.824d*E9 * .9.6998-99 3.|1298.99J"
1.100 d-9 3.39d89 *

1.0 08-9 0 3.627d,09 
*

. _ I9-98 3.847d6*

I.ISd-98 4.022d*:: *

1.2S9d-SR 4.319d. + * "
1.300d-0 4.4Z1d8.9 + . .
I.4008-90 4.552d*9 *.I .42e8-00 4.070d.99 .+

1,450-98 4.E77d.9 .•

1.550d-08 4.784d-60 * "

l.6014-0O 4.822d*89 * . .1.6of-, 4.619d,1."

1708d-98 4.079d 90 * . .
1.750d-0o 4.90d8*09 . *
,.SOd-08 4.9#7d.09
1.086d-90 4.876d88
1.905 -8 4.77 d* 9 -.

N a0d-SS 4.9140 d . .
2.900d- .. 4.17d,.:E ._

2.19d-96 3.779d0 .
2.190d-08 3.388d6* .
2 .16-0 S .O 0.9 d- 2 6Z.I d- 8 3*'e Bd*BJ *
2.2998-00 2.649d.99 - .
2.259d-8 2.394d.99 * *
2.399d-B 1.99.99 q .

2.358-:00 .716:89 d.

2.4 08-98 1.242d .9 * .
2.5e8d-08 1.942d -to
2.5Sd-08 8.764d-fI
2.69d-B8 7.35d-91 -
2.6598-AS 6.553d-Al *"
2.700d-8 5.1"d- 1
2.7581 0 4:,19d- 1
2.009d-96 3.448d-lI .
2.450.-90 2.062d-0I .
2.99#d8-0 2.342d-91 .

2.9SNd-58 1.923d-61

3.955d-9 1.293d-1
3.108-08 1.073d-:1 .* .
3.150d-98 0.773d-92 * .
3.2008- 08 7.1.2d- 2
3. 2504-08 S.919d-0 -*
3.300d-0 4.007d-92.
3.250,J- 0 3.9528-02 2 "
3.4080-40 3.242d- 0I ,
3.45:,J-00 2.624d:02 X '
3. 00d-90 2.172d-02 X -
3.55613-08 1.773d-02 XX
360.1-90 1.445d-92 IC
3.550-~-8 1.191d-92 I .

3.7998-08 9.674d-03 X .

3.758-98 7.9468-03 X -
3.85.J- 6..4d-3 X -
3.85'8-08 S.2 9d-63 X "
3.900.1-00 4.368d-a3 X .

3 .959.1-08 3.55-38-9@3 XC
4.904-8 2.8f.3d-93 X "

- -Figure A-12. SPICE Waveform Plot of Precharged
Second Inverter with Input 101.
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Figure A-13. Node Plot of Test Circuit Precharged
at Nand and First Inverter Outputs.

Table A-5

PRECHARGE NAND AND INV1 OUTPUTS NODE CROSS REFERENCE LIST

Gfl 0

9 2
47
14

40 G
16 7

7 9
4 10
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1*******11/28/84 ***W*SPICE 2G.1 (15OCT80) ***0:211**

0 CMOS/SOS - PRECHARGE NAND AND INVI - INPUT 010 -STANDARD D4,P2

0** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH 0UT=80

.OPTIONS ITL1=5jrZ ITL5=0

.MODEL NMOS NMOS (VTO=1V TOX=75NM UO=400 NSUB-2.5E16 LD=O.7UM)
.4LEVEL=1
.MODEL PMOS PMOS (VTO=-1V TOX=75NM UO=2Z0 NSUB83E15 LD=0.7UM)
+LEVEL=l
VDD 1 0DC 5V
MI 1 3 2 0 NMOS L=5.HU W=20.ZU
MZ 1 3 5 0f NMOS L=5.ZU W 20.ZU
M3 2 6 1 1 PMOS L=5.OU W=40.0U
M4 5 6 1 1 PMOS L=5.OU W-40r.U
MS 1 7 5 1 PMOS L=5.ZU W1g.OaU-
MG 10 9 0 0 KMOS~ L=5.OU V=15.OU
M7 10 7 5 0 NMOS; L=5.0U W=15.ZU
M8 Z 2 11 .0 NMO. L=5.DU W=15.HU
Mg 0U 5 2 0 NMOS L=5.ZU W-15.ZU
M10 1 2 11 1 PMCIS L=5.0U W=30.0U
Mll 1 5 2 1 P1OS. L-5.ZU W=30.ZU
M12 1 9 5 1 PHOS L=5.ZU W=10.0U
C13 1 0 .4 52 PF
C14 0 0 0.305PF-
C15 5 0 0.243PF
C16 2 0 0.240PF
C17 11 0 0.1PF
V INi1 7 0 PULSE (ZV 5V SNS ONS ONS iONS)
VIN2 9 0 PULSE (0V 5V 5NS ZNS ONS iONS)
VPI 3 0 PULSE (fOV 5V 4NS ONS OHS ZNS)
VP21 6 0J PULSE (EV OV 'INS fiNS fiNS 2NS)
TrRANi 0.5NS 40NS
-PLOT TRAN V(11) V(2) V(5) (ZV.5V)
*END
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I ....-- -.. 1/ / 4 ....... SPICE 2G.I (.CT ......- 0 02,11 .....

0 CMOS/SOS - PRECHA GE NADADINVI - INPUT lg - STANDARD 04.02

... TRANSIEN T ANALYSISAD N TEMPERATURE - 27.0" DEG C

BLEGEND,

Vfll?

- V(5 
.4

x
T IME 

V(11)

X( .. )-------01. 8.00f 1,2S5088 2.5008.00 3.750d.86 5.00"ad-"

5. -*0 5.-80 - - -.-. 505 00 x

S °

2500-09 5.:d:::..
3.Rd-09 5.00800* ..

3.50080 5.008,0 .

4.5008-09 5.0#:d.0 ....
3.000d-09 x.680
3.50-09 d.7800.
4.008-09 5.08d5.0 *X
6.5ff08-09 3.9728.00 .

S.008d-09 4-9 7d:00 *

.50od-09 48 S1 18 0 . . *

0 .5008 -0 9 3: 3,698d00: ..
79.508-09 .380 7d. .
.gs -00 4 0 . -

d.580 4.78.00
9.5008-99 8.913.0.
1.158O .78006d6 4 d:

1.209d _00 4.680 ZS* .

1.259 08 9.1d.0o
d.080 1.1038_01 . ..

0: d 0 V(5) 3

I. ISd- a 5. ?6d-:2 ...
1.410d-00 1.3 5-0 I
'. So .O .,I8-0 ..
1.5I 08-08 4.1d.d-04g 

. d . d

1. 5503-00 4.67d8-d 5
1.61,J-08 8.7 698 -06
I.sed-O9 Z.0 7d-06
1.700d-9 4.7-7d0 "

1.750 1-60 5.Sd38-00 .a.~ 1.800.-00) I.U19d-04.
1.550--08 5.516d-3 3
I.Bg8-d-0g 0.373-0 X 2
1.050d-00 5.5 488 dl I
2.50800 1.51680 .. * .

2. 50d-00 2.5. 00 .
2.10d-OR 5.3: .00 ..d

.od-g9 4.g~id:gg:2.508d-ON 4.2708.00 .. .

2.200d-00 3.8.00 .

2.250d-908 4 .98(td80 .66 .
2. 32-08 4.999d.00 . .

2.350.1-08 5.500-0 + X
:401 80 5.0800 ...

2.4508-08 5.1008:00 x
2.500d-00 5.50080 .1 U
2.556d-06 5.08d00 .* . x
2.6008-06 5.008.0d: . x
2.650-J- 5.0008.0 . . . 0

2.7008-08 4.08.d 0 . . . .

2.750(d-00 4.G00d080 *
2.ISO-08 5.0P3d:.0

Z:O.1 .000dJJ(00S. .o .:0 U2.5d-g8 . .05 0080 5 1 d U

.958d-Be 1 .4d:0 • *

3.20.-0 5.080 1 d .

3.35D-.108 5.08d:000 .* =
3 .100r.1-00 r S.00d OI x
3.150.,-00 5.008-0 +, U
3.200.1-0 5.080 .V ~ .
3.2501-00 5.000d-0 ." •
3.300.1-00 5.0 0 1.

3.350d-ON 5.0008-00 * e. .U

3 .730,J-08 5.000d8. x
3. 05.-00 5.00 8 .
3. 5 D 0 - 8 .3 0 0 0 . : 

" "

:1:0.-8 5.008.d- • * 
8 

.+

3.O'00 5.080 OF x3.70 d-0 5.300d•00 . . . ."
3.7.1- d 5 .0008.00 *
3.2001-0s 5.00080 .
3.750.1-08 5.08d:00 .. x
3.01-08 5.00800 • V U

3 .4gftd- 8 5*g ed+ .0 VX

3.450.-00 5.00d8.. 0 x
4.00.51-0 5.0008.00 ..

I

3.5dB 5.0('d+og

Figure A-14. SPICE Waveform Plot of Precharged Nand
and First Inverter with Inputs 010.
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1*****1128/8 ** ***SPICE 2G-I (15OCT90) ***5:g52**

5 CMOS/SOS -PRECHARGE NAND AND INVI- INPUT 151 -STANDARD 04,P2

INPUT LISTING TEMPERATURE - 27.008 DEG C

.WIDTH OUT-89
.OPTIONS ITL1=5krg ITL5-0
.MODEL NMOS NMOS; (VTO-1V TOX-75NM UO-400 NSUB-2.5E16 LD-0.7UM)
*LEVEL*1
.MODEL PMOS PMOS; (VTO-1V TOX-75NM UO-200 NSUB-3E15 LD-0.7UM)
+LEVEL-1
VDD 1 0 DC 5VH
Ml 1 3 2 5 NMOS LaS.OU Ww20.OU
M2 1 3 5 0 NMOS L-5.ZU W-Z0.IU
M3 2 6 1 1 PMOS L-5.OU W=40.OU
M4 5 6 1 1 PMOS La5.OU W-40.OU
M5 1 7 5 1 PMOS L-5.ZU W=10.ZU
MG 10 9 0 0 NMOS L-5.0U W=15.OU
M7 10 7 5 0 N1405 L-5.0U W=15.ZU
M8 0 2 11 0 NI4OS: L-5.ZU W-15.OU
M9 0 5 2 0 NMOS L=S.0U W-IS.U
MIZ 1 2 11 1 PMCIS L=5.OU W-30.ZU
Nil 1 5 2 1 PllOS; L=5.0U W-30.ZU
M12 1 9 5 1 PMOS L=S.ZU W=10.OU
C13 1 0 0.452PF
C14 0 0 8.305PF
CIS 5 0 0.243PF
C16 2 0 0.248PF
C17 11 0 0.1PF
VINI 7 0 PULSE (5V 0V SNS ENS ENS INS)
VIN2 9 0 PULSE (5V ZV 5NS ENS ONS IONS)
VP1 3 z PULSE (FV 5V 4NS ONS ONS 2NS)
VP2 6 0 PULSE (ENV ZV 4NS ENS OHS 2NS)
.TRANI £.SNS 40NS.
.PLOT TRAN V(11) V(2) V(5) (OV,5V)
END
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b-7

** ....... //4 ..... SPICE . 1OCT .....

9 CMOS/SOS - PRECHARGE RAND AND INVI - INPUT 121 - STANDARD 04.P2

• .... TRANSIENT ANALYSIS TEMPERATURE - 27.,99 DEG C

8LIEGENO,
• V,..,:"- :
SVI{I

SV(S) ""%

TIME VIII)

X('-) ----------- 9. d-40 I.S4-8 2.S*9d-g9 3.759d-" S.Sggd -"

9. d-86 2.Z69d-61 X
5.92d-19 2.2,S1,1-I

.ood- 9 2.Zsgd-9S K
2.90-0 9 2.ZSgd-91 K
2.80.d-9 2.25'd'8 X"

3.S90d-91 2.259d:: X.
3.9WIN-99 2.2 1811 K4.999d-89 2.26941-96 x
4.5998-99 2Sd-:3 !

5.50 d-d9 2.31d-Si . -
6.909d-99 2.5fIdi-@
.ODd-09 3.924d-64
7.500d-89 4.6lSd-92 .
7.#58-9 4.2168-1I *
S.S99d- 9 1.4728 . " .
8. _8-99 .95d8 . . • -

9.&08-89 4.9'3d.9 •I.S80W-98 4.979d88 .. x
1.AS8d-99 4.9T78.99 .* .K

1.850d-68 4.997d8. "
1 .1 988 - 8 S . 1 d . 9 *

I.IAN8d-3 S.:"d:: * 
x

I. 226.-8S .9Sd88 
5

1.368d-98 S.004,1.9 *-

1.3fS8-oE 5.9998.9 *3. 4908-fl S. 999d.99 K "

1.48-SD $.019d.69 •..*
I.S9B.J-9O 5.991d*I9*"•~~ 1.04-8 -O8d-8 x "

1.45:-88 5.99d8. *
1.68-80 S.19ids18 * " -.
1. 8 - 8 .I d 1 .0 5 

. "_

& .7508-88 5.09dU1 " •

* I.EO+-00 5.0099d89. ..

1 . 96 - -8 S .9 9 8 d .9 3 .

1.998-NO S.998d.88 . ."+
1. 95 0d- UO 4 .1 99 8.-

1.9008-80 4.1968.8 - .
I.IS~d-UO" 4.9+ 1d•88 "
2.9 U9-90 4.128.99

2.2086-IS 4.168. .
.

2.293d-98 i.2218.99 * * "..*.
2.398d-98 4.799d-8 •-.
2"d-I Id-92.2$9d-08 1.117d-6 X"

2.30&d-88 3.87ld'lO I +

1 : 9 188 I G S d -8 I
..45 9 7.: 8-9 ": 3

2:.98I I.I32d-9
2.6 d-93 3.978-91 K-of50-8 -:. :9d-:51 X """

2.65.81 .289
2.79ed-68 1.212d-06 X•
2.75:d-. 6 .13d8-7 X
2.8090-90 -I.1.9 97 X "
2.8198-80 Be9.2id-9,
2.999.J-Ig 3.15d886 x
3.050.-08 2. 83d-08 X
3. #S.8-88 2.28d-ea K . ..
3.U85.J-90 2.2728-08 4 . "

3.100-Jo8 2.2878-98 x .
-- 3.158-NO 2.258488 K •

3.2191-88 2.2,7d-:8 •
3.250O-90 2.29'89 X•
3. 2'00.3A 2.28,9-96 X

3 .1 8 - 90 2 .293. 3 g 

"

3.45 .J -8 2. 2 d-f 8 X.
3 . 6P0.J- O 2 .2 5 d - I N K 

•" .

3.5504-98 2. 9806 .
3.45.J-N1 2. S9d-1s X3.658d-9S 2.259d-98 d .".

3 .7 3 1 0 - 8 2 .Z !S .d - I8 X 

.

3.7.-98 2.2d-:8 X.
3.0968-19 2.259d-I8 K . ' .
3.0598-NI 2,2'd8d X .

3.390.1-98 2.258-92 K 5

3~~~+ . 7 .%"'1

.9900 2.2z-8 .

eo 59d X

Figure A-15. SPICE Waveform Plot of Precharged•'-

Nand and First Inverter with Inputs ..."--
i "" " 101..',

3.csqA- 27S~

.. 1.- . -.2do"- Y
- - - - - - - - - - --.- ..............-.. ... .. . ...
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Figure A-16. Node Plot of Precharged Nand and
Second Inverter output.

Table A-6

PRECHARGE NAND AND INV2 OUTPUTS -NODE REFERENCE LIST-

GP") 0

16 3

2
7 9
24 1
9 1
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1*****I/2814 ~SPICE 2G.1 (15OCT85) ********ZZ:57:47*****

5 CMOS/SOS TEST CELL PRECHARGE INV2 AND NAND - INPUT 010 - STANDARD

0** INPUT LISTING TEMPERATURE * 27.500 DEG C

.WIDTH OUT=85

.OPTIONS ITL~uSFZ ITLS-O

.MODEL NMOS NMOS (VTO-1V TOX-75NM UO=455 NSUB-2.5E16 LD-Z.7UM)
eLEVEL1I
.MODEL PMOS PMOS (VTO--1V TOX-75NM UO,200 NSUB-3E15 LD-Z.7U4)
*LEVEL-1
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L-5.OU W=20.0U
M2 1 3 5 0 NMOS L-S.OU 'J=20.HU
M3 2 6 1 1 PMOS L-5.ZU W=40.ZU
M4 5 6 1 1 PMOS L-5.ZU W-40.ZU
M5 1 7 5 1 PMOS L-5.0U W-10.ZU
M6 10 9 0 0 NMOS L=5.0tJ W-15.ZU
M7 10 7 5 0 NMOS L=5.ZU W-15.ZU
M8 0 11 2 0 NMOS L-5.0U W=15.ZU
M9 0 5 11 0 NMOS L-5.ZU W-15.0U
MIO 1 11 2 1 PMC'S Lw5.ZU W-30.OU
Mll 1 5 11 1 P1405 L=5.OU W-30.ZU
M12 1 9 5 1 PMOS L-5.ZU W-10.OU
C13 1 0 0.452PF
C14 0 0 0.305PF
CIS 5 0 0.243PF
C16 11 Z 0.109PF
C17 2 0 0.77PF
VINI 7 0 PULSE (OV 5V 5NS ENS ENS IONS)
VIN2 9 0 PULSE (0V 5V 5HS ENS OHS IONS)
VP1 3 0 PULSE (OrV 5V 4NS ENS ENS 2NS)
VP2 6 0 PULSE (E.V OV 4NS 014S ENS 2NS)
.TRAN O.5NS 4tONS
.PLOT TRAN V(2) V(11) V(S) (ZV.5V)
.END
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....... ..... SPICE 26.1 (15OCT89) ..... 9,87,47 .....

a CMOS/SOS TEST CELL PRECI4ARGE IOV2 AND NAND 0 INPUT MIS - STANDARD 04.P2

TRANSIENT ANALYSIS TEMPERATURE - 27.989 DEG C

...........................................

RLEW3END.

**V121

*,VIII)

x
TIME V(2)

X'.-------------9. d1.98 1.25#d80 2.5598.99 3.759.1.99 5.05896

S.90-I9 5.9998.69 x

2.9094-, 5.9998.9 * x
2.5998-9 5.9.9 d .
3 9,89 5.9998.69*...

:.506'j- 9 5.S 89 * . . . K5.999.1-99 1.808d.99 * x
S.5o9d-09 5.998.9* .-

6.908-9 fed9.0 .7..
7.599 -99 5.9998.69f

0.99-1 6.980
* 0.500'19 5.E89 "d.

9.098069 5.8118.0 d .1
9.500.1-69 4.9-28.06
1.90god-99 4.9ifid.99
1.650-94 4.917d.00

O.I59-90 4.53fd08.9. * .

I.sod-ES 4.221.09:1
I.251.J- 8 3 d480 . - ...
1.20.so 34 4 d.9 . ..

I.%.-8 3.9869
3001:60 .3 . 6 . ..

1.3508- 3 77d9 .

1.50-08 2.7136d.09 ..

1 0 .- 00 1.59980W .
I :.1"d .3-8 .2738ffd-g
I.G51J1--9 1.279d.6+ .. *

1:.9# -J-60 7.9294-1 ..
1.052d-66 7.6fed-0
I.909d-88 8.263d-El. .

I.01S04-01) I.OfI8.69 .

2.INOIJ-08 Z.4I4.19*

U.2908-1 2.7I I d
2.250.-we 3.9 .9 *

2.313-06 3 .3298.99
2 .359d-0 3 . 79d.*.
2 .406,1-60 3.7*3d*19
2 .4501-06 3.19968.09
2 .5998-O 4.1 49..6*

2.S6080 4.2I8<109*..
2.0898 4.41909
2.7008d-00 4.SV4d.*f.

2.750d-00 4.688.09 *
2 COO.0 4.:7238.89
2.579.4J-08 4.7,74d.00
2.309.-- 4. 8.9 d..
2.7150--00 4.8406 .6
3.908.1-00 4:.75d:0
3. 9501j- 0 4.8968d
3.IL'0yd-99 4 .9I8 9 S
3 1 0.J0 so.9 !18.99

.206.-0 4.2438.06f
3.2 (10-8 4. d.8
3.3008J-08 4.9. 2880 * . .

3. 3008, 4.9698d 0* O..
300.4-08 4.9780 * ..

3.470J0 49780 S .

3.V10.1-00 4.9,06 5 * x
3.50.-8 .6800 * x
3. 5 -88 13d9I8.0 x
3.71609-00 4.990d*06 x
3.6504-90 4.1 80 *d: .

a.0.10 4:9580 ;S..2
3. 7SY.J-8 494 0 d If:.
3.75@.4-0 4. 7.0 * . .. x
3.258.1-0 4.995d.0 * x
43805.-98g 4. 9"d.U1 x

Figure A-17. SPICE Waveform Plot of Precharged
Nand and Second Inverter with Inputs
010.
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1******1/2/84******SPICE 2G.1 (15OCT80)****00308**

0 CMOS/SOS TEST CELL PRECHARGE INVZ AND NAND -INPUT 101 -STANDARD

0** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-80
.OPTIONS ITLI-5frO ITiS-I
.MODEL NMOS NMOS (VTO1IV TOX-75NM UO-400 NSUB=2.SE16 LD-0.7UM)
.LEVEL-I
.MODEL PMOS PMOS CVTO--1V TOX-75NM UO=200 NSUB-3EI5 LD-0.7UM)

*LEVEL-1
VDD 1 0 DC 5V
Ni 1 3 2 0 NMOS Lw5.0U W=26.OU
M2 1 3 5 0 NMOS L-5.OU W-20.OU
M13 2 6 1 1 PHOS L-5.0U W-40.0U
M4 5 6 1 1 PMOS L=S..0U W=40.OU
M5 1 7 5 1 Pt4OS L-5.0U W-10.OU
M6 10 9 0 0 NfIOS L-5.OU W=15.ZU
M7 10 7 5 0 N11OS L-5.ZU W=15.OU
MS 0 11 2 0 NMOS L-5.ZU W=15.0U
M9 0 5 11 0 NMOS L=5.0U W=15.0U
MIO 1 11 2 1 PM4C'S L=5.ZU W-30.AYU
Mil 1 5 11 1 Pr4CIS L-5.ZU W-30.0U
M12 1 9 5 1 PrMOS L-5.ZU W-10.0U
C13 1 0 0.452PF
C14 0 0 0.305PF
CIS 5 0 Z.243PF
C16 11 0 0.109PF
C17 2 0 0.77PF
VINI 7 0 PULSE (5V OV 5N5 ONS INS IONS)
VIN2 9 0 PULSE (SV ZV 5NS INS ONS IONS)
VPI 3 0 PULSE (ffV 5V 4NS ONS ONS 2NS)
VP2 6 0 PULSE (EV 0'I 4NS ZNS ZNS 2NS)

TP TAt! ! . SN:3 40N.
.PLOT TRAM V(2) V(11) V(5) (OV.5V)
END
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* 1,29/ .. RSP ICE 26.1 IISOCT69).... $#.8,3.90 
..

Ko CMOsS TEST CEL PRCHARGE INVZ AND NANO INPUT t#I - STANDARD D4.P2

... TRANSIENT ANALYSIS TEMPERATURE - 27.550 DEC C

................................................................................................
. I

I.LE.END.

I.S

i
°.  

o "IZ-

pTIME V42)
XI*'.)-------------R. d P69 l.Z16SOdCT 2.59 3.7S198.95 5.5998.9 ----

•~~~ ~~ -H$/O T-S -EL -RCAG -NV - N - NA--N-- - -U -• - -TNOR - 04-- .P--
Km

-. 999S 4.(--S K.

. .... ...
I . of... .SId-88 X '2'"
2.909d-99 4.SId-99 X.
2.509d-99 4.5(l6d-96 XS2.,Sld-i i.l' M. .

3.06' 39 4.Sid- d
3.109d-89 ,.Sld-96 x .- '
4.9d-89 4.5I8f-99 X
4.S9id-69 2.5898-9I . -

5 .959d-09 9.379d-61 . .
S.599d-99 I.3'Sd*,, . .
6.28d-89 .834d.6 . .6. 599d-99 2.42:38.9 . •. . -- -.

7."id-99 2.R24d'19 .
7.5158-99 3. l)5d*ll .* .
6.:968-99 3. 36.9 *3.Sd-9 3.62d8,9 *8d.
5.996d-99 3.9 8 d*
S.296,-99 4.l.99ld

.:500d:99 4:1!5.I 9 *::.
I.9S d-d8 4.3190069 *.
1.":d_98 4.425d-6 0
I.1:9d-:: 4.$28d.,, •
I.Zd-9R A.6 #Sd*.
1.259d-09 4.675d9" ""
(.30:d-,9 4.7T6d*,,
.35E89 4 '775*1

1.45#d-96 4.8610 -
1.500J-9 4.877d-"9" *
I.SSfd-99 4.9 VId"6.
I.608--0 4.9(9dB *.
1.65,-68 ,.938.9, *...
I.?9.d-98 4.9458.,9 . . .
1.6568-AR 4.963d89 .*

1:76d 46 4:969.1I.906d-90 4.973d9 . .

.98-9 798*9..1.9Sd-as 4.9498.9 . .
I.956d-9N 4.974d0,• . • .-1
2..1.8 .. 48id98 .

2.1Sd-8- 4.332d•6 • •

2.268d-66 3.9918d
2.25#d-00 3.5930"9
2.396d-80 3.211066d . "
2.3.d -66 2.6 T74.6 . .

2. 4698-56 2:.67899 *2.456d-99 Z.(63d.99 .. . . .'T

2.5"d-00 6dSid686 ..

2.SSd-0 ).S0Sd•*6 .1 . .""
2.6 8d-60 (.3SSd * -. -
2.6568-o9 1.1424.95
2.756d-99 .61d-6 -'1

2.6:9 88 5.7 26 - * ,
2.959d-99 5.6948-e1 . -

2.909d-90 4.G#3d-01 -
2.950d-08 3.943d-91
3.569d-96 3.d_ 68-,I 2 d
3.966d-9O 2 .56d- I * .3.1I96-98 Z.I64d-9I . •

3.I6-9S a .769d-I *
3.298-:R 1.469d-fl - "
3.259o-56 19.163-l * -'.
3.39d-66 9.67#d-42 * . .
3.358d-90 0.92ld-62 . "
3.4680d-08 6.567d-02 -
3.4SOd-6 5.3413d-02 * .
3.5508-69 3.58d-92 X

3. Sd18 ,.41 d-,2 X *.
3.698d-99 2.9 46d-62 X
3.6598-96: 2:.9d-921

1.Sdl 9. 'ad-I X3.1960-9 (968-.2 X
3.ONO-6 1.322d-2 .X
3.6056-98 1.977d-62 K .

3.96d-6 I. 177d-93 X "d.°-. V.,d-O 3 ',"
4.89@d-6 S.096d-63 X.

Figure A-18. SPICE Waveform Plot of Precharged Nand
and Second Inverter with Inputs 101.

A-32

•. . °. . .. .. .. .. .



Appendix B

SPICE analyses of the Memory/ALU Bitslice circuit

elements selected for precharge are presented.

The elements selected for precharge were:

a. 2x4 Memory Row Decoder

b. 1-Bit RAM Cell

c. B Register

Two simulations were run on each element. The first

input was a high-low-high (5NS - 1ONS - 25NS) varying pulse

waveform. The second inverted the pulse waveform for the

same time periods.

In addition to the two basic simulations, the

precharged RAM cell and the B register were simulated for

transmission gate device widths of two and three times the

basic transmission gate device width. This required four

more simulations for these circuits each.

To facilitate evaluation of the output waveforms, the

node reference list is provided for each circuit element.

The left column provides mextra node numbers and the right

column provides the corresponding SPICE node numbers. The

SPICE input data uses SPICE reference node numbers and the

cifplot of the circuit references mextra nodes. To

determine the nodes to which input voltages or ground are

applied, identify a node on the cifplot circuit, find the

node number on the reference list and look at the right

B-1
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column and find the corresponding SPICE node. In this way,

the SPICE input data can be directly related to the circuit

node cifplot.

-" --.

• -. 4-
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* Figure B-i. Node Plot Of Basic Decoder Circuit.
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* -. Table B-i

BASIC DSCOOER - NlODE REFERENCE LIST

GND 0

NMOS 0
p M:os 1
54 2
13 3
3 4
70 5
2 6
31 7
81 8
72 9
44 1
7 1
59 12
48 13
26 14
36 15
28 16
8 17
18 18
12 19

B- 4



1*******12/01/84 ~*~~*SPICE 2G~l (15OCT80) *****:45:47*****

0 CMOS/SOS BASIC 2X4 DECODER SPICE TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE = 27.0ZO DEG C

.WIDTH OUT=80
.OPTIONS ITL1-5ff0 ITL5=0
.MODEL NMOS NMOS (VTO=1V TOX=75NM UO=400 NSUB=2.5E1G LD=0.7UM)
+LEVEL=l
.MODEL PMOS PMOS: (VTO=-1V TOX=75NM UO='200 NSUB=3E15 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
Ml Z 3 2 0 NMOS L=5.ZU W=15.OU
M2 1 2 5 1 PMOS L-5.OU W=IZ.ZU
M3 1 3 2 1 PMOS L-5.ZU W=30.OU
M4 8 7 Z 0 NMOS L-5.ZU W=15.ZU
M5 8 2 5 0 NMOS L-5.ZU W=15.OU
M6 0 5 9 0 NMOS L=5.ZU W=15.ZU
M7 1 7 5 1 PMOS L-5.ZU W=10.ZU
MS 1 5 9 1 PMOS L-5.0U W=30.ZU
M9 1 2 10 1 PMOS L=5.ZU W=10.ZU
MIZ 0 11 7 0 NMCIS L=5.OU W=15.OU -

Mll 12 11 0 0 NMOS L=5.0U W=15.ZU
M12 12 2 10 0 NMOS L-5.ZU W=15.OU
M13 1 11 7 1 PMCIS L=5.OU W=30.ZU
M14 0 10 13 0 NMOS L=5.OU W=15.OU
M15 1 11 10 1 PNOS L=5.ZU W=19.OU
MIG 1 10 13 1 PNIOS L=5.ZU W=30.ZU
M17 1 7 14 1 PMOS L=5.OU W=10.ZU
M18 15 3 0 Z NMOCS L=5.0U W=15.OU
M19 15 7 14 0 NMOS L=5.ZU W=15.ZU
M2Z 0 14 1G Z NNMOS L=5.OU W=IS.ZU
M21 1 3 14 1 Pt4OS L=S.ZU W=10.ZU
M22 1 14 16 1 PMOS L=5.ZU W=39.ZU
M23 1 3 17 1 PMOiS L=5.BU W=19.OU
M24 18 11 0 0 NM-OS L=5.ZU W=15.ZU
M25 18 3 17 Z NMOS L=5.OU W=1S.ZU
M26 0 17 19 0 NMOS L=5.ZU W=15.ZU
M27 1 17 19 1 PN-OS L=S.ZU W=30.ZU
M28 1 11 17 1 PMOS L=5.ZU W=lZ.ZU
C29 1 0 0.838PF
C30 0 0 0.561PF
C31 11 0 0.157PF
C32 17 0 0. 126PF
C33 19 0 0.18OgPF
C34 3 0 Z.151PF
C35 14 0 0.127PF
C36 16 0 9.18ZPF
C37 7 0 Z.IS2PF
C38 10 0 0.128PF
C39 13 0 0.IG0PF
C40 2 0 9.171PF
C41 5 0 Z. 128PF
C42 9 0 0.1 8.9P F
VINi 11 0 PULSE (OV 5V 5NS ONS ONS IONS)
VIN2 3 0 PULSE (OV 5V GNS ONS ONS IONS)
.TRAN J0.5NS 40UNS
.PLOT TRAM V(9) V(19) V(16) (OV.SV)

.END

B- 5



....12101111 .... SO-ICE 2G.1 (tSOCTOO ..... 06-047

K CM0S/SOSNBASI ZX4 SECOOER SPICE TRANSIENWT ANALYSIS

TRANSIfN AIIA.YSI T EMrCATURE - 27.500 DEG C

#LEGEND.

V4 16)

TIME V(9)

X(-- ------ 9R. d-40 1.258d-Of 2.565d.88 3.75&d9 5 gooNd-##

I.Oftd-99 S.EI'8KA X
58011d-89 S.HeKd.SA X

08JU~-69 S.8Fffd.9S K
2.D00,139 5.Pd.SS

3_500d:B9 5-:1 d*. K
4.. Ad 9 S 5.KKd.9
4 5 Od-09 5.KBd*SB KX
5:.0d-99 5.00'Dd-0U X
S.SK500--9 S.BB~d-0E X
6.0::d-0 S::1 d.S X
7-0110d-99 5.DfSd*WE

7.508d-99 4.065d*K ..

0:.d-K 4.A1'4dnBB.

; 666d-69 Z.3V5d.BB -
K.500fd-0K 1.3$2d*BH* .

1.000.-K 0 Z.176d-O I

V.Sd-B 4.0'dB 32

1. d d --KSO 0.244d-oz K

1. 3010J-00 3.5$Bd-03 X

1.35 A~-00 1.4?4d-03 X
1:1.1 ~-US 3.874d-04 X

I.505.i 5 .75 " d -S X
1.: SS 1.819d -05 K

" .,.JK 7Kzd-U6 K
1:' 2i:00 3:4J6d-UG X
I.7K, -B IdG , X

'd _DioU 7. 31d-07 X
1.1:' -O .114d-02K
1.0511 _00 I.Z~dB 31

90 K~-00 3.59Sd-B
I. 95:dB5 8.772d-K
Z.UK9d-00 1.720d*KB.

Z.K5 Ui-S 2:2~dS **00

2.200.1-00 4.7124+0. KX
2.250d-KS 4.8,9d.#: X
Z.300d::B8 4.fl.Zd.0 X

2.40 08 4 .9 538.00 KX
2.4S 00 .KdS
2.450- :.9"7d:66 K

2.500005 4.~d.o9
2.550d-88 6.000d.9 K
2:600-J-98 S. tod x

2 SdUK 5.009f 0 K

G 0d -0S 5.098.550 K

2:Sd-KU 5:0080 K:YF

2. N-0aS 5.00d 0K
KS"O-KS S .060d.IK K.

good -5 5.06' d.:10 K
Si-KSO 5.0028) 0 K

_i-K S.KS~d.UK

('i-1 5 (' d:00 X

3~~5 5..0*0Vd .0 X
76-0 S-S .OP8K K

.4S1-KS 5.555ed 55 K

3 S-K " .0 08.05 K

.4.1-KS 5.58K KF
3.5-0S 50085

".-3S G.ge98.50 KX

SGi-KS1 Z5.K5500

3 0555-IS 5.009d:0K

dB 6

3. a S Old .-- 0 0..Oes +4-'..X

3. ..900.1-00 S.Opod:Off



Figure B-3. Node Plot of Decoder with Internal Nodes
Precharged.
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Table B-2

PRCHARGE ALL FOUR OUTPUTS OF DECODER - NODE REFERENCE LIST

Gfl d 0

.:cos IPHOS 1

8 2
124 3
2 4
27 5
46 6
73 7
111 8

56 9
13 1a
3 11
32 12
84 13
75 14
7 15
61 16
50 17
37 18
29 19
10 20""
12 1
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- . ~ ***12/0/84 ~'~ SPICE 23.1 (15OCT81) ********06:47.19*e***a

0 CMOS/SOS DECODER FOUR OUTPUT PRECHARGE

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITL1.500 ITL5-0

.tlODEL NMOS NMOS (VTO=1V TOX-75NM UO-400 NSUB-2.5E16 LDsO.7UM)
+LEVEL-!
.MODEL PMOS PMOS CVTO=-lV TOX=75NM UO-292( NSUB-3E15 LD-0.7UM)
+LEVEL-1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-5.OU W-5.OU
M2 1 3 5 Z NMOS Lm5.OU W-5.OU
M3 1 3 6 0 NMOS L=5.0U W-5.0U
M4 1 3 7 0 NMOS L=5.ZU W=5.OU
M5 2 8 1 1 PHOS L=5.OU W=10.OU
M6 5 8 1 1 PMOS L-5.OU W=10.OU
M7 6 8 1 1 PHOS L-5.OU W=10.OU
MS 7 8 1 1 PMOS L-5.OU W-10.OU
M9 0 10 9 0 NMOS L-5.IU W=15.OU
MIZ 1 9 7 1 PMOS L=5.OU W=10.OU
Mul 1 10 9 1 P140S L-5.ZU W=38.0U __

M12 13 12 0 0 NMOS L-5.OU W=15.0U
M13 13 9 7 0 NMOCS L-5.OU W1l5.OUL
M14 0 7 14 0 NMOS L-5.0U W-15.0U
M15 1 12 7 1 PMOS L=5.0U Wm10.OU
M16 1 7 14 1 PMOS L=5.ZU W-30.ZU
M17 1 9 6 1 PMOS L-5.OU W-10.OU
M18 0 15 12 0 NMOS L=5.0U W=15.OU
Mig 16 15 J 0 NNOS L=5.OU W=15.0U
M20 16 9 6 0 N14C'S L=5.HU W=15.ZU
M21 1 15 12 1 PPNOS L=5.OU W=30.OU
M22 0 G 17 Z NMO0S L=5..OU W=15.0U
M23 1 15 6 1 PMCIS L-S.ZU Wu10f.OU
M24 I G 17 1 P1C'S L-5.ZU W=30.OU
M25 1 12 5 1 P14CIS L-5.OU W=10.0U
M26 18 10 8 0 NMOS L=5.ZU W=15.ZU
M27 18 12 5 0 NMIOS L=5.OU W=15.OU
M28 0 5 19 0 NiMC'S L=5.ZU W=15.OU
M29 1 10 5 1 P1HOS L=!3.OU W=10.0U
M3Z 1 5 19 1 PMOS L=5.ZU W-30.OU
M31 1 10 2 1 P140IS L=5.ZU W=10.OU
M32 20 15 0 0 NNOS L=5.OU W=15.0U
M33 20 10 2 Z NMOS L-5.OU W-15.ZU
M34 0 2 21 0 N1CIS L=5.ZU W=15.ZU
M35 1 Z 21 1 P1C'S L=5.ZU W=30.OU
M36 1 15 2 1 PMC'S L-5.0U W=1Z0U
C37 1 0 0.1145PF
C38 8 Z 0.561PF
C39 15 0 I0.157PF
C40 2 0 0.312PF
C41 21 0 0.189PF
C42 10 0 0.151PF
C43 5 0 0.302PF
C44 19 0 0.I85PF
C45 12 0 0.182PF
C46 6 Z 0.291PF
C47 17 0 0.18OPF
C48 9 0 0.171PF
C49 7 0 0.229PF
C'30 14 0 0.189EPF
C51 3 0 0. 59PF
VINI 15 0 PULSE (OV 5V 5NS 0NS INS IONS)
VIN2 10 0 PULSE (OV 5V SMS ONS 0NS IONS)
VP1 3 0 PULSE 'f(rV 5V 4NS 0UNS ONS 2NS)
VPZ 8 LI PULSE (EV OV 4NS INS ONS 2NS)
.TRAM 0.5NS 4or5 

-.PLOT TRAM V(14) V(21) V(17) (OV.5V)
.END
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........ SPICE 2r.1 CISOcT81 ..... 06,47I1 ..

* CMOS/SOS DECODER FOUR OUTPUT PEECMAICE WI

TRANSIENT ANAL.YSIS TEMPERATURE - 27.088 DEC C

................... ..........................................................................

NLEGENO.

x
TIME V(14)

W-) I--------------. _4*94 I.Md04.0 Z.550d*0l 3.7S04.I0 S.5004.10

5.Ol~dl5 d.9940 X
d.00-18 S.0M0680 X

1.804-9 5.0904.09 IX

2.OOd- 5.045 XC
3 .000d89 5.090d808 XC
4.Re08-09 5.09d4.98 X

5.008-09 5.S 40 IC
5.5#8-9 _ 9 945
6.#V04-09 4.90d.09 IC

6.5008-.9 4 .405I
7.090-09 3.77d88 XC

.08-5 2.056d:00
9.0108-09 1.SdI e 'd
9.5908-_09 1.045d.0 *:
I.Nood _08 5.35.d- I
1.0508-_08 2.329d-1
1.108d 08 9.44'13d-02 -
1.15#d-98 4.856d-32 XC1.266d-IS 1.6489d02 XC
1.2518-_go 7.094d:3 XC
I.080 3.0554d-03 XC
1.3508-0 116-0300d-OS 3.6,,68-@38

1.459 _08 I. 9-0 XC

1:50:d::: 4.424-5 C
.5S08-d 1:81 I-05 X
I .ai'li-_8 6.8-Rd-06 XC
I.N500 3.09V5-06 ICX
1:100d:: 1:3919d-:6 X

1.900.J0 6.5S04-04 x
I.6208-0 4.52@d-03 X
1:1.930-08 3:86.2d:02 IC
21958-:.1 126681-fl.
2.0080 a .E 0 11 12 :9-8 6.9-02.1008-0 1.1214.00
2.150d-:N 1-0278d:::
2.2008-0 .64 1 "'d
2.2504-.8 3.5574.0-. ..

2.3008-0 4:293d:00 XC
2.350d_08 4.59240 ICX
2 .400d-0 40.0 IC:: X

2 .50@08-so 4.96.400I
2.550d-08 4.9E74.00 IC
2 .60oo8- 0 4.9-Sd.08 IC
2 .22. Ia-_0 4. 9;o4.00 U
2 .700' -0 4.9;9800 X
2.758.1-0 6.904.00 I
2. 3008-0:8 6.0418.00 IC
2 .8598-00 9.0.00 X
2.9ood-eR500.8 I ::,,:::

3 NS0d _68 5.0908.00 XC3.158-I _ .0 .0 Q#
3.1001Of 5.809 I
3. 508-00 ;5.1908:. X
3.208-08 d.91.:: X
3.2504-00 5.0980 X

3. 30.1-R 5.0918.00 XC
3.400-8-00 5.0904.806 X
3:15:,J:08 5.0914.0: X
3.2088-08D 5.0300f X

3 .,8- 5.0914f 0

3 .7r0.10 5.090.0 XC
3.3010 5.0914. X
3.OS0.1-08 5-.09d:. X

4.004.-0 5.0904.09 XC

Figure B-4. SPICE Waveform Plot of Internal Node
Precharged Decoder with Inputs 010.
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1****1/0/84*~~**SPICE 2G.I (15OCT85) *******wUS.:47:51*****

0 CMOS/SOS DECODER FOUR OUTPUT PRECHARGE

*7** INPUT LISTING TEMPERATURE Z7.000 DEG C

.WID1TV4 OUTw80

.OPTIONS ITLI-500 ITLS-ff

.MODEL. lMOS HIMO$ (VTO=IV TOX-75NM UO-400 NSUB=2.5E16 LDwff.7UM)
+LEVEL*l
*MO0DEL PMOS PMOS. (VTO--IV TOX-75NM4 UO-200 NSUBx3E15 LD-0.7U4)
+LEVELal
VOO 1 0 DC 5V
M41 1 3 2 0 NMOS Lw5.0U Wwl0.BU
(42 1 3 6 0 14140 Ls5.0IJ WwI0.OU
(43 1 3 6 0 liMOS L5S.BU Ww10.ZU7
M44 1 3 7 0 liMOS LmS.ZU WlffZU
M45 2 8 1 1 PMOS Lw5.ZU Ww20.ZU
M6 5 8 1 1 PMOS Lu5.OU 1.b2Z.ZU
M47 6 8 1 1 PMOS L*5.ZU Ww2g.fU
MS8 7 8 1 1 PMOS L5S.ZU Ww2V.ZU
M49 9f 10 9 Z lIMOS L-5.ZU W=15.OU
1410 1 9 7 1 PMOS Lw5.OU Wwl.1'Z.U
(411 1 10 9 1 P140S L-S.OU IJ-38.OU
(412 13 12 0 0 NMOS L-S.ftU 1fr15.01J
1413 13 9 7 Z lIMOS L-5.BU W-l9..WU
1414 0 7 14 f0 lMOS L-5.0tU W-l5.0U
MIS15 12 7 1 P1405 L-S.ZU WuIO.ZU
M416 1 7 t4 I P1405 L=5.OU W.-38.01)
(417 1 9 6 L PMOS L*5.8U W-10.ZU
MI18 0 15 12 .0 lIMOS L-S.ZU W-15.ZU
(419 16 15 0 0 lIMOS L-5.0U 14-15.01)
(420 16 9 6 0 Nf4CS L-.O5.U 14=15.f1)
M421 1 16 12 1 PMOS L=5.ZU 14-30.01)
1422 0 6 17 0 lIMOS 1.=5.OU W-15.0U
M423 1 15 6 1 P140S L=5.OU 14=10.01)
M424 I G 17 1 PMC'S L=S.OU Wm3Z.0U
(426 1 12 5 1 P1405 L=6.OU 14=10.01)
(426 18 10 0 0 NMOS L5S.OU 14=15.01)
(427 18 12 5 0 NMOS L=S.OU W-15.BV
(428 0 S 19 0 N140S L=S.0U W=15.0U
1429 1 10 5 1 PMHOS L=6.OU W-10.OU
(430 1 5 19 I PMCIS L5S.0U 14-30.01)
1431 I 10f 2 1 PMCIS L-5.0ZU 14=10.01)
1432 20 16 0 0 NNOS L=S.OU WaI15.01
(433 20 10 2 0 lIMOS L=S.ZU W15-1.0U
M434 0 2 21 Pi NPMC'S L-5.8U W-IS.0U
M (35 1 2 21 1 P110S L-5.ZU W=310.ZU
M36 1 15 2 1 Pt40S L-5.0DU 14-10.01
C37 1 0 0,1145PF
C38 0 Z H.S61PF
C39 15 0 0.1S7PF
CAD 2 Z 0.3 l2PF
C41 21 0 0.18ZPF
C42 10g 0 0.1SIPF
C43 5 1 0.392PF

*C44 19 0r 0. 18ZPF
C45 12 0 0.182PF
C46 6 0r f.29IPF
C47 17 0 0.l8OUPF



C48 9 0 0.171PF
C,'9 7 07 0.Z29PF
C - 14 0 0.18OPF
C'--1 3 0 O.5ZPF
VINi 15 0 PULSE (OV 5V 5NS ONS ONS IONS)
VIN2 10t 0 PULSE (OV 5V 5NS ONS ONS IONS)
VPI 3 0J PULSE ,jrV 5V 4NS ONS ONS 2NS)
VP2 8 0 PULSE (S-V OV 4NS INS ONS 2NS)
.TRAM Z.5MS 4ONS;
.PLOT TRAM V(14) V(21) V(17) (OV,5V)
END
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...... 02/11/04..........SPICE 26.3 (11OCT39)..........966,47,1....

9 CmOs/ss DEcoDER 90*16 OUTPUT PRECHARCE &J

* TRANSIENT AN4ALYSIS TEMPERATURE - 27.999 DEC C

V(1I1

TIME Vt34)

31*-------------s. -d.9 1.25880 ?.5998.99 3.758d.99 1.9998.99
-. -.9 -.989 -33 ---

I.99@d89 5.9998.99 33

3.339-9 5.::998.9 x

I .9918-99 4. 9?v68.9 X

9.500d-69 4.2683 K .
7.018-1 3.72 38.99 X3.
7.Sf9989 2.734d.99 X

ad99-9 9.47-3*
9,806d89 4.62616 .
I.198d:9 2.13d-61*
1.960d-99 9.7998§-92*
1.958-88 3.742d82 X3
1.19@d-IS 1.1938d-92 X3
,118 -96 :6.1d:-3 X3

.2S98-98 1.168-63 X
I3098-96 3.588d-94 X
3.4d-9 3273d-64 X3.
I.498d96 1:91-d-5 X
1.4.91-981 .4189 "d X
1.159d89 1.2 3d-66 X3.
1.698,J-98 7.99d-07 X.
1:15:8-90 3:113d-9 33.
3796 '1 1 3678-7 33
1. 7SU680 0.969d--IS X
3.6068-6 .1l3-64 X
35910 SIP9d-:3 X3.
1.99689 3.57d-2 X3..
1.95188 3.2S58-WI .
2.9908d-90 2:.671d-631

2.3S9d-96 336d.9 I
2.load -99 1. 921d.9 *.

2.296d-00 2.6838.99 .

2.356d-08 4.S938.09 X3
2.109d:96 4.5'38.69: X3.
2.4 5-9 4.63d89 X3.
2.09-d 8.96@8.06 X

2.5S9.-98 4.987cl96 X

2.?96d8so 4.9;9.93

2.800-J-98 5.69d6 X3

2208-0 5.999:.14 3

3.0158-98 1.982cl.66 X

3.30:-90 1.9698.9 33
3.1980 1 .9968.69 X

3:291.d-04 S.696cl.66 X
3.310 .098 3X

3.450-8-60 5.9998.69 X3

-.:41-9 1.:1.9 d X3.6.-90 5.6368.69 I

3 .60641-60 1.9998.96 X3

3 .716.1689 5.9998.66f 3

Figure B-5. SPICE Plot of internal Node Precharged
Decoder with Transmission Gate widths
Twice the Basic Widths.
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1*****1/51/4 ~SPICE 2G.1 (15OCT80) ********5f6:49.28*****

B CMOS/SOS DECODER FOUR OUT! UT PRECHARGE

INPUT LISTING TEMPERATURE = 27.508 DEG C

.WIDTH OUT-8B
.OPTIONS ITL1=5fr0 ITL5=Z
.MODEL NMOS NMOS (VTO=1V TOX=75NM UO-40 NSUB-2.5E16 LD=0.7UM)
*LEVEL-1
.MODEL PMOS PMOS (VTO-IV TOX-75NM UO-200 NSUB-3E15 LD-0.7UM)
+LEVEL-1
VDD 1 5 DC 5V
MI 1 3 2 0 NMQS L-5.HU W-15.ZU
M2 1 3 5 0 NMOS L-S.HU W-15.BU
M3 1 3 6 0 NMOS L-5.HU W-15.ZU
M4 1 3 7 5 NMOS L=5.ZU W=15.ZU
M5 2 8 1 1 PMOS L-5.8U W-30.ZU
M6 5 8 1 1 PMOS L=5.ZU W-30.ZU
M7 6 8 1 1 PMOS L=5.0U W=30.ZU
M8 7 8 1 1 PNOS L=5.ZU W-30.ZU
M9 0 10 9 0 NMOS L-5.5U W-15.ZU
MIO 1 9 7 1 PMO: L-5.0U W-10.HU

IMll 1 15 9 1 PMC'S L-5.0U W-30.ZU
MIZ 13 12 0 0 NMOS L=5.OU W-15.#U
M13 13 9 7 0 MMCIS L-S.ZU W=15.OU
M14 5 7 14 0 sqMC'S L=S.ZU W=15.0U
M15 1 12 7 1 PMCOS L-5.ZU W=10.ZU
M16 1 7 14 1 P140S L=5.ZU W=30.0U
M17 1 9 6 1 PMOS; L-5.HU W=10.ZU
M18 0 15 12 0 NNOS L=5.ZU W=15.ZU
M19 16 15 0 N MOS L=5,ZU W=15,ZU
M20 16 9 651 NMCOS L=5.ZU W-15.ZU

M211 1 121 POSL-5.U W10.0U
M22 1 G 17 1 N140S L=5.ZU W=15.0U
M23 1 12 5 1 PM4CS L=5.0U W-10.HU
M26 18G 1 1 5 MS L-5.ZU W=15.ZU
M25 18 12 5 1 MOS L-.ZU W1.ZU
M26 8 10 Z1 0 MS L*5.U W=15.U
M27 18 12 5 1 PM'S L-5.U W-15.U
M2801 5 19 1 PMC'S L=S.0U W=30.ZU
M29 1 10 2 1 PMC'S L=S.ZU W=10.ZU

M32 2Z 15 0 5 NPIOS L-5.0U W=15.OU
M33 20 10 2 0 NMOS L=5.0U W=15.ZU
M34 5 2 21 0 N1MC'S L=5.ZU W=15.0U
M35 1 2' 21 1 PMC'S L=5.0U W=30.ZU
M36 1 15 2 1 P1C'S L=S.OaU W=10.ZU
C37 1 0 0.1145PF
C38 8 0 0.561PF
C39 15 0 0.157PF
C40 2 OrY 0.312PF
C41 21 0 9.18JYPF
C42 10 0 Z.151PF
C43 5 0 0.3072PF
C44 19 0 9.180PF
C45 12 0 0.I82PF
C46 6 0 0.291PF
C47 17 0 0.10PF
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C48 9 0 0.171PF
C49 7 0 0.229PF

C'1 14 0 0.180PF
C-il 3 0 0.50PF
V INI 15 0 PULSE (OV 5V 5NS ONS ONS IONS)
VINZ 10 0 PULSE (NV 5V 5NS INS INS IONS)
VPI 3 Z PULSE t.f(V 5V 4NS INS INS ZNS)
VP2 8 0U PULSE (EV OV 4NS INS INS 2NS) -

.TRAN Z.5NS 4014S.

.PLOT TRAN V(.14) V(21) V(17) (OV,5V)
. END
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.... ........* SPICE 20.1 (16OCT801.... g6 48,28 ..

0 CMOS/SOS DECODER FOUR OUTPUT PRECHARGE *3J

... TRANSIENT ANALYSIS TEMPERATURE - 27.981 DEG C

............................................................................................

ILECEND.

V(II)

V 121111

TIME VI)

----- 9. f 4.9 .259d+95 2.5114.99f 3.75#d-66 5.9994f.fS

5.994- 5:099".99X

d.00-f S.E99d99X

d-69 9S S. 9 4 U d K
3.5091j-E9 5.S9"9d:U9 K

3.99-E S.E9d.9

5.994-9 4.9894.99 X

1.5904-09 I.3S~d.99 X .

B.o019 4.1640 go
6.9004-09 4.4134-SI X.
9.502d:89 6.119-d X'*
I.90Id-9 2.6-1 V K:: *X
2:.034-f 1.9474-92f X

I.Ield-09 4.14-13 K

1..d0.-96 5.494-0K.

1.150.1-901 4.614-d _# X
1.4o06.-8 1.944d-05 X
1.24261-S .9194-1 X

I.600.j-0o 2.S96-67 X

1.350'J-00 9.S45-0 S X
1.70041-88 1.32: 08,
1. 459'j-60 d. 2-0 X

i.~ae~-~ £ -11-I X
I.6504-6 .55-asK

1.7004-68 1.321-011 X
2.750-00 .3944d-01 X
2164-06 6.50#d-4 X.

2.004-O 2.6: 6149

2.219d-93 I:.12.1
2..0SR 4201 d K .

2.40#d-OS 4.29.: X
2.4564-66 4.2.1 X

.5-S 4.064dllX
2.54- A.9674*69f X
2.500d-99 4. .0 K2 .7064-IS 4.9994.66: X

2.806J-80 51tied09X

2.901-889 fr.099 f X

3.00091-00 5.03d40 K
3 .850iJ00 S.691400 X
3.2.190@ 5080 X

3.350.J-I0 5.104*6S(? X

1..-2 5.94.
3.156-O 0.946 d K

3.70.11 5.9@0
3.50.1-90 $.Sped*6 X
3.ESO.1-so 5.09S4*0l X

350.1-9 5go 96 d
.9160 5.SI94d-0E X

. -dB- 16

.~~ ~ ~ ~ . . . . . .

Figure B.. .. . . -6. SP C Plo of nte nalNoe.....r



Figure B-7. Node Plot of Decoder Precharged at
External Nodes.
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Table B-

2X4 DECODER ALL OUTPUTS PRECHARGED NODE LIST

vcdd 1

PiiOS 1
12 2

128 3

51 6
77 7
115 8
56 9

3 11
75 12
33 13
87 14
47 15
7 16
63 17
27 18
38 19

18 21
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1*******11/30/84 *****SPICE 2G.1 (15OCT80) ********23:26.23*****

0 CMOS/SOS 2X4 DECODER WITH OUTPUTS PRECHARGED

0** INPUT LISTING TEMPERATURE = 27.000f DEG C

.WIDTH OUT=80

.OPTIONS ITL1=SjrO ITL5=0

.MODEL NMOS NMOS; (VTO=1V TOX=75NM UO=4Z0 NSUB=2.5E16 LD=0.7UM)
+LEVEL=1
.MODEL PMOS PMOSI (VTO=-1V TOX=75NM UO=200 NSUB=3E15 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-5.ZU W=S.ZU
M2 1 3 5 0 NMOS L=5.ZU W=5.0U
M3 1 3 6 0 NMOS L=5.0U W=5.0U
M4 1 3 7 0 NMOS L=5.OU W=5.0U
M5 2 8 1 1 PMOS L=5.0U W=10.0U
M6 5 8 1 1 PMOS L-5.0U W=10.ZU
M7 6 8 1 1 PMOS L=5.ZU W=10.0U
M8 7 8 1 1 PMOS L=5.0U W=10.0U
MS 0 10 9 0 NMOS L=5.0U W=15.OU
M10f 1 9 12 1 PMCOS L=5.ZU W=10.OU
Mll 1 10 9 1 PMCIS L=5.0U W=30.ZU
M12 14 13 0 0 NMOS L=5.ZU W-15.ZU
M13 14 9 12 0 NMOS L=5.OU W=15.ZU
M14 0 12 7 0 NMCIS L=5.ZU W=15.ZU
MIS 1 13 12 1 PMOS L=5.ZU W=10.ZU
M16 1 12 7 1 PMCIS L=S.ZU W=39.ZU
M17 1 9 15 1 PMC'S L=5.ZU W=10.ZU
M18 0 16 13 0 NMOS L=5.ZU W=15.0U-
M1S 17 16 0 0 NMOS L=5.ZU W=15.ZU
M20 17 9 15 0 NMOS L=5.ZU W=15.ZU
M21 1 16 13 1 PMOS L=5.ZU W-30.0U
M22 0 15 6 0 N?4CPS L=5.ZU W=15.OU
M23 1 16 15 1 PMOS L=5.ZU W=10.ZU
M24 1 15 6 1 PMCIS L=5.ZU W=30.ZU
M25 1 13 18 1 PMOS L=5.OU W=19.ZU
M26 15 10 0 0 NMOS L=5.ZU W=15.0U
M27 19 13 18 0 NMOS L=5.OU W=15.ZU-
M28 0 18 5 0 N?4C'S L=5.ZU W=15.ZU
M29 1 10 18 1 PMOS L=5.0U W=10.HU
M30 1 18 5 1 PMC'S L=5.ZU W=30.ZU
M31 1 10 20 1 PMIOS L=5.ZU W=10.ZU
M32 21 16 0 Z NMOS L=5.ZU W=15.0U
M33 21 10 20 0 MMOS L=5.ZU W=15.OU
M34 0 20 2 0 Nr4ciS L=5.0U W=15.ZU
M35 1 20 2 1 PI'IOS L=5.ZU W=30.ZU
M36 1 16 2Z 1 PMOS L=5.ZU W=10.ZU
C37 1 Z 0.1139PF
C38 0 0 0.561PF
C39 16 0 .1 57PF
C 40 2Z 0 0.12GPF
C41 2 0 0.234PF
C42 10g 0 0.151PF
C43 18 0 0.127PF
C44 5 0 0.234PF
C45 13 0 0.182PF
C46 15 0 0.12OPF
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C47 6 F0 0.234PF
C48 9 0 8.171PF
C49 12 0 0.128PF
C50 7 0 0.234PF
C51 3 0 Z.50PF
VINI 16 0 PULSE (.V :vNS ONS ONS IONS)
VIN2 10f 0 PULSE V. C SNS ONS ONS IONS)
VPHII 3 0 PULSE (bV V 4NS ONS ONS 2NS)
VPHI1BAR 8 0 PULSE (5V OV 4NS OHS ONS 2NS)
.TRAN 0.5NS 40NS
.PLOT TRAN V(7 V(2) V(6) (OV,SV)

.END
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. f/30/34 ........ SPICE 2G.1 (ISOCTRIA ........ 23,2623
*
....

9 CMOS/SOS ZX4 DECODER WITH OUTPUTS PRECHARCEO X!

.*. TRANSIENT ANALYSIS TEMPERATURE - 27.999 DEG C

ALE SEND,

v V(61

TIME V(?)

X(---) ----------- R. d61 1.2S6d68 2.S2Sd.•S 3.754d08 S.89 -
9. d*99 6.999d.E9

|.99:8-19 S.S99d9 X1.S99-ES d.E9dS9 X

I.9E9d-99 S.Sffd-89 X

3, 882-89 5.008= X
4.s198-99 S.:99.9 K " .
3. S6d-99 S4.9fid98 .XK

S.599d-99 S.99d*99. X
6.9d-89 S.##d8 K

6.91d-19 d .9d98..9
7.5 ..- 9 .9'9d-.9. .

7.6098-99 4.929d.99 . • . .
6.991d-99 4.SE8d99 . .. --.
6.9d-"9 3.S8389 •." .'...• Sd -9 S.4dl OF%

d_9 1-9 2:.12.9..
9.59899~ 1.9389.
I.90d- 1 1.2"1d.99 -
I.BS~d-$8 I.O3d-B

d.689 6.036d9
1.1sed-06 3.465-9I
1.I#d -08 1.768d-91 * .

1.2918-989 .9698-92-.
1.2Sd-40 4.666d-0Z 8.
i.35 d-98 2.329d-9N X.
1.35d-99 1.17d-d2 X
1.490.-98 4 .457d-83 K
1.46*d-98 3.217d-93 X
1.580,]_-8 1.374d-3 X
1.558,-60 6.966d-84 X
1.609.1- 3.S67d-94 X
168d-23 1.874d-E4 X1.799.1-66 9.693d-86 K .1.768-I8 6.9"3,d-9S X

;~~ ~~ ,:,d-i 8OE'N

I 80d-68 6.045id-93 X
1:11#d-:: I, 2d-:2• .
I.,Sod-8 -.5G'l -
1.6586-98 6.927d-6 1

2..$ ,j-8 2.&Sd:: -•
2,180,1-90 3.66Sde -". "

2.1%#d- 0 3.8 9d78.9
2.200d-8 4.322d.9 X

2.2S98-98 4-.6211d::: X
2.3,ld-ES 4.89d,,, X ,
2.3 - 9 4. #4d." X
2.400d-99 4.$47d-R K2.459d-IS 4.976d.99 K .'-

2.S09d 9 8 4 908d: X

2.55&d'8- 4.94d.9 _
2.658d-99 4.9 d XU77
2 .6509d-99 4.999d::: KX
Z.709d-98 4.999d1 X"
2.7S8,J-08 S.9045d00, X2. gJl 5 d::: X" "
2.:.-0 S0.5134 K ,"-.X

2.906d-00 S.9id006 K2.Sd-9O S.999d.19 K "

3.999,-98 5.99d90 X
3.J51d-98 . .9398.d0 X
3.1 50.-08 5.9fild9i X

3.2601-EO 6.09d.IP X

3. 2501-68 5 ."Ed*99 K
3.396-1_-8 5.Vgd981 K
3.350d-08 S.808d.E X"
3.460J-98 S.606d.E X.

3.5S0,J-89 S.9ed.eg X.

3.602:-96 6.E9d. X

3 .5d-# S..VSd+# X
3.B-8 S~d::: X "'
8':'9d-:9 6.099.99d

3.851 -o 5.9gd9 9 X3.7698-90 S.9098.993.659.1-98 S.9P9d.99 K __
3.93I9,1-9D 6.9918delg
3.03 6-98 5.9918.90 K
A.8990D 5.9##d.&6 K

Figure B-8. SPICE Plot of Decoder Outputs Using
Basic Width Transmission Gates.
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1******1/3/84 ******SPICE 2G.1 (15OCT80) ********23:26:40*****

0 CMOS/SOS: 2X4 DECODER WITH OUTPUTS PRECHARGED - WIDTH TIMES TWO

INPUT LISTING TEMPERATURE a 27.000 DEG C

.WIDTH OUT-80
.OPTIONS ITL1=5ir0 ITL5-0
.MODEL NMOS NMOS (VTO=1V TOX-75NM UO=400 NSUB=2.5E16 LD=0.7UM)
+LEVEL-I
.MODEL PMOS PMOS; (VTO=-1V TOX=75NM UO=200 NSUB-3E15 LD=0.7UM)
.LEVEL-1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L=5.ZU W=10.0U
M2 1 3 5 0 NMOS L=5.ZU W-10f.oU
M3 1 3 6 0 NMOS L-5.0U W-I10.ZU
M4 1 3 7 0 NMOS L=5.ZU W-1.ou
M5 2 8 1 1 PMOS L-5.2U W-:20.OU
M6 5 8 1 1 PHOS L-5.ZU W-20.OU
M7 6 8 1 1 PMOS L=5.ZU W=20.ZU
M8 7 6 1 1 PMOS L*5.OU W 2O.0U
M9 0 10 9 0 NMOS L-5.0U W=15.HU
MIu 1 9 12 1 P1405 L=5.OU W=10.OU
Nil 1 10 9 1 PI4CIS L=5.0U W-30.ZU
M12 14 13 0 0 NMOS L=5.HU W=15.ZU
M13 14 9 12 0 NMOS L=5.OU W=15.ZU
M14 0 12 7 0 NMCIS L-5.0U W=15.OgU
M15 1 13 12 1 PHOS L=5.HU W=10.0U

~t.M16 1 12 7 1 P1405 L=5.ZU W-30.0U
M17 1 9 15 1 PM405 L-5.8U W-10.ZU
M18 0 16 13 0 NMOS L=5.ZU W=15.0U
M19 17 16 0 0 NMOS L=5.ZU W-15.ZU
M20 17 9 15 0 NMOS L-5.OU Wal5.0U
M21 1 16 13 1 PMOS L=S.OU W=30.0U
M22 0 15 6 0 NMOCS L=5.ZU W-i5.0U
M23 1 16 15 1 PMOS L=5.ZU W=10.OU
M24 1 15 6 1 PlI4OS L=5.0U Wa30.0U
M25 1 13 18 1 PMOS L=5.ffU W-i0.ZU-
M26 19 10 0 0 NNOS L=5.ZU W=15.ZU
M27 19 13 18 0 NMOS L-S.0LI W=1S.OU
M428 0 18 5 0 N140S L=5.ZU W=15.ZU
M429 1 10 13 1 PHOS L=5.0U W=10.ZU
M430 1 18 5 1 PMC'S L=5.ZU Ww3O.0U
M431 1 10 20 1 P1405 L=5.ZU W=109.ZU
M432 21 16 0 0 NM0S L=5.HU W=15.ZU
M33 21 10 20 0 14140 L=5.OU W=15.ZU
M34 0 20 2 0 NMC'S L=5.HU W-15.ZU
M435 1 20 2 1 PMI4CS L=S.0U W-30.0U
M36 1 16 2,9 1 PPIOS LsS.OU W=10.ZU
C37 1 0 0.1139PF
C38 0 Z 0.361PF
C39 16 0 0.157PF
C40 2Z 0 0. 12GPF
C41 21 0 0.234PF
C42 10 0 0.151PF
C43 18 0 0.127PF
C44 5 0 0.234PF
C45 13 0 0.182PF
C46 15 0 0.120PF
C47 6 0 0.234PF
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C48 9 0 0.171PF
C49 12 0 0.128PF
C5Z 7 0 9.234PF
C51 3 0 0.50PF
V1111 16 0 PULSE (7 SNS ONS ONS IONS)
VIN2 10 0 PULSE l-,' 5NS ONS ONS IONS)
VPHI1 3 0 PULSE %W 3 4NS 0NS ONS 2NS)
VPHlIBAR 8 0 PULSE (5V OV 4NS ONS OHS 2NS)
.TRAN 0G.5NS 40NS:
.PLOT TRAN V(7) V(2) V(6) (OV,5V)
.END
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-- 7

.11/31 ........ SPICE 2G.! (1SOCT85) ......... 23,2,48 ....

5 CMOS/SOS 21x4 E0CO0ER wtI OUTPUTS PRECHARGSo - w1oTH TIMES TwO

TRANSIENT ANALYSIS TEMPERATURE - 27.809 DEG C

...................................................................

RLEGEND-

*uVIZ)

v 6X
TIME VI7)

xt .. .)------ 5. 8.95 I.259d.99 2.598.9 2.7558.99# -5.5558.9

9. 9 S..1W 5998% 5 o
I.999d-19 S.999d8ll X
I.59d-e 5.0"9d-90 X
2.881d-99 S.St9d989 X .
2.5994-19 5. "d5.5 113.99d9-99 S.969d989 X1

3:.1:1-19 l:+Id::l X
4.999d-99 9.999d 11

7.S"8-9 5.#klddffll X x
.9911d-9 5.f99d689 11
,.5994-9 .9+,++. - •
6.2894-99: 5.9998.9 x
6.5994- 5.9d*1# .- 9F6
7.900d-99 4.9994d.9 . . *

7.500d-69 I,514-.l . .
9.9994-99 :4.d:::...
5.59ed-9 3.885d-89 x .*.
9.08@d-99 2.928.99 -

9.68d-9 1.968d-96 - .

(.9504-95 6.651-'12 "1::f d-:: ' 4. d-JZ
1.4d-00 3.4665d-61 

.

I.161d-18 1.57d-

1.2994-99 9.3958-92 X.
S1.254-08 4.769d-8 2 

.
.5ed3-8 2:4"d932 X

1,406d-80 6.6 3d-3 X
1.49Sa-95 2.923d-93 X

1.5 9-688 1.536d1-31.55d-9a 6.sold8-4 X
I.609d-90 3.548d-94 X
1.59od-10 1.441-3d4 X.

786 d- j 4.7 d+ X

1.575d-98 .294-93 X_

O.0d-58 6.#d92 4
so99-9 2.929-_1 I .*

2.860d91 I.37d4- "
2.9594-98 Z2292*99
2.15 04-8 3.96d*0 8
2.1S1d-98 1.161d99 *'
2.200d-95 . d8.9 4 "

2.250d-00 4.6268d9 X .
2.39:,4-:: 4:5499

9:3OJ 85.~ d::: X

2*40:4-d 4.47dd* X
2.456d_05 4.78 9,

].S@ e ::'*I'd::: X 
"

2.5 S 9 .4 d8 .+ .

2.509d-48 4.995d8,9 XX
2.65se-80 4.99d *1 X"

z.70 d-:0 9.?9d-68 X*

a.S d 1 3.:V d +8

2.759,J-5 5.98z69 0
2.899-60 5969d::9 X
2.8594: 6 S.1 6d99 X'
2 .9694:95 5.969,96

2 .ge*9 S e d::: X*-"-.

3.950-98 5.69 268 X -
3.059.J 0 5.9998'90 XX

3.1964-6 5.96&N.96 X

3.. . ... . ..... ..... .. .... ... ..9 . . .I

3.300-J- 5o .o re h e X3.2594-90 5.0V98*99 X
3.24M.-60 S.09dI4,h X

3.459499 5.9024'900
3.5.0 X.940

3 .666J-90 S.660d-08 xX
3 .6594-9o •. .•8 x
3..- -, -00 5 .X.,-

3.8994-I S.969819
3.850.)100 S.9989
3.900:118 599~9I
3.910.J9 5.6698, X
4.000J-99 5.009d-00 X

Figure B-9. SPICE Plot of Precharged Decoder Outputs
Transmission Gate Widths Doubled.
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I*****~l/3/84 ****~~ SPICE 2G.1 (15OCT80) ***23SS5**

0 CMOS/SOS 214 DECODER WITH OUTPUTS PRECHARGED

Z** INPUT LISTING TEMPERATURE m 27.000 DEG C

.WIDTH OUT,90

.OPTIONS 1TL1-511Z ITL5's0
.MODEL MMOS r4MOS (VTO-1V TOX=75NM UO=400 NSUZ-Z.SE16 LDwff.7U4)
+LE VEL-1
.MODEL PMOS PMOS (VTO-IV TOX-75NM UO-200 NSUB=3E15 LD*0.7UM)
+LEVEL1I
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS Lw5-ffU Wa1S.ZU
MZ 1 3 5 0 NMOS L=5.ZU Wa15.ZU
M3 1 3 6 0 NMOS L=5.OU W~l5.ZU
M44 1 3 7 .0 NMOS L=5.OU W*15.ZU
M5 2 8 1 1 PMOS L*5.ZU Wt3ff.0U
M6 5 8 1 1 PHOS L-5.ZU Wft3g.0U
M7 6 8 1 1 P1405 L-5.ZU Wft30.ffU
MS 7 8 1 1 P1405 L-5.ZU Wft3g.ZU
M9 0 10 9 0 NMOS L=S.0U W=15.ZU
MIff 1 9 12 1 PMCDS L5S.OU W-10.0U
1411 1 10 9 1 P1405 L*5..OU W=30.ZU
M12 14 13 0 0 NNOS L-5.OU W-15.ZU
M413 14 9 12 0 NMOS L-5.01J W-15.0U
M414 0 12 7 0 NMOCS L=5.SU W=15.OU
MIS5 1 13 12 1 PMOS L-5.ZU W-10.ZU
1416 1 12 7 1 P14CIS L=5.ZU W=30.ZU
M417 1 9 15 1 Pt4OS L=S.8U W=10.0U
M18 0 16 13 0 NPIOS L-5.0U W-15.OU
M19 17 16 0 A0 NMOS L-5.2Ll W*15.OU
M420 17 9 15 0 NNOS L=5.iIU W-15.ZU
M421 1 16 13 1 PMOS L-5.0U Wu3Z.OU
M422 0 15 6 0 N1C'S L-S.ZU W-15.ZU
M23 1 16 15 1 P1405 L=5.ZU WwI0.0U
M24 1 15 6 1 PMCIS L=S.OU W=30.ZU
M25 1 13 18 1 PMOS L-5.ZU W-10.0U
M426 19 10 0 0 NMOS Lm5.BU WwlS.OU
M427 19 13 18 0 NMOS0 L-5.OU W-15.ZU
1428 0 I8 5 8 NMCS L=5.0U W-15.OU
M429 1 10 18 1 P1405 L-5.ZU W=10.0U
M430 1 18 5 1 PMC'S L=5.OU W=30.OU
M431 1 10 21 1 P1405 L=5.OaU W=10.ZU
M32 21 16 0 0 NMOS L-5.ZU W-15.ZU
M433 21 10 20 0 111140 L-5.ZU WmIS.ZU
M434 0 20 2 0 N1C'S L-S.01J W-15.OgU
M435 1 20 2 1 P1405 L-S.OU W-38.ZU
M3G 1 16 20 1 P1405 L-S.ODU W-10.zU
C37 I 0f 0.1139PF
C38 0 0 0.561PF
C39 16 0 Z.157PF
C40 20 0 0.126PF

C12 0 0.234PF
C42 10 0 0.151PF
C43 18 0 JU.127PF
C44 5 0 0.234PF
C45 13 0 0.182PF
C46 15 .0 0.120PF
C47 6 0 0.234PF
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CiS 9 1 0.171"
C49 12 0 0.12U3.F
C'39 7 '3 9.234PF
CSI 3 'y O.SSPF
VINi 16 0 PULSE (!7V 'W 5NS ONS ONS IONS)
VIN2 10 0 PULSE ("I jV 5NS ONS 0NS IONS)
VPHI1 3 0 PULSE (Li 5V 4NS ENS ONS 2NS)
VPHlIBAR 8 0 PULSE (5V OV 4NS ONS ONS 2NS)
.TRAM O.5NS 40NS
:PLOT TRAN V(7) V(2) V(6) (OV,5V)
.END
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... 35/.... ........ SPICE 2C.1 (11OCT85........... 23 'ZOSS ..

S CMOS/SOS 2X4 DECODER VITH OUTPUTS PRECHARGED x3

... TRANSIENT ANALYSIS TEMPERATURE - 27.595 DEC C

................................................................................. ......

V(7)
V(2)

ITIME V(7)
41I.. ------ 50. d-99 d.Z5 Off 2.5558.55f 1.7558.55 S.5d5

5.500- I -.-9!.258 . . . .

I5d-9 5.9 of.55X

1.80#d-99 5.0f5d.99 X

2.5 0-5 S.9d.5 to

3.S698-9 5.5588.93 X

_.25-9 S.5954.55 "d x

565d_8-9 5.985 d . 9

6.59d-99 5.8956d.99 .

7.088-99 49d9

:.505d-59 4.594d.5f.f
850:d-59 3. VE8.9 . *

9.69d-09 2.919d.5 .*

9.599d-99 1.9578.d O..

1.08 .2128.55 .
I.9S:1::: .759d- I
1.369d-00 3.632d-:1.

Sod50_98 1.07 7d-9 -

d.580 .34 -2
1.398-:0 2:.59-:2 X
.358d-5. I.197d-.2 X

1.4899 .4 58-93 4

1:465:1-:: 3:2938:93 9 .

.08-9 1.393 -34
1.5 d-9 .936d _4 9
1.108d::: 3:.6!48-94 9
1.,5588 1.385 X
1.700J-9 9.9958-ES X1.7 Sod-_0 S.6i98-5 S X

to. 009 0.847d-93 XI.958.-as 8.52985.
1.90d-00 2.035d8- I
I.95od.80 6.976d-#:
2.00d-90 1.3778.0 *
2.5688-:98 2:2#5d:99-

2.15o8-so 3.9.55.
2 .2008-90 4 .322d.99 X
2.2S58-58 4.4288.55 X
2.309d:88 ::811d:0: 4
2.35:8-0 d.985

2.4058-d 4.94.594
2 .5_00-9 d.-8.9 X
2 .5598-09 4.9918.99 X
2 .6098-8 4.9978.89f g

2.52 0-9 4.999d.890
2.700d:98 4.9?998.9 X
2.7 55-9 5.0958d*00 9
2 . 09.1-99 2.998.09 X
2.709d-00 S:.99d::95 9

2.950-9:8 5.9958.95 X

3.000.d-98 5.999.05 X

3.1.-8 5.9558.d90 X
3.128.1-90 5.00#d.00 X
3.2508-:0 5.9898.09 X

3 .I,:,,-9 5:099d8. X
3 .358.1-_8. 5.9958.9 X

3.420.1-0 5.989 d

3.51-9 0 5.0998.05 X

3.7900 5.998.8

3750.1-590 5:0998d:9 XX
3.800.-8 5.0:9.8 d

3.950.--8 5.58.58-6 X
4.00d-08 5.9998.09 X

Figure B-10. SPICE plot of precharged Decoder Outputs --

Transmission Gate Widths Tripled.
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Figure B-11. Basic B Register Node Plot.

Table B-4

BASIC B REGISTER NODE LIST

34 2
68 3

~.6 4
035

1 25 6
'2 7

123 19
4 11

IS5 12

1.J
t, 5

1517

7- 2!1
/C 21

12.27
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1******1/05/4 ~SPICE 2G.1 (15OCT80Y) *******084:27:06*****

0 CMOS/SOS B REGISTER BASIC TRANSIENT ANALYSIS

8** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-80

.OPTIONS ITL1=5i'0 ITL5-0

.MODEL NMO:3 NMlOS (VTO=1V TOX-75NM UO=400 NSUS=2.5EIG LD-0.7UM)
+LEVEL-1
.MODEL PMOS PMOS (VTO--1V TOX=75NM U0-2ZZ NSUB-3E15 LD-0.7UM)
+LEVEL= 1
VDD 1 0DC 5V
Ml 4 3 2 0 NMOS L-5.ZU W-5.ZU
M2 6 3 5 0 NMOS L-5.0U W=5.0U
M3 8 3 7 0 NMOS L=5.ZU W=5.ZU
M4 10 3 9 0 NMOS L-5.ZU W-5.ZU
M5 2 11 4 1 PMOS L=5.ZU W=10.ZU
M46 5 11 6 1 PMOS L=5.OU W=10.ZU
M7 7 11 a 1 PMOS L=5.ZU W-10.0U
M8 9 11 10 1 Pt4OS L=5.OU W=10.ZU
M9 0 13 12 0 NMOS L-5.0U W=15.0fU
MI0 1 13 12 1 PMOS L-5.ZU W=30.0U
Mll 16 2 1 1 PMOS L=5.0U W=30.ZU
M12 17 5 1 1 PMC'S L-5.ZU W=30.ZU
M13 18 7 1 1 Pt4CIS L=5.ZU W=30.0U
M14 19 9 1 1 PMCIS L=5.ZU W-30.ZU
M15 1 20 11 1 PMOS L=5.ZU W=19.0U
M16 0 2 16 0 NMC'S L-5.ZU W=15.0U
M17 0 5 17 9 NW'S L=5.0U W=15.OU
M18 0 7 13 0 NW'S L=5.ZU W=15.ZUj jM19 0 9 19 9 NW'IS L=5.OU '=15.HU
MZZ 21 12 0 0 NMOS L=5.OU W=15.OU
M21 21 20 11 0 NMOS L=5.HU W-15.0U
M22 0 11 3 0 NW'S L=5.OU W=15.ZU
M23 1 11 3 1 PMC'S L-5.OU W=30.OU
M24 1 12 11 1 PHOS L=5.ZU W=10.ZU
M25 16 23 22 0 NMOS L=5.OU W=5.OU
M26 17 23 24 Z NMOS L=5.HU W=5.OU
M27 10 23 25 0 NMOS L-5.OU W=5.0U
M28 19 23 26 Z NMOS L=5.OU W=5.OU
M29 1 12 27 1 PMOS L=5.ZU W=19.0U
M30 22 27 16 1 FMOS L=5.ZU W=10.OU
M31 24 27 17 1 FMOS L=5.ZU W=10.ZU
M32 25 27 13 1 FMOS L=5.OU W=19.ZU
M33 26 27 19 1 FMOS L=5.ZU W=10.OU
M34 2 9 28 39 0 NMOS L=S.ZU W=15.OU
M35 29 12 27 0 NMOS L=5.fdU W=15.ZU
M36 0 27 23 0 NMOS L=5.ZU W=15.ZU
M37 1 2.7 23, 1 PMOS L=S.OUU W=39.0U
M33 1 23 '7 1 PPMOS L=5..OU W=1..U
C29 26 0 JY.84PF
C40 Z25 Z Z.84PF
C41 24 0 V.84PF
C A,2 222 0 0. 04PF
C43 1 0 Z.7.9Y0PF
C44 0 0 0.S505PF
C45 27 Z IT.181PF
C46 23 0 0.I120PF
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C47 12 Z Z. 23OPF
C48 19 0 0. 135PF
C A 9 18 1 0.13 9P F
C!'Z 17 0r 0. 145P F
C51 16 Z 0. 151PF
C52 I11 0 0. 290'P F
C53 3 0 0.155PF
C54 9 0 O.111PF
C55 7 0 0.l0SPF
C56 5 0O 0.114PF
C57 2 0 0.120PF
C58 10 0 0.54PF
C59 8 0 0.54PF
C60 6 0 0.54PF
C61 4 0 0.54PF
VREGSEL 13 H PULSE (0V 6V 0NS ONS ONS 30NS)
VINI 20 0 PULSE (0V 5V 5NS OHS ONS 30NS)
VIN2 28 Z PULSE (OV 5V 5NS ONS OHS 3ONS)
VDAT1 10 0 PULSE (5V OV 5NS 0NS OHS IONS)
VDAT2 8 0 PULSE (OV 5V 5NS ONS ONS IONS)
VDAT3 6 0 PULSE (OV 5V 5NS ONS ONS IONS)
VDAT4 4 0 PULSE (5V OV 5NS 0NS OHS IONS)
.TRANJ O.5NS 40NS:
.PLOT TRAM V(26) V(25) (ZV.5V)
END

B-3 0



... .... ........ SPICE 2G.1 (15OCT8) .... .6127, .....

9 CMOS/SOS 8 REGISTER BASIC TRANSIENT ANALYSIS

.... TRANSIENT ANALYSIS TE MERATURE - 27.999 DEG C

...............................................................................................

SLEGEND -

V(26
V(2S)

x

TIME V(26)

9---- N. d.9 1.2SBd9 2.58498 3.7594-69 5 .999d.

. . . . . . . . . . . . . . . . . ..d. . . . .9. 4.95• 2.9. 99m• .x

5.999d-19 2.5:d9: X9

2.8#64-89 2.5994.99 x

1.9-:9 2.5994. .. .
2.•d# Z. d-:: X /

2.99d-9 2.59E4.E9 X
2.E5E4-99 2.50E$d20
3.9#8d- 9 2.S#d9 .X

3.9d-:9 2:S Ed•9
4.5#d-99 2.599d99 .

76.S::-m :.S1•* X
5.9d -.9 2.:S6 9 d S
5.5934-US 2.9V19 0. X

6.599d-99 2.564d•-6 .

7.99Id-9 2.99d:9 X.

S * •S d - S!1 4•
1.08@d-99 2.5949 x
6.9994-9 2.S9d.9 .

5.599d-9 2.521d. .
I.999d-9S 2.523d.99 .
1.9594-96 2.5694.99 .

I.19ed-98 2.693d.99
1.15#d-9 2.644d.99
1.209d-9S 2.72d.9 -

1.259-d96 2.764d:99
1.396d-9a 2.8"d9699
1.3Sd-98 2.8 64.9
1.490d- 8 2.9:62d99
1.49Sd-9 3.96•:,"
.59Rd-98 3.d9-94.9
I.S5d:08 3.1634.99
1.6894-ES 3.2149d8
1.659d-98 3.27#d:S9
1.70#d-8 3.312d,,,

%. 175- 3 324,55 2

1.8094-8 3.324.9
1.e50d-98 3.318d-9
1:'11-e 3.Zlld+ •: ""

1.989d-98 3.2•94.99
2.998d-98 3.I,2,.9 .".

2.95049a 3.956d:99
2.11od-98 2.9 .9d. -
2.150d-Eo 2.88d.99 . .
2.200d-ES 2.5994.9 .

2.259d-98 Z.72d.9 .

2.48d-SN 2.5969499. .

2.4594-96 2.4784.09 .*2.59d-98 2.3:8d2.S0d-18 2.39d66 .

2.4# d-s8 2.41=0NB

2.S08-E 2.23409 d .2.6504-SN 2.3f74.55
2.704d-08 2.193d,.9 .

2.7504-00 2.949d.9 . .
2.8 d- s 1.9784 . 9 ." "
2.5594-08 1.918d9 .. "

2.998d-08 1.d8d40 .

2.50d-5s 1.6#d::9 *
3. 8d-08 1.743d.0 .#
3.91Nd-ES 1.667d.9 . •
3.I904-08 I.672d.E .
3.150d-O8 1.59d.0 .
3.296d-98 1.527d9
3.2sd-B 1.4764dd.09
3.200d-08 1.464.09 .°

3.350d-98 *37 7d.9 ..
3,4004-08 1.379d.0
3.45Od-0 1. 2834d
3.5994-08 1.278d.99 .*
3.,5id-08 1. 194'4d99 . , .
3.6 S0d- 8 1.I 2d.99 d:.##
3.6504-08 d I Id*9 . .
3.7094-EN 1.90d9 . • •

3005 1:.971419 .3.8004-08 0.9414-El *
3.S50d-US 9.6 9d- I
3.9004-08 9.3640-9d- :7d
3.9504-08 9.597d-SI . *
4.9084-ES 8.9734-SI. .. * .. . . . . . _•. . .

Figure B-12. SPICE Plot of Basic B Register Output.
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Figure B-13. Precharged B Register Node Plot.
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Table B-5

PRECHAPGED 3 REGI1STER NODE LIST

i;Ius 0
6 2
176 3
19 4
5 5
4 G
3 7
163 8
96 9
8z la
138 11
95 12
137 13
94 14
136 15
93 16G
135 17
76 13
37 19
120 20J
20C 21

47 23 .
416 24
45 25
85 26
90 27
32 23
24 29
23 3
42 3
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1*****11/8/84SPICE 2G.1 (15OCT80) ********14:23:37*****

0 CMOS/SOS PrECHARGED B REGISTER TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-80
.OPTIONS ITLI=50 ITLS=0
.MODEL NMOS NMOS: (VTO=IV TOX=75NM UO=400 NSUB-2.5E16 LD=0.7Ut4
+LEVEL=1
.MODEL PMOS PMOS, (VTO=-1V TOX=75NM UO=200 NSUB-3E15 LD=0.7UM)
*LEVEL=l
VDD 1 0 DC SV
MI 1 3 2 0 NMOS L=5.0U W=5.ZU
MZ 1 3 5 0 NMOS L=5.ZU W=5.0U
M3 1 3 6 0 NMOS L-5.ZU W=S.ZU
M4 1 3 7 0 NMOS L=5..0U W=5.ZU
M5 2 8 1 1 PMOS L=S.OU W=10'.0U
M6 5 8 1 1 PMOS L-5.0U W=10.ZU
M7 6 8 1 1 PMOS L=5.0U W=10ZU
M8 7 8 1 1 PMOS L-5.6U W=10.ZU
M9 11 10 9 0 NMOS L=5.ZU W=5.OU
M10 13 10 12 0a MMOS L=S.0U W=S.ZU
Mll 15 10 14 0 NMOS L=5.0U W-S.ZU
M12 17 10 16 0 NMOS L=5.OU W-S.ZU
M13 9 18 11 1 PMOS L-5.OU W=10.ZU
M14 12 18 13 1 FMOS L=5.ZU W-If0.ZU
MIS 14 18 15 1 PHOS L=5.ZU W=10.0U
M16 16 18 17 1 FMOS L-5.HU W=10f.ZU
M17 0g 20 19 Z NPMOS L=5.ZU W=15.OU
MIS 1 20 19 1 PMOS L-5.ZU W=30.ZU
M19 22 9 1 1 P1MOS L=5.ZU W=30.ZU
M2Z 2' 12 1 1 PMOS L=S.ZU W=3Z.OUU
M21 24 14 1 1 PMOS L=5.JUU W=3Z.OU
M22 25 16 1 1 PHOS L=S.OU W=3Z.0U
M23 1 26 18 1 PMOS L=5.ZU W=10.ZU
M24 0 9 22 0 N.40S L=S.OU W=15.OU
M25 0 12 23 Z NMOS L=S.ZU W=1S.OU
M26 0 14 24 0 NMOS L=S.ZU W=15.0rU
M27 0 16 25 0 NPMOS L=5.ZU W=15.ZU
M23 27 19 Z 0 NMOS L=S.HU W=15.ZU
M29 27 26 18 0 NMOS L=5.HU W=15.ZU
M30 0 18 10O 0 NNOS L=S.ZU W=15.ZU
M31 1 18 10 I PMOS L=S.ZU W= 3.. ZU
M32 1 19 13 1 PPHOS L=S.OU W-19.ZU
M33 22 28 2 0 NMfOS L=S.ZU W=5.ZU
M34 23 28 5 0~ NNOS L=S.ZU W=5..DU
M35 24 28 6 0 NMOS L=S.fdU W=5.DU
M36 25 23 7 0 NPIOS L=S.ZU W-5.ZU
M37 1 19 29 1 PPMOS L=S.ZU W=1.U.ZU
M38 2 29 22 1 P NOS L = 5.0eU W=10g.0U
M39 5 29 23 1 PMOS L =S.OU W=1.0.ZU
M40 629 24 1 PMOS L=r;.ZU W=1,9.OU
M41 7 2) 25 1 PNIOS L= .OU Wm=1(.Z.U
M42 '.1 30 1.3 010HS L=S.ZU W-15.HU
M43 31 19 29 Z MMOS L-5.ZU W=15.ZU
M44 Z 29 23 0 NMOS L=S..0U W=15.ZU
M45 1 29 23 1 PPMOS L=S.ZU W=3.OkU
M46 1 30 29 1 PMOS L=S.0U W=10U.ZU
C47 7 VI 0.94PP
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C,% 8 G 0 0.34PF
C 4:9 5 0 0.34PF
c 2J 2 0 0.94PF
C.A 1 'Y 9. 1103PF
C5Z2 0 0 8.50SPF
C53 29 0 0.181PF
C54 Z8 0 0.128PF
C55 19 0 0.23OPF
C56 25 0 0.135PF
C57 24 0 0.139PF
C58 2 3 0 0. 145P F
C59 22 0 0.IS1PF
C60 18 0 0. 208PF
C61 20f 0 0.155PF
C62 16 0 O.111PF
C63 14 0 0.109PF
C64 12 0 0 .114P F
C65 9 0 O.120PF
C66 17 0 0.54PF
C67 15 0 0.54PF
C68 13 0 0.54PF
C69 11 0 0.54PF
C70 3 0 0.50PF
VREGSEL 20 0 PULSE (OV OV ONS ONS HNS 3ENS)
VINI 26 0 PULSE (OV 5V 5NS ONS ONS 30NS)
VIN2 30 0 PULSE (OV 5V 5NS 0NS ONS 3ZNS)
VDATI 17 0 PULSE (5V OV 5NS INS ONS IONS)
VDAT2 15 0 PULSE: (OV 5V 5NS fiNS INS IONS)
VDAT3 13 0 PULSE (OV 5V 5NS ONS INS IONS)
VDAT4 11 0 PULSE: (5V OV 5NS ONS INS IONS)
VPI 3 0g PULSE (krV 5V 4NS INS OHNS 2NS)
VPIBAR 8 Z PULSE (5V fly 4NS ZNS OHS 2NS)
.TRAM 0.5NS 4.914S

PLTTRAW V(7) V(6) (OV.5V)
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I ....1/29f@ ..... SPICE 20.1 (ISOCTI5I ..... 142337 ..

a C"0S/SoS PRECHARGED 3 REGISTER TRANSIENT ANALYSIS J10

....* TRANiSIENIT AN9ALYSIS TEMPERATURE - 27.588 0EC C

&L.EGEND.

Y, VI.

I 
"

TIME V17)

X4--) ------- ff. d-64 1.254d-80 2.58sd.55 3.?Sfd.55 9.988d-66

5. "d.55# Z.Sftd.95 . .
.55-19 2.50*d.95 .

1.86#d-89 2.5558.55 .

I .Sssd-89 2.S#8d.55
355d-ag 2:11"d-89 . .

2.54:d- 9 2.Ssad.55 .
3.saad-89 2.5F5d.95 .
I .1ad-a, 2.5258.55: .. X
4 .98d- 9 2.7 xd5

7.##d8-9 2 .2Id5 1 d .

6.59#d-69 Z.96Sd.55 .9.55•*118-5P9 2 S. .•

43'5-9 2'd785 so..

."d ILEENO

1.9d-#5 2.912d-861.'d "8 .'Id5 X9.540d89 2. 27d.55 .
1.255d-50 2.;31d-a5 .

1.#50d-5 2.954d.6
1.11 -19 3.276d.59 .

1.28d-89 3.325d.5 .

1 .2 S d -8 9 
3 . 3 7 9d .5 .

I.•8:d-s8 3.121d.5 .
I.lld-aS 3.24d:69 8

1.4 e8-SN 3.SI:d.55
1.45 d-50 3.315d5

I. 9.d . 3.379d:sa .
1.5Sld-9 3.,42d•,, .".
1.68d _69 3. 47d.55

2.5558-55 3.37Id:55

4.d-59 3.1791d5 .

2.ZS~d-63 3.56$d-88

2 . 2 5 5 d - 56 2 . 5 9 d l8.

2.3558-50 2. 4Id:862.4ad-S6 2.775d.5 ..22.850d-98 3. d .
2.10d_68 3.26d So
2.11:d-:8 3:.11dlE .*

2.6d5- 3 2.55d:::

2.36518 3.171d*1 ...

2.5458-09 Z.351dell . •
2.35sd8 2.14d E
3.550d-56 Z.59d.55 , •
I.5558-55 I.••&dell

3I5.J5 1.19.5 .:Is: .

1.IsOd-1 o 21.-^Id*:: .

.5585- 
.SId.5•3.2558-56 I3d.Sa~~l

2.69$d-98 I.5S7d:# ..
2.6Sd-SO 2.463d.98. •

2id 2I 33dl of•

3758-d I .383d.55

2.80d-08 2.259d-@5 @
2.85d-6 2.28d:65 9 .
Z.960.-50 2.1 2d of

Fiur B. 4 SPICE:N Plo o Pecargd Rgite

-Bd 36

.I" Z .i 1 .1 4 d 1

3.2594-I 1 3d8
3.3,6d::8 1:161d:::

111d-:: 1:661ld:.I
3. 69d -09 184d~l*

3.3# d-1 I.T29d~l

3.S564-88 1.474d*11

3.?,0d-, 1.343d-llO "

3.7S1d-08 1.3fld+08

3.ldi .Z2fd~l
3.850-8 .1*

3.9 Od-l .72d* 0
4.960d-88 1.16#d-Of

--

• " 'i Figure B-14. SPICE Plot of Precharged B Register
,.. .....- Output Using Basic transmission Gates.
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1*****11/8/8 ***~ SPICE 2G.1 (15OCT80) ********12:24:32*****

0 CMQS/SOS PRECHARGED B REGISTER TRANSIENT ANALYSIS - WIDTH TIMES TWO

j*INPUT LISTI14G TEMPERATURE = 27.090 DEG C

.WIDTH OUT-80

.OPTIONS ITL1=5f(0 ITLS=0
.MODEL NMOS NrlOS, (VTO=1V TOX=75NM UO=400 NSUI3=2.5E16 LD=0.7UM)
+LEVEL=l
.MODEL PMOS PMOS; (VTO=-1V TOX=75NM UO=200 NSUB=3E15 LD=0U.7UM)
+LEVEL= 1
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L-5.ZU W=10.ZU
M2 1 3 5 0 NMOS L=5.ZU W=10.ZU
M3 1 3 6 0 NMOS L=5.ZU W=10.ZU
M4 1 3 7 0 NMOS L-5.ZU W=10.ZU
M5 2 8 1 1 PMOS L =5. JU W=20.ZU
M6 5 8 1 1 P1405 L=5.ZU W=20.ZU
M7 6 8 1 1 PMOS L=5.ZU W=20.OU
M8 7 8 1 1 PMOS L-5.ZU W=20.ZU
M9 11 10 9 Z r4MC)S L=5.ZU W-5.OU
M10 13 10 12 0 NMOS L=5.0U W=5.ZU -

Mll 15 10 14 0 NMOS L=5.0U W-5.ZU
M12 17 10 16 8 NMOS L=5.OU W=5.ZU
M13 9 18 It 1 PMOS L=5.ZU W=10.ZU
M14 12 18 13 1 FMOS L=5.OU W=10.0U
M15 14 18 15 1 PHOS L=5.ZU W=10.OU
M16 16 13 17 1 FMOS L=5.BU W=10.0U
M17 0 20 19 Z NMOS L=5.ZU W=15.ZU
M13 1 20 19 1 PMOS L=5.ZU W=30.ZU
M19 22 9 1 1 PMOiS L=S.ZU W=30.ZU
M2Z 23 12 1 1 PMOS L=S.OU W=30.0U
M21 24 14 1 1 PMOS L=5.0rU W=30.OU
M22 25 16 1 1 PMOS L=S.ZU W=30.ZU
M23 1 2G 13 1 PMOS L=S.ZU W=19.0U
M24 0 3 22 0 NMCIS L=5.ZU W=15.0U
M25 0 12 23 0 NMOS L=5.ZU W=15.0U
M2G 0 14 24 0g NMOS L=5.0U W=15.0U
M27 0 16 25 0 NMOS L=5.ZU W=15.ZU
M23 27 19 0 0 NMOS L=S.ZU W=15.0U
M29 27 26 18 0 NMOS L=5.0U W=15.0U
M3Z 0 18 10 0g NMOS L=S.0U W=1I5.,CU
M31 1 18 10r 1 PMOS L=5.OVU W=30g.ZU
M32 1 19 13 1 PMOS L=S.0U W=10.OU
M33 22 28 2 0 NMOS L=S.0GU W=5.ZU
M34 23 28 5 Z NMOS L=5.0U W=5 .OU
M35 24 2.8 G 0 NMOS L =5.0CU W=S.ZU
M36 25 20 7 0 NNOS L=5.JUU W=5.0U
M37 1 19 23 1 PMOS L=5.0U W=10.0U
M33 2 29 22 1 PMOS L=S.ZU W=10.0U
M19 5 29 23 1 PMOS L=S.0U W-10.0U
M40 G 29 24 1 PMOS L = 5. 0U W= 1.9. U
M41 7 2' 9 25 1 PMOS L=S.ZU W=1.G.ZU
M42 3! 30 ;1 0 NAMOS L=5.!0U W=15.klU
M4', 3 1 19 29 0 MHOiS L=5 . U W=15.OGU
M44 0g 29 23 Z NNOS L=S.ZU W=15.OJU
M45S 1 29 23 1 PNOS L=S..OU W- 3IJ. U
M4G 1 30 29 1 PMOS L=-,XU W=10.ZU
C47 7 j 0.94PF

B-3 7
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CA8 6 0 0.34PF
C 'S 5 0 0.94F
C'-. 2 0 0.94PF
C'..I 1 0 0.1103PF
C52 Z 0 O.5O5PF
C53 29 9 0.181PF
C54 28 0 Z. 128PF
C55 19 0 0. 23JUPF
C56 25 0 0.135PF
C57 24 0 0.139PF
C58 23 0 0.145PF
C59 22 0~ i0. 15 1PF
C60 18 0 0.298PF
C61 10 0 0.155PF
C62 16 0 0.I11PF
C63 14 0 Z.109PF
C64 12 0 0.114PF
C65 9 8 0.120PF
C66 17 0 9.54PF
C67 15 0 0.54F
C68 13 0 0.54PF
C69 11 0 0. 54PF
C70 3 0 0.50F
VREGSEL 20 0 PULSE (0V 0V ONS ONS ONS 30NS)
VINI 26 0 PULSE (0V 5V 5NS ONS ONS 30NS)
VIN2 30 0 PULSE (OV 5V 5NS ONS 0NS 30NS)
VOATI 17 0 PULSE (5V OV SNS ONS ONS IONS)
VDAT2 15 Z PULSE (.0V 5V SNS ONS ONS IONS)
VDAT3 13 0 PULSE (HV 5V SNS OHS ONS IONS)
VDAT4 11 0 PULSESi (5V 0V SNS ONS ONS IONS)
VP1 3 0 PULSE (fOV 5V 4NS ONS ONS 2NS)
VPIBAR 8 0 PULSE (5V OV 4NS OHS ONS 2NS)
.TRAN 0.5NS 40NS'
.PLOT TRAN V(7 V(G) (ZV,5V)
*END

B- 38



..••....1/29/8, ........ SPICE 25.1 (ISOCT81) ........ 1

S CMOS/SOS PRECHARGEC I REGISTER TRANSIENT ANALYSIS - WIDTH TINES TWO

... TRANSIENT ANALYSIS TEMPERATURE *27.891 DEG Co.. w .......................,,, ...,u .... .....

V17)

TIME V(7)

-) ----------. 0- d8*99 1.2594-69 2.50A18.9*1 3.7518.11 u5 m

5.9d-fif 2.1998d.59 .

S2.1d:-9 .11989 . .

, : , 2-"X"

4:.1998-99 2.SSS.19 .. .
3.1 -9 2.59.9..I
3.98d-99 2.So 98.99X

8.69ld989 2.8998.99## . x
:# 1d:09 2.73989S -x

S.919d- I 2.279d:9 .x
8.19#d-9 3.289d*9. x -
9.998d-f9 3.2 40*9 . !

6.78-89 3. 2799 .

7.919d-09 3.38299 O .

1•.191d-96S 3.3728.99 . ** .

'. d9 .3538.99 .

I. ::9d-: 3.448d+.9 .
I.S9d-98 3.4989.
1.389d 3.25.9Sd9 .
1.498d-8o 3.5898.99 3 ]

-Old98 d3*.
".1'd '' 3.2748*98 . i

1.156d-9 3.I7693d9 .

.9d-91 3.79819d:
I.519d-8 3.7978.99 .d
1.7sed-s9 3.8.9! d..
1.581d-69 3.$8Td.99 .I.719d-98 3.835d.99 . .-
• 859d-98 3.73 9 R.9 ."

.Ifd-S 3.5de 6 Rd

.118 3.674d:•1 . .2.d-98 3.5978.99 1 .

291d-98 3.12899 . " .1.I08-98 3.4: 4809 . ".-.

.4~-°3 6 7d:::

I 7608d9 3.3614d91 2d *
1.75d-98 3.8216d•9 • "8

2.536d8-98 3.125.9 ..

. 19 d -9 8 3 .7 49 d -8. .

• -

. .4998-98 29789 . d° . .• .
I .8d-18 2.8Zd.99

2.!8-78,d- 2,.' ' ".

2.568-98 2.5928.99 . . *
.8-:d- 3:142d:0 .:

2.799-98 3.749d*990 ,.
2.798-08 2.48.998 •

2.2g8-86 3.3 d 1 
" 

""
2.859d-98 .3 . 9 *. * .-

2.5888-98 237.4499 . *."
2.92,9d-98 2.28.9" . ."*"-

2254-89 3.2#2d-40+ •- -,.-

. 9 0d - 9 9 3 2 8. 1 Z S d .
.2 35d- 3 4d.• *""

3.4588-98 2.l98*99 . .
3.1888-98 2.98.98 •*
3 .158-9 _8 2 .91219

25•-0 371d11 +"- -

2&°S d-g_.. .2 , d 6 1 d..
2 &S0d -,to 2 . 92Sd•8 O.f2 I
2 .Tgg#d-9fl 1. 0 21d

2 .75,d-#a 2 .4,?4d.@@•""

218009 1-3.91d:.89

.$sod-08 .4899 "
3.98d-96 2.3#7d8* 

. . . '.2950d-08 2.27d538

3.588-98 2.9d.-I 1n° -as 2 73d'1
3.150d-98 .0 3 2 9 .
3,8zood-98 1.96d8-

3.38d-8 1.857d. . 1

3.56.-08 [.SI4d*99*
3.4•88-68 17865d 99 . .. +

3.41.1-98 1.+3d 1

3.Sood-98 1.346 13d .9
3.650-198 1.491 d .

3.8198-06 1.375d48 . "~
3.950d'00: I* ld°

Figure B-15. SPICE Plot of Precharged B Register Output'"'
~~Using Transmission Gate Widths Twice the -

... Basic Widths. .+-
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1*******11/28/84 ***~ SPICE 2G.1 (15OCT80) ****12:24:43*****

0 CMOS/SOS: PRECHARGED B REGISTER TRANSIENT ANALYSIS - WIDTH TIMES

INPUT LISTING TEMPERATURE 27.000 DEG C

.WIDTH OUT-80
.OPTIONS ITLI=500 ITL5=0
.MODEL NMOS rIMOS: (VTO=iV TOX-75NM UO=400 NSUB-2.SEIG LD-0.7UM)
+LEVEL=1
.MODEL PMOS PMOS; (VTO=-IV TOX-75NM UO=200 NSUB-3EI5 LD=0.7UM)

+LEVEL=l
VDD 1 0 DC 5V
MI 1 3 2 0 NNOS L-S.ZU W=15.ZU
M2 1 3 5 0 NMOS L-5.0U W=15.ZU
M3 1 3 6 0 NMOS L=5.ZU W=15.0U
M4 1 3 7 Z NMOS L=5.ZU W-15.0U
M5 2 8 1 1 PMOS L=S.BU W=30.0U
M6 5 8 1 1 PMOS L=5.ZU W=30.ZU
M7 6 8 1 1 PMIOS L-5.0U W-30.0U
M8 7 8 1 1 PMOS L-5.OU W-30.ZU
M9 11 10 9 0 NMlOS L=5.ZU W=5.ZU
MIZ 13 10 12 0 NMOS L=5.ZU W-5.0UI
Mll 15 10 14 0 NMOS L=5.ZU W=5.0U
M12 17 10 16 0 NMOS L-5.0U W-5.ZU
M13 9 18 11 1 PMOS L=5.ZU W-10.ZU
M14 12 18 13 1 FMOS L=5.HU W=10.0U
MIS 14 18 15 1 FMOS L-5.ZU W-10.0U
M16 16 18 17 1 FMOS L-S.HU W=10.0U
M17 0 20 19 0 NMOS L-S.ZU W-15.OU
M18 1 20 19 1 PMOS L=5.0U W=30.OU
M19 22 9 1 1 PMCOS L=5.OU W=30.0U
M2Z 23 12 1 1 PFHOS L=5.ZU W=30.0U
M21 24 14 1 1 PMOS L=5.ZU W-30.ZU
M22 25 16 1 1 PMIOS L=5.0U W=30.ZU
M23 1 2S 1~3 1 PHOS L=S.ZU W=10.ZU
M24 0~ 9 22 Z N14C'S L=5.ZU W=15.OU
M25 0 12 23 0 NMOS L=5.0U W=15.ZU
M26 0 14 24 0f NMOS L=5.OU W-15.OU
M27 0 16 25S 0 NMOS L=5.0U W=15.0U
M23 27 19 Z 0 NMIOS L=5.0U W=15.ZU
M29 27 26 18 0 NMOS L=5.ZU W=15.OU
M30 0 18 10 0 NMOS L=5.OU W=15.OU
M31 1 18 10 1 PFIOS L=5.ZU W=3Z.OU
M32 1 19 13 1 PMOS L=5.ZU W=10.ZU
M33 22 28 2 0 NMOS L=5.OU W=5.0U
M34 23 28 5 0 NMOS L=S5.8U W=5.0U
M35 A' 28 G 0 14FOS L=5.OU W-5.O9U
M36 25 28 7 0 NMOS L=S.ZU W=S.0U
M37 1 19 29 1 PMIOS L=5.OU W=10.0U
M33 2 29 22 1 PFHOS L=G.ZU W=10.ZU
M39 5 29 23 1 PMOS L=S.ZU W=121.OU
M40 6 29 24 1 PMOS L=S.ZU W-10.ZU
M41 7 29 25 1 PMOS L=5.OU W=10.OU
M42 31 30 .9 0 NMIOS L=5.ZU W=15.kOU
M43 31 19 29 0 NMOS L=5.ZU W=15.OU
M44 0 29 23 09 NMOS L=5.0U W=15.ZU
M45 1 2 9 2 3 1 PNO'S L = 3OU W= 3,(. OU
M46 1 30 23 1 P MOS L = 5.VU W= 1 Z.0U
C47 7 0J 0. 4 PF
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ito

C;3 6 , Z.34PF
C.9 5 0f .34PF
C' .Y 2 0 8.34PF
C .1 1 Z 0.11 83PF
C,2 0 0 0.5 5PF
C53 29 0 0.181PF
C54 23 0 0.128PF
C55 19 0 0.23OPF
C56 25 0 0.135PF
C57 24 0 0. 139PF
C58 23 0 0.145PF
C59 22 0 0.151PF
C60 18 0 0.208PF
C61 10 0 0.155PF
C62 16 0 0.111PF
C63 14 0 0.109PF
C64 12 0 0.114PF
C65 9 0 0.120PF
C66 17 0 0.54PF
C67 15 0 0.54PF
C68 13 0 0.54PF
C69 11 0 0.54PF
C7, 3 0 0.58PF
VREGSEL 20 0 PULSE (OV OV ONS ZNS ONS 30NS)
VIN1 26 0 PULSE (OV 5V 5NS 0NS ONS 30NS)
VIN2 30 0 PULSE (0V 5V 5NS ONS ONS 30NS)
VDAT1 17 0 PULSE (5V ZV 5NS MNS 0NS IONS)
VDAT2 15 0 PULSE (MV 5V 5NS ONS ONS IONS)
VDAT3 13 0 PULSE (OV 5V 5NS ZNS ONS IONS)
VDAT4 i 0 PULSE: (5V ZV 5NS ONS ONS IONS)
VP1 3 Z PULSE (f(V 5V 4NS 0NS ,NS 2NS)
_'PIBAR 8 0 PULSE (5V OV 4NS ONS ONS 2NS)
.TRAN4 O.S.S 4 ,.-
.PLOT TRAN V(7) V(6) (MV.5V)
END
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.... 1/2/9 . SPICE 26., (1sOCT19 *..... 12,244 .....

CMOS/SOS PRECHARGED 8 REGISTER TRANSIENT ANALYSIS - WIDTH TIMES THREE

... TRANSIENT ANALYSIS TEM4PERATURE . 27 .999 DEG C

............................... ...............................................................

OLEGENO,
el V(7) "' .

9 ., V1(6)
TIME V(?)

X9). 9d9 1.2S9d.E9 2.S9d*.#9 3.7SEd-9 6.964.9f

9. d99 2.S9#d# .

I .B-18 2.StEd.99 .

1.5941:-19 259d9 .
d. 9-9 2.5#:d92.699d-61 2.59d.99 .

2:.S::d-:1 2:11 1:::
3.991d-, 2. .XdK

3.S998-99 2.S9d99 . x
4.9sod-9 2.999d~99 X

4.1S9d- 9 2.51,1d13 . x
5.919d- 1 2.8.d9: x
S.S91d-99 3. 99d89 X

1.991d-1 3.32Sd.8. X.""
6.S9d-99 3.S2d.9 x..

7.89#d-9 3.S899d. X

8.9#9d-#9 3.9 97d90 x.

9..98-9l 3.S Td.99 ...
9.999d-99 3.591d.99 .

9.894-99 3.698.9 . . .- x

I .. S d -9 6 3 .6 # 7 d 8 .9 .*

I.3 d-58 3.71d*99.

1.358d-IS 3.9918d99 . .*
3.648Rd9 . "

1. 3.gd-.9.
I*2Sd-68 3.72Td9 .

3.55d8-9 3.98.99.d.. ..

1.39#d-08 3.689d9. . '

1.450d-d8 3.73 8 3d.f ...
I.Sood_88 3.2dO 9 s

1.550 _08 d_ .9 7d* *-"

1.70 _8 4.947d*.9 .*

1.759 - 8 d .
I.6998-10 4.9788.99 -*.

1.050J-90 4.992d.O .*

1.900d-08 3.959d96 .
I. 9Sd-68 3.866d8.9 ... ".
2.999d-9e 3.893d89 .

2.959d-8 3.717d:9 .

2.1B-:8 3.6S9d9 . .

2.298d-98 3.41ld*99 . .- "

2.2S9d-B8 3.378d.99 d ...

2.399d-98 3.2988.99 d:: .
2.3Sd-Io 3.21989 --d
2.499d-98 3.I4 d99 .
2.4S9d-8 3.9618.99 . .-

2.,d-98 to298. d . *

2. Vd-.. Z.B4Gd* .2.159d-9e 2.175d. .

1.76@d-9 2.7%7.9 ..2.78d-98 2.1798d99 . ""."
i .T7 d-_8 :. go8
2.88d-8 2.573d.99 6

2.0504-98 2.5089d9,.
2. 9!gd-0 2.444de99 d
2.9 .d-8 2.361'.
3.:0d-9e 2.3,' d.9
3.919d_- 2.259d.99 d
3.19Id-98 2.299dg9 . .3.119d-98 2.142d.99 . .
3.299-5d 2.9619 . .

3.3d-9 2.,tSd99.99 .-

3.300-- 1.789 .d
3.358-80 I.9298.d9 ._
3 .49d-9@a 1.867d:::.
3.45#d-08 1.81d89 .3.5998-98 1.7$3d.99 . .

3.59S8- 8 I.113d*99 . .

3.1998-98 1.163d.9 . "

3.1691-. 1.6lSd99 . -
3,70d-98 I.S$7d.9*.*3.Ti9d-90 I.S2ld'99 . .-
3.76 -96 1.47789d:

3.9568d98 1.4577d. *
3.9998-99 1.455d8.99 .-..

3.9598-96 1.377d.9 . .

4.god-8 1.364d-:9 * -

Figure B-16. SPICE Plot of Precharged B Register
Output Using Transmission gate Widths
Three Times the Basic Widths.
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Figure B-17. Basic RAM Cell Node Plot.

Table B-6

SAS IC RAM~ CILL NOiDE LIST

N1, s z
4 2
16 3

1 5 4
13
14 6
G 7

II
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l***~**1/28/4 ~ SPICE 2G.I (15OCT80) ********13:21:16*****

0 CMOS/SOS BASIC RAM CELL TRANSIENT ANALYSIS -010 INPUT

0** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-80
.OPTIONS ITLI-SRi0 ITLS-9
.MODEL NMOS NMOS (VTO-IV TOX-75NM UO=40Zf NSUB=2.5E16 LD=0.7U4)
.LEVELl1
.MODEL PMOS P140S5 (VTO=-1V TOX=75NM UO=".ZZ NSUr,=3E1S LD=0.7UM)
+LEVEL= 1
VDD 1 0 DC 5V
MI 4 3 0 Z Nt4OS L-5.ZU W=15.0U
M2 3 4 0 0 NMOS L-5.OU W=15.OU
M3 4 6 5 0 NMOS L=5.ZU W=5.0U
M4 7 6 3 0 NMOS L=5.SU W=5.0U
M5 1 3 4 1 PMOS L=S.ZU W=30.ZU -.

M6 1 4 3 1 PHOS L-5.OU W=30.0U
M7 9 7 1 1 PMOS L=S.0U W=30.ZU
M8 0 7 9 0 NMOS L=5.HU W=15.OU
C9 9 0 0.71PF
CI0 0 0 0.291PF
CII 7 0 0.92PF
C12 1 0 0.292PF
C13 6 0 0.1O8PF
C14 4 0 0. 182PF
CIS 3 0 0.185PF
VINI 7 0 PULSE (OV 5V 5NS ONS ONS IONS)
VIN2 5 0 PULSE (5V OV 5NS ONS ONS 5NS)
VPASS 6 0 PULSE (OV OV ONS ONS ONS IONS)
.TRANJ 0.5NS 40NS:
.PLOT TRAM V(9) (OV.SV)
END

1***~**11/28/84 SPICE 2G.1 (15OCT80) ********13:22.20*****

0 CMOS/SOS BASIC RAM CELL TRANSIENT ANALYSIS -101 INPUT

0** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-SO
*OPTIONS ITL1=500Z ITL5=0
.MODEL NMOS NMOS (VTO=IV TOX=75NM UO=4ZO NSUB-2.5E16 LD=0.7UM)
+ LEVEL= 1
.MODEL PMOS PM405 (VTO=-1V TOX=75NM UO=200 NSUB=3";El5 LD=9.7UM)

+LEVEL 1
VDD 1 0 oC 5V
Mi 4 3 0 ff NMOS L=5.0U W-15.0U
M2 34 0g 0 N140S L=5.OU W=15.OU
M3 6 5 0i N140S L=5.OU W=5.ZU
M4 7 6 3 0f 1414S L-S..OU W=S.ZU
M5 1 3 4 1 PlMOS L =5..9U W=30..OU
MG 1 4 3 1 P1103 L =5.OU W=39.0U
M7 9 7 I 1 PNOS L=S.PU W=3Z..9U
M3 0 7 9 0J N14OS L =5.OGU W-15.ZU
C9 9 0 0.7IPF
CIO 0 0 Z.29IPF
CII 7 Z 0.92PF
C12 I J 0.292PF
C 13 6 Cl 0.10OPF
C 14 4 G 9.132PF
CIS 3 13 J. 1005P F
V I tl 7 0 PUJLSE (SV OV SNS ONS ONS IONS)
VIM2 5 0 PIJLSE (SV (JV SNS IJNS kJNS SNS)
VPASS 6 0 PULSE (OaV VV ONS ONS ONS 1kUNS)
TPAfI 0. 5NS 40GNS
.PLOT TRAN V(9) (OV.SV)
END
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I . . O/,o..... SPICE 2G.1 (tSOCTN I.3,21,16 ... '.

6 CMOS/SOS BASIC RAN CELL TRANSIENT ANALYSIS $ 10 INPUT

2 ... TRANSIENT ANALYSIS TEMPERATURE * 27.000 DEG C

.......................... .........................................

8
TIME V(s)

X a. d.E 1.258d.0 Z.Sffd040 3.750d.0 $.500d09

0. 4.00 3.0040Ed
5.N904-L0 5.000d*00
1.0004-09 5.000d,05I.good-a9 S.SVed.99
2.11 d-9 S.:00d:::2 9: d- ,S S.~d~

3.5#4d-09 5.000d+00
3.000d-09 5.g00d0
I4.ged-69 5.90#d.99
4.ffd-49 5.00#d.

8.3014-09 4.NZ2d*0S.

6.E"d-09 
4.44d .

6. Sod-0 4.709d*I0 .

7 .OOd- 9 3.2d4*0 .
8.000d-09 2.768d.00 .

9 f500409 2.324d0
9.300d-09 I.?$2d.00 .
I.050ad_ 1.4S6d*0 .

I.I00d-08 i.007d4*00

I.250- 8 5.d499 -16

I.300d-8 4.$72d-WI

1.4004-08 3.0244-SI
•I.450d-0R 2.4094-SI

I.55Ed-ON I.8944-0I .
I. 004-0 2.7164-0|
I.6504-gB 7.OEZd-0l1,..7,1d-: 1.I4Ed*0I "6.

I.700d-08 1.S63d.01 .

I.N84-08/ 2.367d.00 .

I.950.1-8 3.0734.00 .

Z.15#d-00 3.3I7d-00 I2.108-d00 3.6R9d280 ..-

2.I00'J-08 4.663d.00 .
2.IOW.J-08 4.016d.0 .1.300d-80 4.74d-g0 . .

Z.0d-98 3.757d-:0 .1

2.300d808 4.571d'09
2.4004-08 4.61,4d.0.
2.450d-: 4.757d-6 .
1.50OR 4.d71"-01

2.SORd-Ie 4.RI74*0g -
Z.600d-0R 4.8604d00
2.600d-98 4.88d04 .
2.7004-08 4.S934d. ..
2.70d8 4.921d480 *-.
1.8604SOR 4.9 7.0
2.88d-08 4.946d.00 .

1.900d:08 2.9!.9.0

1.95 -d 08 4. .$7 .0.

3.00d-8 4.973d4.60

3.100.J-00 4.979d+00
3.1,-08 4.9E3 d0
3.2 J 1. 4.91d:0

3.2 000 4,.994d*0 "3.2 8m.-00 4.94d8...
_3#400 4.593d-Of

3.30.d1-0 4.946d:."
3.40a0,-08 4.995d:00
3.4S8go 4.9964.0d
3.500.1-08 4.17 810

3.°°0-00 4.9984.00
3.6008-08 4.9 9d4.0 *.

3.65 d-0 4.3904.d

3.704-08 4.999.d*0.

3.000d-08 4.999d,00

2:75,d_.. I: d::

3.89-0, 4.9;9d 0 *

3.9001-06 5.00d:004.0od-88 5.973d*0

:;i!::i Figure B-lB. SPICE Plot of RAM Cell with Input 010. ""'
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I.......11/21/84 ........ SPICE Z.l (1SOCT8) .. *..*.. 3 22,2*....

U CMOS/SOS BASIC RAN CELL TRANSIENT ANALYSIS - 1,| INPUT

S*** TRANSIENT ANALYSIS TEMPERATURE Z7.989 DEE C

~..............

TIME V49)

B d9. 898 d.290.9 2.586d 56 3.758d.66 S.999d-8.

9. d.9 2.259d-EN
S.899d-18 ZZId-98I I . ,8-89 2.ZSd-i8.... d-9 2.25d-s.

1.596d-99 2.259d-98

3.088d-9 2.259d-ER
3.08#d-89 2.25988d
4.98-89 2.Z$9; - 824.559d-19 2.258d-E8
5.808d-89 2. 2*9d-I
5.598d-89 2.IZ98-d9 .

6.88d-89 S.52'd1 d
6.500d-89 9.84Sd-01
7.988-89 1.411.d8 .

7.5d-8 1.8d-9 9 Zd.
8,9d-99 2.. ##Ed- . .
8.596d-69 2.6 1,88 .d

1.9#9d-89 2.853d.8 .
9.59d-09 3.257d:"9
1.9 d -o8 3.5S4d8 .0

1.1d-:8 3.783d62
1.198d-Ia 3.9.98 ..

Sod ::-8 4:.164d:::.
I.2.0d -8 4.1.8 . .d

I.25d-88 4.4S3d* ...3088-08 4.581d88 . "

I" .3588-88 4,623d.99 . " .

1.4. 0-98 4.6-5d8.8 .
1.459d-8 4.753d:: .

5.50d-8. 4.71 9d988 .
. 0 8d-8 4. 49 8 9 :.

1.608d-o 4.727d.8 .,.
I1.65#d-8 4.ZSd'oE"
1.70E8- as 3.863d:60.
1.75 d-00 3.448d. 8 .
1.Cood-go 3..2d .d

_.-88 Z.673d:.8 .
1.988-8 2 .2638.8
1.95d-88 1.9$2d:*8 .
Z.888-08 I .6T8d*8 .
2.850-88 1.373d8I
2.1688-98 I .35d- .95 .

2.158-88 d .4733- 1
2.2#@d-88 7.88d-81 I
2. 25d-8 6.443d-81
2.3884-88 S.Z1Id-II . *
2.35d-08 4.297d-8l
2.488d-E 3.42d-I .1

2.4688-8 2.816d-81 . -

Z .Sold-to 2.20:d81.
2.SSld-#8 1. 9d-8I . .

2. 6688-08 .4-6-I..
2.650d-88 1,439-I . "
2.7d-08 8.622-!d-2 *
2.7584-88 7,813d-12 . "
2.899d-00 6.3V9d-EZ
2 .85od-68 5.963d-8#2..
2.90d-98 4.87d-862
2.956d-00 3.Z7d-82
3.5 001 2.611-83.Be-g Z.1 ld- 02

05641 88 Z.l 76d8
3.188.3-80 I.G?5d-82 .

3.I:58-80 1.363d-02
3.Z198-l8 I.1!1d-1

3.380d-9e 7.19-83 1 d
3.3S8d-9i 5.78d-63 .

3.48.J-go 4.6 1d-I3 *
3.458d-08 3.7 2d-83
3. S9J-8 2:91#d-83 "

3.5531-. 2.414d-83
3.'a88-88 G .9d -3

3.708-88 l.Z.Sd*- 3833.710."-00 9.994d - 043.89,-08 8.8t4d-84
3.88.d:-08 8.9648-Id

3.854-8 6.5884-84_:

3.95 5 -_8 A 4.ld-84"
4.60@d-98 3.327d-4

Figure B-19. SPICE Plot of RAM Cell with Input 101.
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Figure B-20. Precharged RAM Cell Node Plot.

B Table B-7
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1***~**1/2/84 ******SPICE 2G.1 (15OCT80) ***134.5**

o CMOS/SOS: PREr.HARGED RAM CELL TRANSIENT ANALYSIS - 01 INPUT

*** INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITLI=5f00 ITL5=0

.MODEL NMOS r4MOS. (VTO=IV TOX=75NM UO=400 NSUB-2.5EI6 LD=0.7UM)
+LEVEL=1
.MODEL PMOS PMOS: (VTO=-1V TOX=75NM U0=200 NSUB=3El5 LD=0.7UM)
+LEVEL=l
VOD 1 Z DC 5V
MI 4 3 0 0 NMOS L=5.OU W=15.OU
M2 3 4 0 0 NMOS L=S.ZU W=15.OU
M3 4 6 5 Z NMOS L=5.ZU W=5.OU
M4 7 6 3 0 NMOS L=5.ZU W=5.ZU
M5 1 3 4 1 PMOS L=S.ZU W=30.ZU
M6 1 4 3 1 PHOS L=5.OU W=30.OU
M7 1 10 9 0 NMOS: L=5.ZU W=5.0U
M8 9 7 1 1 PMOS L=5.OU W=3Z.0U
M9 9 11 1 1 PMOS: L=5.OU W=10.0U
M1O 0 7 9 Z NMOS L=5.ZU W=I5.OU
ClI 9 0 0.31PF
C12 0 0 Z. 243PF
C13 7 0 0.92PF~
C14 1 0 0.389PF
C15 6 Z 9.IZ8PF
C16 4 0 0.182PF
C17 3 0 Z. I85P F
VINi 7 0 PULSE (0V 5V GNS fiNS 0NS IONS)
VIN2 S Z PULSE (5V fly SNS ONS fiNS SNS)
VPASS 6 0 PULSE (ZV fly fNS fiNS ZHS IONS)
VPI 10 0 PULSE (0V 5V 4NS ONS ONS 2NS)
VP1BAR 11 .9 PULSE (5V fly 4NS OHS ONS 2NS)
.TRArI 0.5NS 40NS;
.PLOT TRAN V(9) (OV.5V)
END
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I .... -I29/04 ..... SPICE 2r.1 (15OCT65 .... 13,49,4 ..

a CMOS/SOS PRECHARGED RAM CELL TRANSIENT ANALYSIS - t# INPUT

3" TRANSIENT ANALYSIS TEMPERATURE * 27.595 DEG C

a..

TIME V(9)

x f. d-N9 1.258-" 2.S998*95 2.7658.95 S.894s6

-. d.99 ..55-..95 .
S.9998-ifS 5.99869 ..

2.5 9 "ad S d-191

Z.U69-99 S.6558.95
.59995.9918.95 .

6.9 5 .. 

.

6.1.5d-5 4.989 33d. .
7..199 3.689d-89..

7.U59.-5 3. 4 35 .3.

fo5d-5 3.985 EN ..
6. S598-59 2 .74 48.5 .

9.098-d_9a Z . 19d.5

I.1958-082 .1.489
I.156id-06 I.146.95
I S2 9 d:: 1 18 1.9 : .

1.25#d-6 8.213d-9
1.39d-98 6.9I.d:-.'

1.39S-9 :.8-I
1.4"* 66d11/8/4 0* I

I..9-63.4I2d-fl
(6568d-8 Z.6I13d-I
1.6yed-58 3 376-1

1.6180 d .U95.66d

I.6568-90 1.970d-176
I.059-08 2.224d.90
1.095:-00 2.5S1.58.66
.959d-06 2.86S5809 O.

Z.ff9 d-6 3.1763

2:116d:68 3. 626d.9 ."

2 .20=0-0 4.915d9
2.256d-08 4.1168-96
2.309d:98 4.2?3d.9 ..2 .3568-9 466d*9
2.41 06d-08: 4.I89 .d

2.. Sor-90 4.65.388
2.S.58-98 4.711d-09
2.1.558-96 4:711.6
2.1.68d-9 4.6E958
2.7098 -96 4.6258.55
2.7568-0 4.865 

2.806dJ-6 4.986

3 J689 4.9.869.008-00 4.1.9 . .
2.15oo-68 4.9751d:6

...-................................. 
'-' 

.

3 .100d-00 4.9.d..d
3.15.0d-098 4.978d6

31.3068-66 4.91.38.6-
21.949 .966.95

3.43 d-8 4.1.6d.6 . .
3.406d-08 4.968d 6

3.541d18 . 9928.66:

4.SBed-R , !12d~g

3.15686 4.19=3.6
3.61:-3 4.99d8.69
3.Sad .6-0 4 .9968.69
.70 6-00 4.996 d:9

3.750d- 6 4.8.66
3. 00d-6g 4.997d.9

2.2go8-a8489968.d3.9S6' 4. 9968.9
3.36808 4998.69

4.00d-90 4.9?8895

Figure B-21. SPICE Plot of Precharged RAM Output
Using Basic Transmission Gate Widths
and Input 010.
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1*****11/8/8 ~SPICE 2G.1 (15OCT80) ***w**13:49:57***

0 CMOS/SOS PRECHARGED RAM CELL TRANSIENT ANALYSIS - 101 INPUT

INPUT LISTING TEMPERATURE Z 7.000 DEG C

.WIDTH OUT-80
:OPTIONS ZTLI=SOO ITL5=Z
.MODEL NMOS NMOS. (VTO=lV TOX-75NM UO-4Z0 NSUB-Z.5E16 LD-0.7U4)
+LEVEL=1
MOD0EL PMOS PMOS. (VTO=-IV TOX=75NM UO=200 NSUB-3E15 LD=0.7UM)
+LEVEL=1
VOD 1 0 DC 5V
MI 4 3 0 0 NMOS L-5.ZU W=15.OU
M42 3 4 0r 0 NMOS L-5.OU W=15.OU
M43 4 6 5 0 NMOS L=5.ZU W-5.OU
M4 7 6 3 0 NMOS L-5.8U W=5.ZU
M5 1 3 4 1 PMOS L=5.ZU W-30.0U
M46 1 4 3 1 PHOS L-5.9U W-30.OU
M7 1 10 9 0 NNOS L=5.ZU W=5.HU
M48 9 7 1 1 PHOS L-5.OU W-30.OU
M49 9 11 1 1 PrioS. L=5.OU W=10.ZU
P410 0 7 9 .0 NMOS. L=5.ZU W=15.OgU
Cl 9 0 0.31PF
C12 0 0 0.243PF
C13 7 0 0. 92PF
C 14 1 0 0. 389PF
C15 6 0 O.1IY8PF-
C16 4 Z 0.13'PF
C17 3 Z 0. 18SPF
VINI 7 0 PULSE (5V OV SNS ENS ENS IONS)
VIN2 5 0 PULSE (5V 0V SNS ENS ENS SNS)
VPASS 6 0 PULSE (ZV ZV ENS ONS ENS IONS)
VPI 10 0 PULSE (OV 5V 4NS ENS ENS 2NS)
VPIBAR 11 ZJ PULSE (5V OV 4NS ENS ENS 2NS)
.TRAN jJ.5NS 40NS.
.PLOT TRAN V(9) (OV.5V)
: END
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7 .. .a

..... 1/26/ 6*..... SPICE 2G.1 (ISOCTO9I ........ 13

9 CMOS/SOS PRECHARGED RAM4 CELL TRANSIENT ANALYSIS ;382 INPUT

a.. TRANSIENT ANALYSIS TEMPERATURE - 27.996 DEG C

.......................................................

x
TIME V(9)

x 9. -d.9 I.2S9d.8# 2.S599d*96 3.7994.99f _S99.

ff. d-99 4.5364-96 .
5.9214 4.$51d94-S
I.9084i-69 4.5394-868
1.9934-99 4.5364-99
2.9984-89 4.51$d-36
2.5#0d-69 4.S9d-96 .
3.98#d-89 &.SI64-96
3.S93-&9 4.5364-96
4.999d-69 4.5364-960
4.5864-89 6.9794-92..
6964-99 Z.656d-f3.
S.9884-99 S.6254-61.
6.890d49 1.11ld46
6.5994-99 1.63A94.19
7.688d -29 2.627d.326

6.5#0d-89 2.9944.39. .

9.9394-69 3.4946 2#d
1.054-96 3.7111d8199
':'a4-3 3.4.8 . .

3:20-3 4.343d-9.
1 20S34-96 4.4464*38. .

:,I9-9 4.943.9 ..
1399d-:: 4.3344.39. . .
1.400d-00 4.379d.3 ..

3.0S -3 4.777d.9
3.55#d-06 4.917d-88 ..

I.9064-08 4.72894.
1.3Sad-:: 4.34341d: . .1.79d:-68 3.968d3 ..
3.7598 3 .589d48
3.9584-9 3.2286 d:09

1.948 2.063d. Of.
3.9364-96 2.525d.980
1:95:d-:9 2:2994.33 .

2.3#6d-6 1.92146
2.9564-96 1.657d-69.
2:111d::6 I.429d.6..

2.343 1493 .
22096 9 .2983 . .

2:.598 4.324d-33.
2.999413 3.6.6-. . *
2.SS9d4-96 3.925d-381
2.611d-63 2.3545-81
2:969 2.96d-9 I
2.733-d 3.7346 .d::

2.6594-86 9.015d-02.
2.99d-9 617d4-2 .

3.9 Be4- 59794-3@Z

3.39940d 3.24-92 .

3.3@:d-60 3.1t94-92.
3.25@d-68 2.i32-62.

3.3584-96 1.24d-62.
3.49d9 3.23-2 3

6.994-0 9.4-3

3 _9499 3.944-63.
3.7594-09 3:229d-63 .

3.9994-96 22194d-13.
3.9334-69 13.63 36.

Output Using Basic Transmission Gate-
and Input 101.
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1***~*ll/8/3 ~SPICE 2G.1 (15OCT80) ********I2:44:46*w****

0 CMOS/SOS PRECHARGED RAM CELL TRANSIENT ANALYSIS DID1 INPUT-

INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT=80
.OPTIONS ITL.1=5f00 ITL5=0
.MODEL NMOS NMOS (VTO=IV TOX-75NM UO'.400 NSUB-2.5E16 LD-0.7UM)
+LEVEL=1
.MODEL PHOS PHOS (VTO=-IV TOX-75NM CO-Z00 NSUB=3E15 LO=0.7UM)

+LEVEL-1 -

VOD 1 0 DC 5V
Ml 4 3 0 0 NMOS L=5.ZU W-15.ZU
M2 3 4 0 0 NMOS L-5.0U W-15.OU
M3 4 6 5 0 NMOS L-5.2U W-5.OU
M4 7 6 3 0 NMOS L-5.OU W-5.OU
M5 1 3 4 1 PHOS L-5. OU W-30.0U
M6 1 4 3 1 PHOS L-5.ZU W=30.OU
M7 1 10 9 0 NMOS L=5.OU W-10.OU
M8 9 7 1 1 PHOS L=5.0U W-30.ZU
M9 9 11 1 1 PMOS, L-5.OU W-20.OU --

MID 0 7 9 0 NMOS L=5.0U W-15.ZU
ClI 9 0 Z.81PF
CIZ 0 0 0.243PF
C13 7 0 Z .92P F
C14 1 0 .. 389PF
C15 6 0 Z.108PF
C16 4 0 0f. 182P F
C17 3 Z 0.185PF
VINi 7 0 PULSE (0V 5V SNS 0NS DNS IONS)
VIN2 5 0 PULSE (5V miV GNS DNS DNS 5NS5
VPASS 6 0 PULSE CZy OV DNS DNS DNS IONS)
VPI 10 0 PULSE (OV 5V 4NS DNS DNS 2NS)
VP1BAR 11 0 PULSE (5V OV 4NS DNS DNS 2NS)
.TRANI O.SUS 40NS5
.PLOT TRAN V(9) (OV.SV)

END
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I .... I I /Z/6 ..... SPC-C1(SCO.......1,46..... .. .

a CMOS/SOS PRECNARCED RAN CELL TRANSIENT ANALYSIS $IS1 INPUT -WIDTH X2

a .. TRANSIENT ANALYSIS TEMPERATURE * 27.333 DEC C

TIME V(9)

x S. d.33 I.2S538.33 2.586d*3E 3.753d83 S633383

1.3338-9@# S.3938*33 .

1.560d-9 5.938.3
2.3338-39 5.9of8.33 .
2.5338-39 5:6#:d89
3.90d-99 5.0996d.99
3.5338d-39 '1::ld*33 ..

4.So d::9 5.938.3
5.9068-99 5.38.39
5.50#d-99 4.8948*93 9
6.391d-39 4.552d:936.50v -3 4.Z4186
7.868d-09 3.896d.3
7.5338-99 3 .528*33
8.:33-99 3.154d.3 .

9.#@8d-#9 2.467d-99
9.S99d:39 2:.11.33 .

I1588 1:1683.
11.33-d 1.98*3
I.25383N0 8.517d-31.
1.369d-06 7.1788d-31.

1.458-38 4.219d-5l1

1.568-3 2.997 -1.
I.6338-38 3.2-3 d .1.6538-3 @a 6 831.
I 13-3 1-.1183,:
1.763-38 1.138.33

2.583 227283 . .

1.9388-38 2.563d-::.
1.q588-8 2.72d:33
2.03890 3.153d.3
2.3564-38 3.408..
2.198d-08 3.6733 .6

2.35#8-33 3.8793 . .

2.2038-38 43481
2.Z5od-3 ::11,28*d.
2.3088-38 4.2!-6d-&*
2.730d-:0 4.499d.3

2.409-3 4.59.33-..
2.4888-38 .4.8833.

2.556d88 :.712d-::
2:.383 4:.128d.3..

2 .7538-_#8 4.84.38.33

1 -7 5 : d - .0 . 1 2 8 0
2.3 d-08 4.9#7d68
3.3008J-0 4.9478.38
3.9'53188 4:;16d:38
3.10-8 7d14.3

3.1534-3 4.9t3.0 I
3.20S-9 M.:8838.
3.30d-98 4.9388.
3 o3538 4.9V68d3at]

3 .400.1-:0 A.3688N
3,400 :900 4:9638d:8
3.45089 4.992.3 d

3.603 . 4.99883 d
3 .6694-t8 4.996d:93
.703:-30 4.996d~3

3.7sIJ-89 4 .9978Id .
3 .c08-90 4.997d'::
3 .8"d -9 4.9983 .

3 .906.4_38 4.9988*3308
3 .950'8-30 4.9;98*3
4.good898 4.9998*33

Figure B-23. SPICE Plot of Precharged RAM Cell
Output with Input 010 and Transmission
Gate Widths Twice the Basic Widths.
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1******1/2/84 ******SPICE 2G.1 (15OCT80) ***1:05**

0 CMOS/SOS PRECHARGED RAM CELL TRANSIENT ANALYSIS - 10 INPUT-

INPUT LISTING TEMPERATURE - 27.005 DEG C

.WIDTH OUT-8Z

.OPTIONS ITL1-5ffl ITL5-0
.MODEL NMOS NMO; (VTO=IV TOX-75NM UO=4Z0 NSUB-2.5E16 LD-6.7UM)
+LEVEL=l
.MODEL PMOS PMOS (VTO-1V TOX=75NM UO=200 NSUB=3E15 LD-0.7UM)

+LEVEL-1
'100 I z Dc sv
MI 4 3 0 0 NMOS L-5.0U W=15.ZU
M2 3 4 0 Z NMOS L-5.ZU W=15.0U
M3 4 6 5 0 NMOS L-5.ZU W-5.0U
M4 7 6 3 0 NMOS L-5.ZU W-5.8LU
M5 1 3 4 1 PNOS L-5.HU W-30.ZU
M6 1 4 3 1 PHOS L-5.8LU W-38.0U

M7110 9 0 N140S L=5.OU -0U
Ma 9 7 1 1 PMOS L=5.0U W=30.0U
M9 9 11 1 1 PMO. L=5.0fU W-2Z.0U
MIS 0 7 9 0 NMOS L=5.0U W-15.0U
C11 9 0 0.81PF
C12 0 0 0.243PF
C13 7 0 0.32PF
C14 1 0 0.389PF
C15 6 0 9. IZBPF
CI6 4 0 0.182PF
C17 3 0 0.185PF
VINI 7 0 PULSE (5V OV 5NS ONS ZNS IZNS)
VIN2 5 0 PULSE (5V ZV SNS ONS ONS 5NS)
VPASS 6 0 PULSE (ZV OV ONS Z14S ONS iONS)
VPi 10g 0 PULSE (ZV 5V 4NS 0NS OHS 2NS)
VPlBAR 11 Z PULSE (5V ZV 4NS fiNS ONS 2NS)
.TRAN 0.5NS 40NS,
.PLOT TRAN V1(9) (0V.5V)
END
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...... ...... SPICE 2G.3 4115C7682 ..... 2, S, 4 ..

# CMO)S/SOS PRECIIARGE0 RAN CELL TRANSIENT ANALYSIS - III 1INPUT - W4IDTH X2

, .. TRANSIENT ANALYSIS TWMERATURE - 27.905 DEG C

...........................................................................................

TIME V(91

x S. 4.99 I.258d*55 2.5994.99 3.7Sffd.99 5.9, A9d

5. 4.99x 4.5184-5S
S.99*4d-IS 4.5394l-8
I.808d-89 d.51~84
I.S894-89 4.518d-4-9
2.994-9 4.52Nd-ES
2.5,084-89 4.5)~0S

I.949 4.5SI'd
4.19d49 sled-ofS
4.5994-E a .9S .4d
5.59:-99 9.954d-EI

6.89d-E 1.693.9 d::

1.104-9 .IdI.S

S.59E4d-EN 3.426d*99 .
9.866d-69 3.667d-88
9.SOS -89 3.8d68
I .084-08 4.925d-99.
2.O594-98 4.19*59 .

1. 98I 4.31fid*95 ..
1.1,33-ES 4.425d-90
1.20#d-08 A.5264.19
1.2S94-85 4.S5*d9
1.9-9 4.6111d9

I 13:d:-: 4.1119 .O

1.4194-9. 41'2=80 .
I.SS9r4-08 4.8214.99 .

1.602d-98 .9 41

.7S14-2S 3.634d40
.59-8 3.2654.W .

.9901.86#- 4.ifd99

2.559d-l6 1 .61:119.
d.94I 1.4549

2.1554-98 1.26444.99
2.21-9 1.9541

2 354-48 6.341d-1

2.4S94-ES 4.42i4-SI t

2.5d::-E 3.114d9
2.5594-96 ' .9P46 9 3d
2.656d-S8 2. 454-Il..
2.7094-86 1 .773-2I1
2.7684-#6 1.472d-61
2:111d:1S I.995d-#3

2.9 98 .3131-2..
2.9809 1327-2.
2.95#d-86 5.7214d-#2
313d4-9 4.194-92 . .

3 .1&d-88 3.115d-92.
33d-.8 3.2,8-9 _0

3 .296d-9 2.6.94-IZ
3 .2S94-9 2.Z934-02

,3394-98. 1,579 d:
3.49d-00 1.247d42.
3.45&d-98 1.928d42.
3.5904-08 9.533d-03

796d-E 3.99 d-.3
3. 751 _9 3.297d-63
3.868d_-00 2.717d-93 .

3.664d_# 3.267d-93.

4.499d4-9 1.269d-63.

pFigure B-24. SPICE Plot of Precharged RAM Cell
with Input 101, and Transmission
Gate Widths Twice the Basic Widths.
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1*******11/Z8/84 **** SPICE 2G.1 (15OCT80Y) ********12:44:57*****

9 CMOS/SOS PRECHARGED RAM CELL TRANSIENT ANALYSIS -010 INPUT-

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-8Z
.OPTIONS ITL1=500g ITL5=O
.MODEL NMOS NMOS (VTO=1V TOX=75NM UO-4ZO NSUB-2.5E16 LD=0.7UM)

+LEVEL-1
.MODEL PHOS P1405 (VTO=-IV TOX=75NM U0-2ZO NSUB=3E15 LD=0.7UM)
+LEVEL= 1
VDD 1 0 DC 5V
MI 4 3 0 .0 NMOS L=5.0U W=15.0U
M2 3 4 0 0 NMOS L=5.ZU W=15.OU
M3 4 6 5 0 NMOS L-5.OU W-5.0U
M4 7 6 3 0 NMOS L-5.0U W=5.OU
M5 1 3 4 1 PMOS L=5.0U W-30.0U
M6 1 4 3 1 PMOS L=5.0U W-30.ZU
M7 1 10 9 Z NMOS: L=5.0U W=15.ZU
Ma 9 7 1 1 PMOS L-5.OU W-39.OU
M9 9 11 1 1 PMOS: L=5.0U W=30.0U
MIO 0 7 9 0 NMOS; L-5.0U W=15.OU
ClI 9 0 0.81PF
C12 0 0 0.243PF
C13 7 0 0.92PF
C14 1 0 0.389PF
C15 6 Z 0.108PF
C16 4 Z 0.182PF
C17 3 0 0.185PF

L -VINi 7 0 PULSE (0V 5V 5NS ONS ONS IONS)
VIN2 5 0 PULSE (5V OV 5NS ONS ONS 5NS)
VPASS 6 0 PULSE (OV OV ONS ONS ONS IONS)
VPI 10 0 PULSE (OV 5V 4NS ONS ONS 2NS)
VPIBAR 11 0 PULS E (5V 0V 4NS ONS ONS 2NS)
.TRAN 0.5NS 40NS;
.PLOT TRAN V(9) (OV,5V)
END
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-~: A:1- K-.

• A2I••••l/ZR/Nl ti•• SPICE 25.,I(ISOCT9I) tt ttt|.44,5t~t

a CMOS/SOS PRECHAREO RAM CELL TRANSIENT ANALYSIS -III INPUT - WIDTH 11.3'..'

a .... TRANSIENT ANALYSIS TEMPERATURE - 27.899 DEC C

...............................................................................................

TIME V(9)

x 0. d-66 1.2Sfd.99 Z.S9IdUe 3.758d.8 S.26d.28

9. d*99 SIFld.9l.5

S.S99d- 9 S.9ffd.EE
2 .Sffd-E9 5.9558d:6A2•582d -9 S ##Ed*98

.SEEd-19 S 111d:.3.9UBd-SN S.519d.99
3,SSid-E9 S•999d.19
3...d-9 5.::d.::

4. SOd-99 5. "d.99
5..08d-99 S.ffd*99
5.589d-9 4.N96.d9 .

6:9191-99 4•S7#d.#9 .

R.S0Nd-99 6•ZYId."_
7.88#d-99 3.987d::. .
7.SE6d-9 3.S88d.9 f"
N•DS:d-S9 3.13d*9 . . . -

N5d-9 2.N 8 E
9.09d -09 Z.19d.S
9.S#d-99 2.212d.""
I dS . d
I.959d-9S I•6E~d.99

1.199d-00 1.418d-62
I.IlSd-UR 1.21d.9,IZU~d-98 I.9 3d.SS .- "

1.ZSd-R8 S.7dd:I-
I.399d-9N 7.339d-I"-
I.3Sd-SS S.29Sd-At

I.45d-*8 4.33Sd-".
. Sd-:N 3•31d-SI .
1.5594-U8 2.9'd-SI * '

1 . 651 d - N 3 ,, 1 4 d -,lI6 1

.T7Sd-:8 I:SId*B

I.65d-S Z.1dW

1.99 d-.. 2.59d:: :
l.9SEd-NS 2.878d.5 .

.S~d-SN 3.4139d8:5
2.18d-9N 3•4$3d.99 

"

2.35d-S 3.636d:9

2.39d8 4.2993 6 #
2.3S8-88 4.411d.59 .

2.48d-80 4.S dlB 
•

2.4Sd-SN 4.SUnd.::
2•S59d-S8 4.5898.99

2.558d-00 4•?13d.59
2.60d-SN 4 .713d::9 :
2.65,d-B4 4.6,2d-B, .
2.T99d-SN 4.836d.59 ".

2.7598-98 4*N~dd.SS
2.899d-SI 4.87d.91
2.89d8-55 4.97d.5 .

2.909-SN 4.922d.19 .

2.959d-58 4.9768d59
3.9558d- 9E 4.N4?d.Ig
3.9598-90 4.914d.99
3.880d- 86.94d.9
3.19d-09 4.979d::9
3.2ZDd-08 4.97EdIe

3.259d-SN 4,9E9d*59
3.399d-SN 4.983d8.5 .-
3.3308-U8 4.9E6d.99
3.4098-A 4.964d-9

3.4d'I 4.9*98."'

3.S OUd- 9N 4.972d -80
_,Soe1-58 4.9:3d.9

3.6NOd-58 4.9 Sd.I5

3.75te-dS 4.d99*I
3.83t5d-5 4. 9t88Od
3.740d*- 8 4.N9$d -::
3.,05d-SN 4.'Nd.BBI5 "

3 '.d89N '.'?3d809

3.909d-58 4.995d N

3.650d-68 4.999d.99
3 . 80098 41"d-665 S d

Figure B-25. SPICE Plot of Precharged RAM Cell
Output, with Input 010 and Transmission -

Gate Widths Tripled.
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1*******11/28/84 SPICE 2G.1 (15OCT80) ********lZ:51:03*****

0 CMOS/SOS PRECHARGED RAM CELL TRANSIENT ANALYSIS - 10 1INPUT-

Z** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-80

.OPTIONS ITL1=5ff0 ITL5=Z
.MODEL NMOS NMOS (VTO=1V TOX-75NM UO=400 NSUB=2.5E16 LD-0.7UM)
+LEVEL=1
.MODEL PHOS PMOS (VTO=-IV TOX=75NM UO=200 NSUB=3EI5 LD=0.7UM)
+LEVEL=l
VDD 1 0 DC 5V
MI 4 3 0 0 NMOS L-5.0U W=15.ZU
MZ 3 4 0 0 NMOS L-5.ZU W-15.ZU
M3 4 6 5 0 NMOS L=5.0U W-5.0U
M4 7 6 3 0 NMOS L=5.OU Ws5.OU

gM5 1 3 4 1 PMOS L=5.0U W=30.ZU
M6 1 4 3 1 PMOS L=5.OU W-30.OU
M7 1 10 9 0 NMOS: L=5.0U W-15.ZU
M8 9 7 1 1 PMOS L=S.ZU W=30.0U
M9 9 11 1 1 PllOS: L=5.OU W=30.OU
M10 0 7 9 0 NM'OS: L=5.ZU W-15. U
ClI 9 0 0.8lPF
C12 0 0 0.243PF
C13 7 0 0.92PFj JC14 1 0 0.389PF
C15 6 Z B.1O8PF
C16 4 J7 9.182PF
C17 3 0 0.185PF
VINI 7 0 PULSE (5V OV SNS EHS ENS IONS)
VIN2 5 0 PULSE (5V ZV 5NS ENS ENS 5NS)
VPASS 6 0 PULSE (OV OV ENS ENS ENS IONS)
VPl 10 0 PULSE (0V 5V 4NS ENS EHS 2NS)
VP18AR 11 Z PULSE (5V ZV 4NS ENS ENS 2NS)
.TRAN 0.5NS 4JJr4S
.PLOT TRAM V(9) (OV,5V)

END
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....../ ...... SPICE 29.2 (25OCT99 .... 12t51t93 ..

* CMOS/SOS PRECMARGEO RAM CELL TRANSIENT ANALYSIS -,29 IINPif - WIDTH X3

a.. TRANSIENT ANALYSIS TEMPERATURE - 27.999 DEC C

TIN4E V(9I

x 9. 4.99f 1.21184-06 2.S594.99 3.7594.99 - 8.99d09

5. 4.99 4.61254-ER*
5.81114-29 4.524-95 .

1.0194-99 4.5254-99

1.59d-09 4.SI4-9S .
2.962d-89 4.SI14d-9S .

4.9594d-91 4.1519d-99

..69949-9 &16994-El
1.19994-99 1.:91-91.d
1,199d-I9 12341 0_

6.911d-99 2.9d:4.1
659-9 2..'24*9
7.6=3499 3.9949
7..1-:9 3.3421d::.
0.0: 4-99 3.6729 .d

I2.299493 4<13.9

I.teed-1", 4.2113:I
1.*994-9 d ::4:9

I.3ESld949 4.fl949E
1.sds 4.61-6d-69

5.69-E d.6694'99 .

1.3549 1 .19426d.89

I.5110411 4.9194.-19.

I led9-9

0- ~.1 4-9d-9 1.6714.99
2.649 2.219

2.29984-IS 2.9194.99

2.39-1 " d 642:2-Il

2 .35.d-9 6.3I2.49S9 5.;.d-1

2.91-3 3.172dSI.
2 ..4E 3.1424E
.68194- t 2.IFld-SI.

2.1994-SR 2.1954-52 .

2.549 43d49 I

3.00#d-6R 3.2974d-92.
3.2304-9 6 2-9.
3 .259 -E to2.237d-92.

3.399.1-0 2..611-92
3 .359-SN8 1.54214-92.

3.594l-98 7.2594-93

3 .G."9-ES d.59-93 .

3.15:d-ES 4_6721d-93.
3.1994-S 4.912-93.
3 .764-95 3 3564-9 V
3.699&-as .764d:83*.
3.6594-ES 2.2#39 .

3 2949 26-3 *

4 .19ee4-E 1.279d-03.

Figure B-26. SPICE Plot of Precharged RAM Cell with
Input 101 and Transmission Gate Widths
Tripled.

B- 59



Appendix C

This appendix contains SPICE simulation data on the

three sections of the ALU bitslice circuit.

Each basic section was simulated first, then two .'.

different precharge configurations were simulated for each

section. The first section was simulated with precharge of

its two output lines and with precharge of four internal

nodes. The second section was simulated with precharge of

its single output node and with precharge of two internal

nodes. The third section was simulated with precharge of

its single output and with precharge of four internal nodes.

For each precharge configuration, simulations were performed

using basic transmission gates, transmission gates with

twice the basic transmission gate widths and with

transmission gate widths three times the basic widths.

For each circuit configuration, both 010 and 101 inputs

were applied to the circuit inputs to permit evaluation of

the low-to-high and high-to-low signal waveform transitions.

C-1
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Figure C-i. Basic Section 1 CLL Plot.

Figure C-2. Basic Bitslice Section 1 Node Plot.
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Table C-1

BASIC BITSLICE SECTION 1 NODE REFERENCE LIST

GND 0
Vdd 1
NMOS 0
PMOS 1
94 2
113 3
1 4

86

60 70

74 11102 12
86 13

83 14

52 16

69 e.

5 1
46 20
45 21
57 22
10 23
41 24
3 25
20 26
26 27
21 28
14 29%23 30
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l*******12/01/84 ~****SPICE 2G.1 (15OCT80) ****0:19:16*W****

0 CMOSiZOS BASIC SECTION I TRANSIENT ANALYSIS -OUTPUT 101

INPUT LISTING TEMPERATURE * 27.000 DEG C

.WIDTH OUT=8Z

.OPTIONS ITL1-5f00 ITL5-Z

.MODEL NMOS NMOS. (VTO*I1V TOX=75NM UO=400Z NSUB=2.5E16 LD-0.7UM)
+LEVEL-1
-MODEL PMOS PMOS, (VTO-1V TOX=75NM UO=200 NSUB-3E15 LD-0.7UM)
+LEVEL-1
VDU 1 0 DC 5V
MI 1 3 2 1 PMOS L-5.ZU W-10.OU
M2 5 3 2 0 N140S L =5. AU W-30.OU
M3 7 6 5 0 NMOS L-5.OU W-30.0U
M4 1 6 2 1 PMOS L-5.ZU W-10.0U
M5 1 2 8 1 PHOS L=5.0U W-10.0U
MG 0 9 7 0 NMOS L=5.0U W=30.0U
M7 12 11 0 Z NMOS Lm5.ZU W-15.ZU
M8 12 2 8 0 NMOS L=5.0U W=15.0U
M9 1 11 8 1 PMOS. L=5.0U W=10.0U
m10 1 9 2 1 PMOS L=5.OU W=10.0U
Mul 1 9 11 1 PMCOS L=S.ZU W=10.0U
M12 13 9 11 0 NMOS L=5.ZU W=30.ZU
M13 15 14 13 9 NMOS L-S.OU W=30.ZU
M14 1 14 11 1 PMOS L=5.0U W=10.0U
M15 0 16 15 0 NMOS L=S.ZU W=30.ZU
M16 18 17 G 0 NMOS L=5.OU W=5.0U
M17 1 16 11 1 PMOS L=5.ZU W=10.ZU
Ml13 10 19 6 1 PMOS L-5.0gU W-10.ZU
M19 0 6 16 0 NW'IS L=5.ZU W-15.ZU
M20 1 6 16 1 P1105S L=5.ZU W=30.OU
M21 1 16 2Z 1 PNOS L=5.OU W=10.0U
M22 22 21 Z 0 NMOS L=5.ZU W=15.0U
M23 22 16 2Z 0 MMOS L=S.ZU W=15.fIU
M24 1 2Z 23 1 PMOS L=5.ZU W=10.ZU
M25 1 21 20 1 PN'OS L=5.ZU W-10.ZU
M26 24 20 23 0 NIMOS L-5.OU W=30.ZU
M27 0 25 9 0 NMOS L-5.0U W-15.OU
M28 27 26 24 0 MMOS L=S.0U W=30.ZU
M29 1 ?5 9 1 PMC'S L=5.HU W=30.ZU
M30 1 26 23 1 PMOS L=S.OU W=10.OUU
M31 1 28 26 1 PMOS L=5.ZU W=10.OU
M32 20 17 25 0 NIM0S L=5.ZU W=5.OU
M33 0 2'5 27 0 NH~OS L=5..0U W=30.ZU
M 34 20 6 0 Z No.'iCS L=5.0U W=15.ZU
M35 30 20 26 Z NirIOS L=5.ZU W=15.OU
M.3 1 6 26 1 P1105S L=S.ZU W=10.HU
M37 20 19 25 1 FMOS L=5.ZU W=10J.ZU
M38 1 25 23 1 P1,OS L=S.OCU W=10.0U
C3 1 ;0 0.1143PF

C40 25 .Cl 9.2.07PF
C41l 17 01 0.51PF
C42 0 0 0.1174PF
C43 6 0J 0.297PF
C44 22 0 0.134PF
C45 26 Of 0.I11PF
C.:G 27 Cl 0.OG.PF
C47 9 0 or. 202PF
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C48 20 0 0.121PF
V:.9 16 0 0. 151PF
C 5.9 11 9 ja. 171PF
C51 15 J 9.36PF
C52 2 0 9.172PF
C53 8 0 0.134PF
C54 7 0 O.8GPF
VAZ 29 0 PULSE (OV 5V OHS OHS ONS IONS)
VBO !8 0 PULSE (OV OV ONS OHS OHS IONS)
VPHI! 17 0 PULSE (5V 5V OHS OHS ONS IONS)
VPHI1DAR 19 0 PULSE (OV OV OHS OHS ONS IONS)
VSO 28 .0 PULSE (OV OV OHS OHS OHS IONS)
VSI 21 GF PULSE (0V OV OHS OHS ONS IONS)
VS2 3 0 PULSE (5V 5V OHS OHS OHS IONS) *
VS3 14 09 PULSE (5V 5V OHS OHS 0NS IONS)
.TRAN Z.5NS 40NS'
.PLOT TRAM V(8) V(23) (OV,5V)

END
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I ... 2/61/84 ..... SPICE 2r.1 (15OCT6 .... 69,19,1...

8 CMOS/SOS BASIC SECTION I TRANSIENT ANALYSIS - OUTPUT tat

TRANSIENT ANALYSIS TEMPERATURE - 27.989 010 C

................................................... .

BLEGEND,

*.V1231,
x

TIME via)

X9- ------ . d899 1.2598.59 2.Sf98.39 3.7698.95 S.Md9

I.989 5.999d'99 .

2...d8-.9 S.998.9 .
2.598-969 S.9998d. ....

8
2.39d-9 5.98.9.

3.599,3199 5.999.1 .. .. *

4.:520d-99 5.99899. ..
5.09:d_69 5.999d.99

6.5908-39 S.699d.9
7.09d809 4.59:d908
7.509d-99 4.0791.9..
$.##ad-9 4. 88 9 . . .

9.9908-9 .3.79.9.
9d9-99 3.'116d:9 .

I.9968d98 2 .547d:8.0

t.15#d:#0 6.644-97

1.2vad-E 5.343-l.
1.2598-68 3.247d81 .
1.3908:88 1.065#d81 X
1.35#d08 1.15ld-81 .
1.400d-68 6.616d-62..
1.450d-08 3.269d-62.
1.50d-00 1.948-62 *
1.566d-08 1.1268-02
1:.,99d-:: 1:.246d-92.

1.709d-8 .489
t.759d-68 3.96d-9l fa 7.
1:.1511-91 6.77-1 ..
I.9 .0 1:117d 9 .

I.9d-9 1.616 -69 .

1.9598-98 2.2128.0 . .2.Of58-91 2.842d.9.

2.1918-9 3.7d:*99
2.156d-08 4.9978.9 ..
2.209-8.3389..
2.2598-9 4:54139d:::.

223198 4.'*9 S .a

7.3508-08 4.7148d*9. .
2.400d9 4.581 d
2.450d-as 4.d89

24089 4.9389 . . .
2.5n68-go .90.89
2.609d-9. 4.969d.9 00
2.709d-8 4.909*9 6d..
2.750d-08 4.9?fd68.9.
2.7801-98 4.;9989: .2.800d-08 4.96d.9
2.8508-908 4.9968.1 ..

2.950J-00 4.9988.0 . .
3 .98-90 4.999d.92
3.05#d-90 4.9998,9 O..

3:.1598,-IS 5.9809 d .60

3.200.-0 0 . 989 r, .VO.@
3.20.-08 5 .989 d:. .
3.30.- 5.0.9 

3.54V -9 5.9998. 9 . .

3.450-98 599.0 . . .

3.295 0 5 .989 . .

3.600.d-98: 99*6 :

4.099.d-:0 5.998.9 ..

Figure C-3. SPICE Plot Basic Section 1 Input 010.
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~ SPICE 2G.1 (15OCT30) ********0m:19:09*****

a CMOS/SOS BASIC SECTION 1 TRANSIENT ANALYSIS - OUTPUT 010

jg** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUTm80

.OPTIONS ITL1=5fr0 ITL5=Z

.MODEL NMOS NMOS (VTOs1V TOX-75NM4 UO=400 NSUB-2.5E16 LD-0.7UM)
+LEVEL-1
.MODEL PMOS PMOS. (VTO=-IV TOX-75NM UO-200 NSUB-3E15 LD-0.7UM)
+LEVEL=1
VDD 1 0 DC 5V-
Ml 1 3 2 1 PMOS L-5.ZU W-10.HU
M2 5 3 2 0 NMOS L-5.0U W=3fi.ZU
M3 7 6 5 0 NMOS L-5.ZU W-30.ZU
M4 1 6 2 1 PMOS L=5.ZU W=10.ZU
M5 1 2 8 1 PMOS L-5.OU W=10.0U
M6 0 9 7 0 NMOS L-5.ZU W=30.0U
M7 12 11 0 0 NMOS L=5.ZU W-15.ZU
M8 12 2 8 0 NMOS L-5.0U W=15.ZU
M49 1 11 8 1 PMOS L-5.0fU W=10.OU
M10 1 9 2 1 PMOS; L-5.0U W-10.0U
Mll 1 9 11 1 PMCIS L=5.0U W-10.8U
M12 13 9 11 Z NMOS L=5.ZU W=30.0U
M13 15 14 13 0 NMOS L=5.ZU W=30.ZU
M14 1 14 11 1 PMOS L=S.ZU W=10f.ZU
M15 0 16 15 0 NMOS L-5.ZU W=30.ZU
M16 18 17 6 0 NNOS L=5.ZU W=5.OU
M17 1 16 11 1 PMOS L=S.ZU W=10.ZU

'4.MIS 18 19 6 1 Pt'IOS L=5.ZU W=10.ZU
M19 0 6 16 0 NI4CIS L=5.OU W=15.ZU
M20 1 G 16 I P1IOS L=5.ZU W=30.ZU
M21 1 16 20 1 PMOS L=5.ZU W=10.0U
M22 22 21 0 0 NMOS L=5.ZU W-15.ZU
M23 22 16 20 0 NMOS L=5.OU W=15.OU
M24 1 20 23 1 PMOS L=S.ZU W-10.ZU
M25 1 21 23 1 PMOS L=S.ZU W=10.ZU
M26 24 20 23 0 NMOS L=5.0U W-30.ZU
M27 0 25 9 0 NM4OS L=5.0U W=15.ZU
M28 27 26 24 0 NMOS L=5.0U W=30.0U
M29 1 25 9 1 P1405 L=5.OU W=30.OU
M3Z 1 26 23 1 PMOS L-5.ZU W=10.0U
M31 1 23 26 1 PMOS L=5.ZU W-10.9U
M32 29 17 25 0 NMOS L=5.0U W-5..gU
M33 0 25 27 0 NNOS L=S.ZU W=30.ZU
M34 3Z 6 0 0 NllC'S L=5.0U W=15.0U
M35 3Z 28 26 0 NMOS L=5.ZU W=15.ZU
M36 1 6 26 1 PlIIOS L=5.OU W=19.ZU
M37 29 19 25 1 PHOS L=5.ZU W-10.ZU
M33 1 25 23 1 PMOS L=5.0JU W-I10.ZU
C39 1 0 0.1143PF
C40 25 0 0.207PF
C41 17 0 0.5lPF
C42 0 0 0.1174PF
C43 6 0g 0.297PF
C44 23 0 0.134PF
C45 26 0d 0.111PF
C46 27 0 0.86PF
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C47 9 0 Z.202PF
C43 20 0 0.121PF
C.'9 160 0.IS1PF
C :j 11 9 0.171PF
C.51 15 9 Z.AGPF
C52 2 0 0.172PF
C53 8 0 0.134PF
C54 7 0 0.36PF
VA0 29 0 PULSE (5V ZV ENS DNS DNS IONS)
VBO 18 9 PULSE (OV 0V DNS DNS ONS IONS)
VPHII 17 0 PULSE (5V 5V DNS DNS DNS IONS)
VPHI1.AR 19 0 PULSE ({V OV ENS DNS DNS IENS)
VSZ 28 0 PULSE (IV OV ONS ONS INS IONS)
VSI 21 V PULSE (OV OV 0NS ONS ONS IONS)
VS2 3 0 PULSE (EV 5V INS ONS ONS IONS)
VS3 14 0 PULSE (5V 5V ONS ONS ENS IONS)
.TRAN 0.5NS 40NS.
.PLOT TRAN V(8) V(23) (IV.5V)
.END

p C-8
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..... 2/.1/ ........ SPICE 2G.1 IISOCT II8........ 9.9 89 ....,"

* CIOS/SOS BASIC SECTION I TRANSIENT ANALYSIS - OUTPUT 919

. TRANSIENT ANALYSIS TEMPERATURE * 27.9X DEG C

........... ..................................................

#LEGENO.

. YIV(SI

TIME VI61

Xf*-) ------------ X. d.1 1.2S5d80 2.559d•• 3.?Sd.9 S.599d.

9 *8 4 ;:5 .8-8 .. .. .. .. .. .. .. .. .. .xllS
5.499d-I 9.38Sd-68 X.
I.999d-99 S.9SSd-96 K.

2.5998-99 9.836d96 *.

,.99Sd-S S.966d-8
4.39d-99 9.115d-E .

5.999d-89 2.lSd-$S
3. 99d 2- 5.183d

3.Sl:d-0S 1.196d-61 *

4.888d-S• 1:61ld-:1

7.98 d-9 2.66d68 U I

7.5998-95 2.I31d-EI

g.9d989 1.833d-9 .

S.S99-9 I.S79d-.9 x .5.9908-95 2.168.9 . *

• .9d*-8 3.274d860 .

1.9508-98 3.725d8 . .
.109d-06 4.968. 9 . *
•I.S'J-8 4.33d89 ..

2.208-9 4.5298d9 .:

I.250-60 4.663d.9. ... '

1.300d-08 4.774d-89 . *_,•.360d-98 4.6498d9 .

1.40 0d-9 4.63d*99 . '

1.4Sd-9g 4.927d-48 ..
1.5008d-0 4.956d.6 #

I .65d- 8 4.5 4d9 .#• 1S1d-:E 4.1S14d:16

I.7008-9 4.561d.99 I--
•.750d-98 4.966d9 .

1.808d-00 4.48. 9 ,

.:11d-:: 4.6268.99.
V.509d-96 4.241d.9 . -

I .958-d*9 3.723dg8. ..
2.99Sd-96 3.122d8.6 . .,

2.9 9d-8 2.465d.69 .

2.198d-9U 1.8 5d8 ..
2.1508-fe 1.3158.9 .
2.209d-96 6.356d-91 *

2.25: 8 .442d-91 '

2.399d-96 3.:24d-91 .2.Sd8 1.1d1• 
--

2.498-96 . 3d-9 .•

2.459d-96 5.725d-92 .* ."-

2 .598d-96 3.6 5d-Z x .
2.558-89 1.6Sd-892 X "

2:6698-:: 1:15d:2 X
2.6598-08 d .3448-93 K l
2.7998 -00 2.good8_a3 X
2.759- 6 1.658-3 X

2.080 6.148-4
2.85-00U'8 .4 9d-04 X "
2.908-08 4
2.95d-e 

1.2Z27d-d4 X

3.S9d-0 7.35fd-65 X
3.958 d-8 3.O67d-S X -

3.1161-:6 2.91d-9 X3.S,-O . GdS X, 
.

3.180d-00 I.1.98-66K
3 .,,Ed- 5.661-96 KX
3.2S.J-00 3.356d-06 X "

3. 30d-00 1.86ld-96 X .3.3598-99 9.5998-97 K .' .

3.4.0-8 6.1 1 -7 X ,

3.4S9-IO 3.61id-7 X 
.

3.5988-08 2.329d-67 X .

3.SSod-8 I.719d-d7 X
3. God-8 1.314d-7 X
3.6@d-8 i.125d-97 x .
3.700d80 1.129d-07 X
3 7S0J6 5.65 d -6 X
3.?S~d-O _6 .2227d-08 X
3.sued-08 .4948 X
3. 4-,68O 9.22d-6 X .
3.98-I8 ,.I75d-96 X .

3.-. -- --9 ---8 K "--"- -
4.9998-99 9.1638-90 K

...

Figure C-4. SPICE Plot Basic Section 1 with Input 101.
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Figur ... CLPotScio..it.w d rehre

Figure C-. Node Plot Section 1 with Two Node Precharged
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Table C-2

BITSLICE SECTION 1 PRECHARGED AT TWO NODES -NODE REFERENCE LIST

GND 0
Vdd I
NMOS 0
PMOS I
10 2
132 3
1 4
101 5
125 6

114 9
8 10f
107 it
39 12
6 13
76 14
104 15
as 16
85 17
84 18

L52 19
4 20
71 21 

-

5 22
46 23
45 24
57 25
41 26
3 27
20 28
26 29
21 30

14 31

23c-il



1******12/0/84 ~SPICE 2G.1 (15OCT80) ***050:g**

0 CMOS/SOS BITSLICE SECTION 1 PRERCHARGED AT TWO NODES -OUTPUT 101

Z** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80
.OPTIONS ITL1.5ir0 ITL5-0
.MODEL NMOS NMOS; (VTO-1V TOX-75NM UO=400 NSUE-2.5E16 LD-0.7UM)
+LEVEL-1
.MODEL PMOS PHOS. (VTO-1V TOX-75NM UO-200 NSUB-3E15 LD-0.7UM)I +LEVEL-l
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-5.ZU W-5.ZU
M2 1 3 5 0 NMOS L-5.ZU W-5.ZU
M3 2 6 1 1 PMOS L-5.ZU W-10.OU
M4 5 6 1 1 PMOS L-5.0U W-10.0U
M5 1 8 7 1 PMOS L=5.0U W=10.OU
M6 9 8 7 0 NMOS L-5.ZU W-30.0U
M7 11 10 9 0 NMCIS L=5.OU W=30.0U
M8 1 10 7 1 PHOS; L=5.0U W=10.ZU
M9 1 7 5 1 PMOS L-5.OU W=10.OU
M10 0 12 11 0 NMOS L-5.ZU W-30.ZU
Mll 15 14 0 0 NMOS Ls5.OU W=15.OU
M12 15 7 5 0 NMOS L-5.ZU W=15.HU
M13 1 14 5 1 PMHOS L=5.ZU W=10.ZU
M14 1 12 7 1 PMHOS L=5.ZU W=10.OU
M15 1 12 14 1 PMOS L=5.0U W=10.ZU
M16 15 12 14 0 NMOS L=5.OtJ W-30.ZU -

M17 10 17 16 Z NMOS L=5.0U W=30.ZU
M18 1 17 14 1 PNOS L=5.0U W=10.0U
M19 0 19 13 0 NMOS L-5.ZU W=30.0U
M2Z 21 20 10 0 NMOS L=5.ffU W=5.OU
M21 1 19 14 1 PMOS L=5.OU W-10.OU
M22 21 22 10 1 FMOS L=S.9U W=19.RU
M23 Z 10 19 0 NMOS L=5.ZU W=15.ZU
M24 1 10 19 1 PMOS L=5.ZU W=30.ZU
M25 1 19 23 1 PNOS L=S.ZU W=10.ZU
M2G 25 24 0 0 NMOS L-5.ZU W=15.ZU
M27 25 19 23 0 NMOS L-5.ZU W=15.0U
M28 1 23 2 1 PMC'S L=S.HU W-10.ZU
M29 1 24 23 1 PMOS L=S.ZU W=10.ZU
M3Z 26 23 2 0r NMOS L=5.0U W=30.OgU
M31 Z '7 12 0 NMOS L=5.ZU W=15.0gU
M32 21 23 26 0 NMOS L=G.HU W-30.0U
M33 127 12 1 PMOS L=5.ZU W-30.ZU
M34 I32 2 1 PMOS L=5.ZU W=10.ZU
M35 1 30 28 1 PMOS L=5.ZU W=19.ZU
M36 21 20 27 Z NMOS L=S.ZU W=5..OU
M37 Z 27 29 0 NMOS L=S.!JU W-3.0.OU
M3' 2 10 -3 0 NNOS L-5..3U W=15.11U
M39 2- 30 230 Z N1OS L=5.ZU W=15.0aU
M40 I 13 2 ; 1 PMOS L=5.9U W=10.ZU
A441 31 22 27 1 FMOS L-5.kOU W=10.ZU
M42 127 2 1 PMOiS L=S.Z'J W=10.ZU
C43 L Z 0.1478PF
C44 27 3 0.207PF
C45 2Z J 0.51PF
C46 Z Z3 0. 11 74PF
C47 10 0 0.297PF
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C48 2 0 0.234PF
C 9 28 0 0.11IPF 
C53 29 Or 0.B6PF
C51 12 0 0.202PF
C52 23 Z Z.121PF
C53 19 Z 0. 151PF
C54 14 0 0.171PF
C55 18 0 0.86PF
C56 7 0 0.172PF
C57 5 0 0.234PF
C58 11 0 0.86PF
VAZ 31 Z PULSE (OV GV ONS ONS ONS IONS)
VBZ 21 0 PULSE (OV V ONS ONS NS IONS)
VPHII 20 0 PULSE (5V 5V ,NS ONS ONS IONS)
VPHI1BAR 22 0 PULSE (CV OV 0NS ONS ONS IONS)
VSH 39 0 PULSE (OV OV ONS INS ONS IONS)
VS1 24 0 PULSE (OV 0V ONS ONS ONS IONS)
VS2 8 0 PULSE (E 5V ONS ONS ONS IONS)
VS3 17 0 PULSE (5V 5V ONS ONS ONS IONS)
VPI 3 0 PULSE (ktV 5V 4NS ONS ONS 2NS)
VPIBAR 6 0 PULSE (5V 0V 4NS INS INS 2NS)
.TRAN 0.5NS 4ONS.
.PLOT TRAN V(5) V(2) (OV,5V)
.END

CK13
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* -". .' * -*%

I....12/01/84.... SPICE 2G.1 (15OCT80) ....... 8:I

0 CHOS/SOS SITSLICE SECTION I PRERCHARGED AT TWO NODES OUTPUT 11

A,... TRANSIENT ANALYSIS TEMPERATURE - 27.89 DEG C

a........................................................................

ELEGENO a

TIME V(S)

X(--) --------------9. -d.99 1.2584.9 2.5914.990 3.7594.99f _S.999r,*-9

5.999.pt90 5.999d'99 .

1.99-99i 5.994d99 .2.99d1-99 S.999d'9 X.So d-:9 S.S Od:90 x

4.9994-9 5.9994.9 .X

6Sd_ 9 S. #8deg
2:.Ol'd-B9 '.::l d::: x
3.5d-9 5.99949 - x

459d9-99 S.99d./ * * a

- &.B##d- 9 gd.B#EdB
5.9 9d- 5.9*99 . . .

6. :94-9 5.949 I .::
6.580d-9 5.994.9 ..
7 .99d-99 4.991d.9 . •
7.509ol-9 4.9349 .d: .
8.90od-9 4.7874-.8. . *
.Sffd-09 4.56Zd96 ..

9.959d-09 4.Z74d9
9.SG9d-99 3.928d.9 .
1.999d-91 3.549d.99 .

I.9"d-.8 3.14 d940 .
IISd-8 *1dE

1.29d-06 .I49
1.159-989 Z.29ld.99 . *1.9-9 RI.98 . . .:.
254d-18 I.52d199

139d-98 1.197dO0
1.359=018 9.397d-01 . *""4904-99 7.l94d-0l.

1.459-98 53424-9 .

.509d-98 4.d2-01 .'1.6904-98 2.32d-SI . *.*

1.664-00 2.9 7d-I
I.799d-98 2.127d-91 .

1:75d-9 2.4908d- I
1.0O8d-g 5.21d-61.".8594-98 7.942d-91 . ".

d-1.994-9 I.197d*99 . "
1.9594-so 1.453'9.

AS~-8 1 3d-08

2.94 d-0 1.924d0. •*
2.9594-99 2.1974-19.
2.100d-9 2.569.Sd99 6
2.159,1-90 2.995d-960
2.29Od-98 3.27d699 . *2.2594-99 3.4694d9 . .* *

2.399d-99 3.743699 .
2.35d-98 3.943d*9 .
2 .406d-8 4.1264d99 6 . .
2.5d-98 4.29.d09 . . * "

.5:d-9 4.249
2.60$d-99 4.612d.9 

"

2.659d-99 4.664d.99
2.704d-08 4.747d9 .
2.7S d-00 1.794d.9 g
2.009-09 4.9 f4tg . ."..2.050,-99 4.969d.09 . .". .
2.0OJ-08 4.9840O 9 ..
2.91J-00 4.914d.99 . ,

S3.999d-99 4.9214.99 . ,

3.99d-99 4.944d.9. * *
3.10-fy-0 4.95,5d-00
3.159d-99 4.964d9 f
3.Zr.J-88 4.90Id0..
3.2tJQJ- 49774.09 d 0 -3.399d-Il 4.991d.19 . .. '...
3.3t+l.-88 4.5*54.49 . . .

"-3.•4004J-98 4.•9*94.09 . .. •.
3.4594-98 4.999d.99 , +
3.500d-98 4.992.8d
3.5,4-99 4 9: .
3.69d-09 4.995dg8 . . -
3.6S e)-90 4.99 7d:4 O -
3. 709d-8 4.997d9.

3.o9d-98 4.999d.09 0
"3.0J-09 4.994.9 -. .

4.10094-199 4 .9999

Figure C-7. SPICE Plot Section 1 with Input 010 and
,. Two Node Precharge Basic Gate Widths
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1~*w**12/1/4 ******SPICE 2G.1 (15OCT80) ********05 .20: 12*****

0CMOS/SOS: BITSLICE SECTION 1 PRERCHARGED AT TWO NODES - OUTPUT 010

0** INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT=89
.OPTIONS ITL1=5irZ ITL5=0
.MODEL NMOS NIIOS (VTO=IV TOX=15NM UO=400 NSUB-2.SE16 LD-0.7UM)
+LEVEL-1
.MODEL PMOS PMOS; (VTO=-lV TOX=75NM UO=200 NSUB-3EI5 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
Ml 1 3 2 Z NMOS L5S.ZU W=5.ZU
M2 1 3 5 0 NMOS L=5.ZU W=5.ZU
M3 2 6 1 1 PMOS L=5.ZU W=10.ZU
M4 5 6 1 1 PMOS L=5.ZU W=10.ZU
M5 1 8 7 1 PMOS L=5.OU W=10.ZU
MG 9 8 7 0 NMOS L=5.OU W=30.ZU
M7 11 10 9 0 NMCIS L=5.ZU W-39.HU
M8 1 10 7 1 PMOS; L=5.OU W-10.0U
M9 1 7 5 1 PMOS L-5.ZU W=10.0U
M10 0 12 11 Z NNOS L=5.OU W=30.OU
Ml! 15 14 0 0 NMOS L=5.ZU W=15.OU
M12 15 7 5 0 N110S L=5.ZU W-15.ZU
M13 1 14 5 1 P110S L=5.0U W=10.ZU
M14 1 12 7 1 PlMC'S L=5.ZU W=10.ZU

SM15 1 12 14 1 PNOS L=5.ZU W=10.OU
M16 16 12 14 0 NIMOS L=5.ZU \4=30.ZU
M17 10 17 16 0 NMOS L=5.ZU W=30.ZU.
M18 1 17 14 1 PMOS L=S.OU W=19.ZU
M19 0 19 18 0 NMOS L=5.OU W=3Z.ZU
M20 21 20 1Z 0 NMOS L=5.OU W=5.ZU
M21 1 19 14 1 PMOS L=5.0U W=10.ZU
M22 21 22 10 1 FMOS L=5..OU W=10.ZU
M23 0 10 19 0 NMOS L=5.0U W=15.ZU-
M24 1 10 19 1 PMOS L=5.ZU W=39.0U
M25 1 19 23 1 PHOS L=5.ZU W=10..0U
M26 25 24 0 0 NNOS L=5.JUU W=15..OU
M27 25 19 23 0 NMOS L=5.ZU W=15.ZU
M28 1 23 2 1 PMC'S L=S.0U W=10.ZU
M29 1 24 23 1 PMOS L=5.ZU W=12.OU
M30 216 23 2 0 NMOS L=S.ZU W=30.ZU
M31 0 27 12 0 NMOS L=5.ZU W=15..OU
M32 29 23 26 0 NMOS L=S.ZU W=309.ZU
M33 1 27 12 1 PNOS L=5.ZU W=3.O'U
M34 1 28 2 1 P11CS L=.0U W-10.ZU
M'S 1 '30 23 1 PMOS L=S.OUU W=1Z.QU
M36 31 20 27 j9 N'MOS L=S.OU W=S.fU
M37 Z 27 29 0 NNIOS L=5j..U W=3.G.ZU
M 30 32 10 :7 G NM.OS L=5.OgU W=15.ZU
M39 32 30 23 Z 144OS L=5.ZU W=15.ZU
M4Z 1 10 23 1 PNOS.L=S.ZU W=10U..OU
M41 31 22 27 1 FMOS L=S.OgU W=10.ZU
M42 1 27 2 1 P14C'S L=S.OU W-10.OBU
C43 1 0 9.1478PF
C44 27 J Z.297PF
C -,5 22 'J 8.51Pr
C46 Z 0j 0.1174PF
C47 10 J 0.297PF
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C48 2 0 0.234PF
C49 28 0 0.111PF
C50 29 0 0.86PF
CS1 12 0 0.202PF
C52 23 .0 0. 121PF
C53 19 0 9 151PF
C54 14 0 0.171PF
C55 18 0 0.86PF
C56 7 0 0.172PF
C57 5 0 0.234PF
C58 11 0 0.86PF
VAO 31 0 PULSE (5V 0V ONS ONS ONS IONS)
VBZ 21 .9 PULSE (OV ZV ONS ONS ONS IONS)
VPHI1 20 0 PULSE: (5V 5V ONS OHS ONS IONS)
VPHIIBAR 22 0 PULSE COV V ONS ONS ONS IONS)
VSZ 30 0 PULSE (OV ZV ONS ONS OHS IONS)
VSI 24 0 PULSE (ZV ZV ONS 0N3 0NS IONS)
VSZ 8 0 PULSE ,EN 5V ONS ONS ONS IONS)
VS3 17 0 PULSE (5V 5V ONS ONS ONS IONS)
VPI 3 0 PULSE (i(V 5V 4NS ONS ONS 2NS)
VPIBAR 6 0 PULSE (5V BV 4NS ONS ONS 2NS)
.TRAN 0.5NS 4ONS.
PLOT TRAN V(5) V(2) (OV,5V)
.END
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I....12/01 /f4 ..... SPICE 2r.1 (15OCT09) ........

a cM~s~sS OflIESCTION I PREOCHARCED AT TWO NODES - OUTPUT #if

... CTOANOSI ET IANSALYSI S TEMPERATURE * 27.599 DEG C

TIME V(S)

X(--) -------------- S. 4.65 1.25#d.92 2.5994d-fl 3.7994.95f 5.9599

d.59I-5 1:311d-:7 1.
I.594d-99 1.355d -7 8 7

3.9554-US J.3!,5d-07 X
23 . # ff ff -S I 1 .3 C6 4 -9 7 * .4.5Ufd-US 1.3$079.
34.5#so-9 1. 9SI .a

d.5954- 1 .I3d- I

6.504-9 9 1.42944496. 5984-_9 1.743d.9.
7 .990-_#9 I. 992d:0:.. :
7.5a94-_09 2.#944E . . x
0.99684-89 2.36d426
0.5584-99 2.6624.9 .

).909d-S0 3.4974.40 *

I.5504-0 3.7274.I8 .

d.95-0 3.444
1.1!:d-0. 4.1!4d::: ..

1.205J-9 4.74S .1d

1.2Wed-S.. 4 .03d4f.f
1.3sed-90 4.63d9
1.400.--0 4.679,:9
I .45@d-08 4.7454*05
I.5054-90 4.7!9d::: ..
2.5144-I 4.0214*0
I.6004-80 4.*961d:00
1.S ad- 0 464a.

1.6701d-:0 4. 19 5 d
I., 0-0 4...84.09
I:.E504-1.0 4.I46 d::.
1.1-0 4.19M 1W..

1.9144-GO 4.I44*85 .
I.9094-SO 3.044-. ..
2.960d-0034440 .

.. 40 .40 . .2. 1504,-90 2.6284*05 .*
2.2594-90 1.214*1d
2.f-0 I.74S .. .
2.3504-90 1.I644*0S

2 .460d-98 9.8I94-SI
2.4594-so 6.779-SI2.6004-00 V7931-I
2.5584-90 3.90-S d:: *
2.6604-00 2.7,254-2
2.6563-68 2.a27141

2.70-0 1.4d9-SI *

20-008 7408-02
2.C50N 00 7.744-0

2 2a904-0 3.944d-02 X
2 .9604j-00 2.8444-82 0
3 .9a0-00 1.9794-62 0

3.l00.3_00 1.04-02~o X
3 1.0100 7d6-0'

3.2004-00 5.3!3d4-03 X
3 .2504-_00 3.7 ! 5d-893 X
3 .2004-00 2.713d4_03 X
3.3504-90 1.961-83 X

3.40._00 9.911-d04 X
594i-8 7.9624-04 X

3 .500 0 S.31d4-84 X
3 .6004-90 3.6634-04 X
3.6594-88 2.562d-40.
3.70841-8 I 1.0 64 X
3.750-908 1324-94 8 .

3.800d04-0 9.24I4 -5 S
3.8504J-00 6.24-05 X
90000 a .240 d

3 .950.-0 3.4.9-5
00944-00 2.4204-65 X -.

Figure C-B. SPICE Plot Section 1 Input 101 and Two -

Node Precharge with Basic Gate Widths
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1**~**1201/0 ******SPICE 2G.1 (15OCT80) ********05:21:25*****

0CMOS/SOS BITSLICE SECTION 1 PRERCHARGED AT TWO NODES - OUTPUT 010

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUTB0Z
.OPTIONS ITL1=5f00 ITL5=0
.MODEL NMOS NMOS (VTO=1V TOX=75NM UO,490 NSUB=2.5E16 LD-0.7UM)

+LEVEL-1
.MODEL PMOS PMOS. (VTO=-1V TOX=75N4 UO='&Z0 NSUB-3E15 LD-0.7U4)
+LEVEL=l
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-S.ZU W=10.0U
M42 1 3 5 0 NMOS L=5.0U W=10.0U
M43 2 6 1 1 P1405 L-5.0U W=20.0U
M4 5 6 1 1 P1405 L-5.OU W=20.OU
M5 1 8 7 1 PMOS L=5.0U W=10.0U
146 9 8 7 0 MMOS L-5.HU W=30.0U
147 11 10 9 0 NMC'S L=5.0U W=30.0U

oil M8 1 10 7 1 P1405 L=5.0U W4=10.0U
M9 1 7 5 1 PMOS L=5.OU W=10.0U
Mlu 0 12 11 0 NMOS L=5.ZU W=3Z.0U
Mll 15 14 0 0 NMOS L=5.ZU W=15.ZU
1412 15 7 5 0 NIIC'S L=5.0U W=15.HU
M13 1 14 5 1 PMCOS L=5.OU W=10.ZU
1414 1 12 7 1 PMCIS L=S.OU W=10.OU
M15 1 12 14 1 P1405 L=5.ZU W=10.OU
M 116 16 12 14 0 NMOS L6G.0U W=30.0U
1417 10 17 16 0 NMOS L=5.ZU W=30.ZU
M418 1 17 14 1 P1405 L=5.OeU W=10f.0U
M19 Z 19 13 0 NMOS L=5.ZU W=30.OU
1420 21 2Z 10 0 NMOS L=5.ZU W=5.OU
M421 1 19 14 1 P1405 L=5.OU W=10.ZU
M22 21 22 10 1 FMOS L-5.ZU W=10.ZU
1423 0 1.0 19 0 14140 L=5.0U W=15.ZU
1424 1 10 19 1 PMOS L=S.ZU W=30.OU
1425 1 19 23 1 PPHOS L=5.ZU W=10.ZU
M26 25 2'4 0 0 NMIOS L=5.ZU W=15.ZU
M27 25 19 23 0 NMOS L=5.ZU W=15.ZU
1428 1 23 2 1 PMC'S L=S.ZU W=10.ZU
1429 1 24 23 1 PMOS L=S.ZU W=10.ZU
1430 26 23 2 0 NMOS L=IS.kU W=30.HU
1431 0 27 12 0 NMOS L=5.ZU W=15.OU
M32 29 23 26 0 NMOS L=G.ZU W=30.0U
1433 1 27 12 1 PMOS L=S.ZU W=30.ZU
1434 1 28c 2 1 P14CIS L=5.ZU W=10.OU
1435 1 3V 23 1 PMOS L=5.ZU W=10.0U
1436 31 20 27 0 NMOS L=5.0U W=5.!OU
1437 0 2"7 29 0g NMOS L=5.O(U W=30..!JU
1433 32 10 3 0 NNOS L=5..gU W=IE.!OU
M139 32 30 23 0W40 L-5.ZU W=15.0OU
1440 1 14 2.3 1 PMOS L=S..OU W=10.4-U
1441 31 '2 '7 1 FMOS L=5.ZU W=10.ZU
1442 1 27 2'1 PMC'S L=5.ZU W=10.ZU
C43 I B3 0.1470PF
C44 27 0 0. 07PF
C45 29 0 0.51PF
C46 0 0 0.1174PF
C47 10 0 0.297PF
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C.. 3 28 -9. . .PF
C5Z 29 0 0.S6PF
C51 12 0 0. 202 PF
C52 23 0 0.I121PFpC53 19 Z Z. 15 1PF
C54 14 a Z.-171PF
C55 18 0 0.86PF
C56 7 0 0.172PF
C57 5 0 0.234PF
C58 11 0 0.86PF
VAZ 31 0 PULSE (OV 5V ENS ENS ENS IONS)
VBZ 21 0 PULSE (IV 0V INS ENS ENS IONS)
VPHI1 20 H PULSE (5V 5V ENS ENS INS IONS)
VPHI1BAR 22 0 PULSE (0V OV ENS ENS ENS IONS)
VSI 30 0 PULSE (IV IV INS ENS 0NS IONS)
VSI 24 Z PULSE (IV OV INS ENS ENS IONS)
VS2 8 0 PULSE (EV 5V ENS INS INS IONS)
VS3 17 0 PULSE (5V 5V INS ENS ENS IONS)
VP1 3 0 PULSE (£rV 5V 4NS INS ENS 2NS)
VPIBAR 6 0 PULSE (5V OV 4NS ONS INS 2NS)
.TRAN 0.5NS 40NS
.PLOT TRAN V(5) V(2) (OV,5V)
.END

......... ,. . . . . .. .

, 72
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I .12/1/1 . SPICE 2G.1 (13OCT85) . .. 0 2S2

K £ CMOS/SOS BITSLICE SECTION I PRENCHAPGED AT TWO NODES -. OUTPUT 191

.. TRANSIENT ANALYSIS TEMPE*ATURE 27.90 DEG C

........................................................................

ALEGENO.

TIME V45) ''

----- ... . . *4d3 t.259d4O5 2.55d94*9 3.75d*4- 5.99d4.9

. d-98 5.9#08405 .

.d-9 S.909dE 1 .
3.500d-99 5.999d9 .
2.08#d-59 S.990d...

3.89d-9 S.09043 . x
3.59d-99 .1S. 19 66408

4.5094-99 5.9994.3 -.I

5.S00d-99 5. d9+0 *

6.555d-09 5.9914.05 • " -'

7.S00d-59 4.9932*9.

7.9034*9 4:.78498.8#d-89 4.767d.9
8.500d-f9 4.42d4.9 . "
.0041-09 3.92840

I.0584-3 3.5494.01.5594-90 3.1454.99 . . . * *

1.108d-08 2.7144.09
1.15d-8 .29149 * .. 14I.2,94-50 1.,,,.,o5 . .. : ::
1.300d-08 1.I974.09 .

i.40god-J 7.1944-SI
1.450d-08 5.343d-SI x

1.50049 .24S1.558d-00 2.968d-f1 * *
1: .6EOd-08 2.322d-01 .*

I.6III- : 1.574d-11 . *
1.70d-B . 2 .7-SI . .
1.759d_8 3.4984-O1 7 .
I.ood-08 5.211d-01
1.85d-:l 7.842d-Ol*
I.900d-l0 I Id * .d'0
1.9594-90 1.453d+5 .9

2.200d-88 1.824d6. *. *
2.#50d-08 2.197d.0 . .
2.I0d-48 2.569d+00 . •
2.1504-91 2.895d4*0
2.Z994-8 3.207d166.". . *2.25048 3.489d.10 .

2.30.d-.8 3.7244.99 . *
2.3504-98 2.9434.09 . .
2.4ld-0B 4.126d-61 8 . .--

2.4534-8 4.2 0.d*8990. .-
2.5004-00 4.4 .9 .I d:.
2S.5d4f 4.5224.0. 6 0 0 d - 8 4 . 6 2 . , ".". ' *

2.650d-00 4.64d+#$ .

2.70,4-,1 4.7474.0. . + *
27 Od-08 4.794d.0 . *
2.2C00-00 4.874d-0
2.850d-08 4.86 90dO .*."'..2.9004-08 4.8924*00 .
2.9504-"8 4.914d+00 .
3.9500E 4.94d3.+ . S
3.950.J-00 4.944400. ..
3.I00.d-0 4.94d9 .d:

3.1204-00 4.964.31
3.250d 0 4.974d05 .. "..
3.04d-88 4.971 d .
3.300.-80 4.98 14.;00 . "
.3.40 . 0 . . .
3.400-986 4.988d.8 ."."*
3.450J-00 4.993d. . *
3.5094-00 4.9924*69 .... *
3.551.. 4.994d.0 ...
3.600d-0 4.9954.d. *i.Ci~i-40 4.995d*11 . *
3.081-0 4.96990

3.O-B 4.197dg -T

3.1500--09 4.999d03 .
3.S -00 4.9?9eu. '"'-

4.300d-08 4.999d00 . . "

., . Figure C-9. SPICE Plot Section 1 Input 010 and Two

Node Precharge with Basic Widths x2
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1******2/0/84 ******SPICE 2G.1 (15OCT80) ********05:2:9**

0 CMOS/SOS: BITSLICE SECTION 1 PRERCHARGED AT TWO NODES -OUTPUT 101

INPUT LISTING TEMPERATURE = 27.008 DEG C

.WIDTH 0UTm80
.OPTIONS ITLI-si00 ITL5=0
.MODEL NMOS Nl4OS; (VTO=IV TOX-75NM UO=400 NSUB-2.5E16 LD=0.7UM)
+LEVEL-I
.MODEL PMOS PHOS; (VTO=-1V TOX-75NM UO=200 NSUB-3E15 LD=9.7UM)
+LEVEL-1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-5.0U Woli0.ZU
M2 1 3 5 0 NMOS L-5.OU W=10.0U
M3 2 6 1 1 PMOS L-5.ZU W-20.ZU
M4 5 6 1 1 PMOS L-5.ZU W-20.OU
M5 1 8 7 1 PMOS L-S.HU W-10.6U
M6 9 8 7 0 NMOS L-5.OU W-3Z0U
M7 11 10 9 0 NMOCS L-5.ZU W=30.OU
M8 1 10 7 1 PMOS' L-5.0U WwI0.0U
M9 1 7 5 1 PMOS L-5.BU W-10.ZU
M10 Z 12 11 0 NMOS L-5.8U W=30.ZU
Ml! 15 14 0 0 NMOS L-5.HU W=15.ZU
M12 15 7 5 0 NMOC1 L=5.Ou W=15.ZU
M13 1 14 5 1 PMCIS L-S.OU W-10.ZU
M14 1 12 7 1 PMC'S L=S.ZU W-10.ZU
M15 1 12 14 1 PNOS L=5.OU W-10.0U
M16 16 12 14 0 NMDS L-5.0U W-30.0U
M17 10 17 16 0 NMOS L='i.ZU W-30.ZU
M18 1 17 14 1 PMOS L-5.ZU W=10.OU
M19 Z 19 18 0 NNOS L-5.ZU W=3Z.0U
M20 21 20 10 0 NMOS L=5.ZU W-5.ZU
M21 1 19 14 1 PMOS L=5.OU W-l0.ZU
M22 21 22 10 1 FMOS L-5.ZU W-10.ZU
M23 0 10 19 0 NNOS L=5.OU W=15.ffU
M24 1 10 19 1 PMOS L=5.ZU W-30.ffU
M425 1 19 23 1 PMOS L=5.ZU W-=10.OU
M26 25 24 0 0 NMOS L-5.ZU W=15.ZU
M27 25 19 23 0 NMOS L-5.ZU W=15.ZU
M28 1 23 2 1 PMC'S L-5.OU W=10.ZU
M429 1 24 23 1 PMOS L=S.ZU W-10.011
M30 2G 23 2 Z NMOS L=5.ZU W=39.ZU
M31 0 27 12 0 NNMOS L=5.OUU W-15.ZU
M432 20 28 26 0 NMOS L=G.ZU W=30.ZU
M433 1 27 12 1 PM'OS L=r0.UU W=3Z.ZU
M34 1 28 2 1 PMCIS L-5.0U W=10.8U
M35 1 30 23 1 PMOS L-5..YU W=10.ZU
M36 31 20 27 0 NMOS L=5.0U W=5.0U
M37 0 27 29 0 N,,lOS L=S.ZU W-30T.ZU
M30 3 2 10 0 0 NiIOS L=5.ZU W=15..U
M439 32 30 28 0 NIMOS L=5.ZU W=15.ZU
M4Z 1 1V 23 1 PMIOS L-5.ZU W=10~.!JU
M441 31 22 27 1 HIfOS L=5.OU W=10.OU
M42 1 27 2 1 PMIC'S L=5.ZU W-10.0U
C43 1 0 0.1478PF
C44 27 Z 0.207PF
C45 2Z 0 0.51PF
C46 0 0 0.I17APF
C47 10 1 XY.297PF
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C48 2 0 0.234PF
C49 28 0 Z.111PF
C5Z 29 Z 0.86PF
C51 12 0 0.202PF
C52 23 0 0.12IPF
C53 19 0 0. 151PF
C54 14 0 0.I71PF
C55 18 0 0.86PF
C56 7 0 0.172PF
C57 5 0 0.234PF
C58 11 0 0.86PF
VAN 31 0 PULSE (5V OV OHS ONS ONS IONS)
VBO 21 0 PULSE (OV 0V OHS OHS ZHS IONS)
VPHII 20 0 PULSE (5V 5V ONS OHS ONS IONS)
VPHI1BAR 22 0 PULSE (0V OV ONS ONS ONS INNS)
VSO 30 0 PULSE (OV 0V ZNS OHS 0NS IONS)
VSI 24 0 PULSE (0V fly OHS OHS OHS IONS)
VS2 8 0 PULSE (EV 5V ONS OHS OHS IONS)

XVS3 17 0 PULSE (5V 5V OHS OHS OHS IONS)
VPI 3 0 PULSE (f( 5V 4NS OHS OHS ZNS)
VP1BAR 6 0 PULSE (5V OV 4NS OHS OHS 2NS)
.TRAN 0.5NS 40NS;
.PLOT TRAN V(5) V(2) (OV.5V)
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1-*.. 2/1 /..... SPICE 2r.1 (ISOCTOOI .... 6E52IsZ...

9 CMO /SOS ITSICE SECTION I PRERCHAGED AT TWO NODES ; OUTPUT v3a

... TRANSIEN ANALYSIS TEMPERATURE * fl688 PEG C

TIME V(S)

x. 9.---------3.2594.95S 2.555*9 3.55.f 9.95.f

.9994-3 1.54-9 8X
399-to 1.3554-78

1.886d-89 3.3554-97 X
2.58#d-89 1.3554-97 X3
25994-99 13.554-9 * ..

Need9-99 1.355d_#7 *
3.5994-99 3.3564-97**...
I4.9Ne9d99 1.357d-97*
.5994-9_9 3.9S34-93. 1
S.9994-99 1.3264.95. *
5.599d-89 3.9Z24.9 ..

d.99-9 2.349 .d::.
7.999d-99 3.2341:88 . ..
7.509d-99 3.39549 .ON.
B.9994-8l 3.592.99.. 0

8.590d-89 3.7864.99..9.9082-09 3.969d.90

1.549 .171d4..9-.
.39-84.5374.95. . .

3.2094-98 G.749 , . . . .
I.5d- 4.73940 .

.:94d-8: 41.764*99.6.:.

.35:d-9 4.8Z9.9

.45049 d_6 4 .0 d
3.5004-0 4.913499 . .
3.59.J-88 4.9274.9 ..

3.09-98 4 9340 . .. . . *
3.50-8 4.249 . .9

1.599-90 4.5264.99

299983:.849 3: . .
2.50-9 3.52+09

2.3-99il- 3.0984.99
223504-98 Zr22409.
2.2949 .2249 . .d
2.2506d-88 3.874.09..
2 .3594-968 3.1894.99 .
2 .400d:98 9.2364-93
2 .4596d9 693d-9*
2.S094-98 5.27-9 .a2.559d-99 3.844d93011
2:.6994-99 2.82541-93
2.659-9 2.13944 -9

27504-Be 3.994-3
2.af904-98 7.9214-02 .
2.E50498 5.57-2.
1.S'94-98 4.9949
2.Sfh-08 2.9354-92 K
3.9Need98 2:967d:92 X
3.."504-0 1.509d-02 X

3.3594-98 :.69-3 X

3.250d-00 3.82 34-02 X
3 .100-98 2.8324-83 X
3.3504-38 2.049 ro
3.,494.J-_Ob 1.415=93 8
3.450-98: 1:92d-03 X350-8 7.2_3-9
3 . 54-083 5.2:44-94 X
3.600-J-08 3.7654d-04 X
3:6504-90 2:697d-0 X

756d-0. 1. 36 4d-4
3.6004-9 9.6!895 8
3.58.130 747go4-0 8 .d:11 s
3.15:1-08 3.51784-051 X
4:.99-980 2.5124-05 X

Figure C-1O. SPICE Plot Section 1 Input 101 Two Node
Precharge with Gate Widths x2
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1*******12/01/84 *****SPICE 2G.1 (15OCT80) ********05.22:28*****

9 CMOS/SOS; BITSLICE SECTION 1 PRERCHARGED AT TWO NODES -OUTPUT 101

INPUT LISTING TMRAUE= 27.000 DEG C

.WIDTH OUT-30

.OPTIONS ITL1=5irO ITLS-0

.MODEL NMOS NMOS; (VTO=1V TOX=t75NM U0=400 NSUB=2.5E16 LD=0.7UM)
*LEVEL-1
.MODEL PMOS PMOS; (VTO=-IV TOX=75NM UO0200 NSUB-3E15 LD-0.7UM)
+LEVEL=1
VOD 1 0 DC SV
Ml 1 3 .2 Z NMOS L=5.OU W-15.ZU
M2 1 3 5 0 NMOS L-5.0U W-15.ZU
M3 2 6 1 1 PMOS L=5.HU W=3Z.OU
M44 5 6 1 1 PMOS L-5.0U W-30.0U
M5 1 8 7 1 PMOS L=5.0U W-10.ZU
M6 9 8 7 0 NMOS L=5.0U W-30.ZU
M47 11 10 9 0 N1405 L=5.0U W-30.OU
M8 1 10 7 1 PMO05 L=5.ZU W-10.OU
M9 1 7 5 1 P1405 L-5.0U W-l0.ZU
MIu Z 12 11 0 NMOS L=5.0U W=30.HU
Nil 15 14 0 0 NMOS L=5.0U W-15.ZU
M12 15 7 5 0 NMCIS L=5.ZU W=15.ZU
1413 1 14 5 1 PMOS L=5.ZU W=10.ZU
M14 1 12 7 1 PMCI5 L=5.ZU W=10.0fU
MI5 1 12 14 1 P1405 L=5.ZU W=10.01)%C*7 M16 16 12 14 0 NMOS L=5.ZU W=30.ZU
M17 10 17 16 Z NMOS L=5.ZU W=30.OU
1418 1 17 14 1 P1405 L=5.OU W=10.0U
1419 0 19 18 0 NNOS L=5.ZU W=30.ZU
M20 21 20 10 0 NMOS L=5.OU W-5.MYU
1421 1 19 14 1 P1405 L=5.ZU W-l0.ZU
M422 21 22 10 1 P1405 L=5.OU W1OZ.ZU
M423 0 10 19 0 NMOS L-5.8U W=15.ZU
1424 1 10 19 1 PMOS L=5.ZU W=30.OU
M25 1 19 23 1 P1405 L=5.ZU W=10.OU
1426 25 24 0 0 NMOS0 L=5.ZU W=15.0U
M27 25 19 23 Z NMOS L=5.ZU W-15.0U
1428 1 23 2 1 P1405 L=S.OU W=l0.0U
1429 1 24 23 1 P1405 L-5.OU W-IZ.ZU
M30 26 23 2 0 NNOS L=5.OU W=30.0U
M31 Z 2' 7 12 0 NNOS L=5.OGU W-15.OU
1432 20 28 26 0 NMOS L=5.ZU W=30.ZU
M33 1 27 12 1 PMOS L-5.ZU W-30.9U
1434 1 28 2 1 PMC'S L=S.ZU W-l0.OU
1435 1 3Z 28 1 P1405 L-5.HU W-l0.ZU
M36 31 20 27 Z NMOS L=5.ZU W-5.OU
1437 0 27 29 0 NMOS L-S.ZU W=3.0.OU
M102 3,2 10 0 0 N'IOS L-5.HU W=15.ZU
1439 32 20 20 0 NMOS L=5.ZU W-15.ZU
M440 I 10 23 1 PM-OS L-5.OgU W-10.ZU
1441 311 22 27 1 FMOS L-=5.ZU Wml0.0U
M42 1 27 2 1 PMCIS L-S.ZU W=10.ZU
C43 1 0 0.1470PF
C44 27 Or Al. 7 P F
C45 20 9 0.5IPF
C46 0 01 0.1174PF
C47 10 0 0.297PF
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C48 2 0 0.234PF
C49 28 Z 0.111PF
C52 29 0 0.36PF
C51 12 Z 0.202PF
C52 23 Z 0.121PF
C53 19 0 0. 151PF
C54 14 0 Z. 17 1PF
C55 18 0 0.86PF
C56 7 0 0.172PF
C57 5 0 0.234PF
C58 11 0 0.86PF
VAZ 31 0 PULSE (OV 5V ENS OHS ENS IONS)
VBO 21 0 PULSE (OV ZV ENS EHS ENS IONS)
VPHI1 20 0 PULSE: (5V 5V ENS OHS ONS IONS)
VPHIIBAR 22 0 PULSE (0V OV ENS OHS ENS IONS)
VSO 30 0 PULSE COV ZV OHS ONS ENS IONS)
VS1 24 0 PULSE (OV OV OHS ENS ENS IONS)
VS2 8 0 PULSE (5V 5V OHS OHS OHS IONS)
VS3 17 Z PULSE (5V 5V OHS OHS OHS IONS)
VPI 3 0 PULSE (jrV 5V 4NS OHS OHS 2HS)
VP1BAR 6 Z PULSE (5V OV 4H5 OHS OHS 2HS)
.TRAN 0.5NS 40NS;
.PLOT TRAM V(5) V(2) (OV,5V)
END
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- -....- . -.-

Ij ....... 12/01/04 ........ SPICE 2G.1 (ISOCTO6S ........ 95

5 CMOS/SOS BITSLICE SECTION I PRERCHAPGED AT TVO NODES JOUTPUT Ill

9 .. TRANSIENT ANALYSIS TEMPERATURE - 2,.199 DEG C

#LEGEND,

TIME Vs)

-.-------- I. d*55 1.258." 2.58.l5 2. 7Sfd.1 S.1154.5D

5. 8*55f S.5558.59 .

I. d99 5V 5 .f ..O.
1.S8d-89 5.85d5" X
2jed d9 .ffVld'ff& X =
Z.555d_59 5.:155*95 a .5 .3.18-59 5.553.0d . .. X

3. 5d-59 $.55d.5 d.: .
4.869d-59 5.9d-9 62. "
4.a508-59 5.599d*9 . ."d
5.539d-19 $ d*95 . .
5.9eed- 9 5.586=2 . .
6.59od-99 S.55fd9O5.
7.ad5-9 4.91d8,9 . *d
7.506d:-9 4:9913d1 .d

8.06d-59 4.767d* ..
8.509d-59 4.53d 59 ."'9.003d-59 4.274d*55 . *

9.500d_9 3.929dSd .
1.9d-E8 3.549da.9 . .
1.050d-08 3.146da9 . .1.|IEd-SN 2.?14d.05 . .

I.1$I5d- 2. 2 1 89 .
..25d- 8 I.68d0•'
I.25Id-00 1.52i8d-S . "
1 .4,d-08 7.197d*E9i - " .

i.2598-fl 9.350d-S1 .
I.$50.8-O 8 7. -04d-
1.859.8- '.343d-E' X.H

l.5504-08 2.968d-S| .

'.GS -50- 287.328-El .
.650d- 2.578-El1.70*d-sN Z.127 dl
I ,11.-SO 3.49d-01 .
I.825a8-00 5-ZlId-I..

I 050.J-0N .6428-E6.

7 1.95:d-S 1.389 .3d.
2.00d-68 1.824d*00 *
2.05Od-S8 2.I97dg. *""'
2.10#d-08 2.56d*. . "

2.1dd4-N 2:0NN8*SS
2.2B5d-SN 3.25dd*ES S
2.259d-80 3.4Id*NO . .

235-5 3 .727! 5 Be..2.308d-so 3.942d* " .9
2.40d-96 4.127d*05 . . '."2 .4 5 5d - S N 8 4 . 2 ES d * 0 9 . -
2.5058-ON 4.41109 .d: 

.
2.5$$8-EN 4.524d ..

2.60d9-08 4.61l1de . -2?O55d-S 4 .748*05B . .""" "
2.7'0d-SN 4.7N$4dN80S ? .

2.Co 08 4.8;:4d*59 . _.
S2.5498-ON8.4.Td*ES . •

2.9 5d-ON 4.N9Zd.ES . . .
2. 0-SB08 4.9I4d*0 ..

3,550d-00 4.944d0 .
3.t10d-9 4-$6dS d.-.:
3.10 .J-S0 4.97. .d.

3.265.d-06 4.977.d+ """
3.35.J-68 4.9Sd*50 . •
3404-00 4.9t8d-55 . .*

43.50d-69 4.990d5ga " .
3.50d-90 4.902d6..
3.S50d-5O 4.994d00 .

3.6098 4.99Sd*09
3.658-00 8.99S6d*.
3.70#d-00 4.9978*9 ..
3.758-08 4.997d+89 9 "

3 .90 9- S N0 4. 9 Nd -0 03.058d-00 4.998d5.3.7. , .9*17 .- -. ,.
. . . ..-. . ..999.. ... . . . . . . . ." ..

Figure C-It. SPICE Plot Section 1 Input 010 Two Node
Precharge with Gate Widths x3
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1******1Z/5/84 ~SPICE 2G.1 (15OCT80) ********05:5:9w*

0 CMOS/SOS, BITSLICE SECTION 1 PRERCHARGED AT TWO NODES -OUTPUT 010

0** INPUT LISTING TEMPERATURE 27.000 DEG C

.WIDTH OUT-89

.OPTIONS ITL1=5f00 ITLS=0
.MODEL NMOS NMOS; (VTO=1V TOX-75NM UO=400 NSUI3=2.SE16 LD-0.7UM)
.LEVEL-1
.MODEL PMOS PMO05 (VTO=-IV TOX=75NM U0=2.05 NSUB=3E15 LD-0.7UM)
.LEVEL-1
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L=5.OU W=15.0fU
M2 1 3 5 0 NMOS L-5.ZU W-15.OU
M3 2 6 1 1 PMOS L-5.ZU W-30.ZU
M4 5 6 1 1 PMOS L=5.ZU W=30.0U
M5 1 8 7 1 PMOS L-5.0U W-10.ZU
M6 9 8 7 0 NMOS L-5.ZU W=30.OU
M47 11 10 9 0 NMCIS L-5.ZU W=30.ZU
M8 1 10 7 1 PMOS L-5.0U W=10.0U
M9 1 7 5 1 PMOS L=S.ZU W=10.ZU
M10 0 12 11 0 NMOS L=5.ZU W=30.ZU
Mll 15 14 0 0 NMOS L-5.ZU W=15.ZU
M12 15 7 5 0 NI4CS L=5.ZU W=15.0U
M13 1 14 5 1 PMC'S L=5.0U W=10.ZU
M14 1 12 7 1 PMC'S L-5.0U W=10.ZU
M15 1 12 14 1 PMOS L=B.ZU W-i.0.ZU
M16 1G 12 14 J9 NMOS L=5.ZU W=30.0U
M417 I G 17 16 0 1IMOS L=5.0fU W=30.0U
M18 1 17 14 1 P1405 L=5.0U W-10.ZU
M19 0 19 18 0 NMOS L=5.OU W=30.0U
M2Z 21 20 10 0 lIMOS L=5.ZU W-5.0U
M21 1 19 14 1 P1405 L=5.ZU W=10.BGU
M22 21 22 10 1 FMOS L-5.8U W=10.0U
M23 0 10 19 0 NM140 L=5.ZU W=15.ZU
M21, 1 10J 19 1 P1405 L=5.ZU W=30.OU
M25 1 19 23 1 P1405 L=5.ZU W=10.OU
M426 25 24 0 0 14140 L=5.0U W=15.ZU
M27 25 19 23 Z NMOS L=5.ZU W=15.0U
M28 1 23 2 1 P1405 L=S.0U W=10.0U
M29 1 24 23 1 P1405 L=5.0U W=19.,VU
M3Z 26 23 2 Z NMOS L=5.0U W=30g.0U
M431 0 27 12 0 NMOS L=5.OU W=15.ZU
M432 29 23 26 0 MHOS L=S.0U W=30.BU
1433 1 27 12 1 PNOS L=S.ZU W=30.0CU
M34 1 2'3 2 1 PMC05 L=5.OJU W=10.0U
M-5 1 3:7 23 1 P1405 L=5.ZU W=10G.OU
1436 31 2Z 27 0 NMOS L=5.ZU %W=5.0IU
1437 09 27 29 0Y NNIOS L=5.& 'J W=3U..!JU
M430 32 10g J 0 N*iOS L=!5.!U W=15..OU
1439 32 -Z 23 Z N1MOS L=S.OJU 'd4=15.OU
M40 1 1.J 23a 1 PM~OS L=5..OU W=19.ZU
N41 31 22 27 1 FMOS L=lS..U '4=19.0U
1442 1 27 2 1 PMOS1 L=5.ZU W=10.ZU
C43 1 0 0.1478PF
C44 27 0 0.207PF
C'S 2Z Or 0.51PF
C;G 0 Z 0.1174PF
C47 10 1 7 .297PF
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C48 2 0 9.234PF
c, '9 28 0 Z.IIIPF
CC, 29 0 0. 8.P F
CSI 12 0 0.202PF
C52 23 0 0.121PF
C53 19 0 0.1S1PF
C54 14 0 0.171PF
C55 18 0 0.86PF
C56 7 0 8.172PF
C57 5 0 0.234PF
C58 11 0 0.86P F
VAO 31 V PULSE (5V ZV OHS ZNS ONS IONS)
VBZ 21 09 PULSE (OV OV ONS ONS ONS IONS)
VPHII 20 0 PULSE (5V 5V OHS ONS ONS IONS)
VPHIIBAR 22 0 PULSE COV ZV OHS OHS ONS IONS)
VSO 3Z 0 PULSE (OV OV ONS OHS OHS IONS)
VSI 24 0 PULSE (OaV 9V ONS ONS ONS IONS)
VS2 8 0 PULSE (5V 5V OHS ONS OHS IONS)
VS3 17 0 PULSE (5V 5V OHS ZNS 0NS IONS)
VPI 3 0 PULSE (f(V 5V 4NS OHS ONS 2NS)
VPIBAR 6 0 PULSE (5V OV 4NS OHS ONS 2NS)
.TRAM 0.5NS 40NS
.PLOT TRAM V(5) V(2) (OV,5V)
*END
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I ... 29/4.... SPICE 2G.1 (ISOCT88 ..... N65Z ...

U CMOS/SOS.:ITSIICE SECTION I PRERCHARGED AT TWJO NODES - OUJTPUT 510

AS

TIME VISI

X(--) ------- 0. d.Sg I.2658.55 2.58od*5N 3.75#d.68 S hhNd-g9

ff. d-00 I. 3'5d-07 X.
.80d-69 I,'.ESd-07 XC

1. 5508-US 1.3SSd-07 ICX
2.5S5d-0 1 36 5d8U
3 .esd- 9 1.3558-I IC
3.506d:99 1.3 5-7 .

2.0d-Ag9 1.320d-85
3.Sflvd_ 9 I.:2d-U7
6 .80#d-:1 33f8-57 * *6.S#Bd-E 5.618-El

7.8"~d-99 4. Ii2d-00 X
I.Sq~d-5N 1:3191d:::
0.5004-fiN 4.415d80
9.SOOd-B9 4.512d-09 ....

9.5104-99 4.S?7d*65
1:.10-:1 4:7186 ..

.50dI-B 4.8ZldS~

I .206d- NS 1.9058 * 05 .
I.315#d- 8 4:. 2d 0
I.CO*d-08 4.N!,Nd-65

I.4i 0d1-lS 4:01,3d fl ..

1.1od-911 4.924d-00
1.5i00d-08 4.N66d-09

1:450d-Be 4.9ild*69

I.800.J-08 4.96i8.00
1.550d-68 4.9608565
1:1,1:d-:: 4.914d~N
I.2 5 d-S 4. 79d:::.
1-100d:88 4:9 1~0

I . d0 . II 8 0 ! .d

7.546 d .685 .. .2

1:995-N I.ISd.U.

2.40 808 193d-6 ..

2.5804-Be 32O .113d

2.2564-fe 2.~d .27d0
Z.2S9d-60 I2.063SI a#
2.39#d-0e Z.S254-Il
2.35#d_-08 1.196d-0:
2.48#d-60 9.316ld-01 .
2.5091-00 6.966cd-01
2S. 9-0 .5'8O .9

2.3600d-00 2.8i68-02 C
2 'S d-DI0 2.12f

5
81

21.00d-168 I.SNd-62 C
2.750d-00 1.1075d-01 C

Z. C004-9O 6.N015d-02
3.C560*J05 2. 82-3 5*

3.00J-04I 2.02 Id-O3 x

3.100-1-00 1.97#d-02 ICX

73.10--0 7.3Pid-03 X.
3.500-08 65.9~d-03 XC
3.604-90 3.862d-03 ICX
3.65 00 2.6582-04 ICX

3.40-.-00 1.l 1d-03 ICX
3.4SlI.J-NO 1.i73d-03 XC

3.356.1-90 1.946d-04 XC
3.f750-0 3.S9d::4 IC

3. 01-. 1 . 1 3 _

4 . 0 J 0 . 2 d O .. . . . .
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Figure C-13. CLL Plot Section I Four .ode Precharge

Figure C-14. Section 1 Four Node Precharge Node Plot
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Table C-3

BITSLICE FIRST SECTION WITH FOUR NODES PRECHARGED - NODE REFERENCE LIST

GNO :
Vdd I
NMOS 5PMOS I
20 2
140' 3 ..-
! 4
46 5..... ,
74 6

95 7
127 a
114 9
113 1#
8 11
106 12
Igo 13
39 14
6 15
103 16
86 17
93 18
82 19
52 20
4 21
69 22
5 23
45 24
57 25
10 26
41 27
3 28
26 29
Z 30
14 31
23 32
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1******12/0/84 ~SPICE 2G.1 (15OCT80) ***0:354*e

a CMOS/SOS BITSLICE SECTION 1 WITH FOUR NODES PRECHARGED

INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT-80

.OPTIONS ITL1=5ff0 ITLS-Z
.MODEL NMOS NtIOS. (VTO=IV TOX-75N4 UO-400 NSUB-2.5E16 LD-0.7U4)
+LEVEL-1
.MODEL PMOS PMOS; (VTO--1V TOX-75NM4 UO-200 NSUB*3E15 LD0.7U4)
+LEVEL=1 *
VDD 1 0 DC 5V
MI1 1 3 2 0 NMOS L-5.8U W-5.0U
142 1 3 5 0 NMOS L-5.SU W-5.OU
143 1 3 6 0 NMOS L-5.ZU W=5.0U
M4 1 3 7 0 NMOS L-5.8U W-5.SU
145 2 8 1 1 PNOS L=5.0U W-10.ZU
M6 5 8 1 1 PMOS L-5.OU Wm10.OU
M47 6 8 1 1 PHOS L-5.0U W-10.OU
M8 7 8 1 1 PMOS L-5.ZU W=10.ZU
149 1 9 7 1 PMOS L-5.OU W-10f.ZU
141S 10 9 7 0 NMCIS L-5.0U W-30.0U
1411 12 11 10 0 NMOS L-5.0U W-30.ZU
1412 1 11 7 1 PMCIS L=5.SU W=1Z0U
M13 1 7 13 1 PMCIS L=5.ZU W=I10U
M14 0 14 12 .0 NMOS L-5.OU W-30.OU
1415 16 6 0 0 NW'PS L=5.0U W-15.ZU
1416 16 7 13 0 NNOS L-5.SU W-15.ZU
M417 1 G 13 1 PIS L=5.ZU W-10.ZU

kip1M18 1 14 7 1 PMCiS L=G.OU W-10.0U
1419 1 14 6 1 PtIIOS L-5.0U W-10.OU
1420 17 14 6 0 NMOS L-5.HU W-3Z.ZU
1421 19 18 17 0 NMOS L=5.OU W=30.ZU
1422 1 18 6 1 P14C15 L-5.ZU W-10.0U
1423 0 2Z 19 0 NMOS L=5.0U W-30.ZU
1424 22 21 11 0 NMOS L-5.ZU W-5.ffU
M2S 1 2Z 6 1 P14C'S L=5.0U W=10.OU
1426 22 23 11 1 P1405 L-5.OU W-1Z0U
1427 0 11 20 0 NNOS L-5.ZU W=15.ZU
1420 1 11 20 1 PIOS L=5.0U W=30.0U
1429 1 20 5 1 P1405 L=5.ZU W-10.OU
M3Z 25 24 Z 0 NMOS L-5.OU W=15.SU
1431 25 20 5 0 NMOS L=S.ZU W=15.ZU
1432 1 5 26 1 P1-IC'S L-5.8U W=10f.8U
1433 1 2 4 5 1 P14(15 L=S.ZU W=10.BU
1434 27 5 26a 0~ NPOS L=5.ZU W-230.ZU
1435 0 23 14 0 NMOS L=5.OU W-15.ZU
1436 20 2 27 0 NPIOS L-5.0U W-30.ZU-
1437 1 20 14 1 PNIOS L=5.ZU Wm3..G0U
1438 1 *2 26 1 P1C'S LsS.8U W-10.0U
1439 1 ^30 2 1 PMC'S L-5.0U W-10G.0U
1440 31 21 23 0 NI1OS L=5.ZU W=5.ZU
M441 0 23 29 0 NH~OS L=S.0gU W=30.ZU
1442 32 11 Z Z N,'IOS Ls5..0U W-15.0dU
M43 3 2 309 2 13 NM-OS L=5.ZU W=15.O9U
1444 1 11 2 1 P11I'S L=S.OU W=10.ZU-
1445 31 23 23 1 FMOS L=5.OU Wm10.ZU
1446 1 23 2G 1 Pr-os L-5.OYU W=10.ZU
C47 1 0. 01601P F
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C48 28 0 0.207PF
C:49 21 0 0.51PF
C5Z 0 0 8.1174PF
C51 11 0 0.297PF
C52 2G 0 0.134PF .
C53 2 0 0.274PF
C54 29 0 0.86PF
C55 14 0 '.282PF
C56 5 0 0.283PF
C57 20 0 0.151PF
C58 6 0 0.303PF
C59 19 0 0.86PF
C6, 7 0 0.Z71PF
C61 13 0 0.134PF
C62 12 0 0.86PF
C63 3 0 0.SZPF
VAO 31 0 PULSE (OV 5V DNS NS INS IONS)
VBO 22 0 PULSE (OV OV DNS DNS rNS IONS)
VPHI1 21 0 PULSE (5V 5V 0NS DNS DNS IONS)
VPHI1BAR 23 0 PULSE (0V OV DNS INS INS IONS)
VSO 30 0 PULSE (OV HV DNS DNS ENS IONS)
VSI 24 0 PULSE (0V OV DNS INS INS IONS)
VS2 9 0 PULSE (5V 5V DNS INS INS IONS)
VS3 18 0 PULSE (5V 5V DNS INS 0NS IONS) .
VPI 3 0 PULSE (OV 5V 4NS DNS INS 2NS)
VPIBAR 8 1 PULSE (5V OV 4NS INS DNS 2NS)
.TRAN 0.5NS 40NS;
.PLOT TRAN V(13) V(26) (0V,5V)
.END
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........ ~ SPICE 2G.1 (15OCT65) ..... 6,15 ..

9 CMOS/SOS SITSLICE SECTION I WI1TH FOUR MODES PRECKARGED Al

TRANSIENT ANALYSIS TEMPERATURE , 27.01 1E6 C

.............................................................................................

9LEE.ND,

,V(13)

V(26)
x

TIME V(13)

------ R. d-96 1.25#d'#& 2.55899E 3.7118d-91 S.189

2.898-9 S.99839 .
2.168-9 6.996c8.69 .
3.889d-69 5.866d.98...
3.Sffd-89 5.89cfd.93
.099d-9 S.9998.39 . .

5 8948-9 5.998*9 .d

5.58$d-09 4.996d-NE..

6.9998-999 4.389 9 d .A..
E.9d-9 4.68. ..

7.0d-99 4.5244-8.3

6.9998-9 3.17d:8.6

9.59d-9 2.9478 9..
lANsd-eS I.5258.d

BE59-9 4.34#d_1.. *
1.2.3d-98 2.632d-I of
1.2S98-98 I.5968-31..f
1.309d-8- 9.263d-92 .
1.3S56-68 5.611d82 .
1.499d-IS 3.167d-92 *.
1.458-6 1.656d-92 * .
1:191 -:0 1:9938-9:2* * .

.509d-9 698-3

1.600d-60 3.863d-63 *

:A.6-9 I.489

2.996d8 9 S.2478.9 .. . *
2.259 -9@ 0.3989d-91. .

2.258-68 3.275d-8*3

2.356d80 4.2915966 ..

2.596d-fl 4.747d-8.9
2 .55@d-68 4.879869d:::.
2 .62*-60 4.117989 .d.

2.6598-96 4.917d-Of ..

Z.C00od-00 4.974d-99...
2.0338-98 4:.9S2d*I1 ..

2.919d-9. 4.'. ..
3.90.19S 45d6 . . .2:O

3.2 8I 49689 of ..

3.100.J_00 4.997d*9 O..
3.158-68 4.9?899 o.

3.2368-6 4:.9d9.9

3 .309.j:98 4.9989 d

3:4998-0 S:993d:6 ..

3.459-9-8 S.91993 ....

3.556.1-66 S.6998.9 . .
3:6968 5998 9 . . .B

3.9098-90 5.99~96

3.99.-6 S.998.69. .

3.986d-60 5.68ld . .

4.968d-00 5.016d.40..

Figure C-15. SPICE Plot Section 1 Input 010 Four

Node Precharge with Basic Gate Widths
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I******12/0/84 ~SPICE ZG.1 (15OCT80) ***0:3:4a*

a CMOS/SOS BITSLICE SECTION 1 WITH FOUR NODES PRECHARGED

INPUT LISTING TEMPERATURE = 27.080 DEG C

.WIDTH OUT-80

.OPTIONS ITLI.5ir0 IT15=0

.MODEL NMOS NMOS; (VTO-IV TOX= 7SNM UO=400 NSUB-2.SE16 LDw8.7UM)
.LEVEL-1
.MODEL PMOS PMOS; (VTOw-IV TOX=75NM UO-200 NSUB-3E15 LD-0.7UM)
+LEVEL-1IVDD I 0 DC 5V
MI 1 3 2 Z NMOS L-5.0U W-5.ZU
M2 1 3 5 0 NMOS L=5.BU W=5.OU
M3 1 3 6 0 NMOS L-S.SU W-5.ZU
M4 1 3 7 0 NMOS L-5.0U W=5.OU
MS 2 8 1 1 PMOS L=5.OU W=10.ffU
M6 5 8 1 1 PMOS L-5.BU W-10.0U
M7 6 8 1 1 PMOS L-5.OU W-10.0U
M8 7 8 1 1 PMOS L-5.0U W=l0.ZUb
M9 1 9 7 1 PMOS L=5.OU W-10.ZU
MIS 10 9 7 0 NMOS L-5.0U W=3Z.IU
Nil 12 11 10 Z NMOS L-5.0U W-30.#U
M12 1 11 7 1 Pt4C'S L=S.BU W-10.OU
M13 1 7 13 1 PI4C'S L=5.ZU Ws10.OU
M14 0 14 12 0 NMOS L-5.OU W=30.0U
MIS 16 6 0 0 N14CIS L-5.ZU W=15.OU
M16 16 7 13 0 NMOS L=5.OU Wm15.ZU
M17 1 G 13 1 PMOCS L=5.OU W-10.0U
M18 1 14 7 1 PMIC'S L-5.8U W-10.OU
M19 1 14 6 1 PlICIS L-5.ZU W=10.OU
M20 17 14 6 0 NMOS L-5.0U W-30.ZU
M21 19 18 17 0 NMOS L-5.OU W-30.0tU
M22 1 13 6 1 PMC'S L-5.8U W-I0.0U
M23 0 2'Z 19 0 NNOS L-5.ZU W=30.OU
M24 22 21 11 Z NMOS Lw5.ffU W-5.ZU
M25 1 20 6 1 PI4OS L=S.OU WwI10U
M26 22 23 11 1 FMOS LwS.OU W=10.0U
M27 0 11 20 0 NNOS L-5.HU W=15.ZU
M213 I It 20 1 PHOS L-5..OU W-30.ZU
M29 1 20 5 1 PIS L=S.BU W=10.0U
M30 25 24 0 0 NMOS L-5.0U Ww15.OU
M31 25 20 5 0 NNOS L=5.kYU W=15.OU
M32 1 5 26 1 P140S L=S.ZU W=10.OU
M33 1 ;?4 5 1 Pt4CIS L=S.0U W=10.0U
M34 27 3 26 0 NMOS L=5.ZU W-30.0U
M35 0 23 14 0 NNOS L=5.ZU W=15.0U
M36 29 2 27 0 N14OS L-5.0U W=30.ZU
M37 1 23 14 1 PMOS L=5.HU W-30.ZU
M38 1 2 26 1 P11ICPS L-S.ZU W=1O.0U
M39 1 "0 2 1 P140S L=S.OU W=10.ZU
M40 31 21 20 0 NMOS L=5.ZU W=5.ZU
M41 ig 23 29 0 NMOS L-5.ZU W=30.A0U
M42 32 11 Z 0 NMOS L-5.ZU W=15.AYU
M43 32 OZ 2 0 NMOS L-5.ZU W=15.)UU
M44 1 11 2 1 PMCIS L=S.0U W=1Z.ZU
M45 31 23 23 1 FMOS Lw5.0U W=19.0U
M46 1 23 26 1 P1,OS L-5.OU W-10.,qU
C47 1 0Y Z.1602PF
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C48 210 0 0.207PF
C49 21 0 kl.51PF
C53 0 0 0.1174PF
C51 11 Z 0.297PF
C52 26 0 0.134PF
C53 2 0 0.274PFIC54 29 0 0.86PF
CGS 14 0 6.202PF
C56 5 0 0.283PF
C57 20 Or 0.151PF
C58 6 0 O.303PF
C59 19 0 0.86PF
C60 7 8 0.271PF
C61 13 0 0.134PF
C62 12 0 0.86PF
C63 3 0 0.50PF
VA0 31 0 PULSE (5V OV ONS ONS ONS IONS)
VBO 22 0 PULSE (OV OV 0NS 0NS INS IONS)
VPH!1 21 0 PULSE CSV 5V INS ONS ONS IONS)
VPHIIBAR 23 0 PULSE COV IV INS INS INS IONS)
VSO 30 0 PULSE (OV OV 0NS ONS INS IONS)
VSI 24 0 PULSE (OV OV INS ONS INS IONS)
VS2 9 0 PULSE (5V 5V ONS INS ONS IONS)
VS3 18 0 PULSE (5V 5V 0NS INS INS IONS)
VP1 3 0 PULSE (f(V 5V 4NS INS ONS 2NS)
VPIBAR 8 0 PULSE: (5V 0V 4NS INS ONS 2NS)
.TRAM 0.5NS 40NS
.PLOT TRAN V(13) V(2G) (OV,SV)
.END
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I -",9I I- .. 1 / ... .. .. SPICE 2 ..-. . . ........ I,32C8 ...'S-t9..

f CMOS/SOS SITSL.ICE SECTION I WITH FOURS NODES PRECHARGED k91

8* TRANSIENT ANALYS IS TEMPERATURE * 27.196 DEG C

................................................. ........ ........... ................

AL IENOt

V'13'

TINE VII3)'---- . d88 I.25*d.I5 2.559-..2 -.7184.gg

4.E _1-8 d.75-68S

2.8914-89 9.9754-9 X
1.0 -99 9.864-93 1
3:5609-9 9.0:90s3

2.504d-99 9.160d-6.

6.568d-f9 3.178d-4 - .

4.9994-81Z19.9444-9 *4 .

6.9994-8 T .6N1EN ANLYI T. PRTR F~l E '

6.099d-99 3.077d-93
7.5004 -69 3.257d-822-

X::: 9 "6:

6.9994,-991 9.678d-92 .@ ..

S.310d-9 2.23d -I . "

9.064d-89 3994SI .

9.596d-69 6.d ed4-I . .

.9584-96 I' .44S4.9 ..
d.946 :.946d.9

a.~dO Iid-I •

1.5:d-9S 2.477d.69

I4.2984-ES 91.' 89 * *

1.2# 9d-9 3.45d-I4

,.25 d:-0 3.426d 4 . .

36:Bd-I 3. 8Zd-S 3 :

I.ShEd-W8 4.17d- *
I.40@d-9 4.37+d-/ . 4

so'08"-d 4.667d.66
1.558d-09 4.73d.l .

I.69d-3 ,S4 .6.69d-O .

I.906d-W8 4.*549dB *
1.709d-8 I.49 el 9

1.75$d-90 4.49Sd6 8-

2.3o6d-g8 4.14d+I*."

2.I484-98 
4.d*92.4IS4-E 4.2I1d. 09o

2.2864-8 _ 2 .7514.19

2.25#d-98 2.162d*89 •.

2.30@d-ES 1.634.99 ..
2.3594-86 I749, *
2.486d -68 7.628I
Z 2.5d-8 4.94SdI . S"

2.5958-68 4.?l5d-SI .• .

2.5d-68 I.62d-9I .. d:-
2.696,4-40 9.9t64-2

2.656d-66 5.79*4-92.* .

2.75S94-66 S-66d-02 31

2.834d-66 1634-e6 1

a.546 I.4-63 3
2.9l9d-96 3.I66d4-63 31
2.95d-18 I.6 04-63 31

3.004-60* 7.965d-It 1 .

3.64d6 4.8$'-6' 1 d X
3.106d-38 .52d-64 X3

3.Z!@4-60 8.3154-IS 31X
3.2d-68 4.1.4-65 1 X

.-66d-18 2.9l.6- 13 .

3.5-6 d I311d-f. 31
3.S d-O S.59d-66 3X
3.46d- d 37 -d-
3.5Y1d-0 2. 3d::6 X- 31
3.556d- I I.15d-66 3

3.SdO 7.1d8 X

3.60d-8 6.9 7d-37 3 .

3.6564-99 4. d40 31X3.Cav,-a8 2.4Id-073
3.758~4-.6~5 .~9d -7 -

3.206d-68 I4794-07 31 .. %

3.CS0J-UO 1.3166 7 31
3. 9801-8 I .662d-7 X
I3. 9se6-00 9.655d84-S3
4..d-0 9.4-3d-00 X

*Figure C-16. SPICE Plot Section 1 Input 101 Four
Node Precharge With Basic Widths
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1*******12/01/84 *** SPICE 2G.1 (15OCT80) ****03:9**

a CMOS/SOS; BITSLICE SECTION 1 WITH FOUR NODES PRECHARGED

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-89

.OPTIONS ITL1=SirO ITL5-Z
MNODEL. NMOS 110S. (VTO=1V TOX=75NM UO=400 NSUB=2.5E16 LD=0.7UM)
+LEVEL-1
.MODEL PMOS PMOS; (VTO-1V TOX=75NM UO=200 NSUB-3E15 LD=0.7U4)
+LEVEL-1
VDD 1 0 DC 5V
MI 1 3 2 Z 14140 L-5.ZU W-10.0U
142 1 3 5 0 NMOS L=5.HU W=10.OU
143 1 3 6 0 NMOS L-5.ZU W=10f.0U
M44 1 3 7 0 NMOS L-5.8U W=10.OU
M45 2 8 1 1 PMOS L-5.ZU W=20.HU
MG6 5 8 1 1 PMOS L-5.OU W-20.OU
M7 6 8 1 1 P1405 L-5.ZU W=20.ZU
M48 7 8 1 1 PHOS L-5.ZU W=20.OU
M 19 1 9 7 1 P1405 L-5.ZU W=10.0U
MIR 10 9 7 0 NMCIS L-5.8U W-30.ZU
1411 12 11 10 0 NM140 L.5.8U W=30.ZU
M412 1 11 7 1 PM4CS L-5.0U W-10.ZU
1413 1 7 13 1 PIS L-S.OU W-10.OU
1414 0 14 12 0 14140 L=5.ZU W-30.ZU
1415 16 6 0 0 N14CPS L=5.ZU W-15.0U
1416 16 7 13 0 N14OS L-5.ZU W=15.0U
1417 1 G 13 1 PMO~S L-5.ZU W=10.6U
M418 1 14 7 1 PI4CIS L-5.0U W-10.ZU
1419 1 14 6 1 PMC'S L=S.0U W-10.ZU
1420 17 14 6 0 14140 L=5.ZU W-30.ZU
1421 19 13 17 0 NIMOS L-G.ZU W-30.ZU
1422 1 I8 6 1 PMC'S L-5.8U W-10.ZU
1423 0 '0 19 0 NMOS L=5.OgU W-30.0U
1424 22 21 11 0 NMOS L-5.0U W=5.9U
1425 1 20 6 1 PMCIS L-5.0U W-10f.0U
M426 22 23 11 1 FMOS L-5..0U W-10.ZU
M27 0 11 20 0 NMOS L=5.ZU W=15.0U
1428 1 11 20 1 PMOS L=5.0U W=30.OaU
1429 1 270 5 1 PMCIS L=G1.ZU W-10.ZU
1430 25 24 0 0 N140S L-5.jJU W-15.0U
1431 25 20 5 0 N14OS L=5.ZU W=15.0U
1432 1 5 26 1 PMC'S L=S.0U W=10.0U
1433 1 24 5 1 PMCS L=S.0U W=10.0U
M34 27 5 26 0 NMOS L=5.OU W-32..OrU
1435 0 20 14 0 14140 L=5.0U W=15.ZU
1436 23 2 27 0 NMOS L=5.OU W=30..JU
1437 1 2 0 14 1 PMOS L-5.OEU W-3Z.VU
1438 1 2G2 1 PH1CS L=5.0U W=10.0U
1439 1 7.f 2 1 PlQO L=S.0U W=10.0JU
M440 31 21 23 0 N1,ioS L=5.OU W-5.VU

KM41 0 20 29 0 NMOS L=5.ZU W-30.ZU
1442 32 11 0 09 14140 L-5.HU W-15.ZU
1443 32 30 2 0 lIMOS L-5.9U W-15.0gU

1444 1 11 2 1 PM4CS L-5.ZU W=10.0U
Mj 145 31 23 28 1 F14OS L-5.0U W=19.ZU
M446 1 23 26 1 P1405 L=S.klU W=10.OU
C47 I ;0 Z.1602PF

C- 38



C48 28 Z 0.297PF
C.9 21 0 0.51PF
C5Z 0 0 Z.1174PF
C51 11 0 0.297PF
C52 26 0 0.174PF
C53 2 0 0.274PF
C54 29 0 0.36PF
C55 14 0 0.202PF
C56 5 8 0283PF
C57 20 0 0.15IPF
C58 6 0 0'.303PF
C59 19 0 0.86PF
C60 7 0 0.271PF
C61 13 0 0.134PF
C62 12 0 0.86PF
C63 3 0 0.59PF
VAZ 31 0 PULSE (OV 5V DNS 9NS eNS IONS)
VBZ 22 0 PULSE (OV OV INS ONS DNS IONS)
VPHII 21 0 PULSE (5V 5V fiNS ONS ONS IONS)
VPHIIBAR 23 0 PULSE (O9 V NS 0NS ONS IONS)
VSO 30 0 PULSE (OV OV OHS DNS DNS IONS)
VSI 24 0 PULSE (OV 9V ONS ONS ONS IONS)
VS2 9 0 PULSE (EV 5V rNS INS ONS IONS)
VS3 18 0 PULSE (5V 5V DNS ONS ONS IONS)
VP! 3 0 PULSE (FV 5V 4NS ONS DNS 2NS)
VP1BAR 8 0 PULSE (5V ZV 4NS OHS OHS 2NS)
.TRAN Z.5NS 40NS:
.PLOT TRAN V(13) V(26) (OV,5V)
.END

C-3

C-39



I"......12/11 ........ SPICE 21.1 (ISOCT8) ........ 19,36,49 .....

8 CMOS/SOS BITSLICE SECTION I WIT" FOUR NODES PRECHARGED XL

a .... TRANSIENT ANALYSIS TEMPERATURE - 27.989 DEC C

.. . . . . . ..............................................

OLEGEND,

V(131

TIME V(13)

9------ . d-96 1.258199 2.Sf998.99 3.7S98.69 5.9698.9W6

1:. :*9 S . B*P d* S 

1.5968-99 5.99d.69 X.'.5N d- 9 S. f•d-ff x
Z.969d- 9 5.E8.9d .
3.5off-89 S.99d.6f
3* Red-09 S.f fd-ff

3.5 98-69 S 85.9 d68. .
4.9694-99 5.96.989

d.5E6.4- 9 5.98889
6.6098-69 4.9 0d.W9 ..
5098-69 4.974d86 .. .

6.906d-99 4.663d.: ...6.506d-09 4.2148.69 ..
7.988d-$9 3.293d621 .d:
75@8d-69 2.948d99
.999d-99 2.d9899 .

6.599d-69 1.6C7d.9 . .
9.098d-99 I.It6d*0 .
9.599d-:9 7.624-WI .
1.00'd'-6 4.7Sd-6l .
I*650d- 0 2.093d-61 .
1.1,8d-08 1.668d-61 *1.15o4-ou ,.o998-6 .0 .

d.96-6 148d-92 .X
I.ZS09-90 3..1'4d-9 *2
1.350-88 1.12d-02

I.440-1-80 5.777d-63 "1.450d-00 3.21d-93
I.508-90 1.011d-63
".508d-08 9.403d-64 "
1.6504-DO 4.578d-63 .

1.700d-95 .719-62
.756d-08 5.378-62 *.
I.08- I.2 8-9I .
I.7568-90 2.316-e1 . .
,.97-U 8 4.51d- S d-e1 .
1.358d-68 7.17d-9 .

2.08d-08 -1.86d-8f ..-
2.60d-08 1.53d.6 .8
Z..,9d-E8 2.S!7689 .*

2.700,J-8 3.gC2d.-6 .
2.218d-80 3-$f7d-f8. 9 .
2.308d-8 3.89Sd-6 . .
2*40dW 4.169d.99 . .
2.409d-90 4.48ld66 ..d
2.458.d 8 4. 592 d.69 ..
2.508d-8d 4.7l98.WE
2.556d-8 4.7998f69 . -2.6008-98 4.9.7d8+O . -
2.658-88 4.95d 9 . .2.7884-88 4.9768.69 . ..-
2.7508-00 845 7d*96 . •"
2.8;08-s8 4.79d.69 ..-

2.959d-98 4.991d8 :
3. 00 ,-00 4.994d.09
3.950,J-08 4.9?6d:O.
3.100,j-0 4.97d.0
3.15aJ-00 4.990d0 .
3.20d-00 4.999d8.00 .
3.250J-:0 4 9 99d 09 . *
3*700.J-98 4.999d.0 .. .3.256.1-65 5.0968.00 .
3.406.-90 5.0 968. .L.

3.450,J-08 5.986d.09 . .. ,3.5 00.-00 go 5.0 .69 ..

3.550.1-60 5.9868.06 . ".'3.600,4-98 5.*9d+86
3 .6 5 0 , - 6 5 5 . 98 d 0 8 9 .

3.750.1-00 5,868d.66 . ".

3.6208-00 5.e8d86 1. .3.700.1-90 0 5.9P68 d
3.750*1-0 5.98d986 . .

4.00J-08 5 .-8fl.d of

Figure C-17. SPICE Plot Section 1 Input 010 Four
Node Precharge with Gate Widths x2
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1******1/01/4 ~ SPICE 2G.1 (15OCT80) *****f-*W05:46:Z3*****

0 CMOS/SOS BITSLICE SECTION 1 WITH FOUR NODES PRECHARGED

INPUT LITING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITLI=5frZ ITL5-0
.MODEL NMOS lIMOS, ('/TO=IV TOX=75NM UO=400 NSUB-2.5EI6 LD-0.7UM)
+LEVEL=l
.MODEL PMOS PMO. (VTO-1V TOX=75NM UO-200 NSUB-3E15 LD-0.7UM)
+LEVEL=l
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L=5.0U W'-'1.ffU
M2 1 3 5 0 NMOS L=5.ZU W=10.ZU
M3 1 3 6 0 NMOS L=3.ZU W=10f.0U
M4 1 3 7 0 NMOS L=5.ZU W=10.0U
M5 2 8 1 1 PMOS L-S.ZU W=20.ZU
M6 5 8 1 1 P1405 L-S.ZU W-28.ZU
M7 6 8 1 1 P1405 L=5.ZU W=20.ZU
M8 7 8 1 1 PMOS L=5.0U W=20.ZU
M9 1 9 7 1 PMOS L=5.0U W=10.ZU
MIZ 10 9 7 0 N140S L=S.BU W=30.ZU
Mll 12 11 10 0 NMOS L=5.ZU W=30.OU
M12 1 11 7 1 PMOS L=5.ZU W=10.OU
M13 1 7 13 1 P1405 L=5.0U Ws10.ZU
M14 0 14 12 Z NMOS L=5.ZU W=30.ZU
M15 16 6 0 0 NNHOS L=5.ZU W=15.ZU
M16 16 7 13 0 NM~OS L=5.OU W=15.0U
f4i 7 1 G 13 1 Pt1105 L=5.OU W=10.OU
KIS 19 14 7 1 F140S L-5.ZU W410.ZU
M19 1 14 6 1 PMIICS L=5.OU W=10.OU
MZ0 17 14 G 0 N1-OS L=5.2OU W=39.ZU
M21 19 13 17 Z NIMOS L=5.ZU W=30.OU
M22 1 18 6 1 PIIOS L=5.ZU W=19.ZU
M23 0 20 19 0 NMOS L=5.OU W=30.ZU
M24 22 21 11 0 NMOS L=S.OU W=5.0U
M25 1 20Z 6 1 PMCIS L=5.0U W=19.ZU
1426 22 23 11 1 FMOS L=S.ZU W-10.0U
M27 0 11 - Z NMOS L=5.0U W=15.ZU
M 2 G 1 11 20 1 PHOS L=5.ZU W=39.ZU
M29 1 20 5 1 PIS L=5.0U W=10.ZU
M30 25 24 0 0 NNOS L-5.0qU W=15.ZU
M31 25 20 5 0g NPIOS L=5..OU W=15.,UU
M31 I 1 1 6 1 PIIC'S L=5.ZU W=10.ZU
M33 1 24 5 1 P1C'S L=G.OU W=10.ZU
M34 27 3 2G 0 NWIOS L=5.2U W=30.ZU
M35 0 2- 14 0 NMOS L=5.fIU W=15.ZU
m36. 2920 27 0 NMOS L=.OU W=309.ZU
M37 1 2o3 14 1 PMOS L=S.OgU W=3jJ.f)U
M30 1 2G2 1 PIIC'S L=3j.ZU W=10g.ZU
M3 1, 5 i 2 1 P1iC'S L=S.ZU W=10j.ZI
M4Z 31 2 1 23 0J NMIOS L=5.ZU W=5.OGU
1141 0g 2 Q 29 Z NM*OS L=5.HU W=3.0.U
M42 3 2 11 :Y Z NHOS L=5.DU W=15.ZU
M43 32 'AY 2 0~ IMOS L=5.S0U W=15.ZU
M44 1 11 2 1 P140S L=5.0U W=10.ZU
M45 31 23 20 1 F-MOS L=5.ZU W=10.OU
M46 1 20 2G 1 PMOS L=5.'OU W=10.ZU
C47 1 AY Z.1I602P F
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CA C3 23 0 0.207'F
C -. 9 21 Or 0G.SPF
C 5.J 0 0 0. 1174PF
C51 I11 0 9. 297PF
C5Z 26 0 0g.134PF
C53 2 0 Z.274PF
C54 29 .3 O.8GPF
C55 14 0 9.202PF
C5G 5 0 Z.233PF
C57 20 0 0. 151PF
C58 6 Z AO.303PF
C59 19 0 0.86PF
CGO 7 0 0.271PF
CG1 13 0 0.134PF
C62 12 0 0.86PF
C63 3 0 O.5OPF
VAB 31 0 PULSE (5V ZV OHS ONS OHS IONS)
VBO 22 0 PULSE (OV ZV ONS 0NS OHS IONS)
VPHII 21 0 PULSE (5V 5V OHS OHS 0NS IONS)
VPHIICAR 23 0 PULSE (Oy OV ONS ONS ONS IONS)
VSO 3Z 0 PULSE (OV OV ONS OHS OHS IONS)
VSI 24 0 PULSE (OV OV OHS OHS 0NS IONS)
VS2 9 0 PULSE (EV 5V ONS ONS OHS IONS)
VS3 18 0 PULSE (5V 5V OHS ONS OHS IONS)
VP1 3 0 PULSE {OfV 5V 4NS OHS OHS 2NS)
VP1BAr 8 0 PULSE: (5V OUV 4NS OHS OHS 2NS)
.TRAN 0.5NS 4ZHS
.PLOT TRAN V(13) V(26G) (OV,SV)
SENID

C-42
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I ....... /l/84 ...... SPICE 26.1 (ISOCT9E) **E.... "4 ..

a CMOS/SOS ETSLICE SECTION I VITH FOUR NODES PRECHARGEO AM

9*** TRANSIENT ANALYSIS TEMPERATURE - Z7.799 DEC C

...............................................................................................
- .

- -LECE. -. -

X " X

TIME V(13)

XC'*)--------------u. d-93 1.289d.99 2.5594.99 3.759d.95 5.5994.99"•'

9. 'P99 9.9354-98K.

I.599d-69 9.$55d-IN8.
2.99d-99 9.535d-IN X

2.5549 ' f4E K d
2.999d-99 9.935d-9N 8 X
2.994-99 9.9Sd-E8 ..
3.1394-99 9.96d-E.
3.Sg#d-#9 9.9 - .
4.909d-99 9.944d-98
4.5994J-39 9.9754-96
S.ee9d-99 .149d-98

5.594-9 91..94-96.9934-IS 9.6244d-988

6.5Ed94- 9 9.774d-98 .
7.9094-99 N.399d4
7.591d-IS 1.399'2
.99d-99 8.397d-02 .
7.S99d-9d 1.453.-1 I .
9.964-99 2.7434-lI . .
9.*:9d-9 4.993d-92 .
2.990.-d 7977 ) 4 .

'.::S~d-.8 I l Od* r P.

1.2d989 0 1.624d9.2.2534-EN 2.142d*99 .. .""

I.254-90 3.Z44d9 . *. a
1. 306-9a 3.5974.39 . .
2.359d-93 3.966.99 . .

2.4094-98 4.2294*9. . .

2 .4594-E 4.4,6.09d . .*
I.S0d-:0 4.691d0 *.

1.5594-8 4.732de80 . "
2 .609,J-98 4.8574.99 . • -

d:.5:,9-8 4.314d.99 . "% *2.7094-SN 4.9954.08 . .r •
1.7.6d-08 4.926d., - .
1.70d-9e 4.97d99 .

I.0S0d-00 4.917d'0 0 .
1 .9098d- 4.843d.E9

2.0094-08 4.454de99 .* .
2.900d-9 4.1449d99 .. . a
2.109d-98 3.72 9d.9 ..
2.15@d-08 3.247d*09 . a
2.299d-98 2.7998009 * "

2.255d-90 2.143d4*0 *
2.30d:-3 1.594,d*9 a a
Z.35Id-98 1.137 4799
2.49d-98 7.648-El
2.4Sed-98 4.7'- Old- a "
2.S99-98 3.01 7d*I
2.SSd14-8 1.744d-91 * 

"°-
2. 650-98 l.923d-El "-.
2.659d-98 5.8324-9 2 .•
2.7004-0 3.35.d-92 X
2.7Sd-96 1.777d-92 X "
2.8: d90 12.979d-902 X

2.79004-_. 3:.73d-63 X
2. 959d-U 1.799d-93 X
3.009-88 9. Z9d-64 X
3.050:1-00 5.:7-94 X .
3.100,-fl 5 .0 d-94 X'"3,150,J-08 1.428d- 4 9 ". i

3.200.1-05 8.5d:5 X
3.250.1-90 4.54-d5 X .

3.',Od-:: 2.3.5d-95 X '
3.'58-9 1.369d-5 1 -39"
3.409,J-0 6.9e4-06 1 6

456d-68 3.9674-0 X.
3.Sq0-06 2.211d-0 .
3.559,J-00 1.1^2d-96 X "

3.6 8,1-6 0 7.1 6d- 7 X
3.650,-9e 4.1d8:-7 X
3.700d-00 2.56d-7 x
3.75Od-00 1.638d-07 X "
3.C000,-00 l.3'8d-17 X
3.056-98 .2-0 9.
.9.1- 1.d6-.7 X

. . . . . . . . . . . . . . . . . . . . . . . ..X3 .7504:-00 9.76 34-906 9
4 .904-90 9.447d-08 X

Figure C-18. SPICE Plot Section 1 Input 101 Four
Node Precharge with Widths x2
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1*******12/01/84 SPICE 2G.1 (15OCT80) ********05:49:30V0

9 CMOS/SOS BITSLICE SECTION 1 WITH FOUR NODES PRECHARGED

INPUT LISTI14G TEMPERATURE = 27.000

.WIDTH OUT-80

.OPTIONS ITL1=5k00 ITL5-0

.MODEL NMOS NtiQS (VTO-lV TOX-75NM UO=400 NSUB=2.SE16 LD=0.7UM)
+LEVEL=1
.MODEL PHOS PMOS, (VTO=-IV rOXs75NM UO=200 NSUB-3EI5 LD-0.7UM)
.eLEVEL-1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L=5.ZU W4w15.AYU
M2 1 3 5 Z NMOS L-5.0U Ww15.0U
M3 1 3 6 0 NMOS L-5.OU W=15.BU
M4 1 3 7 0 NMOS L=5.OU W-15.0U
M5 2 8 1 1 PMOS L-5.OU W=35.0U
M6 5 8 1 1 PMOS L-5.OU W=30.ZU
M7 6 8 1 1 PMOS L-5.0U W=30.ZU
M8 7 8 1 1 PMOS L=S.ZU W-3Z.OU
M9 1 9 7 1 PHOS L-5.ZU W=10.HU
MuZ 10 9 7 0 NfC'S L=5.0U W=38.ZU
Nil 12 11 10 0 NMOS L=5.ZU W=30.ZU
M12 1 11 7 1 PMICS L=S.OgU W-10.ZU
M13 1 7 13 1 PMOcS L=5.ZU W-l0.0U
M14 0 14 12 0 NNOS L=5.0U W-3Z.0U
M15 16 6 0 0 NMOCS L=5.ODU W=15.OU
M16 16 7 13 0 NMOS L=5.ZU W=15.0U
M17 1 G 13 1 Pl1105 L=5.ZU W=10.0U
M18 1 14 7 1 P110S L-5.OU W=10.OU __

S9M19 1 14 6 1 PMC'S L=5.0U W=10.ZU
M2Z 17 14 6 0 NMOS L=5.ZU W=30.0U
M21 1'J 13 17 0 INMOS L=5.ZU W=30.ZU
M22 1 18 6 1 PMOCS L-S.ZU W=10.ODU
M23 0 20Z 19 0 NNOS L=5.OU W=30.OU
M24 22 21 11 0 NMOS L=5.ZU W=5.OU
M25 1 20 6 1 PMOCS L=S.ZU W=10.BU
M26 22 23 11 1 FMOS L=5.BU W-10.ZU
M27 0 11 20 0 NHOS L=5.0U W=15.0U-
M28 1 11 2Z 1 PMOS L=5.0GU W=30.OU
M29 1 20 5 1 PMC'S L=5.ZU W=10.0U
M30 25 24 Z 0 NMOS L=5.kJU W=15.ZU
M31 25 20 5 0 lIMOS L=5.0GU W=15.OJU
M32 1 526 1 P1IC'S L=S.ZU W=10.ZU
M3 3 1 24 5 1 PIIC'S L=5.ZU W=10.ZU
M34 27 5 26 Z NN.OS L=5.0CU W=30.gU
M35 0 '3 14 0 NHOS L=5.,OU W=15.9U
M36 20 2 27 0 NNOS L=5..OU W=30.OU
M37 1 28 14 1 PMOS L=5.GrU W=30.ZU
M38 1 ? 26 1 PIIC'S L=S.0U W-10.0U
M39 1 -3 k 2 1 PMOCS L-S.ZU W=10.0U
M4Z 31 21 28 Z NMOS L=5.OUU W-5.kOU
M41 0 23 29 0 NMOS L =S.HU W=30.OqU
M42 32 1 1 3 0 NlOS L=5..YU W=15.!JU
M43 3,2 3Z 2 0g NHOS L=5.'JU W=15.OgU
M44 1 11 2 1 PIIC'S L-l5.OU W=14.0U
M45 31 23 28 1 FMOS L=S.0U W=10.OU
M46 1 23 2G 1 PNOS L=S.ZU W=10.0U
C47 1 J 0.1602PF
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-.

CSI 11 0 0.297PF
C52 26 0 Z.134PF
C53 2 0 0.274PF
C54 29 0 O.86PF
C55 14 0 O.ZB'PF
C56 5 0 0.283PF
C57 20 0 0.134PF
C58 6 0 0.303PF
C59 19 0 9.83PF
C60 7 0 0.271PF
C61 13 0 6.134PF
C62 12 0 0.86PF
C63 3 0 $.5ZPF
VA0 31 0 PULSE (OV 6V ONS ONS 0NS IONS)
VBZ 22 0 PULSE (OV 0V ZNS ON5 ONS IONS)
VPHI1 21 0 PULSE (5V 5V fNS ONG ONS IONS)
VPHIIBAR 23 0 PULSE (OV OV ONS INS fNS IONS)
VSO 30 0 PULSE (OV OV ONS ONS ONS IONS)
VSI 24 9 PULSE (ZV OV ONS ONS ONS IONS)
VS2 9 0 PULSE (SV 5V ZNS INS INS IONS)
VS3 18 0 PULSE (5V 5V ONS ONS ONS IONS)
VP1 3 D PULSE (fOV 5V 4NS ONS ONS 2HS)
VPIBAR 8 0 PULSE (5V ZV 4NS ONS INS 2NS)
.TRAN 0.5NS 40NS,
•PLOT TRAN V(13) V(26) (OV,5V)
.END

i..'
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*' -+'-; --. d-- j .

.I...*IZ/ . ... SPICE 2G6I (ISOCT69) .. *...... **1,4.*...

5 CMOS/SOS BITSLICE SECTION I WITH FOUR MOOES PRECHARCEO *""

. .... TRANSIENT ANALYSIS TEMPERATURE - 27.886 oE C

..............................................................................................

BLEGEND.

V. V(13)

TIME V1l3i

X(**) ------------ E. d899 1.2S5d589 2.S/d598. 3.7S&d-65 S.5998.99

ff. d-95 S.5558.11J - - - - - --------5.9d9-IS 5.01*d55 .

2.8fed-99 S.fred.99 .

2.S99d- 9 S.999d*9..Sold-i9 5:0,11*• X
3.598d-89 S.NI9d99 X
3.f9f8-99 5.9998.99 . .I3.Sffd-49 SMIlldill fi

4.666d-9 S.N98d.19 .

S :Sid:09 11*4 2d- ll5.09-9 4.9981
1.1998-99 4.7928.99 ...
6.9998d-99 4 .3998d9 . .... "
6. S998-99 3.6598.9 . .. ,

?,$•Nd-9 ZSi d*::7.9#d-89 2.923d8 8

8.599d-19 2.9 9~9d3 * *
S.99d-99 6.4998-Il . *

9.59d-99 4.55d--I . .
I.9598-90 2.48d-lI2 X1.959d-96 I.299d-l .. * .. '

1.199d-9 7.4598-92 .4
1.159d-98 4.32$d-92 . "1.26#d-90 2.424d-82 .
I.ZSd-98 1.396d-92 *

I :.~3 08-0 4 6198-3
1.4f9d-98 2.37Zd-93 .1.450d-60 1.317d-83 .1.509d-9 7.3M2d-94
2.5Sd-8- 3.776d-94 

•

1.6098-99 2.2698-94•
i.6S1d-.8 3.64-3 6 .2.7989d3 9.793d-03 .•
1.75#d-88 4.676d-82 . .
1.800d-08 1.194d-61* . -
I. Sd-08 2.1C3d-8 ** 1.
I.:",gd-98 4.199d-61 * .
1.95d-28 6.743d-82 1 .
2.99ed-98 1.649dN6 9 *
2.11508-00 .47d.99 ."
2.199d-00 2.973dN9 . .
2.1S:d:06 .S94d.99 .
2. 'j-08 3.914d.99 d . .
2.258d-98 3.4498.99 .d.
2.3998-96 3.043d89 .. . -6
2.358d-8 4.12478.9 • .
2,409d-96 4.S2.9. *'.

2.Sa9d-98 4.694d66
2.559d-96 4.7998d.f . . "-
2.60:d18 4.357d982. 6598-,8 4.999899d . ., . .*"a .
2 ,.7089 _ .. ~ 89 .3d::.
2.7598-08 4.994d.99 .
2.2i0,J-90 4.961d:9 . . "2.',59J-00 4.9t9d98N .
2.309.4-96 4.9968.99 .
2.7i.9.J-9 4.9994d9 .3.90:8J-6 4.9.9d .

3.1591-00 4.968.99 d:
3.I09.J-90 8.9978.99 . .-. '.
3.219d-99 4.99.9d9 .
3 .208-0 . .999I ..
3.,-OJ-90 4.99d8.9
3.306d-68 4.199d60
3.-50.1-18 S.999d.09 . •
3.400j1-00 5.99.d99 . *3.450.J-98 5.9998.99 .*. ..
3 .56 d-O .. g~d 5 "l
3.5S#9-90 S.1Iffd983.6598-98 5.999d.69 . *
3.6~5.-90 M S 9-*" 9 

-3
3.709-1-88 S.60d9.o
3.71,::1-9:0 5:99895.
3.2598-8 S.8.98d.. . .

3.398-0 5.0f,94d09 9 "

3.959.4-99 1.999d.99 .*

- Figure C-19. SPICE Plot Section 1 Input 010 Four"-
"-' .- - .Node Precharge with Widths x3

C4
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* -- 1*****1/0184 ***1I*SPICE 2G.1 (15OCT80) ********85:54:47*

0 CMOS/SOS BITSLICE SECTION 1 WITH FOUR NODES PRECHARGED

INPUT LISTING TEMPERATURE * 27.000

.WIDTH OUT-80
:OPTIONS ITL1=500 ITL5uI
.MODEL NMOS 1010S. (VTO=1V TOX-75NM UO-400 NSUB-2.5E16 LD=0.7UM)
;LEVEL-1
.MODEL PMOS PMOS. CVTO--1V TOX-75NM UO-200Z NSUB-3E15 LD-0.7UM)
'LEVEL-I
VOD 1 8 DC 5V
Ml 1 3 2 0 NMOS L-5.ZU W-15.IU
M2 1 3 5 0 NMOS L-w5.SU W=15.ZU
M3 1 3 6 0 NMOS L-5.SU W-15.OU
M4 1 3 7 0 NMOS L-5.ZU W-15.0U
M5 2 8 1 1 PMOS L-5.BU W-30.OU
M6 5 8 1 1 PMOS L-5.ZU W=30.ZU
M47 6 8 1 1 PMOS L-5.ZU W-30.ZU
MS 7 8 1 1 PMOS L-5.ZU W-30.OU
M9 1 9 7 1 PMOS L-5.0U W-180U
MIS 10 9 7 0 NMOS L-5.HU W-30.ZU
Mil 12 11 10 0 NMOS L-5.0U W-30.ZU
M12 1 11 7 1 PMCIS L-5.ZU W=10.BU
M13 1 7 13 1 PMCIS L-5.ZU W-19.OU
M14 0 14 12 0 NMOS L-5.OU W-30.ZU
MI5 16 6 0 0 NMCiS L-5.6U W=15.SU
M16 16 7 13 0 NMOS L-5.ZU W=15.ZU
M17 1 G 13 1 P110S L=5.ZU W-I10.ZU
M18 1 14 7 1 PMC'S L=5.0U W-10.0U
M19 1 14 6 1 PMC'S L=5.8U W=10.8U-
M20 17 14 6 0 NMOS L=S.ZU W=30.OU
M21 10 13v 17 0 N140S L=5.0U W=30.0U
M22 1 18 6 1 PMOCS L-5.ZU W-10.ZU
M23 0 2~19 0 NMOS L=5.ZU W-30.ZU
M24 22 2f 11 0 NMOS L-5.ZU W=5.ZU
M25 1 '20 6 1 PrICIS L-5.8U W-IZ0U
M26 22 23 11 1 FMOS L-5.0U W-10.0U
M27 0 11 20 0 NMOS L-5.ZU W=15.ZU
M23 1 11 20 1 PMOS L-5.0U W=30.ZU
M29 1 20 5 1 PMIS L-5.ZU W-10.ZU
M30 25 24 Z 0 NMOS L-5.HU W-15.OU
M31 25 20 5 0 NMOS L-5.OU W-I5..MU
M32 I 5 26 1 PMIS L=5.0U W-10.ZU
M33 1 24 G 1 Pt4C'S L*S.BU W-10.ZU
M34 27 5 '26 0 NMOS L-5.ZU W=30.ZU
M35 0 23 w 14 0 NNOS L-5.9U W=15.OU
M36 29 2 27 0 NMOS L=S..JU W=3Z.ZU
M37 1 23 14 1 PHOS L=S..OU W-3.0.gU
M38 1 2 26 1 P140'S L=S.0U W=10.OU-
M39 1 30 2 1 PM4C'S L-5.ZU W-10.ZU
M40 31 21 23 Z NMOS L-5.0U W=5.ZU
M41 0 2'3 2-) 0 NMOS L=5.ZU W=39..CfU
M42 32 11 J 0 N-IOS L=5.OGU W-iS.BEU
M43 32 30J ? AU NN-OS L=5..OU W=15.'jU
M44 1 11 2 1 P1-ICS L=S.OU W-10Y.ZU
M45 31 23 28 1 FMOS L=5.0U W=10U.ZU
M46 1 23 26 1 PMOS L=.OU W-1Z0U
C47 1 0Y 0.1602PF

C- 47



C 43 28 Or 0.207PF
C9 21 Z 0.51PF

CE30 0 0 0. 11 74PF
C, 1 11 0 0.297PF
C52 26 09 0.134PF
C53 1 0 0.274PF
C54 29 0 0.86PFIC55 14 0 0.292PF
C56 5 8 0.283PF
C57 20 0 0.151PF
C58 6 0 0.303PF
C59 19 0 0.86PF
CSZ 7 0 0.271PF
C61 13 0 0.134PF
C62 12 0 0.86PF
C63 3 0 0.50PF
VAN 31 0 PULSE (5V 0V ONS ONS ONS INNS)
VBO 22 0 PULSE (OV OV ONS INS ONS IONS)
VPHII 21 0 PULSE (5V 5V ONG ONS ONS IONS)
VPHI1BAR 23 0 PULSE (OV IV INS ONS INS IONS)
VSH 30 0 PULSE (OV 0'/ INS INS INS INNS)
VSI 24 0 PULSE (0V OV ONS INS ONS IONS)
VSZ 9 0 PULSE (EV 5V ONS ONS INS IONS)
VS3 18 0 PULSE (5V 5V ONS 0NG ONS IONS) b

VP1 3 0 PULSE (NrV SV 4NS INS ONS 2NS)
VPIBAR 8 1 PULSE (5V OV 4NS INS INS 2NS)
.TRAN Z.5NS 40NS:
.PLOT TRAN V(13) V(26) (OV,SV)
.END
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I-......:.w 1 2 ..... SPICE 2G.1 CISOCT88) ........ NS,.,4 .....-

9 CMOS/SOS BITSLICE SECTION I WITH FOUR NODES PRECHAAGED 9 '3

8".... TRANSIENT ANALYSIS TEMPERATURE - 27.89 DEC C

&................................................................................

ILEGEND.

1 3)
SV(26)

TIME V113)

X()..-)------------9 . d4.9 i.2S9d.9 2.569d959 3.75@d.88 S.Ef9d949

SEd*11 S.• -Sd::
1.8d-If I •Sd- x

1.94d-89 9.835d-88 X

1:16#d-11 1:.11S-
2. 0 -9 :::E-g •*

1.5239-99 9.35.-38 1
3.5994-99 9.014d-962.9994-9:9 9.9'38d9 1

4.5 -99 9.9599d-

5.684-09 9.48d-84:.994-99 9.:294-9

G.Od-9 9 . 7d-:g
,.I9d-9 9.44d-:5 

. "

0.9ed- 9 9.4 25d-*

S.999d- 9 3.342d-9
9.599d-99 1.935d-91 . "9.999d-99 2.986d-El . .

9.591d-89 3.52d-81 . .

•.9S9d-08 9.712d-83 .1.
1.199d-98 1.497d.9
1.15d-08 I.9f4d*9.299d-99 2.431d.19 . .

1.25 d-98 2.947.d99 .
3399-98 3.3994.99 . ""
•.3594-99 3.7914*99 . .'

I 406d-98 4.1 1d99 d14394-99 4.359de99 . .

".50d:.9 4.541.d O.
1.5r, -9 4 .640 .
1609d98 4.779d 0• .

.700d 0- 0 4. dd .

.7 0-0 4.,0id-N,::

1.O81-9 4.927d .1.900d-00 4.8T413: .

2.90d-98 4.68]d"*9 .* .

2.904-98 4.338d.08 .* .
2.196d-98 3.799d.09 .•

2.15d-9e 3.Z$8d9 * *

2.299d-98 2 .653d.9 *.
2.259d-9 2.3d:98

2.399d-99 1.53d.9 * .

2.359d-90 3l33d9*d - .
2.499d-89 7.382d-61 "
2.456d-98 4.87d-3 *"
2.566d-98 2.9Sd-92.5594-99 3.969d-93 * "-

2.6994-9 1.939d-91 ** "

2.655S-98 S.6 d-g2 d .0

2.709-00 3.994d-2 X "
2.750,-j1 1. 849d-2 X
2.¢30.J-eO 3.9354-92 13 "-

2.9694-99 5.3394-93 1 "-
2.9 ad.eO 3.2?9d-61 x"
2.90.3-0 1.711d-63 X
3.99d-99 9.3994-94 13

3.DSV4-00 5.279d-94 x
3. 04.1J-00 2.6;9d-04 X "
3.395d-9 1.527d-,4 "'
3.3003-00 .344d-5 1 .

3.2504-:8 4.1141d-5 3 X
3.: Zf9J-9 2.134OS X 1
3 .3594-00 1 .3994- X3
3.4004-00 6.892d-66 X
3.450d-8 3.947d-09 X "

3.S09- 0 2,.67d-96 X
3.550d-9 1.01d-96 X "
3.6,0d-8 6.961d-7 X
3.65:9-90 3.68d-:7 13
3.7 - 2.657d-07 1.-3 1.32
3.7504-99 3.8234-97 13
3.1390d-99 1.392d-97 13 "..'

3.856,-00 3.314d-07 X
3.9d-9O 3.9459d-7 13 X
3.9594-0 ,.824d- .8 X .

:.4z-9 .49-00 3

Figure C-20. SPICE Plot Section 1 Input 101 Four
Node Precharge with Widths x3
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Figure C-21. Basic Section 2 CLL Plot.

Figure C-22. Basic Section 2 Node Plot.
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Table C-4

BITSLICE BASIC SECTION 2 NODE REFERENCE LIST

GND a
Vdd I
NMOS 0
PMOS 1
28 2
7 3

4 5
30 6

27 8
3 9
13 15
32 11
9 12

P17 13

Ci5

IM



1**.**120184 ,~**SPICE 2G.1 (15OCT85f) ******02 :56:27*W****

0 CMOS/SOS BASIC BITSLICE SECTION 2 TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT*80
.OPTIONS ITLIsSEZ ITLS-Z
:MODEL NMOS NMOS. (VTO-1V TOX=75NM UO-400 NSUB=2.5E16 LDw0.7UM)
+LEVEL-1
.MODEL PMOS PMOS (VTO=-IV TOX-75NM UO=200 NSUB=3E15 LD-0.7UM)
+LEVEL=l
VDD 1 0 DC 5V
Ml 1 3 2 1 PMOS L-5.ZU W-10.ZU
M2 7 6 0 0 NMOS L=5.ZU W=15.ZU
M3 7 3 2 0 NMOS L=5.ZU W-15.0U
M4 1 6 2 1 PHOS L-5.ZU W-10.ZU
M5 1 2 8 1 PMOS L-5.0U W- 10. AU
M6 Z 9 6 0 NMOS L=S.HU W-15.ZU
M7 11 10 0 Z NMC'S L-5.0U W-15.OU
M8 11 2 8 0 NMOS, L-5.ZU W=l5.ZU
M9 1 9 6 1 PMOS L-5.ZU W-30.U
MIZ 1 10 8 1 PM4OS L=S.OU W-10.0U
Nil 1 12 10 1 PMOS L=S.ZU W-10.ZU
M12 13 9 0 0 NtICS L=5.OU W-15.OU
M13 13 12 10 0 NMOS L-5.ZU W-15.ZU
M14 1 9 10 1 P1405 L-S.ZU W-19.ZU
MIS 0 3 12 0 NMOS L=5.ZU W-15.OU
M16 1 3 12 1 PMOCS L=S.OU W=30.0U
C17 1 0 0.877PF
C18 9 0 0.279PF
C19 0r Z 0.951PF
C20 3 0 0.183PF
C21 12 0 0.10OPF
C22 10 0 0.116PF
C23 8 0 0.134PF
C24 2 1D 09.125PF
C25 6 0 0.101PF
Vltil 3 0 PULCE (5V 5V SNS ONS DNS IZNS)
VIN2 9 J3 PULSE (0V 5V GNS ONS DNS IONS)
.TRAN 07.5NS 40NS,
.PLOT TRAN V(G) (ZV,5V)
END
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I *... 12/61/84 ..... SPICE 2r.1 (15OCT690 .... 826,27 ....

a CMOS/SOS BASIC BITSLICE SECTION 2 TRANSIENT ANALYSIS

TRANSIENT ANALYSIS TEMPERATURE - 27.995if DEC C

.................................. .............
x

TIME VII)

x S. -d-90 1.258.5 2.5598.59 3.7558d.91f 5.098d99

9. 8.99f 5.5998.95 - - - - - ------

1.5984 9 S. 994*99 .

2.00#d-99 5.98*99
2.5998-99 5.99#d85
3.9994-99 5.9fd9989
3.6994-969 S.#9d899

5.8091-69 5.999*9 . .
5.5998_&9 S.S#9'9.o

6.5998- 9 5.9998.99.
7.9094-99 4.9968.99
7.5098fd -9 4.9^7.9.
86959899 4.71899. ..

0: d 8-9 4.43d::: .

9.59d-99 3.4298.9 ..
1:.;1:d-:0 2:1989

d.59-O 2.15d.9
1:.19981-96 1:,547,8*99 .

1.269d-9 .6d9
I .298-9 6.5#97d-oI

1.359d-as 1.2398-Efl..
1 .499d-68 6.7998d-92..
1.4S#4-08 2.736d-62.

1% .5509 1.9d:0-2
1.6098-8 6.149d-93....
1.6S594-68 3.4958-93
1.7904-90 2.1218-03 .

I.759d88 2.319d82
1:8884-98 I.1998-61..
1.858-00 3.23'l8-61..
1.9664-08 6.529d-91.

956d-00 1.1698.99 .

2. 959-98 2 361.9 d:.
2.18#d-98 2.952d*9 ..

2.299-9 3878 9 .d . .
2.2593898 4 .1618.99f
2.306d-98 4:4,':d ..
2.3294-98 _..6989 .# d:

2.45989 4, 89 Id.
2. 59:'-88 4.91d9 .##
2.5583-06 8.9148.9 ..
2.600d-08 4.942d.90
2:6'94-90 4.96#d-99.
2.70:d-08 4.974d*9 O..
2.71,9,-99 4.9828.9 ..
2.0664-30 4.914.99. .
2.669d-9 49928.9 .
2.9-Od-09 4.9048.99 .
2 ')So.J-00 4.9 68*9
3.9989 ? .989

.! .0501 4.99680d9.
3:1091-4-9 4:998.99 .

3.20094-90 A.999d-00

3.2r, -9-0 5.999899 .
3.4598-90: '.9:8.# .:

3 .74-9 5.999.99S
3.79.-995.9d:99.

3 799.J-98 5.9998.9 .

Figure C-23. SPICE Plot Basic Section 2 Input 010.
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1*******12/01/84 *****SPICE 2G.1 (15OCT80) *******03:16:43*****

0 CMOS/SOS BASIC BITSLICE SECTION 2 TRANSIENT ANALYSIS

0** INPUT LISTI14G TEMPERATURE - 27.000 DEG C

.WIDTH OUT=80
-OPTIONS ITL1=5f00 ITL5-0
.MODEL NMOS NMOS (VTO=1V TOX=75NM UO=400 NSUB=2.5E16 LD=0.7UM)
+LEVEL-1
-MODEL PMOS PMOS (VTO=-1V TOX=75NM UO=200 NSUB=3E15 LD-0.7UM)
+LEVEL-1
VOD 1 0 DC 5V
Ml 1 3 2 1 PMOS L=5.OU W=10.0U
M2 7 6 Z 0 NMOS L=5.ZU W=15.ZU
M3 7 3 2 0 NMOS L-5.OU W=15.ou
M4 1 6 2 1 PMOS L =5.HgU W=I0.0U
M5 1 2 3 1 PMOS L=5.DU W=10.ZU
MG Z 9 G 0 NMOS L=5.0U W=15.OU
M7 11 10 0 0 N14CS L=5.OU W=15.ZU
MS 11 2 8 Z NMOS; L=5.0U W=15.0v
M9 1 9 6 1 PMOS L=S.ZU W=30.0U
M1O I 10 8 1 PMC'S L=5.ZU W=10.0U
Mll 1 12 10 1 PMOS L=S.0U W=19.ZU
M12 13 9 0 Z NMC'S L=5.HU W=15.ZU
M13 13 12 10 0 NMOS L=5.OU W=15.OU
M14 1 1) 10 1 PlMC'S L=5.OU W=10.OgU
M15 0 312 9 NiHC'S L=5.ZU W=15.0U
MIG 1 312 1 P1405 L=5.ZU W=3Z.0U
C17 1 0 9.877PF
C18 9 J 0.279PF
C19 0 Z 0.951PF
C2Z 3 0 0.183PF
C21 12 0 0. 1007 F
C22 10 Or O.I1GPF
C23 0 Z Z.134PF
C24 2 0 U. 125PF
C25 6 C 0 .,71P F
VINI 3 0 PULSE (5V 5V 5NS ONS ONS IONS)
VIN2 9 .0 PUJLSE (5V 0JV E;NS ONS jUNS iONS)
.TRANI fJ.5NS 40NS
.PLOT TRAN V(8) (0gV.5V)

* . END
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.... 2/54/..... SPICE 25.1 (ISOCT6I .... 93,16,43 ..

8 CMOS/SOS BASIC AIISLICE SECTION 2 TRANSIENT ANALYSIS

...TRANSIENT.ANALYSIS ........
TEMPERATURE. * 27.9f6SEE C

........................................... ............................ ...

TIME V(S)

X 9. 8.6~d-6 1.2S9d-80 2.S59d.se 376.6 .sdb

of d.66d-o 9.93Rd-IN

1.6668d-## 9.9T5d-60
.56-LO 9.675d-#O

Z.9668-@q 9.0_z58-66
2.5068-69 9.9758-96
3.S9sd-09 9.#35d-0

3.d6-69 9.57d-00

4.59d:69 9.6d58-6
:.698-6 9.8-5

5.5DS8-9 9.6^58-d
I.E86 9.66ISd-66
r d- 6 "-

7.666-69 2 15Id-#2

7.989 .93-e . PC 11(S~l) *•Lell~le•

7.66d- : 1 322-I.
d-.699 6.2'2d1

9.966-09 1.165=19

1.6568-as Z.958d.66 .
I.1696 3.46.4d.6

1.25•d-60 44754 *3 *
I7 Z6 AJ-9N 0 A606 .TO N A
I.35:d-:: 4.7248*6 .
1. 40- T 4 A61686 d .:

1.45SU-00 4.87ld.66.
.506d-90 4.914d:09.%0 1.5568-9 4.13d.0

1.6508-66 4.973d-.

175 J- 4 .9 1.6

1.G a 3a .757d.6
1.9068-660 42I7d-00.
1.95#J08 3.994d.6Of
2.0004-08 3.416d-00
2.as 8-66 2.6966.
2:10080 Z. 80 2 .0'

2.15*d-66 I.SZ9d-60

2.256-66.186
2.9d- 6 4.69d-6 I

2.75-Il6: 3.1158-:1 .

2 .46Sad-6 US 2-I .-2
2 .456d-08 6.6S1-6 I .
2 .So68-6 3.711 d-62.
.5d-_66 1.9918d-62.

2 .6598-66 6.318d-63
2.761-0N 3 .694d -6 .
2 !50d-00 1.872d-63
N.706.J-O6 9.64-6.

7.950-0 1.4-7d-04.
3.000d-8 soN.316d-NS
3.050-80~ 4.4'8I8- S

3. 1.-06 1.3:6d-eS.

3.,S08-08 3.7!8-:6

3:35@d-66 I.I2Id-6

3.4568-68 4.0j58-6

3 .5aa-0 2.414!-q7a

3 .669-66 98.36;807

3.6668-IN I.I-673.7.6-O d.186
3. 7L0:;-:0 9. 7!Gd-00
3.C86J0 9.4.Z8-N.

3.1116d-6 .6 -6.
3 2.966- 9* - ** *

SRI66640 9:917-6

Sld-l S~ d-fS

Figure C-24. SPICE Plot Basic Section 2 Input 101.
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Figure C-25. Section 2 One Node Precharge CLL Plot

-4

Figure C-26. Section 2 one Node Precharge Node plot.
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Table C-5

BITSLICE SECTION 2 NODE REFERENCE LIST -ONE NODE PRECHARGE

GND 0
Vdd I
NMOS 0
PMOS I
27 2
52 3

14
58 5

28 6

4 8
30 9
47 10f
3 11
13 12
32 13
9 14
17 15
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1******Z/0/84SPICE 2G.1 (15OCT80) ********04:46:26****a

0 CMOS/SOS BITSLICE SECTION 2 PRECHARGED AT ONE NODE-

0** INPUT LISTING TEMPERATURE - 27.000 DEG C

.WIDTH OUT-89

.OPTIONS ITL1=SirZ ITL5=0

.MODEL NMOS NMOS. (VTO-1V TOX-75NM UO-400 NSUB-Z.5E16 LDwO.7UM)
+LEVEL-I
.MODEL PMOS PMOS (VTO--1V TOX=7SNM UO=200 NSUB-3E15 LD-0.7UM)
+LEVEL-I
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-5.0U W-5.ZU
M2 2 5 1 1 PMOS L-5.ZU W-IO.ZU
M3 1 7 6 1 PMOS L-5.OU W"10.OU 2
K4 10 9 0 0 NMOS L-5.ZU W-15.OU
M5 10 7 6 0 NMOS. L-5.ZU W-15.0U
M6 1 9 6 1 PMOS Lu5.ZU W-10.OU
M7 1 6 2 1 PrMOS L-5.0U W-10.ou
M8 0 11 9 0 NMOS; L-5.OU W=15.HU
M9 13 12 0 0 N140S L=S.HU W=15.OU
MID 13 G 2 0 NW'CS L=S.OU W-15.0U
Mul 1 11 9 1 P1HOS L-5.ZU W-30.OU
M12 1 12 2 1 P14C'S L=S.ZU W=10f.OU
M13 1 14 12 1 PMOS La5.OgU W=10ZU
Nl' 15 11 0 0 NMOS L-5.OU W-15.ZU
MI; 15 14 12 0 NMOS L-5.0U W=15.OU
M16 1 11 12 1 PMOS L-5.OU W-10.ZU
M17 0 7 14 0 N140S L=5.OU W-15.OU
MIS 1 7 14 1 P14C'S L=5.ZU W-30.ZU
C19 I A7 0. 107APF
C20 11 0 0.279PF
C21 0 0 0.951PF
C22 7 0 0.IS3PF
C23 14 0 0.100UPF
C24 12 0 0.116PF
C25 2 0 0.234PF
C26 6 Z 0.125PF
C27 9 0 0.101PF
C28 5 17 i0.103PF
C29 3 0Y 9.1(13PF
VINI !1 0 PULSE (5V SV SNS 0NS 0NS IONS)
VIN2 7 Z PULSE (0V 5,' SHS ONS DNS IONS)
VPI 3 0 PULSE (ffV 5V 4NS ONS DNS 2NS)
VP1BAp. 5 0 PUL'S'E (5V 0\' 4NS ONS ONS 2NS)
*TPAtJ 0. 511S 4XXIJ$
.PLOT TRAN V(.) (OV,5V)
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I ....... 121/f/4 ...... * SPICE ZE.I (ISOCT8I) ..... *...4146.26* 

a CMOS/SOS SITSLICE SECTION 2 PRECI4ARGED AT ONE NODE WI

,•.... TRANSIENT ANALYSIS TEMPERATURE - 27.999 DEG C

TIME V(Z)

x 9. d.9 1.ZSld.ag 2.528d-99 3.7S#d.I5 S. &Rd#*a

ff. d-68 S.St9d.E2
S.g99d-If S.9P~ d "
I.919d-95 S.09dER
I2SR d-S5 S.EP:d.EE2.9U~d-fl 5.OUmd.99

Z.Sgd-S S-::.WRd:
3.5:ld-fl S."#d.1..
3.Sood-69 S.199d.3f

*RSNN.J-II $. I9Sd. .i

6.R86-J S.SUfd. . .
$5. 1d-:9 _S• d:::N.USI.J-IS 5• 9Uld. . . .

6.USNd-fl 5,99Sd-of
9.5Udfl 4.S?7d9 "."
97.5::d-S 4.tEd.B9 31"
.86d-69 4.?23d.N.SU~d-US 4.439d.1 N .

S.5Uw.J-95 4.ES2d.B ..
9.SESJ-SS 1.SIid*SS . .. -

3.:d-N 3.223d.9

1.50so 2.777d:94
I.ESd-I8 2.343 :.I .
I.ISEi-EU I.SI~d.I9I . *

1.20d-N I.S,4de II.2Sgd-IN I,218dfl ... "-

•. Ugd-B8 5.34088- o.I
I. 5Sd-SS 7.|72d-WI.oUd- @ S.21@d-9I .. 

"

1.450d-S8 3.9Sd-01 ,..
1.5g0-08 2.914d-:1 . *

I.58Od-08 Z.S(Sd-'
1.S,,d-:8 1.-S l d- .

I.6.1-9R I IIdS .
I.766d-0O 6.232d-621. 7504d- 0 7.16$d-e:02"-%'

I.oUd-8d I. d-RI
1.850d-00 2.2418-SI
1.10d _ 0 . ,dd-0I -1
I.955d-0N 7.16Nd-UI
2.S d- 6.$1d. .

2:.9508l- :N 1:11d:"d
2.1U8d-SN t.8E.3d.UI *".

2.ICOd-,, 2.ZS~d.S. * 2d
2.296d-UN g .o37d*R9 . ..-Z.Zed-BN 2.7$#d.UU . --
2.259d-60 2.252d. 6

2.3S d-UN 3.$S3d.US
2.48Nd:8 3. d .
2.d55d-UN 4*48. . .
2.50 -dS 4.I°d.U .
2.555d8N 4.32Nd*: :
2.690d-N 4.4SZd.e.
Z.: 5 d-S 8 4.1 6' 6d :
2.7O9d-UN 4.ZT78 d
2.750d-08 4.7#9d*1.O
2.850d-:N 4.7:63d8

2.85:.J-UN 4.Of9d*I9
2.9008-SN 4*84d8S
2.950d-:8 4.°Gd*eS

3.1Z0"d- 4.9;6d.86 .

3.U2fid-U8 4.925d.59 .... "- -

3.18-US 4.5 7d.59
3.3 0lJ-U9 4.97498*55.
3.208-Nd- 4.969d*15
3.4O.d-O8l 4.953d*003.40 d-00 4.978d05
3.3564-IN 4.989d.U

3.4008-08 4.983d*093.4!~0.J'g 4.91,96d:

3.2,0,1-0 4.97de
3.73, - 4.9 1d: 1S
3. A d -S0 4.903dN
3.550d-ON 4.90dI .

3 .7908-5- 0 4.9V9 d U
3 . 501_U 4.9111d.0 19
3 .8G,7 0-S 4.993d,0
3 .r, 5 j-0 4.9?Nd:O0

3.9 0J-00 4.948d*O .
3 .7'01-SO8 4.9;6d.V

4. 000J-N 4.9;7d:O@

Figure C-27. SPICE Plot Section 2 Input 010 One

Node Precharge with Basic Gate Widths
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1******1210/84 ~ SPICE 2G.1 (15OCT80)****0400***

0 CMOS/SOS BITSLICE SECTION 2 PRECHARGED AT ONE NODE

INPUT LISTING TEMPERATURE 27.080 DEG C

.WIDTH OUT-80

.OPTIONS ITL1=5fr0 ITL5wO

.MODEL NMOS NMOS. (VTO=1V TOX- 75NM UO,40Z NSUB=2.5E16 LD-8.7UM)
+LEVEL= I
.MODEL PMOS PMOS. (VTO--1V TOX=75NM U002Z0 NSUB-3E15 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-5.OU W-5.ZU
M2 2 5 1 1 PMOS L-5.OU W-1Z.ZU
M3 1 7 6 1 PMOS L-5.OU W-IO.IU
M4 10 9 0 0 NMOS' L-5.OU W-15.ZU
M5 10 7 6 0 NMOS. L-5.OU W-15.ZU
M6 1 9 6 1 PHOS L-5.0U W-10.OU
M7 1 6 2 1 PMOS L=5.OU W-10ZU
M8 0 11 9 0 NMOS L-5.OU WaI5.OU
M9 13 12 0 0 NMOS L=5.OU W-15.OU
M1O 13 6 2 Z NMIS L=5.OU W=15,OU
Mll 1 11 9 1 P110S L=S.ZU W=30.ZU
M12 1 12 2 1 P14S L=5.ZU W=10.ZU
M13 1 14 12 1 PMOS L-5.OU W=10.OU
M14 15 11 0 0 NMOS L=5.ZU W-15.OU
MIS 15 14 12 0 NIMOS L=5.OU W-15.0U
MIS 1 11 12 1 PMOS L-S.OU W=10.ZU
M17 0 7 14 .9 N140S L=5.ZU W=15.0U
M18 1 7 14 1 P1405 L=5.ZU Ws39OU
C19 1 0 0.1074PF
C20 11 Z 9.279PF
C21 0 0 0.951PF
C22 7 0 0.183PF
C23 14 Z 0.1OOPF
C24 12 0 kl.IIGPF
C25 2 Z 0.234PF
C26 6 Or 0. 125PF
C27 9 0 0. 1OIPF -

C28 5 j7J 0. 1 l3P F
C29 3 D Z.1'J3PF

VIN 11 0 PIJLZ (5V 5V SNS ONS 0NS NS
V1112 7 0 PULt3E (5V ZV rjNS 011S ONS IONS)
VPI 3 !J PULSE ',kcV 5V '11S ONS OZlS 2NS)
v rICn' 5 0 PULSE %SV OV 4NS or's ONS 2NS)

*TR~AN !J. SNS 4JUN1.
.rLOT TRANl V'Z) (OV,5V)
END
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-- 1~+ -. 7.. -

12/91/ . SPICE 2C.1 (ISOCT8 . .. * 4,6,90 .....

9 CMOS/SOS SITSLICE SECTION 2 PREC.ARGED AT ONE NODE .*I

a
•
.... TRANSIENT ANALYSIS TEMPERATURE * 27.699 DEC C

8 ......................................................

x
TIME V(2)

x 9. de9 I.2$9d.99 2.598.d99 3.769d8.9 -9.9998e9
-. d-E .- ~d l -- - - - -J

R. d-5 1.3SSd87
5.094-19 1.3SSd-97
I. Ngd-99 1.3SSd-97
.s#Ed-29 1.3S5d-07

2.999d-69 I.31Sd-7 .,

3.08-99 .36,d-7
3.S9-E9 1.3SSd-97
4.599d-99 2.S1-El4 .S 1 d -: 9 2 :* 1 d : : ,

S.99od-9 7.498
5.5968-99 1.1739 * .

6.SEd-89 1.473d.1 . .

7.08d-19 1.349d.82 -.
7.56d-49 1.21119 "
9.9998-99 l.268.9 .
6.5998-19; I.511d.6ff
.908d-9 .669

NMI96- 9 2.1689 . . *
I.goo-d# 2.46Sd*9
Il9598-9 2.@I6I99 ......ld-::1 :,1.d,11*
1.1568- 2 3.I3d.99 . .". "
l.156d-66 3.d23d*19 .

".2#9d-96 3.678d.9 .. '
1.26d868 3.997d.6 .

.3! d-f8 4.993d.9 ."-".3598-06 4.2Sd,,I ". . i

1.49Od-6 4.39dO ..
1.4S1d-98 4.928dO9 ...

I.00-fl 4. Sd*6

.S06d-08 4.7368d.9 .1.1,68g-60 4.T878d•0 .
'.709-00 4.6248.0

1.75 d-90 4.E41d.09 .
l.C0od-Ve 4.791d .

1.68do8d9g 4.694d:@# . .
1.9#8-08 4.3948.96 

.
.

_#a,9-9 3.9f5.9..9sed-68 3.5d.6 . -
2.#5d_808 3.9S.6d .
.qSd-8 2.6199d.0 8

2.1508-98 2.276d•9 . .2.206.d-:8 1.6 128. d
2. d- 2 9.Id+8

2.Z1QS 1.d- 9 1 d

..3968-66 1.8.0 9 I2.38-96 I.2Ed-61 .
2.409d-08 0 6.03d81
2.458-68 4.979d-01 -
2.591d-1 3.61ld- . .

2.5d 598 2. TBd-9I . .
2.66,d-98 .,,9d-,I * .
2.760d-@8 1.419d-91 • "

2.756d-68 7.279d-:2
2..d0-9 5.296d-62..
2.8Sd-98 3. 70-21=
2.900d-6a 2.712-62
2.d500 1.9:8-62
3.100-93 1.31,d-02
3.9598-96 d.98d-133.hftO.-90 7.9378-93.

3.15,-08 5.94ld-3""
3.2960-'6 3.I468-93 .
3.316.i-O8 2.5482 .
3.-00J-00 1.059d-03 .
3.31Sd-6 1.326d-93 .
3. 4004- 00 9.Z7,d-94 .
3.11-00 6.111d:4go 4:d1OGOId+4'

*

3.568 -o0 4.093d-04 .
3.5501-60 3.449d-04 d

3.6S0,J-00 1.734d-643.700d- 98 !. 69d-04 

-

3.600.3-8 .339-69 .

3. 56.J-8 6 .59 ,9-05 4"
4.990-90 I..8-. 2Sd1
3.?001-00 2.3Sd-S4 • 600d-60 I ,Otgd-#$

-5 - - - - - - - - - - - - - - - - - - - -

Figure C-28. SPICE Plot Section 2 Input 101 One
Node Precharge with Basic Widths
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l*******12/01/84 SPICE 2G.1 (15OCT9) ~~**05.9~*
0 CMOS/SOS BITSLICE SECTION 2 PRECHARGED AT ONE NODE

l0**** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-80

.OPTIONS ITL1=SirO ITL5=0
.MODEL NMOS NMOS (VTO-lV TOX='5NM UO=400 NSUBx2.5E16 LD=0.7UM)
+LEVEL= I
.MODEL PMOS PMOS. (VTO=-IV TOX=7SNM UO=200 NSUB=3E15 LO-0.7UM)
+LEVEL-1
VDO I 0 DC 5V
MI 1 3 2 0 NMOS L-5.HU W=10.HU
M2 2 5 1 1 Pt4OS L-5.ZU W=20.ZU
M3 1 7 6 1 PMOS L-5.0U Ww10.0U
M4 10 9 0 0 NMOS; Ls5.0U W-15.0U
MS 10 7 6 0 t4MOS L-S.ZU W-15.ZU
M6 1 9 6 1 PMOS L-5.ZU W=lZ0U
M7 1 6 2 1 PMOS L-5.ZU Wal10.OU
M8 0 11 9 0 NMOS L=5.0U W-15.ZU
M9 13 12 0 0 NMO~S L=5.0U W=15.ZU
MlO 13 G 2 0 NMCIS L=5.ZU W=15.ZU
Mll 1 11 9 1 PMC'S L=G.ZU W=3Z.ZU
M12 1 12 2 1 PMCIS L=5.0U W=19.0U
M13 1 14 12 1 PMOS L=5.ZU \4=10.ZU
M14 15 11 0 0 Nt-lOS L=5.ZU W=15.ZU
M15 15 14 12 0 NMOS L=5.0U '4=15.ZU
MIG 1 11 12 1 PMOS L=5.ZU W=10.OU
M17 0 7 14 0 NMOCS L=5.0U W-15.ZU
M18 1 7 14 1 PM405 L=S.OU W=230.ZU
C19 1 0 9. IZ74PF
C20 11 0 9.2791PF
C21 0 0l 0.951PF
C22 7 0 0.183PF
C23 14 0 0.1800PF
C24 12 Z ig.116PF
C25 2 0 0.Z34PF
C26 6 0 0. 12SPF
C27 9 S B.1.J1PF
C28 5 J 0. 1.3P F
C29 3 lr il. IJ3PF
VII1 11 Uy PULSE (5V GY 5NS ZNS ZNS :ZNS)
VI NZ 7 0 PULSE (ZV 5V 5NS 0~iS Or'S IZ'1S)
VP 1 3 :Y PIJLE 'FV 5V 4NS ONS 0tJS 2NS
VP1BA 5 V PULSE (5V W.' 4NS OtIS OIS 'NS)

TRANJ O.SN 4ZNs
PLOT TRAIl V(2) (OV.5V)
END
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.... 12/jI/S ..... SPICE 2G.1 (15OCT18) ..... 14111119 ...

9 CMOS/SOS BITSLICE SECTION 2 PRECHARCED AT ONE NODE k

*f.. TRANSIENT ANALYSIS TEMPERATURE - 27.9*5 DEC C

TIME V(2)

x X. d.99 I.2S9d88 2.58d.99 3.7Sffd*99 S.5998*09

f. d*59 5.95d*9

'.99 d-119 5.#Vfd-40
2.998-99 S.9908*0-9.
2.564J-99 5.9ffd-Of

3.09d-69 S.9998*9 .
3.58-09 9.9158*09 .
4.8#0d-99 S.Ef9*09 .

Sf.d9689 S.8fi9d*99
S908-99 5.I9899 .
5.50 d-09 S.ff#J*IIE .

6.9998-09 S.E098*59 .

7.9008o-09 4.978*99 .

7.S008-99 4.9289.
$.9098-99 4.7S-d280 ..
0S9098E9 4.427d980 ..
9.90o8-09 4.1128*E9.
9.981 .598d:69 3 ol.
.9998-Ia 3.2238.9

1.166d-90 2.343d-00.
1. Sad _0 1.91 6d*06
1.29d-as l.St..09

I.9E9 1.210 .

I.300d-08 9.349d-6I
13359-06 7.172d-01
1.400d-90 S.Z968-OI.
1. 4S08-00 3.9S6d-81
I.54od-00 2.914d-01
1.596.J-06 2.98.98-0I 1
1111d 0 156d:-03

.7968-d 3 20
1.960 7 .. 2-02 .~ ..

I.0508-00 2.2144i-Ul.

2.00--90 1.876d-U06

2.0508-50 I.68U Id .

2.20J8-00 2.6778.00 .

2.706.J-E8 2.6Z898.09
2.7008'-60 2 V28.9

2 .35@0d-_6 3.9fg8.9 .

2 .(M9-90f 4.108.99 .

2.55S -0 4.32680

2 .650d-0: 45 6d. .Of

2.70-6 4.8778.00 . .2.7s08-66 4.080 . .~
2. :.-0 4.'63d6 ..

2. C61-66 4.0d-6

2.O.rff.J-00 4.9998*60

3 .E'-0 VO .9a986yd.06
2.fO-190 4.978*03 .

3. 100-J-80 4.9498*69 .

107.J-0 4: 998a9
3 .258-10 4:9678:99

3.:S04'08 4.97605 .
3.498-ES 4.90 3d 69.
3.500-00 4.098d0 .

3.908I-90 4.9f9d+99.
3.55#d-08 4.9938*40

3.6t08- 0 4: 94d.6 .
3 .700.1- 00 4 .9?58*6.
3.756.1-00 4.9968*60
3.200J-60 4.9!-78.00

3.902.-20 4.9809
3.5508-00 4.9;8d+6.:
4.000d-00 4.999d*60

Figure C-29. SPICE Plot Section 2 input 010 One
Node Precharge with Widths x2
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*******SPICE 2G.1 (15OCT60) ********04:55:28*****

£ CMOS/SOS: BITSLICE SECTION 2 PRECHARGED AT ONE NODE

INPUT LISTING TL.IPERATURE 27.000 DEG C

.WIDTH OUT-80
.OPTIONS ITLJ=500Z ITL5-0
.MODEL NMOS NMOS (VTO=1V TOX-75NM UO=400 NSUB-2.SE16 LD-Z.7UM)
+LEVEL=1
.MODEL PMOS PMOS; (VTO=-1V TOX=75NM UO=200 NSUB-3E15 LD=0.7UM)
+LEVEL-1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L-5.ZU W=1OU
M2 2 5 1 1 PMOS L=5.0U W=20.0U
M3 1 7 6 1 Pt4OS L-5.0U W-IO.OU
M4 10 9 0 0 Nr4OS L-5.OU W-15.OU
M5 1Z 7 6 0 NMOS. L-5.OU W-15.OU
M6 1 9 6 1 PMOS L=5.ZU W=10.OU
M7 1 6 2 1 PMOS L-5.OU W=10.0U
M8 0 11 9 0 Nr1OS L=5.0U W-15.OU
M9 13 12 0 Z 11110S L=5.ZU W=15.ZU
M10 13 6 2 0 N1ICIS L=S.0U W=15.ZU
Nil 1 11 9 1 P11C'S L=5.OU W=30.0U
M12 1 12 2 1 PMIC'S L=S.ZU W=10.ZU
M13 1 14 12 1 PMOS L=5.ZU W=l0.ZU
M14 15 11 0 0g NNOS L=5.OU W=15.0U
M15 15 14 12 j9 NMOS L=S.ZU W=l5.AYU
M16 1 11 12 1 PMOS L=S.ZU W=10.ZU
M17 0 7 14 Z NW'0S L=5.OU W=15.OU
M18 1 7 14 1 PtMCIS L=rS.0U W=3k7.ZU
C19 1 0J 0.1074PF
C 20 11 Z 0.279PF
C21 0 0 0.95lPF
C22 7 0g 0.183PF
C23 14 0 0.IOOUPF
C24 12 0 0.I16PF
C25 2 Or 0. 2 34PF
C26 G 0 0.125PF
C27 9 Vl 0.I,9lPF
C28 5 0Y 0. 11E3P F
C29 3 0y 0. 1.Y3 P F
VINI 11 0 PULSE (5V 5V 5NS OHS ONS IONS)
VIN' 7 0 PULS'E (5V W\ 515 OriS ZNS IONS)
VP1 3 0 PULSE fFV GV 4NS OHS ONS 2NS)

VP1SA" 5 0 PULCE (5V LIV 414S ONS OHS 2NS)
TRIN1 J.51,1S 4fINS.
.PLOT 'RAN V(Z) (OV,SV)

END1
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7-,

11 ....... SPICE Zr.I (ISOCT8,, ........ 14.1S29 ......

a CHOS/SOS SITSLICE SECTION 2 PRECHARGED AT ONE NODE -V8

* .... TRANSIENT ANALYSIS TEMPERATURE - 27.,,, DEG C

TIME V(2)

x 5. d.90 1.2S"d-## Z.Sssd*59 3.7S5d*.5 S.5d-9"

9 . 8.99 I.355d-97 ...

.555d-g9 1.355d-67
I.S99d-99 1.365d-87
.99 -9 I.3SSd-7
2.89d- 8 1.355d-97 S

3.991d-99 1.3SSd87
3.559d-89 I.355d-z7
4.980d-69 1.3 6Sd-#7
4.Sffd*8U3 3. 924d-81

S.950d-99 1.323899 .

7. 3d# .699 .

560Id-09 1.867d-f#

.e 9 48.69d .
S. 4d* Z8Sd*l9 .

I.409.1-98 4.888d.99 .

1.1594-90 4.287d*991.
1.d509- 9 4.758. ".

..5g94-98 4.2 Od:89 .-

I.53*d-69 4.SI .d8-U .1.8-9 4.0658.9 .

i j1.409.1-98 4.9$Ed.99 . .

I.7OS0-90 4.6d489 .d

1.S0.d-08 4.884d."

;1.250.-90 84.67.d:.:

I.j0gd-80 4.37Sd98.0 .

I.• 59.I-90 4.914d.09 . .:.

I..3 .J-08 4. -d 69*". 
,

2.9904-00 3.584d'"8 . .:
2.50.90 3.666de.9 .".

2.456d-60 4.713d.09 .*.

2.ZSO.1-0o 1.591d.09 . ..

2.294-0e I.SI7d8.09
. -90 6.99-Id-O

2.499.1-90 6.89Ed-9l .2.45.-0 S.59Sd6-

2.S994-98 3.791d-lI.12.5 - .71d- 6 4

I. r01- a 0 77d-91
2.859d-90 1.47- I .

'.799.j1-8 I.36 d-61 *

2.7694-96 7.649d-92 . -.
2.8594-98 .SI7d-92 .d
2.6S94-90 3.8 7d-2 :1.

2.990.1-90 2.0IV 2.

3.29J-00 1.486d-0.
3.050-908 I.4d-02
3.12 .- 9 7.357d-93
3.1d-90 6.223d-93 .T
3.2 .J-:0 3.06d-:1
3.450'1- S .66d-3
3. 59.,-O 3.791 d-63
3.3S9d-98 1.38,d-3 '"

3.100.1-03 2. ,48-04 .i"'
3.456.1-00 7.099d-04

3.S5501-00 3.50.3d-04 "

3.25d-1 I. d Id-94
3.70 -98 .318d-4
3.75'- 9.49d-9
3.2004-90 6.957d-95 .

3.256.J-90 4.05.9d-96 . -

2 101-00 3.4294-:02

3.'950.J-0 Z.441d 2
4.00gd- go 1.728-S6

Figure C-30. SPICE Plot Section 2 Input 101 One

... Node Precharge with Widths x2.
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1******1/01/4 ~SPICE 2G.1 (15OCT80) ********04:55:40*****

S MSSSBITSLICE SECTION 2 PRECHARGED AT ONE NODE

INPUT LISTING TEMPERATURE 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITLI=5f00 ITL5-0

.MODEL NMOS NMOS. (VTO=IV TOX-75NM UO-400 NSUB-2.5E16 LD-8.7UM)
+LEVEL1l
.MODEL PHOS PMOS. (VTO=-IV TOX-75NM UO=200 NSU8-3E15 LD=0.7UM)

+LEVEL-l
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L-5.OU W=15.ZU
M2 2 5 1 1 PMOS L-5.OU W=30.ZU
M3 1 7 6 1 PMOS L=5.OU W=10.OU
M4 10 9 0 0 NMOS: L-5.0U W=15.BU
M5 10 7 6 Z NMOS- L-5.ZU W=15.OU
M6 1 9 6 1 PMOS L=5.OU W=10.ZU
M7 1 6 2 1 PMOS L=5.OU W-10.ZU
M8 0 11 9 0 NMOS, L-5.OU W=15.OU
M9 13 12 0 0 NMOS L=5.0U W=15.OU
MIZ 13 6 2 0 NMC'S Ls5.OU W-15.ZU
Nil 1 11 9 1 P110S L=5.0U W-30.OU
M12 1 12 2 1 PMIS L=5.0U W-10.OU
M13 1 14 12 1 PMOS L=5.ZU W=10.OU
Mi4 15 11 Z 0 NMOS L=5.OU W=15.ZU
Mli 15 14 12 0 NMOS L=S.ZU VI=15.0U
M16 1 11 12 1 PMOS L=S.3U W=18.OU
M17 0 7 14 Z N14C'S L=5.ZU W=15.0U
M18 1 7 14 1 PlMCIS L=S.ZU W=30.ZU
C19 1 0g 0. 1074PF
C20 11 0 0.279PF
C21 0 Z0 k.951PF
C22 7 0 0. 183PF
C23 14 0 0.100DPF
C24 12 Or 0.IiSPF
C25 21 0 0. 234PF
C26 6 0 0. 125P F
C27 9 J Z.IO1PF
C28 5 0Y 0.193PF
C293 3 0J O.lJ3PF
VINi 11 0 PULSE (5V 5V SNS ONS ONS IONS)
VIN2 7 Z0 P'JLSE (ZV 5V 5NS 014S ONS IONS)
VP1 3 0 PULSE (k(V 5V 4NS fiNS ONS 2NS)
VP1BAR 5 0 PULSE (5V fly 4NS ONS ONS 2NS)
.TRAN J.511S 40NS
.PLOT TRAMl V(2) (OV.SV)

EtI

C-66



I...* 12//4 /..... SPICE 2r.1 (ISOCTON .... *94,55,48 ..

9 CMOS/SOS BITSLICE SECTION 2 PRECI4ARGED AT ONE NODE X3

9 .. TRANSIENT ANALYSIS TEMPERATURE - 27.089 DEG C

...............................................................................................

I 8 TIME V(2)

x B. 8.99 1.ZS98*99 2.589d.99 3.759d899 5.599d8

5.998-19 S.9998'99 .
1-0 9-9 5.9998.99
I.593.-- .899 . .-

3.9998d-95 5.989

4.9998-9 5.999.9 . ..

5.599l- 9 5.989 vP. .d
6.9991-95 1.989

6.589d-99 d.281
73Ofed989 4.7299 .

@.SON8- 9 4.428*1 Id::
9.991899 4.98. d.
.596d-9 3.6598.9 .. .-

d.50-9 2.777d.9
1.1918-00 2 .343d:::.
1.299.-9 @ I.51 .916
I.Z598-95 1 21989
1. 3098dS :0 .3498-91
1. 3S59 _ 0 7.1728-El..
1.4119d _8 S.2968-01..
1.4508-90 3.9S1881.
1.560-J-09 2.914d-01.
.5598-9 2.9-91 . .

1.6998- I 16-S
1.;" '-58 9.29d29.

1.750-0 7.95.38d-92.

1.956d-900446-a

I.9'S.1-9 I.689..2.00188 1.116d80 .6
2.1098-90 I.680
2.19-8 2.589 M1.
2.20)0 -00 2.6278.9
2.25698-90 2.598.99 .

2.94d-:: 3.256::.
2.3S9.J-98 3.6998.0
2.4531-90 : 49981 . .

2.08-9 .. ..:6 9
2.459-d 4.34d.99
2.5998-96: 4.4528.99
2.554,-9 4.516:1

.70@.-9 4:6_7.9
2.7SO91-00 4. 79809
2.8598-08 4 .99890
2 . 5",J- . 4.89.0
2.55.J8 4.8d.)
-401.-08 4.5986d:0
3.mrv50J-aD 4.280 .A,
3 "' OJ -0 4.98.)
3.I54)J-. 4.9498*0.O

3.24)0.1-Ua 4.959.4a
3. 5.-04 4.9E7.99

04 00-)4 4.9748.4)9
3.35@d-:18 4.5788.99 .3.1819 4.9538.4)9..

3.5085 4.9F58.19

3 0-4)1-0 .919.'d
3.7.00.3-OO 4.9938*00
p3.65-I .'89.
3.7910 49954,4)
3. 7593-u8 4.91?68.4)9
3.509.-00 4.9?7d.419
3.53-0849980

0:181-) 4.9984,4)9
3. 950.1,-00 4.9988.49

4.04)98J-88 4.9i98.09
------ ----- ------ --- - -- -- -- -- ---

pFigure C-31. SPICE Plot Section 2 Input 010 One
Node Precharge with Widths x3.
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1***~12/1/84*******SPICE 2G.1 (15OCT80) ****0:60W*

0 CMOS/SOS BITSLICE SECTION 2 PRECHARGED AT ONE NODE

0*INPUT LISTING TEMPERATURE = 27.080 DEG C

.WIDTH OUT=80

.OPTIONS ITLl=52t0 ITL5=0

.MODEL NNOS NHrOS, (VTO=IV TOX=75NM UO=400 NSUB=2.5E16 LD=0.7UM)

.LEVEL= 1

.MODEL PMOS P140S (VTO=-IV TOX=75NM UO=2ZZ NSUB-3E15 LD-9.7UM)
+LEVEL=1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L=5.ffU W=15.ZU
M2 2 5 1 1 P1105 L=5.ZU W=30.0U
M3 1 7 6 1 PMOS L=S.OU W-10.ZU
M4 10 9 0 Z NI105 L=5.HU W=15.0U
M5 10 7 6 0 N140S L=5.OU W-15.ZU
M6 1 9 6 1 PMOS L=5.ZU W=10.ZU
M7 1 6 2 1 Prios L=5.OU W=10.0U
M8 0 11 9 0 VrOS L=5.ZU W=15.HU
M9 13 12 0 0 NMC;S L=5.0U W=15.0U
M1O 13 6 2 0 NMOCS L=5.0U W=15.OU
Mil 1 11 9 1 PtICIS L=5.ZU W=30.ZU
M12 1 12 2 1 PMQCS L=5.ZU W=10.ZU
M 13 1 14 12 1 PI$OS L-5.ZU W=10.OU
M111 !5 11 Z Z NPIOS L=S.ZU W=15.TU
MI5 15 14 12 Z N;MOS L=5.ZU W=15.0U
M'16 1 11 12 1 PMOS L=5.0U W=10.ZU
M 17 0 7 14 .0 NW'CS L=5.DgU W=15.ZU
NI18 1 7 14 1 PlMCIS L=5.ZU W=30.ZU
C19 1 0 Z.lk774PF
C2Z 11 0 0U.279PF
C21 0 0 0.951PF
C22 7 J 9.183PF
C23 14 0 Z.I.OPF
C24 12 J .I1GPF
C25 - 0 9.234PF
C26 6 J J0.125PF
C27 9 Gf J.lO1PF
C23 5 C( 0. 1J,3PF
C29 3 Cl ig.IJ" InF
VII 114 01 ?JIJLCEZ (5V 5V 5NS ONS ONS IONS)
V1112 7 1~ P:JLC. (5V 0\' 5NS ONS ONS IOUNS)
VPI 3 93 PULLE -*grV GV 4NS ONS ONS 2NS)
VPIEAR 5 0 PULD;E (5V OV 4NS ZNS kINS 2NS)

.T 1 1r.5113 4:!I
.rLoT TRANl V(2) (OVSV)
END

C- 68



I I....t/9116 .... SPICE 26.I (11OCT69).... 94IS6,86...

f CMOS/SOS SITSL ICE SECTION 2 PRECI4ARGED AT ONE NODE )(I

... TRANSIENT ANALYSIS TEMPERATURE - 27.995 DEC C

TIME V42)

x ff. d80 1.2558.69f 2.568.99if 3.7568.69f S.ff998.66

9.699-19 1.35-97
S.9668d-9 If .315d-97 .

Z.66d-69 I.15d-:7

.966899 1.36 07.

1:64-9 1.11d.5
3.0: d-_9 3.68D d- 7

6.S 6d-. I 35 68 6 .7

7.5ood- 9 3.2'86 . .S.#Gfd-09 3.324.0 .

6 ...64d9 3.49d6 1 1.
6.96989 3.S67866.

5.566-09 3.46866 .

7 S Od-0D 3.258'66 .
1.1094-09 4.3286d .
5.176-66 4.499d.66

I.ZIIfd-4D 4.5978.66
1-59:.d-:N 3-.665d:66

.3005#d 4.7238.66.:
d.786 4.686.

1. 4094-660 4.622866
1 5456-98 4.61,48.6
1:.0.J-00 4.7Z3d*09
1.35W6-0 4.:7,.65d
I:100.d:6D 4.:2 8.d6 .

1.500,1-90 4...6 .

1.17d:01 4.9638-.6

1.7 0-6 4.946
1:9702-.9 4.3'I8.66 .:
1.7S.1-6 4 .328.6
1.6068-D8 3.616d.66

2.905gd-6D 3-.1:d:::6.
2.100'1-90 Z.743d:O .
2.150A-68 2 .31. d 0
2.200d-08 I.6D0
2.250d-68 '.346 d.0
2.3068-66 1.1-680 .Do

238-69.1614---4
2.406.1-66 7.017d-01..

2 ......9 ,.06 .9d.

2.556d-0 2.1049d-61 .
2.606d-06 2. 26d-0 ..
2.6568-06 I.S17d-61 .
2. 706.o-d .. 7gd-6 .
2.750d-:8 7.7#6d-02..

2-900,1-00 2.6664-d02
2 .. J-06 2..i, d 2.
3.00.'_-00 1.4Z 7d _V2.
3 .050.1-00 1.66.3d _02

3.1008-00 7.:38t-63
a.7.16 3.3480 .

328-62.7;58-3d
3.306.-s 1.0746

3 .,So -6 1.4 17d-03.
3.100.J-go 9.6218-6 I
3-15~0.-0 7.,59d-4.
3.710.-a 5.1 41 d-04.
3.7550-- 3.r13d-04.
3 .1f1:J-gD 2.6658-04
3 .6 5d- 0. t1.569 d0:
3.706.1d-6S 1.3478d:04
3 .7S1- go 9.6718d:05.
3 .0 d f 6. 7APd56.
3.27.@-go 4.969-6
3 .904-00 3. 5154d-VS
3 .950.1-6so 2.698-6 IS
4.004.-06 1.76.6d -5 -

Figure C-32. SPICE Plot Section 2 Input 101 One
Node Precharge with Widths x3.
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Figure C-33. Section 2 Precharge Two Node CLL Plot
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Table C-6

BITSLICE PRECHARGED 
SECTION 2 NODE REFERENCE 

LIST

GND
Vdd 1
NMOS 0
PMOS 1
13 2
67 3
1
28

60 6

7 7
4 8

30 9

47 11

312
32 13

9 14

17 15
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1~****1/0184 ******SPICE 2G.1 (15OCT80) ***04159**

0 CMOS/SOS; PRECHARGED BITSLICE SECTION 2 TRANSIENT ANALYSIS

p INPUT LISTING TEMPERATURE 27.000 DEG C

.WIDTH OUT-80f

.OPTIONS ITL1=5fl0 ITL5=0

.MODEL NMOS NMOS. (VTO=1V TOX=75NM UO-400 NSUB-2.SE16 LD-0.7UM) _

+LEVELm1
.MODEL PMOS PMOS; (VTO=-1V TOX=75NM UO=200 NSUB-3E15 LD=0.7UM)

+LEVEL=1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L=S.ZU W-5.ZU
M2 1 3 5 0 NMOS L-5.ZU W-5.ZU
M3 2 6 1 1 PMOS L-5.ZU W=10.OU
M4 5 6 1 1 PMOS L=5.0U W=10.OU
M5 1 7 5 1 PMOS L-5.OU W=10.ZU
ME, 10 9 0 0 NMOS; L-5.ZU W-15.0U
M7 10 7 5 0 NMOS: L-5.OU W-15.OU
M8 1 9 5 1 PMOS L=S.ZU W=10.OU
M9 1 5 11 1 PMOS; L=5.ZU W=10.0U
M1O 0 12 9 Z N110S L=5.0U W=15.OfU
Mll 13 2 0 0 N1MC'S L=5.ZU W-15.0U
M12 13 5 11 0 NMOS L=5.ZU W=15.ZU
M13 1 12 1 PIIS L=S.ZU W=30.ZU-
M14 1 2 11 1 P1405 L=S.OU W=10.ZU
MIS 1 14 2 1 PMC'S L=S.ZU W=10.OU
MIG 15 12 0 0 NNOS L=5.0U W=15.ZU
M17 15 14 2 0 NMOS L-5.0U W=15.0U
M18 1 12 2 1 PMCIS L=5.0U W=10.0U
MI9 0 7 14 0 NMCPS L-5.OU W-15.0U
M20 1 7 14 1 PMCiS L=5.ZU W-30.ZU
C21 1 0 0.1135PF
C22 12 0 0.279PF
C23 0 0 0.951PF
C24 7 0 0.183PF
C25 14 0 0.100PF
C26 2 0 0.288PF
C27 11 0 0.134PF
C28 5 0 0.2GOPF
C29 9 0 0.1O1PF
C3Z 6 0 0.1.03PF
C31 3 0 0.103PF
VINI 12 0 PULSE (5V 5V SNS ONS ONS IONS)
VIN2 7 0 PULSE 0OV 5V SNS ONlS ONS IONS)
VPI 3 Z PULSE 'ffV SV 4NS ONS ONS 2NS)
VP1BAR 6 0 PULSE (5V 0\' 4NS ONS ONS INS)

TRArl (l. 514S 4ZNE
.PLOT TRAN V(11) (0V.5V)
END

C-72



I ..... 2/ 1104 ..... SPICE 29.1 (11OCT99) ..... 4,21,. ..

9 CMOS/SOS PREC14ANCED S1ITIL ICE SECTION 2 TRANSIENT ANALYSIS Art

9 .. TRANSIENT ANALYSIS TEMPERATURE - 27.066 DEG C

TIME V(II)

x 9. 8.&9 t.2S9d.99 2.594.9 3.7198.99 f.99d.99f

a. 8.99 5.9998.99f
5.09-It S99d9

2.59d-69 5.9098*99 .

3.9 89 5.99: 9
3.5668-99 5. Of9d.W

4.6g91899 S.94'd.::
5.9998 -99 5.9d:0.9
5.593-09 1 .999d.
6.009d-09 4.1948*09
6.50#J_09 4.2dU
7.9098-99 4 .7678.99 .
7.508d_99 8.Sged09.
0.600d_89 4.147d::9
9.58#d-89 3.79(8.9 .

9.5098:- 9 2.:623'd09 .
066,9-0 2.I57d~9

1.050d-9: 1.59578.99 8
1.189-60 I .9678*9 T
,.Iad -80 6.077d-9 I

1..59d-9 2.711--: .
I.39fil-98 1 .477d I
1.3598-98 ;:263d-92.
1.40#d-0 1.468-02..
1.4S9d- go 2.729<1-02.
I.589,d-60 1.6#6d-02.

I.550d-98 8.476d-03

1.65989 2.on6d- 3.-
1.709388 1.6948-03 .

(.8508d-99 1.5482
1.9004-00 4.477d-02..

(.758-9 9.227d-O2.
2.690 8 1.99d8-02.
2.950d-go 3.244d-611.
2. land-:: I.189
2.158- 9259d-9I
2.Zood-:1. Il;80 ..
2.250-0 (.678.09 .
2.309d-9 2.1 2180 . ..
2.3se9 _08 2.64!2d80
2.466,1_88 3.1280 Id:::..
2.4So98_98 3.564*99.
2.199d89 3.917d86
2.550d-80 4.223d-60.

2 .7098- 4.7480 .

2.71:d-:18 4.8978.0 .
2.809d-0 4.872d.9
2.C5ftJ-g8 4.919d-60.
2.900,1-00 4.898.00 .
2 11 d-:8 4.1.08.09:
3.9028-9 4.9, 28.d
3.959811-09 4:.96ld:8.
3.I10g-9d 4.91:89

3 .l5ed-9 4 .9?6899. ..

3.;V098-99# 4.9978.96

3.400.4-00 4.9?g8*00
3... .-8 4.9'8.I
3 'a j- 8 8.99d*09
3 .5508-go 5.00d*09f

3.65080 5.998.
3.7"0J:68 5.9"s.0.
3.7508-98 5.0998.09

Coa991 5.999809
3.7508-98s 5.fvv08.9
4 .9998J-68 5.98.99

Figure C-35. SPICE Plot Section 2 Input 010 Two
-: Node Precharge Using Basic Widths
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1******1/5184 ***~ SPICE 2G.1 (15OCT85) ********0f4:22:09*W****

a CMOS/SOS PRECHARGED BITSLICE SECTION 2 TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT-30

.OPTIONS ITL1=5fr0 ITL5-0
.MODEL NMOS N4MOS, (VTO=IV TOX=75NM UO=400 NSUB=2.5E16 LD-0.7UM)

+LEVEL= 1
.MODEL PHOS PMOS: (VTO=-IV TOX-75NM UO=200 NSUB=3E15 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L=5.OU W=5.OU
M2 1 3 5 0 NMOS L=5.OU W-5.0U
M3 2 6 1 1 PHOS L-5.ZU W-If0.ZU
M4 5 6 1 1 P1405 L-5.ZU W-10.OU
M5 1 7 5 1 PHOS L=5.ZU W=10.OU
M6 10 9 Z0 Z N140S L=5.0U W=15.0U
M7 10 7 5 0 NMOS; L-5.ZU W-15.OU
M8 1 9 5 1 PHOS L-5.OU W=10.OU
M9 1 5 11 1 PMOS L-5.OU W=18.0U
Mig 0 12 9 0 NMC;S L=5.OU W.15.0U
Mll 13 2 0 Z NMOS L-5.ZU W-15.ZU
M12 13 5 11 0 NMOS L=5.0U W-15.OU
M13 1 12 9 1 P14C'S L-5.HU W=30.9U
M14 1 2 It 1 P1405 L=5.0U W=10.ZU
M15 1 14 2 1 PMC'S L-5.ZU W=10.ZU
M16 15 12 0 0 NMOS L-5.OU W=15.OU
M17 15 14 2 0 NPIOS L-5.0U W-15.OU
M18 1 12 2 1 P1IOS L=S.ZU W-10.0U
M19 0 7 14 0 NMOCS L=5.ZU W=15.0U
M28 1 7 14 1 PMCIS L-S.ZU W-30.0U-
C 21 1 0 0.1135PF-
C22 12 0 0.279PF
C23 0 0 0.951PF
C24 7 Z 0. 133PF
C25 14 0 0.100PF
C26 2 0 0.288PF
C27 11 0 0.134PF
C28 5 Z 0.2GOPF
C29 9 0 0.191PF
C3Z 6 0 0.103PF
C31 3 0 0.103PF
VINi 12 Z PULSE (5V 5V 5NS ENS ENS IONS)
VIN2 7 0 PULSE (5V ZV SNS ONG ENS IONS)
VPI 3 0J PULSE ,jrV 5V 4NS ENS ENS 2NS)
VP1BAr, 6 Z PULSE (5V OV 4NS ENS ENS 2NS)
.TRANJ .5NS 40NS.
.PLOT TRAN V(11) (0V,5V)
.END
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I....12/81/8 ..... SPICE 20.1 (ISOCTSDI ..... $,26 ..

a CMOS/SOS PRECHAR@EO BITSLICE SECTION 2 TRANSIENT ANALYSIS *5

a.. TRANSIENT ANALYSIS TEMPERATURE 27.590 DEG C

a ......................................................

x

TIME V(II1

x S. d86 I.2598*95 2.SDffd.99f 3.7S558.99 SEf98.99

S. d4.99 9.925d-56
5.808-IN 9.E758-3

1.5558-99 9.Slid-E
2.984d-99 9.9758-59

3.5098-:; 9.ESld-9S
3 90-E ~ 5d-9

4.96-E9 9.38S
5 .0E6E893 9.9318-68
S586d-69 9.025d-9

I Sd:-E9 9.3428E
7.59fd 69 1689d
$.food 89 5194
8.5y58-9 2:S a8-92

glUI:d-ES 1:1S11-:2 1

I.55E8-9 4.841d-61
1.16#d-80 6.589d-41
I.IS9d-90 9.629d-St
1.298-96 1.3$3d-98

30 d8-E s 2. 8:
1.3S5d88 2.866d*65
1.449d-08 3.32ld80

I45d-:S 3.743d.96
.50dE-E 4.#S4d.95
1.55#d-08 4.324d.6 ..

Good5-so 4.5s8.S d: .

I.Dd~ 4.789 d .
,C2d-S 4:71 d*.

I.YUod- .. 4.957.EE
I.G-50J-00 4.8;d98S .
1.9068E d.789
2.0098-ES 4 .68.EE
2.100d 68 3.9589.
2.150d-.. 3.12048.09 .
2.q2J08 2.94I8.61
225:d::: 2.3C48.99:
2.39-E 1.32489
2.358-ES 6.9d8-l
2.49so-90 0.915-9 d

2.5994-ES 3.669d-8I
2:.5S9-E d .: 1 -E d .

2.6568-ES I286-SI

2.7108-So 2 214d-62
2.8968-9 1.316d-62

2.9964-96. 2.201d-.3

3 .968-66 6.582d_04
3.I1064-_00 3.4;6d-04
3.98E IE56-94

31.250.i-U S. 34,9d-U
3. 2-01.-0O 3.6248-0S
3.2568-60 1.6628-f9

3 .S 08- 90 2.6-6d-06
3 . 08J-68 I.Al8-E6

3. 706d.4-0 3 ..93d-EI
3 .756-68 2.8968-97
3. 006d-09 1.4$6d-07
3 .e56d-E 08 .2SId-S7
3. 900J-08 1.066d-li
3.998-68 9.9918-56
4:.9d98 9.37-8-E

Figure C-36. SPICE Plot Section 2 Input 101 Two
Node Precharge with Basic Widths.
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I******2/0/84 ******SPICE 2G.1 (15OCT80) ********04:23:og*****

B CMOS/SOS PRECHARGED BITSLICE SECTION 2 TRANSIENT ANALYSIS

Z** INPUT LISTING TEMPERATURE 27.000 DEG C

.WIDTH OUT-88

.OPTIONS ITL1=SirO ITL5"0

.MODEL NMOS NMOS. (VTO-1V TOX=75NM UO=400 NSUBz2.5E16 LD=0.7UM)
+LEVEL-1
.MODEL PMOS PMOS; (VTO-1V TOX-75NM UO=200 NSUB-3E15 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L-5.OU W=10.OU
M2 1 3 5 0 NMOS L-5.OU W-10.0U
M3 2 6 1 1 PMOS L-5.OU W=20.OU
M4 5 6 1 1 PMOS L-5.ZU W=20.OU
M5 1 7 5 1 PMOS L-5.OU W=10.OUl
M6 10 9 0 0 NMOS; L-5.0U Ww15.ZU
M7 10 7 5 0 NMOS' L-5.OU Ww15.ZU
M8 1 9 5 1 PMOS L-5.OU W=10.ZU
M49 1 5 11 1 PMOS L=5.ZU W*10ZU
MIS 0 12 9 0 Nr4C'S L=5.ZU W*15.OU
Mll 13 2 0f 0 N1W'S L=5.OU W-15.OU
M12 13 5 11 0 NMOS L-5.ZU W=15.0U
M13 1 12 9 1 P1C'S L=5.0U W-30.ZU
M14 1 2 11 1 PMCPS L=5.0U W-10.0U
M15 1 14 2 1 PMOCS L-5.OU W=10.OU
M16 15 12 0 0 NNOS L-5.0U W=15.OU
M17 15 14 2 0 NMOS L=5.OU W=15.OgU
M18 1 12 2 1 PMC'S L=5.OU W=10.0U
M19 0 7 14 0 N140S L=S.ZU W=1S.ZU
M20 1 7 14 1 P1405 Ls5.OU W"30.OU
C21 1 0 0.1135PF
C22 12 0 9.279PF
C23 0 0 Z.951PF
C24 7 0 0.183PF b
C25 14 Z Z.I0DYPF
C26 2 0 Z.288PF
C27 11 0 0.134PF
C28 5 0 0.26ZPF
C29 9 0 5.10IPF
C30 6 0 O.103PF
C31 3 Z 0.103PF
VINI 12 0 PULSE (5V 5V SNS ONS ONS IONS)
VIN2 7 0 PULSE (OV 5V SNS ONS 0NS IONS)
VP1 3 0 PULSE ff0V 5V 4NS ONS OHS 2NS)
VP1BAR 6 0 PULSE (SV OV 4NS ONS ONS 2NS)
.TRANd 0.5NS 490N5
.PLOT TRAN V(11) (SV.SV)
END

c- 76



I ....1/4114 ..... SPICE ?C.I (ISOCTSS ..... 4,239#e..

9 CMOS/SOS PRECHARGED BITILICE SECTION 2 TRANSIENT ANALVStSAft

... TRANSIENT ANALYSIS TE04PERATURE * 27.899 DEC C

Time Vill)

x 9. 8.06M 1.219899 2.65f.9 3.?698.93 I gggo-sg

a. d-"9 8.1389
S.E9988-IU S.989 " .

I.5998-119 $.191 9 . .o

2 .5 9 - 9 5 :8 6 0 4 : 6 0 .

3.199.J -:9 2601

I .60@d-ES 11.8pod-of

I.(.00800J 7.R248-99

I.6mad-69 5.610d-64 *

6.50d-99 4.1IM800
7 fI.:399941-969-1
1.958f 49d2-68
9.909d-99 2.7768

2.9 0. -0 Z 1d 11

.19-89 2.068d-61
1.3508-08:I 7.6248-Il
1.290dl .54 0 . .

1.400d-00 9.46 S t M-9
1.450d-00 4.713189-03.
1.r6Of8-OS 2.662d-03.
2.S508-0I 1.361931.
I.76d-90' 4.7949
2.7flNd- go L.7'3d*19 .

d.IU19 467~d-:4.

1.892380 I 4.9068*4
3.161.1-$0 1.16id-0I.

J.06-00 2.91 d*3.0.1 : .9 2d'0
2.#50018 .I9688

2.658-0 7S.09d*89
3.2094-20 5.O5d8.0
3708 5.l99 .d

235#d0-00 2.009d88
2:41~jS 5:0d5

60:~C 77#df

7 '. 
..

:S



1*******12/01/84 SPICE 2G.1 (15OCT80) ******04:23:51*****

0 CMOS/SOS: PRECHARGED BITSLICE SECTION 2 TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITL1=5i00 ITL5=0
-MODEL NMOS NN1OS. (VTO=1V TOX=75NM UO=400 NSUB=2.SE16 LD=0.7UM)
+LEVEL=1
MNODEL PMOS PMOS, (VTO=-1V TOX=75NM UO='200 NSUB-3EI5 LD-0.7UM)

*LEVEL=1
VDD 1 0 DC SV
MI 1 3 2 Z NNOS L=5.HU W108.OU
M2 1 3 5 0 NMOS L=5.ZU W-10.0U
M3 2 6 1 1 PMOS L=5.ZU W=20.OU
M4 5 6 1 1 PNOS L-5.ZU W=20.ZU
MS 1 7 5 1 PMOS L=S.ZU W=10.0U
M6 1Z 9 0 0 NMOS' L=5.HU W-15.ZU
M7 10 7 5 0 NMOS L=5.OU W=15.0U
M8 1 9 5 1 PNOS L=5.OU W=10.0U
M9 1 5 11 1 PMOS; L=5.OU Wm1O.0U
M1O Z 12 9 0 NW'S L=5.OU W=15.ZU
Mil 13, 2 0 0 NW'CS L=5.ZU W=15.ZU
M12 13 5 11 0 NPIOS L=5.OU W=15.0U
M13 1 12 9 1 PMCOS L=5.ZU W=30.0U
M14 1 Z 11 1 PlCIS L=5.0U W=10.OU
MIS 1 14 2 1 PMOS L=5.0 U \4=10.ODU
MIG 15 12 0 0 NI.OS L=5.0U W=15.OU
M17 15 14 2 0 NNOS L=S.ZU W=15.0U
M18 1 12 2 1 PlW'S L=5.ZU W=10.ZU
M19 0 7 14 0 NW'S L=S.OU W=15.OU
M20 1 7 14 1 PMCOS L=S.ZU W=30.0U
C 21 1 0 0.1135PF
C22 12 Z 0.279PF
C23 0 0 0.951PF
C24 7 0 0.183PF
C25 14 0 0.IOOPF
C26 2 0 Z.288PF
C27 11 0 0.134PF
C28 5 9 Z. 26OPF
C29 9 j Z.1&i1lPF
C30 6 .9 0. 103PF
C31 3 Z 0.1Ok3PF
VINI ' 12 PULSE (5V SY 5NS ONS ZNS IONS)
VIN2 7 0 PULSE (5V ZV 5NS OZlS ONS IONS)
VP1 3 VI PULSE 'krV SV 4NS ZNS ONS 2NS)
VP leA 6 Z PULSE: 'SV OV 4NS O9NS ONS 2NS)
.TPAN G..NS 4OUNS.
.PLOT TRAN V(11) (OV,SV)
END
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I *... 12/81/1 .... SPICE 21.1 (ISOCT8IU ..... 842S

* CMoS/SOS PRECIIARCED BITSL ICE SECTION 2 TRANSIENT ANALYSIS k2.

.. TRANSIENT ANALYSIS TEM4PERATURE * 27.986 DEG C

TINE vIII?
00. d0 1.258.08 Z.Sff58.00 3.75&d.00 S.380

d:,0,.- 9.02-08

1.5009-U 9 0S d-98*

1.50#d-69 9.02-00 .O

3.00-9 1.280
3.5008-9 9.9,5d:00

NeeId-89 9.18-5 .

4.506'j--9 9.634091

I.0ged-_09 9.798-M 74
1,.Sof8-ON 9.133d-WI
1.5808113.00 .6 9.

7.5098-08 4.0218.0 .
.S.d-89 4.33880.

9.00-0 4.55030..
8.569d-09 2.254d802

1.1508 .. 8288 . . . .

1.280d-00 1.3268

1.9008-_08 4.47 .6v.d:
2.9908 -80 4 .9448*0 .
2.5r08-00 4.3#3d-00..

S.18.-90 4.648d.66.
.260i0-00 4.79d3866

1.9080 .1800 .:iI 2.2608-0 I 'd9*0
1.90 s- 4.79.6-E . .
2.0003-O8 4..8218-90...
2.050d-08 !:2781d::.
2.600god-0 9.23d-1.

2.100,8-0 .0E087 'd 0
2215..-08 2:118-04d
2.808-V 1.81 Sd-02

2.81-00 S.278-03
2.50#d1-86 3.48-831
2.98d08 21 43
3.680.4-00 4-069d-:2
3.850l.-8 25.3688-0 .

3.IO".J-00 7.,'7d-03
3.501-0 3.0i24d 6

295'500 08 .g59-03
3.9fOOJ- 00 2.3-038.
3.059.J-no 5.964d-8 04
3..100J-f8 3:848ld-6

3.40.0 4. 6-05
3.290 1.4a'-83.,00.J-00 7.5-07

3.62601-000 S457.
3:.11 1-0 2.9648-07S
3 . Z5 V,-00 1 .SE-2-0 5
3.400.-00 0 .54d-0 6

3.450.1-00 4.8018d-OG

1111C- -9

3- . .-.01-.4---0 7 -.d6

3_________________ 4-'. . -. *..



1******2/0/84~~***~ SPICE 2G.l (15OCT80) ********84:25:04*****

0 CMOS/SOSI PRECHARGED BITSLICE SECTION Z TRANSIENT ANALYSIS

0** INPUT LISTING TEMPERATURE * 27.000 DEG C

.WIDTH OUT-80

.OPTIONS ITL1-5ffO ITLS=0

.MODEL NMOS Nr4OS; (VTO-1V TOX-75NM UOft4Z0 NSUB=2.5EI6 LD=0.7U4)
+LEVEL-I
.MODEL PMOS PIAOS. (VTO=-1V TOX-75NM UO-2Z0 NSUB-3EI5 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
Ml 1 3 2 0 NIIOS L-5.OU W=15.0U
MZ 1 3 5 0 NMOS L-5.0U W-15.0U
M3 2 6 1 1 PMOS L=5.OU W-30.OU
M4 5 6 1 1 PMOS L=5.OU W=30.OU
M5 1 7 5 1 PMOS L=S.ZU W-10.0U
M6 10 9 0 0 NMOS L-5.OU W-15.0U
M7 10 7 5 0 NMOS; L=5.OU W-15.ZU
M8 1 9 5 1 PMOS L=5.ZU W=10.OU
M9 1 5 11 1 PMOS L-S.ZU W=10.ZU
MIZ 0 12 9 0 NMIS L-5.ZU W-15.ZU
Mul 13 2 0 0 NMCIS L-5.OU W=15.01J
M12 13 5 11 0 NMOS L=5.ZU W=15.0U
M13 1 12 9 1 PriOS L=5.ZU W=30.0U
M14 1 2 11 1 P1C'S L=5.0U W=10.0U
MIS 1 14 2 1 Pl1405 L=5.ZU W=10.OU
MIG 15 12 0 Z NMOS L=5.ZU W=15.ZU
M17 15 14 2 0 NPIOS L=5.OU W=15.ZU
M18 1 12 2 1 P1105 L=G.0U W=19.OU
M19 0 7 14 J Ni1C'S L=5.ZU W=15.ZU
M20 1 7 14 1 PtICI5 L=5.HU W=3Z.VU
C21 1 0 0. 1135PF
C22 12 0 0.279PF
C23 0 0 Z.951PF
C24 7 0 0.133PF
C25 14 Z 0.199PFjC26 2 Z Z.288PF
C27 11 0 0.134PF
C28 5 0 0.260PF
C29 9 0 0.I01PF
C30 6 Of 0. 103F
C31 3 0 O.10J3PF
VINi 12 0 PULSE (5V 5V 5NS ENS ENS IONS)
VIN2 7 0 PULSE (OV SV SNS ENS ENS IONS)
VP1 3 !0 PULSE (OfV 5V 4NS ENS ENS 2NS)
VPISA. 6 0 PULSE (5V OV 4NS ENS ENS 2NS)
.TRAIJ J0.5rNS 4VNS
.PLOT TRAN V(11) (ZVSV)

END

C- 80



....12/1/84 ..... SPICE 20.1 (15OCT89 .... *0425,0

S CMOS/SOS PRECHARGEO BITSLICE SECTION 2 TRANSIENT ANALYSIS kJ

TIME VIII)

... TRANSIENT ANALYSIS TEMP RATURE * 7.0 DECC

... ....... ......... ...................

x N. -d06 1.250d.DI Z.SIfd.05 3.75g8d-f S .g Ed+9

I. dl. E 1: .5::11 08:4

5.500d-19 5.BlBddffE
3.5098-59 S.9098.61
4.509.1-09 5.991d,09
I Avg N 1d- Of484

I.089 5.998.9

2.00J-09 4.00d8.09
3.god-09 5.9-Ed .0
3. see-09 5.0445d U

4. 0001-09 0 5.01Od.0

5.9098-09 4.969d*60

.5 8 0 d - 9 4 l4 d : : :

9.500d-09 d .41d8*01 d60#d-8; 3.@, d-09
7.5921-99 3.295 .d HO

.50d-09 2.Sd-0

o.2Sfd-09 1.870d-8

9:.100-:9 I.968,d- " 

-

9.358-0 9.44d-0l

9.,J-9 d.4.2-6-
1.00d-ES 3.26#d-EI *
,5OOd-98 3.7 :86-1

1.1901-08 1.76-SI . .

I.I50d-08 I.58-02 .2
1. 389 332dZZ

I.2558,-99 1.787d-92.
1.0 -O0 1.06 -9 2

.:351e-0O 5 674d-03

1.459d-:0 4,7Gd-03 -

4 SOJ-O 1. 7?6d- 3

1.500d-0O 0.73Od-04

I.g O a S d61 0

:5501 -00 4.57Ed-4 
.

.608 -08 2.593d-94 .

1.6501-00 1.466d-04 4
.30 -00 1.7Sd*5-9 *

27504-00 2.2918-04.C0-0 4.7j68-04

1. dO 3. d- 2

1.90-00 3.373d-62
.950480 7.316d-02..

2.000d-08 41592d-
2.05- 00 2.76d- I
2.1001-98 4.6-:18 1-
2.150d-00 7.38-OSd .1
2.200,J-00 1.S68,Od0Z.26-11,- 4.44.d

2* *JO 4f:d &

.30YJ-00 4.9 4.d .22.450 -00 2.4(4d0

2.4s51- 00 3.425d:&@ .
2 .5904j- 00 3 .024d.9
2 .5.0... 4.1704.69 . .
2.6g64-08 4.3 0:0

3.~ d-• 4.3:Sd'O•.:.-

26564-08 4.560 .06

2.7001-00 4.619.d0 "0
2.750,4-08 4.7.6d-0.
2.8094-00 

S.o 8lid*lif
2. 25 00 4.93d.9

2.3131-0 4.973 8., .
3. i,0.J-S0 4.968d 38**"

3: .j I.41- 8.1

,~' - •.,~f

3 'y 0.J-00 A. 9 6d.97:
3.7010 4.9 d U0

%°-88

3509 4.9;9d8.6
- . I r 4-00Q 4.999d.q#
3 . ' 4..-00 9d~
3.566d-00 4.9i ' : I

3. ' UJ1-mo 5.0608 ."9

3.65SI S.5d18R

3. 70".1 -60 5.9668.00
3.700.1-00 5.01*d

so 5.&094

3.1 9.-60 5.906dU@
3 .?50.1-60 5.@ #8.86
8.0#0.1:09 5.5998.09

Figure C-39. SPICE Plot Section 2 Input 010 Two
Node Precharge with Widths x3.
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1***~*1/0184 ******SPICE 2G.1 (15OCT80) ********04:25:34*****

0 CMOS/SOS PRECHARGED BITSLICE SECTION 2 TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE = 27.000 DEG C

WIDTH OUT=80
:OPTIONS ITL1=5jro TL=
.11O0CL NMOS 111105. (VTO=1V TOX-75NM UO=400 NSUI3=2.SE16 LD-0.7UM)
+LEVEL=1
.MODEL PMOS PMOS (VTO=-1V TOX='5NM UO=^,00 NSUB=3E15 LO=Z.7UM)
+LEVEL= 1
VDD 1 0 DC 5V
Ml 1 3 2 0 NMOS L=5.ZU W=15.0U
M2 1 3 5 0 NMOS L-5.OU W=15.0U
M3 2 6 I 1 PMOS L=5.0U W=3Z.0U
M4 5 6 1 1 PMOS L=5.0U W=30.0U
M5 1 7 5 1 PMOS L=5.ZU W=10.0U
M6 10 9 0 0 NMOS L=5.OU W=15.ZU
M7 10 7 5 0 N1405. L=5.OU W=15.0U
M8 1 9 5 1 P1405 L=5.ZU W=10.OU
M9 1 5 11 1 PMOS. L=5.ZU W=10.OU
M10 0 12 9 0 NW'S L=5.OU W=15.0U
Mll 13 2 0 0 NMOS L=5.OU W=15.ZU
M12 13 5 11 0 NMOS L=S.ZU W=15.ZU
M13 1 12 9 1 PMC'S L=5.OU W=30.OU
M14 1 2 11 1 PMC'S L=5.0U W=10.ZU
M15 1 14 2 1 P M 0 S L=5.ZU W=10.ZU
MIG 15 12 ff Z NMOS L=S.OUU W=15.0U
M17 15 14 2 09 NNOS L=5.OUU W=15.ZU
M18 1 12 2 1 PMOCS L=5.ZU W=19.ZU
M19 0 7 14 0 NM'S L=5.ZU W=15.OU
M2Z 1 7 14 1 PTC'S L=5.ZU W=30.OUJ
C21 1 0 0.1135PF
C22 12 Z0 .27 9P F
C23 0 0 0.951PF
C24 7 0 Z. 183PF
C25 14 0 0.100PF
C2G 2 0 0.288PF
C27 I' 0 Z.134PF
C28 5 0 Z.2609PF
C29 9 ;J Z.IO1PF
C3Z 6 0 O.103PF
C31 3 0 0J.1O3PF
VIP11 12 0J PULSE (5V 5V 5NS ONS ONS lZNS)
VIN' 7 0 PULSE (5V WY 5NS OfIS ONS IOJNS)
VP1 3 :3 PULSE fffV 5V 4NS ONS ONS 2NS)
VP1EAR 6 0 PULSE (5V J\' 4NS ZHS ONS 2NS)

TRAN~ 0J. SIS 40145
PLOT TRAN V(Il) (ZV.5V)

. END

C-82



Im

....... 12/61/84 ... *..*. SPICE 2G.1 (ISOCT88) .*....... 4ZSS34 -...

CMOs/SOS PRECHARCED RITSLICE SECTION 2 TRANSIENT ANALYSIS Mr

.... TRANSIENT ANALYSIS TEMPERATURE - 27.908 DEG C

...........................................................

x
TIME V(111

x f. d.if 1.259d*D9 2.Sf9d89. 3.75Ed-8o S. fiEld E
-.-.-.-.-. -.-. -. - -.-.-. -. - . - .- .--

1. d*9 9 6 .8. 6d-68
I.0E,J-09 9.925d-0 a
I.5BBi-9 9.S$5d-ON8

1.509d-09 9.825d-08
Z.9Pld,-09 9.02 54-UN8
2.5804-89 9.95805d-N

3.500d-69 9.6z d-f8f4.Sg:d-:9 1. 5-g4.005."99 9.0.5d-ON8
4.5054J-89 9.525d88.5.0J- 9 9.T Sd-N.

6.0884--B9 9.947d-g8
1.598.J- 9 9.125d-N.

7.000'd-B '0 .29')d-:8
7.5ogd- N 6.693d-8
8o9014-89 3.7i2d-63
N.5,--89 2.#-2d-0.
9.00,1-99 4.678d-ff2
9.5:d-99 I.IdI .*
I.BOed0g8 2.196d-Nl .
I,950.1-g8 3.569d-01 . *6.l00d-g8 5.813- .1

I.|gd-g8 8.76l8-1 d
I.Zood-08 I.27.d.
I.250d-08 .1727d:::
I. ,004-g8 2. -1 Nd.0 .
I. 5gd-88 2.768d*WU .

I.40od- I 3.2,d.0
I.45d-8 3.625 :0*Ig .
I.S0,J-gO 3.985gg d .

1,550-08 4.274d8.0 . .I.6fl8J-gO 4.62d.0 . -

1.70 d-O 4.7':98.06 d ,

1.75 .J-g0 4.'s1I* . .

I. 0~dO ..a.7d-Uv% .C ,.-g 4. '.Td:V,
I. S0J-00 4.979dO 0

1.9,d0-0 4.149d8 .
2.iyy-J-90 4.S68d .0"

2.100J-o 3.9F7d-8 .

.215O-g0 3.A;7 1 .d:1
2.'00.doe Z.ZSd ..062.250d-OEI 2.318d40*2.3OJ-8 1,11d g .

2.4001-0 8.79d-0l .

2.459d-:e S.763d-6I .
2.51d:d-8 3.13d-l 1
2.5 ad-68 2.0d-g *
2. 63d-N 1 . Z72d-01 *
2.650d-8 .9 3 -82 3d 1
2.76#4-08 3.98-62 *

2.750d-8 2.Z42d-02

2.Eoad-8 1.3p9d-02
2.ESod-_N 6.7[:8d-N3
2.)Roj-q8 3.9 2d- 3
2.29.J-00 2.I , 3d-033.698-O8 1.0658-83 .

3.'124-RD 6.4"-RNd-
3. IP.J-0 3.3(:9d-4
3.1Sfd-88 1.814-4
3.201-81I -.27d-04 -
3.5Od-g0 5.2;Zd-LIS

3.3!8d:#8 2.9?9d-IS

3. .;57J0 1.G5 d- 05

3.S-0 4.J -4 d-16

3.750.i-U 2.5£,d- 76

3.'50.J-00 I.Ild-G
3.o-1-o9 8.412d-07

- .: (4

3.650J-00 4 6 d7
3.7001-:00 3. 0.4-07
3. 7SO O-U 2. kf63d-07
3.C80J.-00 1. .9d-07
3.CS514-0R I.',6 d- 07

308-00 adE80
44 -6 go 9.9.Nd-O

Figure C-40. SPICE Plot Section 2 Input 101 Two

Node Precharge with Widths x3.
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Figure C-41. Basic Section 3 CLL Plot.

Figure C-42. Basic Section 3 Node Plot.
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Table C-7

BITSLICE SECTION 3 NODE LIST

GNO a
Vdd 1
NMOS 5
PMOS 1
11 2
51 3
1 4
35 5
2 6
42 7
54 8
5 9
46 l"
29 11
13 12
35 13
14 14
3 15
18 16

C-.85
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1*~****12/Z1/84 **** SPICE 2G.l (15OCT80) ***015:SW*

0 CMOS/SOS BITSLICE SECTION 3 BASIC TRANSIENT ANALYSIS

0** INPUT LISTING TEMPERATURE = Z7.000 DEG C

.WIDTH OUT-80
.OPTIONS ITL1=5f00 ITLS=0
:MODEL NMOS 1010S (V701V TOX=75NM UO=4O0 NSUB-Z.5E16 LD-0.7UM)
+LEVELI1
.MODEL PMOS P1405 (VTO-lV TOX-75NM UO=290 NSUB-3E15 LD-O.7IJM)
+LEVEL-1
VDD 1 0 DC 5V
Ml 1 3 2 1 PMOS L=5.ZU W-18.OU
M2 1 2 5 1 PMOS L-5.81. W=10.OU
M3 8 7 0 0 N140' L-5.81. W-15.81.
M4 8 3 2 0 410Z L-5.01. W-15.0UU
M5 1 7 2 1 P140O L-5.01. W-190 .1
M6 10 9 0 0 N1405 L=S.OJU WJ15.0~U
M7 10 2 5 J Nlll)5 L-5.ZU W=15.ZU
M- 9 5 1 ': L-.ZU W=10.OU

M6 1 11 1 P!-'-Y L=S.OU W-10.91.
M16 2 J0 NMOS L-5.9U W=15.OU
Mil 1: 51 1 WIOS L-5.ZU W-15.01.
Mil1 11 : PN40S L-5.VU W-1.9.0(1

MI: 1 1' ','NO' L-5.01. W-19.JU
M14 09 IA 0 N ('S L=S.0U W-15.AJU
M15 ~6 15 J )J MOS Lz5.0U. W-15.91.
M16 I2 1t 12 0 ?'MoS L-5.OU W-15.CU
M417 1 . 14 P lC'3 L-5.ZU W-10.01.
MN1 1 15 1'_ I "t1-0'. L-rS.'U W4=I0.(U
M19 0 .'59 J IC'S L=S.OU W-15.21.
MZ121 i5 9 1PrIK', LsS.OU W=30.OJU
C21 1 Jr 0.S.Y1PP
CZ2 0 0j 0.425PF
C23 ', 7 1j.14,~
C,, 9 0 .4?
C2r- 2 J 0. 2.0'
CZ'5 12 0if 0. 1 "I F

C 7 14 J k. -P

Ce.- 5 r0. 137I':_
VI1 U211-rL (C7V SV 5NS ZNS IYNS IONS)
'VC;A J c P J>2 COV 0', OTIS OTIS 9[qS IONS)
VZEL 7 3 P J>2 (5 "'I DUS ON!; 'JINS lJNS)

T TP.,CNJ . Sil' 4. 'I
[r'L - T 7 Af V7( (ZV.5V)
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-a-:-

. 18 /8. SPICE ZG.I |ISOCT81 ... S. I

* CMOS/SOS BITSLICE SECTION 3 BASIC TRANSIENT ANALYSIS

a**.. TRANSIENT ANALYSIS TEMPERATURE - 27.999 DEG C

K

TIME V(Il)

_d9. 8 1.50d8SAF 2.598.d9# 3.7Sfd.f# S9998-t9

9. .d-88 5.99d.8
5.999d-IS 5.9 id*9 .

1,9194-99 S.90d*".09

1.599d-99 5o999d.19 . .- a

2.5004-09 S.991d.6U

3 .0S4,- 9 S .#V9 d .e .

4.90BY 5 .991d8.09
3. 091-89 5.80d69
5.500.J-99 S.9f9d9. ..

4. 8 8 8d -9 9 5 . 9 9 9d * 9 9 .

7.904-99 6.985 . 99
7.50d-89 4.990d.09

8.900.J-09 4.92ldO
8.5O0d-99 4.741deS• 

*

.509d-99 4.hI8d*9 .

9.SOJ.-99 4.909d:09 0
1.908d-8 3.ASIde .. * .
1.050d8-00 2 .966d .
I.I9od-00 2.174d.0
1.159d-00 1.641d • .
1.2018-60 l.941d8.09 .

-

1.250.1-06 6.659d-91 " 
-'--

1.6904-90 3.7?8d-0I .-.

1.25d-98 2.342d-l 1 .
1.4!0d-90 1.245d-91 .

"

1.4 d-9d0 6.7298-02 . .

.I.Sei-8 3.7d-OZ ." .
1.55,4-08 2.0aSd-02

1.604-0I 1.1748-0d .

1. :1.-0 d.14-03 *
1. 7d-00 3.9td-03 

,

I.750.1-009 1.17t4d021.7508 .55d-02 
....

I.,- 8 S.S$9d-62•
1.5.J-00 I.SZd-01
1190.1 4.13d-61..
1.75:1-13 7.393d-91 .".
2.00-00 1.245d8.2.05-00 .14d8.1""9
2.00 . - .49d.09 .,d-::"

2. 0gd-0 2.99d09 -

2.2005-08 3.498 0 . .2.2594-08 3.8938.69 .

2.300d98 4.Z13d.g .

2.3504-00 4.444d: . .
2.4014-98 4.67Td89 .

I An0.4-_an 4.7s78.9..2.5nd918 4.91Sd0# .*
2.5214-1 4.5c9d.9 . -

o.610.J-99 4.918d:90 

.

.sod0-0 4.91280 .0
2.7 73d-98 4.962d00 6
2.750 -08 4.974 00 .
2.509.1-98 4.952d89 .- 

,

Z.50.J-9 4.9.8.09 .
2. 0.1-0 4.9-2d.1 0
2.:0-00 4.9?5 8.0 .

3. 09.J-08 4.996d::1 .

3.629d-g 4.9 98d800

3, _004-00 4.9.9d9 

"

3 .2I9d -00 4.9;9d . 0 .

3.25291J-00 5.909dO9
3.380d:8 .9 9d .""--

3.40J-90 5.3 g00

3.5 od-6 
5.0 098.00..

3.550d-00 o..0g

3.520.1-09 5.006d4.98
3 . 7 0 9 .-8 0 S B g 5 .0 0 9 8

3.CUQ.j-N Do 900e.09
3.75J0-0 5.001d.00 .

3 . 5 .1 - 0 5 .0 ( .o 9 .

3. 0.,-00 5.0@d:9 0

.950.10 5.0068d1)00
4.good-o 5.0 d 0 .

- . Figure C-43. SPICE Plot Basic Section 3 Input 010.
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1*****12/1/8 **S~~**SPICE 2G.I (15OCT80) ****~~.~**

a CMOS/SOS BITSLICE SECTION 3 BASIC TRANSIENT ANALYSIS

** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITLl=SF0 ITLS=Z
.MODEL NMOS 14110S: (VTO=1V TOX=75NM UO=490 NSUI3=2.5E16 LD=0.7UM)

+LEVEL=1
.MODEL PMOS PMOS: (VTO=-lV TOX=75NM UO=,200 NSUB=3E15 LD=0.7UM)
.LEVEL-I
VDO 1 0 DC 5V
MI 1 3 2 1 P1405 L=5.OU W=10.ZU
M2 1 2 5 1 PMOS L=5.JUU W=10.ZU
M3 7 0 0 N140S L=5.ZU W=15.ZU

M4 3 3 2 0 NMOS L=5.ZU W=15.ZU
M5 1 7 2 1 P1405 L=S.OU W=10f.0U
MG 10 9 0 Z NMOS: L=5.ZU W=15.OU
M7 10 2 5 Z NMOS. L=5.ZU W=15.OU
MG 1 9 5 1 PMOS L=5.OgU W=10U.ZU
M9 1 5 11 1 PN-OS L=S.ZU W=10.OU
N1O 13 12 9 Z NMOS L=5.ZU W=15.ZU
MI] 13 5 11 09 NMOS L=S.ZU W=15.OU
M 1 2 1 12 11 1 PMOS L=S.jOU W=1.OU
M13 1 14 12 1 P'IOS L=S.ZU W=10.sJU
M14 Z 14 0 NMIS LsS.0U W=15.ZU
MIS 16 15 3 0 NMOS L=5.ZU W=15.ZU
M16 I6 14 12 0U N140S L=S.ZU W-IS.ZU
M17 1 214 1 PMCOS L=5 .OJ W=3Z.OU
M13 1 15 12 1 P1,OS L=S.OgU W=10..JU
M19 0U 15 9 0 NMOCS L=5.OU W=15.OgU
M20 1 :5 9 1 PHOCS L=5.ZU W=30.ZU
C21 I 17 9.5ZIPF
C21 0 17 07.465PF
M2 15 17 9.1A3PF
C24 39 Or .141 PF
C23 2 Z 0J.23OPF
C26 12 0f 9.13CPF
C27 14 J7 0.134PF
C28 I' -J J.134Pr
C29 5 0 Z.137PF
VIIIl 1S 07 ?UL23E (5V ZV SNS ZNS rJNS IZNS)
V'C. r 3 .9 PJLCE COV .9V 014S 0;iz VHS IO9NS)
VZEI. 7 1l P'JLC-E (5V 5'!1 ZOS VHS3 r1iS 101iNS)

TRA1 CN511 4011$i
PL'T T~NVI 1 (ZV.5V)

END
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t ... 2018, ..... SPICE Z0.1 (15OCT39 .... 21,19,51 ..

* CMOS/SOS SITSL ICE SECTION 3 BASIC TRANSIENT ANALYSIS

... TRANSIENT ANALYSIS TEMPERATURE * 27.182 DEC C

TIME VII1I

x 9. N-ef I.259d-gg 2.59041 3.7S~d-II 5.80941-80

a. dNfSE g.9TSd-9S
S.949d-tf 9.0-Sd-0S
1.g96.J-69 9.#ZSd-Of*
L.59.-99 9.63Sd-6S6
2.80#d-99 9.035d-08
3.00.1-69 9,0359d-9

3.SOE.J-6O 9.015d-99
:986d-09 9.OZSd-GS

4 .586J-69 9.fS~d-f$
s.ggS~g-#1I .SZ-fd-9
S.Sffd-69 9.SSd-68*
6.686d-89 9.#Sld-IS
6.0931-99 S.275d-E
7.9691-99 9.727d-3

.50#d_#9 3.94_8192.

.96-09 I.401d-69 .

1.9594-90 2.4188*99
I.Iad-uls 3 8#4d489

1.299d-00 3.'d9 .

1.70889 4. 4018.19I
I.2:d-: 4-5978-9 .

1.3,080 4.6718.9 .
14098-d 4Id

p~ 1.000.-oo 4.S74d-::
I .SV0jJ-O 4.814d*UA .
1:5WOi-10 4.9448*6 . -

I.758-:- 4.94*91 .

1.C0BaJ-00 4 973d:6
I.750,J-08 4.961Off9
1.088-90 4.798.09 . .

a g79.-90 3.977d-Of.
2 .0500'J-08 3.4!-14-00.
2. 1 OO-08 2 STBG.RI
2.120 d- 0 I28*0 9_____
:Z0500 I.E734.99 . .Af

3017,1-60 6.4!,3d-01.
2.:ZS.J-00 4,999d-91. .
2.4068d-08 2.322d-01.
2.4598-00 I.Z674-#I
2.5IS088 7.9088-92 .

j.55 08-90 4.09d-02 .

f.EftodJflo 2.166d-62
6.7iIl1:1052

700d-t d 681-3.
Z.75oj0. 3 2."'d _-3
2:.94d.j_90 1.8638-d2_ * 3
2.250j.O I:#!1d-fl

.70-0 3.06118-09

3.058-08 9.~4d-18 *
3.10-8 4.9f"d#S
2.lSO -00 9.5T-9 Id .:3.2 08-98 I.27I I9
3.751! 0 7.71.d8-93. 100J-40 3.972d-6
3 .356d-03 2.2098-Il S

3Sfod-wo 1.276d-07
3.0A0sy1-8O6 .0-9:

a.049 1497 

3.7001-08 1.179d-07*
3 75 J-60 co786
3.:58.J-Oa 9.449d-04

2.9t 0 -00 9.163d-04
4.01-90 9.019d-B% -*

Figure C44 SPICE Plot Basic Section 3 Input 101.
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Figure C-45. CLL Plot Section 3 One Node Precharge.

Figure C-46. Section 3 one Node Precharge Node Plot.
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Table C-8

BITSLICE SECTION 3 NODE REFERENMCE LIST -ONE NODE PRECHARGE

GND 0
Vdd 1
NMOS 5
PMOS I
33 2
85 3
1 4

3 6
66 7
42

5 9
6 is
57 11
75 12
20 13
61 14
17 15
47 16
34 17
29 18
8 19
30 20
22 21
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T I

1~~12/:/D ~SPICE 2G.1 (15OCT80) *******w19:46.30****

0 CMOS/SOS BITSL!CE SECTION 3 PREC14ARGED AT ONE NODE

Z* INPUT LISTING TEM4PERATURE= 27.800 DEG

.WIDTH OUT=80I OPTIONS ITL1=5i'0 ITL5=2
MODEL NMDS r11110 (VTO=lV TOX=7SNM UO=400 NSUG=2.5E16 LD=0.7UM)
+LEVEL-1
.MODEL PHOS PM405 (VTO=-1V TOX=75NM UO=200 NSUB=3E15 LD=0.7UM)

r , +LEVEL=1
VDD 1 0 DC 5V
MI 1 3 2 0 N1M0S L=5.OU W=5.0U
M2 2 51 1 P10S L=5.OU W=10.OU

M31 7 G6 10 -5Z -0Z
M41 9 9 MSL5Z -JZ
M512 11iZi O =5Z =5Z
MG12 7 6ZNMO$. L=5.OU =5Z

M7 1 11 6 1 P1405 L=5.OU W=l.Jr.DU
M 0 14 i3 0 Or NiIOS L=5.DUU W=15.OU
M9 14 9 3 S NMOS, L=5.ZU W=15.BU
MiZ 1 13 8 1 PHC'S L=5.BU W=10.DU
Mil 1 3 2 1 P1405 L=r6.SU W=10.MUI
M12 16 15 Or 0 NjFIOS L=5.SU W=15.OU
M13 16 9 2 0 NHOS L=S.OUU W=15.DU
Mid 2 130 17 0 HMOS L=5.ZU W=5.A3U
M15 1 15 2 1 PMC05 L=5.OU W=10.OUU
MIG 1 13 15 1 PMOS L=5.OU W=109.OU
M17 2 2Z 17 1 P1405 L=5.ZU W=l0.aJU
MIS 0 6 13 Z NJ-iC'S L=5.OUU W=15.0u
M19 2 1 6 Br 0 [*105 L=5.JUU W=15.0(U
M42,3 21 19 15 Z NN140 L=5.ZU \4='5.OU
M21 1 6 13 1 PIIC'S L=5.OU W=30.kU
M22 1 G i5 I PM405 L=5.BU W=10.AU
M23 0 10 19 3 1140 L=5.SU W=IS.BU
M24 1 3) 19 1 PilC05 L=5.OGU W=313.UU
C25 1 0 0. 123,92F
C26 6 :-- 0. 316P1F
C27 9 '11.221C28 0 0 0J. 9401-F
C29 19 0 j0.11IPF
C 13 15 '3 0 1.2fYPF
C11 13 AY0 J.IO3PF
C32 2 17 Dr. 234AF F
C33 17 U 3. I PF

Vill1 9 3 P'JLUC '9V 5V! 514 ONS 0145 IONS)
VP: 1 2Y PUJL2E EkV SV', 4US3 OHS 0143 2NS)
ViFI-.. 3 sl PIJL'SE 1SV iSV 4145 .91S 015 2INS)
VSEL 7 1 PLS-E (5V 5V 0145 0112. 0145 10145)

1UA 11 0 l 2U L 11E I IV kiSV I NS 'V11 siNS 10145
Vt[!i:2 'C^ J) PULCE : :5V 0145 O11S 'NS 2I1NS)

VF W.2> 1: 3 L'LZ;E dJV 9V 11S 31HS .0145 20NS)
* P t F.50;3 4fft,$

.PLODT V2;Al V1(2) (0'/.SV)
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I ... 2/01/94.... SPICE 26.1 (15OCT05) ..... 1914F,32 ...

5 CMOS/SOS BITSL.ICE SECTION 3 PRECHARGED AT ONE NODE X8

TRANSIENT ANALYSIS TEMPERATURE - 27."&9 DEC C

S R

5o8.33 5.0038.53

31.3- 9 S .911#d-60
3.50649 5.3358.33
2.0004 -9 S 83d-63

3.500.--9 5.0338.33 .

6.6901-39 5.5338.3

6.503-1-3 1.9d.3

5001-39 4938
8.00d-9 4.S91:d3

9.50 d:.9 A.970.993
9.5038-0 4.23ld .

.3d30 3.947d-94

1.1sed.4-0 2.683

1:20083 .783
1.z9J-060 1.2458.00 .
1.30041-9 .5.9-09
1.3S0d-08 1.3S58.33

*.S .5.1 -08 7.3Z9d-01
1.600.1-UG 6.464d-91

5.0.10 .062d-01.
1.943)4.7?S8-01

1.80"d-00 4.914d-61.
I.0a0./-O S.6741 .I.9 938 .8 7.477A 3

203"43 .683
2.065'8-008 1 2('73
2.#Sod _00 1.96787d:1
2.1694 -00 1.910d 0:
2 .20.d-00 2.S1283I 2.306.1-00 3.5748.33

: .400.1 3.479d.00

2.9504-08 3.7688.35

6.001:00 4:.16133 .
37.1-8 4.2Ad.e

2.008-08 4.3188.33

2.104- 38 4.: 83 .d

320010 G .O4d8.3d
3 C2r04-08 4.723 8.83 ..

3 91-0 4.04!.7.09

.50.1-00 4.9122d80
3.5.1 X-@0 4.6~8g
3.70..d .. I.03d:

3.790.1-00 4.7!2d:::
3.300.1-3 4.774d83
3. 3S.IY-00 4.9198.00.

-6-00J-00 A 826d:OU
3:32).~f ':78.03

400.1-00 :1,7d:.:
--- --- --- -- --- -- -- - -- -- -- -

Figure~~' C-04.9SIE lt etin3 nut00 nNod Prcag wihBscdits
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1***~***~/.71/84SPICE 2G.1 (15OCT80) ***1.401**
0 C140S/SOS B17SL!CE SECTION 3 PRECHARGED AT ONE NODE

3** INPUT LISTING TEMPERATURE = 27.000 DEG C

a .WIDTH OUT=80
.OPTIONS ITLI=5k00 ITL5=0
.MODEL NMOS Nr10S: (VTO=IV TOX=75NM UO-40Z NSUB-2.5E16 LD=0.7UM)
eLEVEL=l
.MODEL PMOS PMO0S; (VTO=-1V TOX=75NM UO=2ZZ NSUB=3E15 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
MI 1 3 2 0 NIIOS L-S.0U W=5.0U
M2 2 5 1 1 P140S L=5.ZU W-10.OU
M3 1 7 G 1 PllOS L=5.ZU W=10ZU
M4 1 9 8 1 P140S L=S.OU W=10.ZU
M5 12 11 0 Z N1lOS L=5.ZU W=15.0U
M6 12 7 6 Z N1OS L=5.ZU W=15.ZU
M7 1 11 G I P1,O$S L=5.0U W=10.OgU
M 0 14 i3 0 Z NMlC'S L=5.ZU W=15.OU
M9 14 9 8 Z N1NOS. L=S.0U W=15.OU
Mia I31 .3 1 PHOCS L=3.3UU W4=3A.ZU
Nil I C 2 1 PHOtS L=S.OGU W=1Q..U
M12 i6 15 .J Z NH*os L=5.ZU W=15.ZU
M13 16 3 2 0 N1W'S L=5.OUU W=15.0U
M14 2 13 17 Z NMGS L=5..OU W=5.DU
M15 1 15 2 1 P1105 L=5.ZU W-10.OU
MiS 1 19 15 1 PMOS L=5..OU W=iO.5U
M17 2 2ff 17 1 P1105 L=5.ZU W=13.3JU
M13 0U G 13 0 NMOS L=5.9U W=15.ZU
Mi9 2 1 6 0u u r~iC'S L=5.OU W=15.0UU
M2Z 2 1 19 15 (J NIMOS L=5.ZU W=15.ZU
M21 I G 13 1 PlICIS L=S..OU W=30.0~U
M22 1 G 15 1 P1,1(1 L=S.3U W=10.BU
M23 Z 19 !3 MMOS L=S.ZU W=15.0U
M24 1 19 1 P1W'S L=,r.HU W=39.i3U
C25 1 AY J. 123.3PF
C2G 6 if 0.3iGPF
C27 9 3Y 0.232PF
C28 Z 3Y 0.)4ZPF
C29 19 0 JU.111PF

C3Y i 3 - .10311F
-C 33 :1 3 1 3PP
C2 2 : 3 . t P F

C34 0 :.' !J. 119PF
VINI 9 J PUL2'E (5V OV 5NS INS ONS IZNS)
VPI 3 J PULSE ErKV GN! 414S ON'S ONS 2NS)
VP1EA2' 5 IOPULSE: (5V DyV 4NS JONS ONS 2NS)
VSEL 7 J PIYLZE (5V 5V OHNS 0INS VHS iONS)
"'CAR. I 0 ?IJL2E JJV X,' ONS :311S !INS 13115)
I II'H 7 12 I Oj ' 1 5V 5',' JUNS YrIS ONS 2 JNS)

vrlil2A:2.7 1 PLULSE '3V 01! ZNS '111S OH1S 2OZNS)
Tr.A.

.PL07 TRA 1 V~2 (0V.SV)
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.... 12/01/04 ..... SPICE Zr.I 41SOCT88B ..... 19:46,91.....

9 CMOS/SOS SITSI.ICE SECTION 3 PRECHARGED Al ONE NOCE At$j

TRANSIENT ANIALYSIS TEMPERATURE * 27.09 DEC C

......... .. ...... ............. .........

x

T : S . d9 0 1.2 S58.99 2. S5918.56 3.75 #d58.9 5 . 6 t

f. d68 2. 259d-67.
5.9098-5to 2. 2S8-9-7
1.#994-89 2. 259d-07
I2.59d-09 2.29 9d-67 .
2.599-69 2.Z089

3.80d.-9 2!-9d-67
3 . d0- 9 2.20S8- 7
34.9500139 2.29d-9 .

8 . 9qd.1 2.5998.5
4 .ffed-89 2.255809.
.09 9 1.0 99

19 09 .399 . .i4

6.1188d-9 1.99 . .d

1.20 d-9 3.3488.99

7.96:d-9 1.127d8.900
7.400.1-99 9.8958.99
1.A!fl.J-69 1.09d580
9.90:d-8 , .9I Pf99

9.500d-9 1.6789580
1.990-0 1.99869..

2.790d-98 .3,17d:99

1.100.1- .0 2 .6.0 97
1.200.1-00 2.12d280

1260.--8 3:. 6d9*0

I-.590.J-90 6.77d-00 .

2.440c.-9 o .n*78-9

2.4S90--8 4.1119d-00

:606dl~-00 4.41(:9-60

p. 1.7104- 0 3Z29d-:2

Z. 75",J-00 3.098-9
2.~d- 3 .72d- 0:

Z.50-J-60 4.22039

1.0.10 3.670d-0:

2 . 070 1 0 I. 39 8- 2

3. 211J-80 2.263d-00

3. 21.I4 U .ri-0'.

3.,-*0.J0 37d09 .
3.ZU U.*- 13d-0 Uf

32.003-80 9.97d-01
27. 45#d084 G.Sed-112

.C95604 00 , .4- 2 
z.700.1-00 6.549d0-01
3. 70J--0 5.785d7-031
3;. 510J18 .49 77-93
3. 70n: I- 0 46. 4'68-0
3.709'.i-40 3.8202-0.

* .3O0.1.99 3:29d9-92 .

Figure C-48.2SIEPo eto nu o n
Nod Precarg wit BsicWith
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****~*SPICE 2G.- (15SOCT80 ********I9:47:50*****

0 CMOS/SOS BITSLICE SECTION 3 PRECHARGED AT ONE NODE

INPUT LISTING TEMPERATURE = 27.0 DEG

**** ***** **** * 'A* * * * ** * * ** * * * * * * * * *** * * * * * * ***

.WIDTH OUT=39
.OPTIONS ITLI=5fr0 ITLS=Z
.1MODEL NMOS 11110. (VTo=IV TOX=75NM UO=40Z NSUB=2.5E16 LD=0.7UM)
+ LE VEL =1
.MODE! PMOS PH105 (VTO=-1V TOX=TSN1M UO=200 NSUC=3E15 LD=Z.7UM)

+ LE VEL =1
VDD 1 0 DC 5V
M1 1 3 2 Z NMIOS L=5r.ZU W=10.ffU
MZ 2 5 1 1 PHOS L=5.ZU W=20.ZU
M3 1 7 6 1 P140S L=5.ZU W=10.ZU
M4 1 9 3 1 P4105 L=5.ZU W=1Z0U
MS 12 11 0 0 NNC'S L=5..OU W=15.ZU
MG 12 7 6 0 NMO5. L=5.HU W=15.9U
M7 1 11 6 1 PT110. L=5.ZU W-10.OU
MG 14 13 Z 0 NMC'S L=5.ZU W=15.ZU
M9 14 9 3 09 NMO5.S L=S.0U W=15.ZU
M10 1 33 0 1 PMIC'S L=5.ZU W=10.OgU
M11 1 03 2 1 P110,'. L=5.0U W=I10.ZU
M12 16 15 9 9 4JIHOS L=5.0UU W=15.ZU
M13 1G 3 2 Z NIicIS L=S.ZU W=15.0U
M 14 2 13 17 0 liMHOS L=5.UIU W=S.ZU
MIS 1 iS 2 1 PiICIS L=Sj.QU W=1.9..(YU
MIG 1 1) 13 1 P1105 L=rjJ U W=10.OJU
M17 2 2,C1 17 1 PHOS L=5. OU W=1!J.!JU
1418 0 13 C Z Nic'S L=5.ZU W=15.0JU
M19 21 G 0 11 N1lCIS L=5.fOU W=15.OgU
M2Z 21 19 15 D 1NMOS L=5.ZU W=15.OU
M21 1 1 1 Pi-103 L=5.OUU W=30.SOU
N'22 1 015 1 P!-IC'S L=5.ZU W=.UJ
M23 0U D 19 V 14:10S L=5.0aU W=15.OCU
M424 1 c3 19 1 P1403 L=5.OU W=30.OJU
C25 I 1 0. A123JUPF
C2G6 J' 0 0.3IGPF
C27 9 J i .2 12P F
C 2 3 0 G.)0'
C29 19 .9. 11 1 1'i ~r
CC!7 15 J5 1 i 'F

C 32 2 D 0 ' "
C3'3 17 J J.IPF
C3 4 8 J U. I I
11 l 1l 9 j P i L'- (JV 5Y 5NS 0443 DNS IONS)

lip P lH '- C !.'V 55" AtK1I 042 HZ 2N3 )
V, 'ml SV1 I/'' -,N" GM NS "NS)

7 j j_1.: 7 V .'ii!Z 5.; ; 1 1.5113)
'I c- ' 3 3y 'i L :IV y,i 1113 jii2 .r1IS L Ns)

7 UC 'ILSE O)V OVX VJIl3 'JIK; UNS1 CONS
I1.13 A rT,45

rL07 TF"AJI 1/: 2 (OV.5V)
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I ....1/01/04.... SPICE 20.1 (ISOCT018, .... . 70~

CMOS/SOS BIITSL ICE SECTION 3 PRECHAR1ED AT ONE NODE. XA

... TRANSIENT ANALYSIS TEMPERATURE - 27.0 DEG C

.. . . . . . ..............................................

x

TIME V12)

x B. d119 1.2S008.00 2.59#d-90 3. 756d-,05 s.051.9

5. d-99 8.#008.09
S .J.- 19 S.0008.00

1..0-0 5.0008.0E
2.0010 5.9008.0

43601-9 5.O :*0
2.50.1-9 S.0008.60
4.006.1-09 5:.OlOd:0

4.508.1-09 5.11011ld*00

6.0008-9 5.0008.00 v
s~o.-s 5.oorad.0

7:000, -69 4.919d.65
7.5009 49'a8d:00
a.ga004-00 4.616d 0
0.5004-09 4.578d..
9.0@d-99 4.2?38*0
9.50.09 3.9&580 ..

1. j.-0 2.64786 to :
058,1~-00 3.3634:::

I: .07-00 Z.9458*0
l.ISO-00 2.51-48.40.

a.0110 2.2-3d:600.

15. " Ol-og 1.5d.0

I.24008 1.3!5800.
'.001-0 I14 d*g#

1.4501-00 9.71n3 -I
150-00 8.457d8-l

1.550 108 7.329d-S
1.6041-00 6.464d-0I
1.65004-90 5.700-al *l

.7 0.-0 5.0628-el
1 .7 S8.1-00 4.7?58-01

I .76".i-llU 9.1,3d-1
Pa*8-a8 I' 2R3d~68.

Z.05114-00 1.578'0. :0
2.10"d01 a.080
2. 1 t8.1-00 2.2'4d:00 .
2.20.1-00 2.5428.0
2.22.9.1-094 2-Z.018*0 .
2-004.-0 33.918.6 
2.2- 0 2 3Z6 .0:
-.0'd-90 3.879d.90..

2.454-0 !.672d.9
2.01y-1 go .76600

7.5.-01 3.l9.I.0 ..

G, 741 4 .1 18,6 .

Z7',,.j -. ) 4.242806.
2.1000d-00 4.318.00 .
2.C0, 1.I- 0 1.3018.6 .
7. 7~*I51 4.4E.64.8 .0

1.2040 6.13d.00
3.0 "'J-4 4.780 :2 0

3.42.0.1an 1.622.00 6
-1.1-.U I.40. .d
3.12.1.-0 4., 7d7840.
3.217P.:]00 4.742d.0

,),51-40 4.774,0
3.204.100 4.11"02110.
3 .3 .0.1-00 4.02d.00.

3.4'111.J-00 4.0478.40 .
3. 24 .1-00o 1 .180 . .g

3. 6,.-00 4.9 .04

3.7 g.0 1A.9:20 1 to
3.7..10 4.40 .

1 .7204.1_0 4.940.0

3. r4', .)-". -4 .9- 5 d
3. VS,( .- _I 4 96110
4o 014-0 4.9,#08.00

Figure C-49. SPICE Plot Section 3 Input 010 one
Node Precharge with Widths x2.
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1******2/0/34~~**~*SPICE 2G.1 (15OCT80Y) ********19:47:07****

0 CMO0S/SOS BITSLICE SECTION 3 PRECHARGED AT ONE NODE

INPUT LISTING TE14PERATURE = 27.000 DEG

.WIDTH OUT=80
:OPTIONS ITL1=500 ITLS=Z
.MODEL NMOS 11110S. (VTO=IV TOX=7!3NM UO=4S30 NSUB=2.SEIG LD=0.7UM)
+ L EVEL= 1
.MODEL PMOS PMOS. (VTO=-IV TOX='5NM UO*2Z9 NSUi3=3E15 LD=0.7UM)
+LEVEL=l
VOD i 0 DC sv
Ml 1 3 2 0 N140S L=5.ZU W=10.qIU
M 2 2 5 1 1 PMOS L=S.ZU W=20.ZU -

M3 1 7 6 1 PTIOS L=S.ZU W=l0.ZU
M4 1 9 3 1 PMOS L=S.ZU W=l0g.ZU
MS 12 11 0 3 NMC'S L=S.ZU W=15.ZU
MG 12 7 6 Z NMOS. L=S.0U W=15.0U
M7 1 11 6 1 P1,105. L=5.0U W=IZ..OU
Mol 14 13 0 Or NilCIS L=5.OU W=lS..OU
M3 94 3 8:3 IN1i0S L=S.ODU W=15..UU
MIZ 1 3 0 1 P1l10S L=5:.13U W=10.OU
Nil 1 0 2 1 P[105 L=Sj.OgU W=10.ZU-
1412 'G 15 9 0J NMOS L=5.ZU W=15..OU
M13 I5 G3 2 :0 MiCIS L=S.!JU \d*15.ffU
M~ 1 13 17 !3 ;MOS 1L=S.UU \4=5..O'J
1115 I S2 1 P>.IC'S L=S5.VU W=10J.OU
M 16 1 1) 13 1PIIOS L=5.ZU W=..gU
M17 2 2Z 17 1PMOS L=5.OU W=1..0U
M18 Z 13 Z N;-OS L=S.DU W=15..U
M4I9 21 5 09 t .:*u3 L=5..$U W=15.i3U
1,12.-Y 2 1 V) 15 iJO40 L=5.JUU k4=15.ZU
142 1 1 37V PHC'S L=5.09U W=3ff.OU
M22 1 .,15 L=5.LTU W=io. Uu
M23 0 3 13 1 !I' L=S.DU W=15.OU
142-1I 19 ! PiACIS L=S..0U W=3Z.!fU
C25 I V 1 I '3.?
C 2, G 4. 1 IGPF
C27  9 !. !J 0 1
CZC 13 ;. ) 1 V F
CZ5 19 17 f1 11PF
CC 15 1 'J. I'Z,; I
C1' 1 3 ; Ii V 2,1-
C37 2 ', '..
C23 jj7 1 *j. I

Sr(J Ii
V:t!1 I- '5 V 0''511 .0115 ONS IffNS)
VF kP' V '* 11: fY[115 OZlS' 2NS)
', ;5 ''' 7\I ''! ',5V f0115 011 2NS)

VI _ 7 J P ' '- 'SV rp' N Ylr' .mc N 101s1")u
VI111 H Y ?13 ; 'I 3\1 r' SllS 31S CuS 2.011)

V0I .3 13 PUL": :Jv JV glqs MIlS 0112 207NS)
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I 2/1/8 . SPICE 2G.1 (ISOCT8I) ........ 19,4707 ... *"

S CMOS/SOS SITSLICE SECTION 3 PRECHARGED AT ONE NODE "Z.

.... TRANSIENT ANALYSIS TEMPERATURE - 27.595 DEG C

TIME V(2)

X 5. d99 1.258d9 2.580.d0 3.7Sd-6D S.0664-86

*. 8.95 2.289d-07

5.80.-1: 2.25 d-07I.E058-09 2.2898-07 "1.500J-09 2.g259d-7

2.9058-89 2.2598-072.5g0d-09 2.219d -7
3.088 d-9 2.21.gd-07
3.500d-99 Z.Z;d'I-7
3.50 d99 2.259- 7

4.508-9 3.8 8Id-7
4. g 1-19 11. , d- I
5 .0004_E9 1 .2 228.0

.8d-089 1.69 1d. .
7.g:.d-09 .9d.0 .
6.S08d-09 2.327d.0 .

9.9808d-9 2.227d-80 .
9.008- 99 2.5578.05
1.900d-08 2.24d:0 .
I.069d-8 3.948d.0 

.
I.1008-d8 3.279.86 .
I . I 0 -g0 3 .4 7 ld g .
1.206d-00 3.6'98d .8
1.20gd-:0 3.765d00
1.3088- C 3.816d8.0.
1.298-08 3.98.7d9 .
1. 409J-00 4.9g4d-02
1.4504- 0 A.172d*86 "
1.500d-0O 4.25.3d:06 •
1.550d-00 4.31.0d0 .

I .6091-go 4.42.7d1 .
1 650.1-0D 4,467d.00 ... *
1:700J-50 8.0598.09 .1.7588 -00 8.558d. g •7.T5d-g00 4.S5Sd• *ff.# .

:.0C fd-00 4.5 .0 *." '-
1.7598J-00 4.392d:00
1.09Cd- 8 4.1 .5•0 :
1.,9Sd-0 3.8 .96d .
Z.C00a-00 3.5768.00 .

2.0 d- go 5.185d8.0
2.10d,-00 2.0 d*00 .'"

2.250-00 Z.l4Sd8 •

2. 250,1-88 qi75.0 Y .2.2598-08 1.816d.90 6
2.309-80 1.919d.8
7.7598-00 1.29#d:.90
2.409.1-_0 1.068.od 6.,

2.50048-0 0.1LId-Ol .
2.550.1-08 7.0Sd-01
7.60V -90 6248O

6.61-00 5.460d-Il I
2.700d-90 4.7(.7d-VI
2. 750490 4.172d-OI I
2.800d-08 3.582d-01 .
2:1.d-08 3.718-81 I
2. .9 - 2.615 8-.1"
2.g9s0-08 2.1i6d-l
3.9r.1-Ul0 1.853d-01 •
3.056.-00 1.5 19d-1
3.108 -08 1.25d-1
3.150,)-80 I.077d-1 •
3.29.,-90 8.9838-d02
3.25,.1-00 7.37M-02
3309V1-90 6.1!7d_6 2

3.4PSq.J-O0 4.176d8_C 2
.1.456.1-00 3.44 48-_o2
3.500-l-00 2.019d-02
3.550,J-00 2.344-2
3. ( . -00 1.922d:02
3.CSJ-on 1.583d-82
3.70'91-8 I .3gd-0Z
3.750J-00 1.08d-02

3.fl50.1-00 7..4d-03

3.15.j-00 4.28 d- 3

4.599J-0 4.815od-03

Figure C-50. SPICE Plot Section 3 Input 101 One
Node Precharge with Widths x2.
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1******2/0/84 ******SPICE 2G.1 (15OCT80) **f*****jg:49.57*****

0 CMOSiCOS; EITSLICE SECTION 3 PRECHARGED AT ONE NODE

J** INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITL1=5FrZ ITL5=0

.MODEL NMOS IMNOS, (VTO=1V TOX=7S5NM UO=400 NSUS=2.SE1S LD=0.7UM)
.LEVEL=1
.MODEL PHOC P1405 (VTO=-1V TOX=7SNM UO=200 NSUB=3E15 LD=0.7UM)

+LEVEL=1
VDD 1 Z DC 5V
Ml 1 3 2 0 NIIOS L=5.0U W4=15.0U
M2 2 5 1 1 P110S L=S.0gU W=30.0U
MI 1 7 6 1 P1IOS L=S.0U W=10.ZU
144 1 9 3 1 1403 L=S.SU W=10U.OU
MS 12 1i Z S NI-lOS L=S.OU W=1S.0U
MG 12 76 Z NIIOS L=5.ZU W=15.SU
M47 1 i1 G 1 P1405 L=5.0U W=10g.DU
M ̂  14 100NUSL=5.0U3 \=1S.O3U

1914 9 8 .9 NIIOS. L=5.OU W=1S.DU
1410 1 13 8 1 PH-OS L=S.DJU W=10..U
Nil 1 3 2 1 P1105 L=5.0U W=10.OU
M412 16 15 .1 Z NNOS L=5.ZU W=15.ZU
M413 10 3 20 NIS L=5.0U W=15.0U
M14 2I10 17 Z NM'OS L=S.ZU W=5.QU

l 51 ;521 PH-OS L=5.BU W=10.O~U
M I1G 1 iJ 1a 1 P1405 L=5..U W1DZ.SU
1117 2 0C 17 1 P1405 L=5.irU W=10.OJU
1410 0 13 0 NH'S L=S.OL W=1S.0jU
1-1l9 2 1 GI 0 V NNCI L=S.OU W=15.OfU
M42.3 2 1) 13 VI 14140 L=S.OU ',4=15.BU
14121 1 31" Pi-ICCS L=5.0U W=30.SJU
H12 1 i is Pi>ICIC L=5.UU W=1.t.UU
MT2 0 7 19 '1 lii>1CC L=S.LIU W=1S.kJU
124 1 1) 1 PROIC L=5..9U W=30.JJ

025 1 0 0.1235/PP
026 6 Y 0l.3IGPF
027 9 iY 0.232PF
C21 T7 -J V. '),' 9PP
0 29; 193 a u.11P'1F
C3/ 15 I !0.12OP

032 2:0 !Y .:2324 P
0233 17 J i.1PPF
C 34 a3 ,j 0. 119%)P

WIltl* 9 '7 PULCEZ ISV 5V 5N5 ONS ZNS IONS)

5/p 3 -4f5 (V 5Wl 4NS04 OHS 145) IS
VOEL 7 Jl P LL SV 5V VHS3 IIS INC 1911S)
VCOAP. /1 2ULZji"E '9V !P/V 0115 :7 N- OS iONS I
Vr;A4 :2 7 , 17 PULS3E ISV 5'.' £/11 OYlS OtIS 2s1115
'/PIl3.R 20,. 1/ PULSE S3V ZI'/ 010 OHS OS ZZNS)
* TRAI! Cl. SI' 437145
.PLOT TRAIl V(2) (0V.5V)
END
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I ... 12/81/84.......... SPICE 2G.I (16OCT65) ..... 9,8,7 ....

a CMOS/SOS SITSLICE SECTION 3 PRECHARGED AT ONE NODE ~J
, .. TRANSIENT ANALYSIS TEMPERATURE - 27.19 DEG C

0 ........................................................

TIME V42)

x a. d.99 l.ZS5d*95 2.698d58 3.7658.59 6.98.5

S.9998-Im 6.1599d*99
1.96#d-99 6.9598.55
I.Sf6998 5 .555d88
2.5558-56 5.806d.82
2.558-9 6.9598.95
3.8-995 6.95f98
3.5998-99 5.958*55-f
4.99d-29 5.5558.59
4.5958-59 S.5558.55

6.S998-56 5.5598.99

6..998-96 5.9995O
7.5058-99 4.6588.59
6. d5-99 4.919d-66..

6.5s08-59 4.5708.9 ..
9.5N099 4.2938.95
9.59#d-99 3.965d859

1.55S~f: 3.3385
I.If55d-08 2.619 5 . .
1.15#d-00 2.5648.00
1.206d-00 2.2S38.95
I.250.d-60 1.958.d0

1.35od-5 1 3569 .d
1.4061d-00 1.1418d0I
1.450.1-08 9.753d-91
1.5008d-98 B.4578-6I
1:55=-0 7.32968-SI
1 650d-08 6.4648S .
1.6798 5.7ff58-8

1:70#d-005528S

1.768.8-8 .758-3

1.909d-98 7.427d-01
9.59d-08 96738-0I1

2.85:d-8 1.,78d Of
Z2 1-0 2.9d6
2 .2008 2.280 d

2.208-0 2.5428::92 .250.j-_0 2 .8.9 .d
2 .B0a-oo 3:1274d09.
2.3 58d-08 3.264.0

2.4#0d-90 3.64286.a-
2.548-08 3.62d0:

2.60(08_50 '.93d68Of

2 .7S0-08 4.24680 .d
2 . 708-98 4. 3 16d0 .

3.0.15 4:53.09.
32.1-06 4.6245 :
3.950d-08 4.6160
3.00-:9 4.57d:::3080 " .1 20 6

I.040 4.8128.0d

3.4 0.08-8 4.489 .. 4 67da.

3.6708-889 4.39 . .d9
3.70:,.1-:8 4:.922d:g9.
3 .40.J-00911 .0-0

3 . 4 QJ-go 4.66d-09
3.5#0d-00 4.8645d.06
3. SAlJ-0 4.6664.09

4.0004-00 4.78I .Sd:.

Figure C-51. SPICE Plot Section 3 Input 010 One
Node Precharge with Widths x3.
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1**7*2/18 SPICE 2G.1 (15OCT80) ********19:48:24*****

0 CMOS/SOS: BITSLICE SECTION 3 PRECHARGED AT ONE NODE

:J * INPUT LISTING TEMPERATURE Z 7.000 DEG C

.WIDTH OUT-80
.OPTIONS ITLI=500g ITL5=0
:MODEL NMOS NMOS. (VTO=IV TOX=75NM UO=4Z0 NSUB=2.5E16 LD-0.7UM) .-

+LEVEL=l
.MODEL PMOS P4OS: (VTO=-IV TOX=75NM UO=200 NSUBs3E15 LD-0.7UM)
+LEVEL-I
VDD 1 0 DC 5V
MI 1 3 2 0 NNOS L=5.OU W=15.OU
M2 2 5 1 1 P1405 L-5.0U W=30.0U
M3 1 7 6 1 P140S L-5.0U W10Z.0U-
M4 1 9 8 1 P1405 L-5.ZU W-10.OU
M5 12 11 0 0 N1405S L=5.ZU W=15.ZU
MG 12 7 6 0 N140S L=5.0U W=15.ZU
M7 1 11 6 1 PMOS. L=5.ZU W=10.0U
MG 14 13 0 0 N?4CIS L=5.ZU Ws15.0U
M9 1. 9 8 2 N1,0. L=5.0U W-15.BDU
N1O 1 13 S 1 PI110S L=S.gU W=10.ZU
Nil 1 Q' 2 1 P14io: L=O.OU Wz10.ZU
M12 16 15 3 0 NHOS L=5.0U W=15.OU
M13 16 8 2 Z N14CIS L=S.ZU W=15.DU
M14 1 13 17 Z NNOS Ls5.ZU W=5.JYU
Ml5 1 15 2: 1 PNMiS L=G.0U W=10.ZU
M16 1 19 15 1 PNOS L=5..OU W=10.ZU
M17 2 2Z 17 1 PHOS L=5.ZU W-10.0DU
MIS 0Z 13 0 N140S L=5.0U W=15..UU
M19 21 G 0 Uf NMO10 L=5.OU W=15.ZU
M2Z 21 19 15 0J NMOS L=S.ZU W=15.ZU
M21 1 G 13 1 P14CsS L=5.0U \4=30.%JU
M422 1 G 15 1 P14iS L=5.DU W=19..UU
M423 0 93 19 Z N1IICS L=5.ZU W=15..OU
M24 1 1) 19 1 P1405S L=5.ZU W=30.i0U
C 2 1 J 9. 123YJPF
C26 6 0 sE.316PF
C27 9 UJ 9.232PF
C28 0 J 0.'3 402 F
C 29 19 z 0.1113F
C 1- 15 0 0.12BIPF
Co1 13 3 .03t
C32 2 Or 0.234PF
CC2 17 (f 0. 1PF
CC4 8 .3 0.I119 P f
VT111 9 .0r P'Jl-S f5V ZV 511 ONS ZNS IONS)
VPI 3 .J PULS'E f~eV 5V 411S ONlS OHS 2NS)
VP1S,-77 5 !1 PULS'_ (5V U'! 4NS OHrS ONS 2145)
VSEL 7 .9 PULZE (SV 5V OrNS 0145 JjNS IZNS)
VCAR 11 0 PUL'SE (,YV 3V ris .91S ZNS IONS)
VPH72 13 0 PUL;E: :SV r)'. 0145 911S ONS 20145)
vpNK2Ar-,. 2.7 0 PULSE ',JV .V0"45 !YS HS UNS 2ONS)
*TR.A;; '(.543 4.Uhl
.rLiY7 TRAN V(2) (gV.5V)
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-....... .I.. -. 2 j j..-. . . 9.. .........

9 CMOS/SOS SITSLICE SECTION 3 PRECHARGEO AT ONE NODE I

0*.... TRANSIENT ANALYSIS TENPERATUPE - 27.985 DEG C

.......................................................................

TIME V42)

x . d.99 1.2S~d.95 2.5598.99 3.7S98.99 S.9998

a. d85 2.2S9d-97 .
5.8#d-10 2.259d-67 *
1.66d-89 2.2 9d-97 "
I. S6d-29 2.259d-97 .
2.59#d-89 2.259d-67
2.9908-99 2.259d-57 .3.590d-99 Z.259d-87 *4.68-99 2.25d-57 "-

4.509d-09 S.414dEI
5.596d-9 1. 6 58d5d .
5.596d-99 2.34|d*6
6.998-99 2.Z68d99
6.58-69 3.2 2d-6 0
7.66#d-9 3.45d.9 . .-. "
7. S99d*#9 2.764d99
8.999d-#9 2.732d.98 -
11 . d:8-5 2::22d8.6
,. :N-9 3. l9d.69 .

9.58@d-09 3.ZZZd9 . .l.900.d-96 3.414d86 .*

I.6098d-98 3.595d*99 . *I.I99d-98 3.777d09

I.IS.0d-6O 3.684*69.1.1504-00 3 .$64186

1.20 so .2975'3 .d. *
I.2 8d-98 4.576d.6 .*

I.Zo0d-08 4.17#d969 .
1.30d-9O 4.253d.5 Do
1.406d-68 4.37Zd*19 .

I.4 Z:JSO8 4.4048.61 .
1.50qd-6O 4.469d09
I.5d-0O 4.S$#d*## .

A .GOed-OO 4.SC4d69.
£.GSd-00 4.6389 . .##

1.700-0 4.671d9..750-J-90 4.697d-00 -

I.COO.J-8 4.674d.
I.006.8-6 ,.ZSd.,9 ..---I.:10 d-I 4.29d30
1.954,J-90 4.9# d98"

2.Oftf4-00 3.684d.96
2.050d-58 3.346d.o
2.10.J-00 2.993d89 9
2.1SOJ-O 2.623d:8. .

2.208 -O 2.2$1d*09 . .2.256,-0 I.9558.66d . .2.200-90 I.,77d.89 .
2.430-0 l.31.69 d*:

2.400 -66 1.168:06

2.5fld-DO 0.6,98-St
Z.SSOd-O 7.467d-BI I7.6*698-60 5.79Id-6l

*.650d-60 5.7978d-l
2 .70".j-00 . 070d::I .
2.750-a8 4.441d-01 d2.7.9-963J_. 8-l
2.C d-&n 3.298-Il 2d
2I. 7OU90-f 2.8i2d-01.
Z.959,-60 2.368d-6l
3. UPd-ij0 2.08d-01
3.198-6B 1.396d-Oi
3.1 -60 ,169d-2 .'

3.13 . 1 f.-O 3*I~-23.200" -00 9.562

3. :ftJ-OO 6.6(,Id-2 -
3.^Snd-60 5.463d-02 .
3.4r9J-0O 4. 44d-92 .
3.469,1-90 3.749d-62 2

3.60.,J-05 1.725d-fl *3.70,J-0O 3.426-6 0
1.75.J-O I.lC,4d-2z

3.,70U-19 4.626d-02

3.060.J-90 7.9778-62*"..3.700, -90 .4 49 d_03

3.3~S91-0 0.32d8-03 * "

4.600d-00 4.376d-83 "

Figure C-52. SPICE Plot Section 3 Input 101 One
Node Precharge with Widths x3.
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Figure C-53. Section 3 Four Node Precharge CLL Plot.

.1

Figure C-54. Section 3 Four Node Precharge Node Plot.
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Table C-9

BITSLICE PRECHARGED SECTION 3 NODE REFERENCE LIST

GND a
Vdd 1
NMOS 5
PMOS 1
34 2
155 3
1 4
21 5
3 6
5 7
92 9
69 9
43 15
7 11
a 12
58 13
73 14
64 15
i9 16
48 17
35 18
30 19
31 20
23 21
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1*******1Z/01/84 SPICE 2G.1 (15OCT80) ********1g?42:58*****

a CMOS/SOS PRECHARGED BITSLICE SECTION 3 TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE 27.000 DEG C

.WIDTH OUT-80

.OPTIONS ITLI-5fr ITL5-Z
.MODEL NMOS NHOS (VTO=IV TOX-75NM UO=400 NSUBw2.5E16 LD=8.7UM)
+LEVEL= 1
.MODEL PMOS PI4OS (VTO-1V TOX-75NM UO=200 NSUB=3E15 LD-fl.7UM)
*LEVEL1I
VDD 1 0 DC 5VMl132ZNO I.UW5Z
M2 1 3 2 0 NMOS L-S.OU W-5.ZU
M3 1 3 6 0 NMOS L-5.OU W=5.OU

M4 1 3 7 0 NMOS L-5.0U W-5.ZU
M5 2 8 1 1 PMOS L-5.OU W=10.OLU
M6 5 8 1 1 PMOS L-5.HU W10f.BU
M7 6 8 1 1 PMOS Lw5.OU W10Z.ZU
M8 7 8 1 1 PMOS L-5.0U W-IO.HU
M9 1 9 6 1 PMOS L-5.OU W10Z.0U
MIZ 1 11 15 1 PMOS L-5.ZU Ww1Z.IU
Mll 14 13 Z 0 NMOS L-5.0U W=15.0U
M12 14 9 6 0 NMOS L=5.0U W-15.0U
M13 1 13 G I PIIOS L=S.ZU W-Iff.0U
M14 15 5 0 0 NMOS L=5.0U W=15.0U
MIS 15 11 10 Z NM4OS L-5.0U W-15.ZU
M16 1 5 10 1 PMIC'S L=5.ZU W=10.OU
M17I ID1 2 1 P14'S L=S.BU W=10.OU
MIC 17 16 Z Z NNOS L=5.jOU W-15.ZU
M19 17 10 2 0 NMOS L=5.ZU W-15.OU
M2Z 2 19 13 0 NMOS L-S.ZU W-5.OU
M21 1 16 2 1 PMOS L-S.ZU W=10.OU
M22 1 7 16 1 P1MC'S L=S.0U W-10.OU
M23 2 20 13 1 PM'OS L=5.OU W-19.ZU
M24 Z 6 5 Or N1,IO L-S.OU Wm15.OU
M25 21 6 0 Z NMC'S L=5.OU W=15.0U
M26 21 7 16 0 NMOS L=5.ZU W-15.OU
M27 1 6 5 1 P1,105 L-5.0U W-30f.OU
M28 1 G 16 1 PlHOS L=S.ZU W=10.OU
M29 Z 11 7 0 N140S L=5.DU W=15..UU
M30 1 11 7 1 P1C'S L=S.OgU W=30.BU
C31 1 0J 0.I416PF
C32 6 0 0. 433PF
C33 7 V 0. 359PF
C34 11 0 9.232?F
C35 0 0a 0.94)UPF
C36 IG .0 0.I2OgPF
C37 5 Jr0 0.2GGPF
C23 2 0 0.234PF
CC^9 1S Or 0. 1P F
C4z 10 .0 0.I1SPF
C41 3 09 0. 3APF
VINl 1 1 0 PULSE (OV GV 5NS ONG ONS IONS)
VCAR 9 0 PULSE (OV 0' ONS OilS 0NS IONS)
VSEL !3 0 PULSE (5V 5V ONS 0ONG ONS IONS)
VP1 3 0Y PULSE fkfV 5V -,NS ONG OHS 2NS)
VPlBA 3 0 PULSE: ',5V 9V 4NS 014S ZNS INS)
vrH!2 19 0U PUL2 E. (ZV 5'.' SNS Off" ONS 40NS)

VPHIZ AR "I Z PULSE FSV 0V 5NS HS ONS 2ONS)
.TRAN J.5N:3 40NS,
.PLOT TRANl V(2) (OV.5V)
.END
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I ....I2/h8/4.... SPICE 20.1 (ISOCTRUI .. ... 25R.

5 CMOS/SOS PRECHARCED ITSLICE SECTION 3 TRANSIENT ANALYSIS 3*I

... TRANSIENT ANALYSIS TEMPERATURE - 27.9 DEG C

x
TIME V(2)

x 9. 8.99f 1.250d8.95 2.5198.99 3.759d89 S.&NId.99

8. d88 5.f998*99 .
5.6624j-16 5.91-E8.99
1.868d-69 S.Nf9d98
I.59-99 5.9198.99
2.899.-99 5.999899 .
2.S99.1-99 S.Nffd.99.
3.82#d-69 5.9998*99
3.50#989 5.9998*95
4.9#d89 5.998.9
4.5998-99 5.9899
5.9998-99 5.998.9
5.S50989 4.9968d9 O.
6.806d-9 4.724d-8.1
6.5098-99 4.669d.9 ..
7.90d4-99 4.645d.9 ..
?.5094-89 4.638*99 .
8.06-69 4.6698*9 .
9.5094l-99 4.668.99 .
9.908d-99 4.674d-99...
9.5088-E9 4.6315489
1.806d-60 4.S948*9 ..
3.9594-68 4.360d9.26
1.Ina8-se 4.017d.02
1.15#d-08 3.6938*99 .
1.209d-48 3.3618.3f .

1:11 J-:: 3:11d9.

1.358-68 2.39d.92
I.90j95 I973d*R9 .

1.45288 1.66689

I.559fj8O 1.9 2d.99f
1.650d888 .9928.99
1 7 Od-9 6 7 -91 .

1.68 SR 7.d-fI

a.0 89 5.3798-lI
I.9Uo.-0 S. X -A1.95088-QO 4.9T4d-@I

201068 1:1918.09
2.25$d-00 I.&V12-8.6
Z.30@d-00 2.134d.9 .
2.35 d-90 2.4498.9.
Z.400:-d 2.7428.O9

2.5#94-d 3.2319 'd
2.5598-OR: 3.:348.1d: .

2 .6523. -9 .991.9 d:.

2 .70-E 4.2.99 
Z.758d-90 4.24998
2.650-DO 4.4*58*99 .2. d 08-~ 4.'89 .

29508 4.6'7Id.9 .
3.00d8-90 4..73'3d.0
3 .059d-08 1:.!66d.I
3.IOJ9 4.289 .d.:

3 .ISO8-0 4.R608*0 . .
3.21118 4:191:8.9 . .1 .

3. Zood08f 4.927d.9
E-10J- a 4.942d.960 .
3.4008-906 4.9538.99 .

3. S0.4-68 4.976d-99

3.609.1j-90 4.9C61129
3.650J4-08 4.964d-00
3 .70Z-00 4.9V8d-f9
3.COO.J-:1 1:912d:99
3.901-O .9.9 .
3.059.1-0 4.9.4d-69

3.950J-I 4.9968.99
4.00.4-:0 4.997d-8 ------- --------9

.::. Figure C-55. SPICE Plot Section 3 Input 010 Four

Node Precharge with Basic Widths.
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*~*~1~SPICE 2G.1 (15OCT80) ********19:43:27*****

0 ClMOS/SQS. PIRECHARGED BITSLICE SECTION 3 TRANSIENT ANALYSIS

*INPUT LISTING TEMPERATURE = 27.000 DEG C

.WIDTH4 OUT=13Z

.OPTIONS ITL1=Sk00 ITL5-0
.I'IOOEL NMOS NIIOS (V~O=iV TOX=75NM UO=400 NSUB-2.5E16 LD=0.7UM)
+LEVEL=l
.MODEL PMOS PMOS, (VTO=-1V TOX=75NM UO=200 NSUB-3EI5 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L=S.HU W-5.ZU
M2 1 3 5 0 NMOS L=5.ZU W-5.0U
M3 1 3 G 0 NMOS L=5.OU W=5.ZU
M4 1 3 7 0 NMOS L=S.0U W=5.OU
M5 2 6 1 1 PMOS L-5.OU W-10f.OU
M6 5 8 1 1 PMOS L-S.OU W=10.0U
M7 6 8 1 1 P1105 L-5.OU W-10.ZU
M8 7 8 1 1 PMOS L-5.0U W-10.OU
M9 1 9 G 1 PMOS L-5.ZU W-10.ZU
M10 1 11 10 1 PHOS L=5.OU W-10.ZU
Mil 14 13 0 Z NMOS L=S.OU W-15.0U
M12 14 9 G Z NMICS L=5.0U W=15.ZU
M13 1 13 G 1 P1-ICS L=5.ZU W=10.0U
M14 15 5 0 Or NM'QS L=5.ZU W=15.ZU
M1S 15 11 1Z 0 NMOS L=5.ZU W-1S.ZU
M16 1 5 10 1 P1CIS L=S.ZU W-10.OU
M17 1 jO 2 1 PMC'S L=5.ZU W-10.OU
MIG 17 16 0 0 NH-OS L=S.VU W=15.OCU
M19 17 10 2 D NMOS L=5..OU W=15..OU
MZZ 2 19 13 Z 1010S L=S.HU W=5.ZU
M21 1 16 2 1 PMCPS L=S.ZU W=10.ZU
M22 1 7 16 1 PI1105 L=5.OU W=10.ZU
M23 2 20 18 1 PMOS L-5.ZU W-10.ZU
MV, 0f G 5 .l PMOS L-5.OU W=15.0U
M25 21 6 Z Z NiICS L=5.DGU W=15.OU
M26 21 7 16 Z NMOS L=5.ZU W=15.OU
M27 I 6 5 1 PM'O$ L=5.ZU W-30.0U
M23 1 G 16 1 P11CS L=5.ZU W=19.ZU
M29 0Z1 7 0 NIMiS L=5.OU W-15.OU
M3Z 1 ii 7 1 P003S L=5.ZU W=30.ZU
C31 I 1 17..14 1G P F
C32 6 J 0. 431F
C33 7 Z 0.3590F
C 34 11 0 0. 23,-P F
C35 0 03 Z.940PF
C 6 16 Z 0.120PF
C37 5 0 0.2G6PF
C33 2 J Z.234PF
C.;9 15 0 J0. 1P F
C 4. I,,l - JJ.119PF
CA' 3 3 0.3JPF
V1i11 it 0'ULSE ',5V OV SNS ONS .0NS IONS)
VCAP 9 Z PULSE (OV 0'. DNS OrIZ DNS IONS)
VSEL 13 0 ?IJL E (SV 5V lJNS VIS (JNS IONS)
VP! 3 3 PULSE~V5 N ON'S VNS 2

*vr1ZA,. 8 0 PIJL.'. t5/ fV 4NS 0NS DNS 2NS)
VriiH I ) 2 f IS UL2LE ')Ti 5'. 511S 171u' JNS .l-frS)
VPH128/AR 27 0 PULSE '5V 0V SNS ONS OHS 20HS)
.TRAN f0.SNS 40145
.PLOT TRAN V(Z) (OV,5V)
END
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12/1/4 SPICE 2G.1 (I5OCT89) 9,82-

5 CMOS/SOS PRECHARGE0 GITSLICE SECTION 3 TRANSIENT ANALYSIS *I

.... TRANSIENT ANALYSIS TEMPERATURE - 27.999 DEC C

......... ........ ...................

x
TIME VC21

x 5. 8.99 1.2S98.99 2.S98-99 3.7658.99 S.9958.93f

9. d-00 1.8F7d-67 .

S.806J-10 1.8# 07 d-07
I.M89-89 I.8g7d-07
2.580-99 1.87d-7 .2.8988-85 (.0978-87
2.SBOJ-89 1.897d-97 .

3. 8.-J-8 1.87d-d7 
3.59d-09 1.0#7d-7
4.80J-09 1.087d-8 .
4.So9J-99 2.1168-:1
5.9:-d9 7.4E7d-91 .

0.5998- 9 .8d*99
6.88 8d-85 1.375 d,3 E .
7.S0 d-g l.Sd#•7.9888-85 1.3E4d*93 . ".

7.SINd-.9 1:17M8d•9
8.998, '09 I.955d68*8

1.9.49 .659d.60
9.99-99 1.16d-9 2

9.S988-e9 I.378I .2d- .
I.96.iJ-88 1.656d*d9 .
I.05RJ-90 1.977d*8 .

1.1988-8 2.311 d8.
1.15@-00 2.618.8 .
1.2804-08 2.913d-68 .

I.259d-00 3.157d•E 6
1.308d-80 3.302d8 .
1.56--08 .SS2d*9f .
1.400d-90 3.703d•89 .
.458-8 3.Z78.88 *I.5988-88 3.977d80 .
.558.1-80 4.988d*98 .•

1. 80-9 4I,8d.3d .

1.70Od-OR 4.2!2d 8*8
1.760d-08 4 d36489 •
1.008-0 4.426d*89 ..

-858-0 4.477d*8 .
1.900J-0 4 d:l:d: .

Z.000,J-08 8.4-2d-. .
2.10 0 -90 4.31d5 9 d .

2.15d-86 3.771d:.
2.Z9Ba-98 3.487d8.8* "

2.2S8,J-80 7.113d.08
2.38gd-88 2.7S3d8 . d .

2.3Sd-08 2.399d88 .
2.400-0 2.0 18d:9245d-8 1.76d45d 7%-
2.590d-0 1.47Zd. 68
7.500.8-98 9.55.8-01B .',

..G -8 7.273d181 a ""
2.78-08 5.51dRI"
2.7'0d-08 4.119d-0

2.9S94-88 2 212d-1
2. 78 ,I-o I .d4:-01 . •
2.95#d-98 1.147d-91 *
3.Dft'.J- 0.30.0d-82
3.,50.J-98 5.85d-82 .

3 .198-8 82'd9
'.15084-08 3.573d-02

3. -00 2.lSSd-82 
.

3.250-0 1.5:5-d :2
3.0'17 1.18802
3. d0-08 .05-03

3.400.1-05 5.790d-83 ".

i"3.780J-0 Z.'JI,7d-03 .i

,-3.5.00.J-88 2.109d-93 .-3.5.0.- 8 1.475d-93

"" 3.658.0'8 l .01:4d-03 '
3.7:8d-O0 7.b5d-8 d
3.750.J-80 5.472d-03
3.8SJ-O00 3.557d-04 .
3. 558 - 0 2. 7(4-04

3.908.J-0 7.018d-9843.6017.18o I 475d-f "

4 . 9 0 _ 1 . 8 8 d -84 " '

.:.::::: Figure C-56. SPICE Plot Section 3 Input 101 Four--
- .~Node precharge with Basic Widths. "::!
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l******2/0/84 ****~*SPICE 2G.! (15OCT80) ********19:43:55*****

O CMOS/SOS: PRECHARGED BITSLICE SECTION 3 TRANSIENT ANALYSIS

;J** INPUT LISTIN4G TEMPERATURE = 27.000 DEG C

.WIDTH OUT=80

.OPTIONS ITL1=SirO ITL5=0

.MODEL NMOS 11110$ (V7O='iV TOX=75NM UO=400 NSUI3=2.5E16 LD=0.7UM)

.MODEL PMOS PMOS, (VTO=-1V TOX=75NM UO=2ZZ NSUB=3E15 LD=0r.7UM)
+LEVEL=l
VDD 1 0 DC 5V
Ml 1 3 2 Z NMOS L=S.ZU W=10.HU
M42 1 3 5 0 NMOS L-5.0U W-10.0U
M3 1 3 G 2 NMOS L-5.ZU W=10.ZU
M4 1 3 7 0 NMOS L-5.ZU W-10.ZU
M5 2 8 1 1 PMOS L=5.0U W=20.0U
M6 5 8 1 1 PMOS L=5.ZU W=20.ZU
M7 6 8 1 1 PM'OS L=5.ZU W=20.ZU
M8 7 8 1 1 PT4OS L=5.0U W=20.ZU-
M9 1 9 6 1 P1405 L-5.ZU W=10.ZU
MIZ 1 11 10 1 PMOS L=S.OU W=10.OU
1411 14 13 0 0 NNOS L=5.OqU W=15.ZU
1412 14 9 G Z N110S L=5.0U W=15.0U
M413 1 13 6 1 PMC'S L=5.0U W=10.ZU
M14 15 5 0 9 NHOS L=5.ZU W=15.ZU
M15 15 11 10 0 NMOS L=5.ZU W=15.ZU
M16 1 5 10 1 PMC'S L=S.ZU W=10.0U
M17 1 10 2' I PMO'S L=S..DU W=1.0.DgU
M413 17 16 .1 0 NH'OS L=5.OU W=15..ou
M19 17 10 2 .0 N1NOS L=5..OU W=15.VU
142Z Z 19 13 0 NNOS L=5.ZU W=5.ZU
MZ1 1 16 2 1 P1105 L=5.0U W=l0..UU
1422 1 7 16 1 P14C'S L=5.ZU W=10J.ZU
M23 2 2Z 13 1 PNOS L=5..UU W=10.ZU
M424 0g 6 5 .9 N110S L=5.OU W=15.HU
M425 21 S 0 Z NNOS L=5.0gU W=15.0U
M426 2Z1 7 15 Z NMOIS L=5.OU W=15.ZU
1427 1 G 5 1 PMOS L=5.ZU W=3.OU
1428 1 G 16 1 P1C'S L=ii.ZU W=19.ZU
M,9 01 7 J7 r1iC'S L=S.OUL W=15.OU
M50 1 i7 1 PH-CIS L=5.OCU W=30-JU
C31 1 ;7 J.141GPF
C3, 6 V . .4 33 1F
C33 7 J3 J 3 5 9.1:
C34 11 0 0.232PF
C35 0 Cl0y 4W
C36 16 0 0.12POPF
C37 5 3 0.2G6PF
C33 2 :1 0J.,'34PF
C39 18 0 Z.1PF

C41 3 0 l. .3JP F
V I t~ '1 09 P U LCC (ZV GV 5NS ONS 0NS iZNS)
VCAR 9 a P'JL:E (ZV 0\! OHS ZNS Z14S IONS)
VSEL !'I G PUL:E t5V 5V ONS ONS OHNS iOUNS)
VP13 ;j PU!-23E TV 5V 4N) PiNS ONS 2145)

VrH"A2 ;) ULZ 'iV 5'.' 5NS Ull'I; GNS 20HS)
VP)I23AR :.'7 09 'LL'E f5V OV 5NS 0145 ONS 29NS)
.TP.A1 .0.5N13 4Zi4<
.PLOT TP.AIN Vi2) (DV.5V)
END
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I ..... 191184.... SPICE 20.1 (16OCT80 .... 19.43,5S...

a CMOS/SOS PRECI4ARGED 5ITSLICE SECTION 3 TRANSIENT ANALYSIS Al-

a .. TRANSIENT ANALYSIS TEMPERATURE - 27.999 DEG C

0 .............................................

x
TIME V(2)

x _.d899 I.Z69d99f '.Sffd-Of 3.7698.99 _S.998.91

a. 8.09 S.9998.-09

1 .0094-09 .989

d.09-9 5.9r9d.
3:91 -:9 5.9998.09

3.good-99 5 .O99d86

4.508- 69 6.998.9

5.90.-99 6.98.996
5.5008- 9 4. 16d99.

7:1"91-09 4.7948.9.
7.509-99 4.6958.99 .

8.606d-69 4.6928.9 .
8.5098-09 4.794d.0O.

9.800d89 4.719d-99...

:.08-94693d*09.

1156d-00 4.4#7d.8.9
1.1098-98 4.129d+60..
1.15#d-00 3.8398.99

1.268d-:0 3:4908d9:::
I.250d-00 3.1 S48.9.
1.3ft0d-98 2.090 . .

1.3S08-98 2.448d:8:.
1.491d-0 a .980 I d

11.9-901 1.518:*0

1.56500--0 1.26 7.00

I.5508-00 9.174d-01.....-1.708-08 7.9e3d-01 .

1. 750 -00 7.876d-01 .. 
.

1.31J8-0 6.278d-01.
50SOJ-80 5.662d-01..
1998 6.326d-01..

1.908-98 5.213d-01..
2.0008d-00 S.928-01 I
2.9598-00 7.328d-:1.
2 .10"d-90 9.32 3d-1
2 -90 1.216d-Of
2.2009 1.51899 .
2.250d-08 1.8&4d800.
2.3098-90l 2.178-0 ...
2.3508-00a 2. 4d.0
2.4008-0 2.7738.99.
2.4608-08 3.926d 09 ..

2.50-00 3.4 6d.9
q.3.-90 396d.00.

2.6S08-08 3,.9168.0 .

2.7008-00 4.1180 Id.
2 .750-00 A. 260d.0
Z.CflYd-00 A.39680
2.230d-60 4.516.? d

39rd013 1.60@d-00..
2.9S98-0R 4.6768.9 .
3.004-99 4.7378.99 ..
3.5.40 .-7;-d 0*0 ..

3.989 4.29 .O.dg

3 .26#d-9 4 .9 1 dOf .
3.3).j-go 4.9! 98.00
3 '3,IJ- go .943d.0.
3:Afl4.J-g0 4.9548.9
3.430.1-0 4.96389 0:
3 Soo.J-00 A.979d:90
3 . 5508-0 4.9758*0
3 .5008-00 A.9tld4.00 .

.:,01-00 8.9168.99 .

4.00".1-00 4.9;7d.0 .

Figure C-57. SPICE Plot Section 3 Input 010 Four
Node Precharge with Widths x2.
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1****w*1/01/4 ~SPICF 2G.1 (15OCT80) ********19:44:18*****

0 CMOS/ESS PRECHARGED BITSLICE SECTION 3 TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE = 27.020 DEG C

.WIDTH OUT=80
:OPTIONS ITLl=Sk00 ITLS=0
.MODEL NMOS 141105 (VTO=lV TOX=75NM UO=400r NSUB=2.5E16 LD 0.7UM)
+LEVEL= 1
.MODEL PMOS P140S (VTO=-IV TOX=75NM UO=200 NSUB=3E15 LD=0.7UM)
+LEVEL=1
VDD 1 0 DC 5V
MI 1 3 2 0 NMOS L=5.0U W=10.OU
M2 1 3 5 0 NMOS L=S.ZU W=10.OU
M3 1 3 6 0 NMOS L-5.ZU W=10.OU
M4 1 3 7 0 NMIOS L=5.ZU W=10.ZU
M5 2 8 1 1 PMOS L=S.ZU W-20.OU
MG 5 8 1 1 PMOS L=S.0U W-20.0U
M7 6 8 1 1 PM4OS L=5.0U W=20.OU
M8 7 8 1 1 P140S L=5.0U W=29.OU
M9 1 9 G I PMOS L=5.ZU \4=10.ZU
MIO 1 11 10 1 PMOS L=5.0U W=10.OU
Mll 14 13 0 0Y NMOS L=5.ZU W=15.OU
M12 14 9 6 0 Nt4OS L=S.0U W=15.0U
M13 1 13 6 1 PMOS L=5.0U W=10.OU
M14 15 5 1Y 0 NMC'S L=5.ZU W=15.ZU-
M15 15 11 1ll Z NMOS L=5.0U W=15.ZU
M16 1 5 10 I PrIoS L=5.OU W=10g.OU
M17 1 10 2 1 PMCIS L=5.ZU W=10.OU
MIS 17 16 0 0 NMOS L=S.0U W=15.OU
M19 17 10 2 0 NMOS L=5.0U W=15.ZU
M20 2 19 18 0 NMOS L=5.OU W=S.OgU
M21 1 16 2 1 PlMC'S L=S.0U W=10.ZU
M22 1 7 16 1 PMCOS L=5.ZU W=19.ZU
M23 2 2Z 13 1 PMOS L=S.ZU W=10.OU-
M24 0 6 S 0 NMOS L=5.klU W=15.0U
M25 21 6 0 Z N11C'S L=5.OU W=15.ZU
M26 21 7 16 0 NMOS L=5.ZU W=15.ZU
M27 1 6 5 1 PMOS$ L=5.ZU W=30.OU
M28 1 S 16 1 PI~IC'S L=S.0U W=10.ZU
M29 0 i1 7 0 1414CPS L=5.0DU W=15.ZU
M30 1 11 7 1 PMC'S L=,5.0gU W=30.ZU
C31 1 0Y 0.141GPF
C32 6 17 0.423PF
C33 7 9 0. 359PF
C34 11 0 0.232PF
C35 0 0 0.940PF
C3G I 1C 0.I2kIPF
C37 5 0 0.2G6PF
C33 2 0 V.234PF
C39 18 0 O.1PF
C 40 10 J 0.119PF
C41 3 0 0J.50PF
VI1N1 11 0 PULSE (5V 0V 5NS ONS ONS IONS)
VCAR 9 Cl PULS;E (0V 0'! ZONS 014S ONS IONS)
VSEL !3 0 RULSE (5V 53V .0HS 311S .JNS IJUNS)
VP 1 3 V0 PLSE VV 5V 4US OHNS siNS 2NS5
VP1BAR 3 0 PIJLZE (5V O3V 4NS 3NSJZNOS 2NS)
VPH2 19 0 PULSEI (OV rj'! 514S .'Jt" UtlS: 2.9NS)
VPHI2BAR 20 0 PULSE ',5V OV SNS ONS ONS 2ONS)
.TRAN J .5NS 40N.
:PLOT TRAN V(Z) (0V,SV)

END
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....... . .... SPICE 2G.1 ttSOCT86U ..... 19.418....

C OS/SOS PRECHARGED BITSLICE SECTION 3 TRANSIENT ANALYSIS &.-

TRANSIENT ANALYSIS TEMPERATURE - 27.069 DEG C

TIME V(Z)

x 5. _d-" 1.25Id+95 2.SI~d.90 3.755d.9 -°.#5d38*0

.5 d-I9 1.B97d-07 
.

1.501d-09 1.897d-d7 *

2.0008d-09 1. 897d-07"" 
'."

. 00d-89 1.0#8-7 *

3.000d-09 1.897d-07 *."
3 . . d - 9 1 . 60 7d - 7

2. Sod-09 '.S@7d-E7 *

4.L59d-09 3.929d-El.
5 .0 08- 09 1 .317d _60 

" .

5. .Bd- 9 1.867d0 . .

6.000d-09 2.276d.00 .
1 . 5 9 5d - 9 2 . 9 1 d82 .

7.O90d-09 2.46Zd-07.a018-09 1.1 d 0
9.0008-09 2:!64d+ :

6.5 #8d- 09 2. 4 6d 5 1 

"d:"

9.0 0d- 9 2.36 d *00 

..

9.55d-09 2.564d-*0 

""

i.A~d-1 2 i+d @ 0

I , I g d - O 2 3 9 d : 0 8*

.50 d-:9 :.727d::: . -'1.2Sfd- 8 2.867d-8.

II.0508014 . fi805 .

O.d0-00 3.565,0 .d:1

I .0-.0 3.72 7d*I0:
1.250d-:8 3:.867d:00. .
I.006d-8 3.991d*00
1.35d-08 4.093d0.
1.41" d-00 4.1 0900
1.450d-00 4.Z74dII0 .".1.5008d-08 4.30td*00 . . . .

5.G00d-. 4.d *.9 .-.

1.60-:a 4.:48d:: .1.76008-08 4.599 00 .d

1.75 d-08 4.645d*0 ..ff -f 4.66&d-: :-
1.350-08 4717d*0
I.91YGd- 4 7Z3d'' 

..-

1.95fd- n6 4 .7 2d .O:2. ad-.0 4.6398*0 
.

2.050-8 4.594d*09
I.1an-d 42518*d- 0 6

Z.1508d08 3.970d.00 . .

2. ZoJ-0o 3.6 4d88 . .,

z. Sd-08 3.3128d 0 .8
2.0-0 2,964d-0
2.350' 008 2.6#7d.5"
2.4008d-00 2.260d5 9 *
2.450d-00 1.9Z3d0.
2.50td-08 1.628d*0N .
2.5509-00 .3!7d:09 1..
Z.8od0 I. dO8 *0 . .

2.50-00 0,116d-01 .
-

2.78-08 6170dd:1 . "

2.75684-O 4.6Z4d-I . .
2.8008-08 3.347d-61 .

2.3Sad- a 2.53d-5 l ,..
2.900.-00 1,796d-01
2.75od-0a I.3028-01 .
3.000d-00 9.490d-0 .*'

3.050.1-00 669d 02 .
3.l008-0 4.891 d:02
3.1508-00 3.498d- 02
3.2 004-90 2.4.d4-.2
3.250d-58 1.86d-02 

-

3.^Vvd-9 1.273d-2
3.350d-H8 9.12d-03
3.400d-00 6.606d-03
3.4508-00 4.653d83 

-

3.5008-906 3.169d-0 N
3.558-00 2.492d-03.
3.50d-08 Z.G-ld -3

3.6 08-0. t._Sd.-3

3.700d-08 8.69.d-04 .

3. 7508d-08 5.Z'4d-04
3.a d-0 0 4.5 8d-04

3 . -d-00 3.149d-04 *
3. 0d-0o2 298d-04
3.750.J-00 a .676d-04 L
4.0004-68 1.1Z9d-04 .

- - - - -- -- -- - - -- -- - - - - -

Figure C-58. SPICE Plot Section 3 Input 101 Four
Node Precharge with Widths x2.
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1*******12/0l/84 SPICE 2G.1 (15OCT80) ********19:44:55*****

O CMOS/SOS PRECHARGED BITSLICE SECTION 3 TRANSIENT ANALYSIS

8** INPUT LISTING TEMPERATURE * 27.000 DEG C

.WIDTH OUT-80

.OPTIONS ITL1=5fiff ITL50
:MODEL NMOS NMOS (VTO=IV TOX=75NM UO=400 NSUB-2.5EI6 LDw8.7UM)
+LEVEL- 1
.MODEL PMOS PMOS (VTO=-1V TOX=75NM UO=208 NSUB=3E15 LD-0.7U4)
+LEVEL=1
VOD 1 0 DC 5V
MI 1 3 2 0 NNOS L=5.OU W-15..0U
M2 1 3 5 0 NMOS L=5.OU W=15.0U
M3 1 3 6 0 Ht4OS L-5.OU W-15.ZU
M4 1 3 7 0 NMOS L-5.OU W=15.0U
M5 2 8 1 1 PMOS L-5.0U W-3O.ZU
M6 5 8 1 1 PMOS L=5.0U W-30.ZU
M7 6 8 1 1 PMOS L-5.0U W-30.OU
M8 7 8 1 1 PMOS L-5.OU W=30.ZU
M9 1 9 6 1 PMOS L-5.OU W=10.ZU
MID 1 11 10 1 PMOS L=5.0U W=10.OU
Nil 14 13 0 0 NHOS L-5.0U W-15.ZU
1412 14 9 6 0 NI4OS L-5.OU W=15.ZU
M13 1 13 6 1 PM4OS L-5.0U W-16ZU
M414 15 5 0 0 Nt4CS L=5.ZU W=15.OU
M415 15 11 10 0 NMOS L=5.HU W-15.0U
M16 1 5 10 1 P1405 L=5.ZU W=10.OU
M417 1 10 2 1 PMCI5 L-5.0U W=10.OU
M418 17 16 0 0 NMOS L=5.ZU W=15.0U
M419 17 10 2 0 NMOS L=5.ZU W-15.ZU
M2Z 2 19 18 0 NMOS L=5.ZU W=5.OU
M21 1 16 2 1 PMCIS L*5.ZU W=19.OU
M22 1 7 16 1 PMOCS L-5.OU W=10.OU
M423 2 20 18 1 PMOS L=5.ZU W-10.0U
M24 0 6 5 0 NMOS; L-S.ZU W-15.OU
1425 21 6 0 0 NMC'S L=.5.0U W-15.ZU
M26 21 7 16 0 NNOS L=5.0U W-15.0U v"
M27 1 6 5 1 PMOS; L-5.ZU W=38.OU
M28 1 6 16 1 PMOS L-5.0U W-10.0U
MZ9 0 11 7 Z HI4OS L*5.0U W-15.OU
1430 1 11 7 1 PMGiS L=5.ZU W..f3.ZU
C31 1 0 0.1416PF
C32 6 0 0.433PF
C33 7 0 0.359PF
C34 11 0 0.232PF
C35 0 0 0.940PF
C36 16 0 0.120PF
C37 5 0 0.Z66PF
C38 2 0 0.234PF
C39 18 0 Z.1PF
C40 10 0 0.119PF
C41 3 0 0.SOPF
VINI 11 0 PULSE (0V 5V 5NS OHS OHS lONS)
VCAR 9 0 PULSE (0V OV OHS DNS ENS IONS)
VSEL 13 0 PULSE (5V 5V ONS DNS 0NS IONS)
VPI 3 0 PULSE fjrV 5V 4NS DNS ENS 2NS)
VP1BAR 8 0 PULSE (5V ZV 4NS DHS DNS ZNS)
VPHI2 19 0 PULSE (0V 5V 5NS ONS OHS 20NS)

VPH12BAR 20 0 PULSE (5V OV SNs OHS OHS 28NS)
.TRAM 0.5NS 40NS;
.PLOT TRAM V(2) (0V.5V)
.END



I....... 12/1/84 *....... SPICE 2G.1 IISOCT88) ........ lS44,SSS** 

* CMOS/SOS PRECHARGED RITSLICE SECTION 3 TRANSIENT ANALYSIS .r..

0 . TRANSIENT ANALYSIS TEMPERATURE - 27.159 DEG C

..............................................................................................

x
TIME V(2)

X 9. d.5 1.25d*98 Z.S5d69 3.755d95 S.95d5*99

9. d95 5.09d65. *
S.99d-IS 5.99fd.59
I.05d-59 S.500f5d ..
2.591d-39 5.909d*95 *..]

2.500=19 S .

3.9reed99 S.9I9red
3.505d:-9 5.969 . . *-f

4.9996-99 .5d*9 . .d
4.59d -9 5.9198d::
6.5994-99 5.9f94-998.5096-99 4.9I56*99 ." .

.d06-99 4.7 fd5 . "
6.59d-99 4.777d*99 . " .]*
7.80d-59 4.759d*95 . .
7.50ld 4._a 1*93 . .. *

8.59d-9 4.723d: ..
8.=396-99 4.736d2 I ."-
9.9556-59 4.7i5*95 . .
9.S59d-9 4.727d959
1.09d-98 4.6629
1.959d-28 4.5569-9 .
I.10 0-8 4.252d*69
1.155J-08 3.S / 955d-95
1.1,1-38 3.635d 95 .
1.259d-98 3.2916.99 . .
1.35ed9 8 2 .941d*I9 .

I .256-8O 2.586d.6 .

1.4006-98 2 8238d60
1.459-96 I.SOS6l4 E .

"'*

"-. .So•d-00 |.;|d• ". 'd.
1.556d-98 1.31d:43d: ."

1.699d-9 I.I36619.
1:1.0:-9 9.124d-:l.1
I.756d-58 8.425d-01 .

1.75.d-90 7.45d-9lk
1.00d-8 6.66d
I.850d-E8 S.957d-ElIla g-:O S.Gled-•

I.9Sd-fd 5.494d-SI . * . .

2.159ES8 7.633-fl .d.
2.155#-9 9. 66d-01..
22101:-8 1.252d-"I-

2.Z50d-98 1.5Ed*99 . . *2.3996-08 2.2864d69 . ..-
2.3506-98 2.529d69

2.490d-SB 2..8.Zd99 . I
2.4596-98 3.9566d.E •
2.50d-8 3.277d.-
S1.55 0 3.477d40 ...

2. 869-M 3.932d" . *
2.700d-08 4.114d.69 ..
2.750d-00 4.271d.6 "-.
2.9881-5 4.459d6.9 ..
2..50d-98 4.SI3d. 00.-*
2.Sfld-98 4.567d 00 . .
2.955d-ES 4.681d*IS " *
3.00d-80 4.741dU L
3. 06d-0 4.793d3 9 .
3 .1 ,-8 0 4 *83 6d d .
3.15d-98 4.864d.9E +
3.200J-60 4.092d.99 6
3.250.,-98 4.912d99 . -"
3.30 d-68 4.99d8 *.
3. 35 6- 1 4.944d: 9g ,
3.400 d-8 49654dg9 .•.
3.4 -00:go 4.964d:6
3.5006SdO 4.971d.9
3.550d-98 4.977d.09
3.604-8 4.99d"

.
00

3.7G5-90 4.985d.9
3.7194-98 4.9866.09
3.7,50d-6 4.99d99

3.900d-90 4.99Sd'00
3.11594-98 4.9966.09
4.909d-8 4.9976?99

-~~~~~~~~~ ~ ~ ~ ~ ~ -- ° ---------

Figure C-59. SPICE Plot Section 3 Input 010 Four
Node Precharge with Widths x3.
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I'm 777 7*2

B CMOS/SOS PRECHARGED BITSLICE SECTION 3 TRANSIENT ANALYSIS

INPUT LISTING TEMPERATURE 27.0 DEG C

.WIDTH OUT=80

.OPTIONS ITL1=500Z ITL5=0

.MODEL NMOS NIIOS (VTO=1V TOX=75NM UO-400 NSUB*2.5E16 LDuO.7UM)* LEVEL-1
.MODEL PMOS P1405 (VTO=-IV TOX=75NM UO=200 NSUB-3E15 LDw0.7UM)
*LEVEL-1
VDD 1 Z DC 5V
Ml 1 3 2 0 NMOS L w5.-OU W=15.OU
142 1 3 5 0 NMOS L-5.BU W=15.OU
M3 1 3 6 0 NMOS L=5.ZU W=15.OU
M44 1 3 7 0 NIIOS L-5.0U W=15.OU
M5 2 8 1 1 PMOS L-5.OU W=30.OU
M6 5 B 1 1 PMOS L=5.ZU W=3Z.ZU
M7 6 8 1 1 P1405 L-5.ZU W=30.OU
M8 7 8 1 1 PMOS L=5.ZU W-30.OU
M9 1 9 6 1 PMOS L=5.OU W=10.ZU
M1Of 1 11 10 1 PMOS L-5.ZU W=10.OU
Mlu 14 13 0 0 NMOS L-5.OU W=15.ZU
M12 14 9 6 0 NMCIS L=5.0U W-15.OU
1413 1 13 6 1 PMOS L-5.ZU W=10.OU
1414 15 5 0 0 NMOS L-5.ZU W-15.0U
141S 15 11 10 Z NMOS L=S.ZU W-15.OU
M416 1 5 10 1 PMCIS L=5.OU W=10.ZU
M417 1 10 2 1 PIS L=5.ZU W-10f.OU
MIS 17 16 0 0 141405 L=5.0U W=15.0U
1419 17 10 2 0 NNOS L=5.ZU W=15.ZU
1420 2 19 18 0 NMOS L=5.ZU W-5.ZU
1421 1 16 2 1 PMOCS L=5.ZU W=10.OU
1422 1 7 16 1 P1405 L-5.OU W=10.ZU
1423 2 20 18 1 PMOS L=5.ZU W-10.0U
1424 Z 6 5 Z NMOS. L=5.ZU W-15.OU
1425 21 6 0 0 NI4OS L=5.0U W=15.OU
M26 21 7 16 0 NMOS L=5.ZU W-1S.ZU
1427 1 6 5 1 P1405 L=5.OU W-3O.ZU
1428 1 G 16 1 P1405 L=5.0U W-10.ZU
1429 0 11 7 0 NMOS L=5.OU W=15.ZU
1430 1 11 7 1 PMOCS L=5.ZU W=30.ZU
C31 1 0 0.1416PF
C32 6 0 0.433PF
C33 7 0 0.359PF
C34 11 Z 0.232PF
C35 0 0 0.940PF
C36 16 0 0.120PF
C37 5 0 Z.2G6PF
C38 2 0 0.234PF
C39 18 0 0.1PF
C40 10 0 0.119PF
C41 3 0 0.5OPF
VINI 11 0 PULSE (5V ZV 5NS 0ENS ENS IONS)
VCAR 9 0 PULSE (OV OV ENS ENS fiNS IONS)
VSEL 13 0 PULSE (5V 5V OtNS 01S ONS IONS)
VP1 3 9X PULSE (ffV SV 4NS ENS EiNS 2NS)
VP1BAR 8 0 PULSE (5V ZV 4NS ONS ENiS 2NS)
VPHI2 19 0 PULSE (OV 5V StiS ENS EiNS 20145)
VPHI2BAR 20 0 PULSE (5V OV 5NS ENS ENS 20NS)
.TRAN U.5N4S 40NS.
.PLOT TRAN V(2) (0V,5V)
END

C-116 -



I....12/1/04 .. SPICE 2G.1 (ISOCTSS) ...... 1145.23 ..

a CMOS/SOS PRECHARGED SITSLICE SECTION 3 TRANSIENT ANALYSIS -8

... TRANSIENT ANALYSIS TEMPERATURE *27.9DMf DEG C

...........................................................................................

TIME V(2)

x #. d-89 1.ZSd.99 2.555d859 3.7S58.95 5.559d88

9. d.09 1.8#7d-57
5.#998-19 1.8#7d87
1.999d89 1.97d87
1.58d-69 1.0#7d-47.
2.99,4-89 1.0#7d-07.
2.59d-69 1.0#7d-97.
3.99-99 I.697d87

4.50#d-09 S.9d9

5.599-99 2.5698.99 .
6.9998-99 3.IV88.99
6.500d:99 3.98.9.
7 .5989 3.3558.9 .
7.5998-89 3.1.99 .

B.5998-99 3.2156d99
9.9898-99 3.414d.9 Of.
9.5998d-99 3.5958.99.
I.9fd80 3.764d9

1.9598-98 3.9328.99 .
I.15f9d-98 ,.9f68.9
I.Ir98-9 4.I87d.8.9
1.Z0d-8 4.2418*d ..
:,578 :58 4:326d:::.
1 .3048- 4.493.9 d
1.350d-08 4,469d89
1.40#d-98 4.531899. ..
4S98-98 4.5968.09 0

S.650d88 I.789 ....

1.60$d-68 4.71$88..
1.6r98-98 4.752d+66 ..

I 70-94.7628.9 ..
1 :77508368 ,.6098.99 .
I.E869:0 4.6798.9 .

Sad9-9 4.64989

I .956d-9 4.6259
2.009d-00 4.74899 ..
2.80,08-90 4.61Z8.9 .

2.1 ::-9 4.5389 . .
2 0 -.0 3.1689
2.278-9 3.420d:9 .

2 .399-98 3.96l8.9 . .2 .359d:90 272486 d
496n9 2.3728.9 ..

2.Sand -0 1.72 18d.9
2. %5'16-0 1.42:d68

2 .GS"-00 0.645d-El.0.1.
d70d-00 6.5958-MI..

2.750d-08 4.95#d-01.

2 .75*8- 2.9-I 6 .
-..I-0 1.9:28Z1

2.9598-98 I.4fld81.
3 909.J-08 t.022d-0I 1
3.9508-90 7.1778d-92.
3 .198M so2d21-:2 :.
3.150d:80 3.7722 .3.298,-00 2.64 7d-02

3.7798-60 Zd#283
3.400J80 7.117d-53
3.450,J-00 4.966d83
3.SHO8-60 3.635d-03
3.5SO-1-90 2.592d-03
3 .CIjUC0 I.U14d-03.
3:GSM-90 1.3T38-03
3.770.J-90 9.365d-64.
3.0071.J0 .864d-4 , * 1

3.V709.-90 2.4698d-04.
3.9598-NO 1.7 65d- 04
4.008-9_0 1.2298-94

Figure C-60. SPICE Plot Section 3 Input 101 Four
Node Precharge with Widths x3.
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Appendix D

This appendix is intended to serve as a practical guide

for the individual who wishes to use the SPICE2 simulators

available at AFIT. Much time was wasted in trying to

determine how to correctly use the simulator due to lack of

documentation and knowledgeable people. Much of the data was

so spread throughout the users guide that it took a great

amount of time to get comfortable with what it all meant.

A procedure for establishing input files is presented in

this appendix to reduce the confusion.

This appendix refers only to transient analysis use of

the SPICE simulator.

The following information outlines the barriers

encountered and overcome by this author to perform the

simulations required for this thesis project. Hopefully

this will benefit future users of SPICE.

The reader is expected to be familiar with the switch

level simulator ESIM, since some similiar procedures are

followed and the reader should refer to the SPICE users

guide by Vladimirescu et al provided as reference material

in the EE695 VLSI Notebook provided as a class text.

SPICE was originally intended for use with batch

processing, so all the documentation makes "card"

references. This is easily translated to lines of instruc-

tions in input files for an interactive system such as the

VAX 11/780.

D-1
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To run a SPICE simulation on a circuit, the following

must be done:

1. Design a circuit using CLL or some other layout

language.

2. Run cll -C filename.cll to obtain the .cif file.

3. Change all 125/1 to 125 1 in the .cif file.

(this allows you to run mextra)

4. Run mextra on the .cif file.

(This results in a .nodes and a .sim file)

5. Change the first line of the .sim file from

tech=nmos to tech=cmos.

6. Generate a definitions file for NMOS and PMOS

substrate connection nodes. This is required for sim2spice,

the SPICE preprocessor which converts .sim format to .spice

format. In CMOS, the depletion mode device is the PMOS

device and the pull-down device is the NMOS device.

Sim2spice defaults to plain NMOS technology with ENMOS and

DNMOS descriptions. These must be changed in the

definitions file. This file can also establish the ground

and Vdd nodes for substrate connections. The PMOS substrate

is connected to Vdd and the NMOS substrate is connected to

ground. The file would look like this:

D-2
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set GND 0 cmos
set Vdd 1 cmos
set PMOS 1 cmos
set NMOS 0 cmos
def PMOS DNMOS cmos
def NMOS ENMOS cmos

I tried changing the .cadrc file, as indicated in the

sim2spice literature, but it didn't work.

7. Run sim2spice -d defintions filename filename.sim

This results in a filename.spice file and a filename.names

file. The .names file is a cross reference list between

mextra and SPICE node names. The SPICE nodes are

sequentially numbered and the mextra nodes appear at random.

The SPICE filename.spice input file must refer to only SPICE

nodes, not mextra nodes since the SPICE simulator will only

V recognize its sequential numbering of the respective nodes

prepared by sim2spice.

8. The filename.spice is the input file required to

run the simulation, but it does not include the command

"cards" reqyuired for program control. It just contains the

MOS, four node descriptions of each device in the circuit to

be simulated. There should be an NMOS and PMOS device for

each CMOS device. For small circuits these can be counted

to verify that sim2spice has run correctly. Larger circuits

are hard to verify since they contain so many devices.

This file includes all (four) the node connections for

an individual NMOS or PMOS device.
•-_

S.[ - However, all the nodes are SPICE nodes not mextra
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nodes.

9. The next step is to modify the filename.spice

file to account for the differences in the assignment of

nodes between mextra and SPICE. A numbered node cifplot of

the filename.cif and the filename.nodes files is required,

and a copy of the filename.names file that was generated by

* sim2spice.

The ground node must be determined from the mextra

based node plot. SPICE requires that the ground node be 0.

Mextra does not use 0 as a node number. Therefore the

mextra node for ground will be a number other thn 0 and in

the mextra/SPICE node reference list a number other than 0

. will have been assigned to the ground node by SPICE. This

node must be determined and chnaged to 0 everywhere it
%k|

occurs in the filename.spice file. For Vdd, the same

procedure must be followed, but the node number is optional.

However, it must be consistent with the node number assigned

to the Vdd node when the independent DC supply voltage

source is entered as a command line (card).

For all other inputs to the circuits, the input node

must be selected on the mextra node cifplot, cross

referenced to its respective SPICE node number and that

SPICE number used in the filename.spice file when a model

, input voltage is applied to it for simulation.

10. The next step is to input all the

- required/desired command (cards) lines to run the
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simulation using the node numbers from SPICE node reference

list but based on the nodes assigned by mextra on the node

cifplot. The required command line (card) inputs and the

format rules required by SPICE are presented below.

The following command line (card) inputs must be

included in the filename.spice file and the associated rules

presented must be adhered to:

a. All command lines (cards) must begin with a

period.

b. The first line of the input file must be a title:

i.e. CMOS/SOS TRANSIENT ANALYSIS

This will be printed on each page of the results

" output. A "dot" command on the first line will cause the

run to abort, since the simulator will think it is the title

and skip it as a desird command.

c. The .WIDTH command line is used next to establish

the last column read on each line. It is normally

established at 80.

d. The .OPTIONS command line is then used to

establish program control as desired. The documentation on

pages 20-21 of the original users guide is adequate for

explaining the options available.
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e. The user is allowed to select models of the
devices that are to be simulated using the .MODEL command

line. Since MOS models were used for this thesis, three

possible level models were available, (see page 16 in users

guide). The level 1 model was selected.

A diode, two bipolar and MOSFET and JFET models are

available (see pages 13-18 in the users guide). The user

can select specific parameters per device model. Since

CMOS/SOS was used for this thesis, two MOSFET models were

used, PMOS and NMOS.

f. After selecting models, the Vdd supply voltage

must be established. Voltage sources are established by

- using ELEMENT commamd lines (cards). Resistors, capacitors,

inductors, transmission lines can also be set-up using this

ELEMENT command line model. An independent 5 volt DC

voltage source was established (see pages 8-9 in users

'* guide) as the supply voltage. The node to which the voltage

.* is applied is left up to the users discretion.

g. The sim2spice file data is input after the supply

voltage command line is established.

h. Input voltages to the circuit are modeled the

same way. However, the PULSE option was used in this thesis

to provide a varying pulsed input for transient delay

analysis. This is described on page 9 of the users guide.

"*- i. The .TRAN command line is used to establish the
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. time interval of the simulation, (40 nsec was used for all

simulations in this thesis) and the points at which the

transient waveform is traced on the output plot (0.5 nsec

intervals were used for all simulations in this thesis. See

page 25 of the users gyuide for further details.

j. The .PLOT comand line estbalishes that a

waveform output plot is desired. The TRAN option of this

command indicates that a transient plot is desired. The

nodes to be monitored and their respective values plotted

over the selected simulation time interval are selectable by

the user.

k. The input file must be concluded with a .END

command line.

11. The only other modification that may be required

is a modification of the capacitance values generated by

sim2spice when the filename.spice file is generated form the

filename.sim file. The values are given in femtofarads and

these sometimes are so small that plotted results are

worhtless. Some factor of ten may be required to achieve

good output results.

Some of these procedures are tedious, however no

shorter, more convenient way could be determined to prepare

for and perfrom the simulations using the tools that were
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available at AFIT.

Example input files and simulation data are provided in

previous appendices for reference.

Hopefully this user guide addendum will aid future

users of SPICE2. -.
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Appendix E

This appendix is intended to provide information on the

Memory/ALU Bitslice circuit chip that was designed as part

of this thesis.

The chip contains the 2x4 precharged decoder, the

precharged A and B registers, the ALU input controller, the

read/write controller, the 4x4 static RAM and the ALU first

bitslice along with input, output, ground and Vdd pads.

The chip files are included under bkelley/thesis in

this authors directory. The directory listing is presented

below:

README
chip.cll
ramcell.cll
4bitword.cll
4wordmem.cll
Aregpre.cll
Bregpre.cll
alucntrl.cll
RWcontrol.cll
bslast.cll - bitslice precharged at 4 nodes
decpre4a.cll
padamp.cif
padVdd.cif
padblank.cif
padgrnd.cif
padout.cif
padin.cif
paddrve.cif

E-I
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