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TECHNICAL MEMORANDUM X-73299
BANNING STANDARD CELL ENGINEERING NOTEBOOK

SECTION I: INTRODUCTION
A. PURPOSE OF THIS NOTEBOOK

This notebook describes a family of standardized thick-oxide P-MOS building
blocks fully compatible with the BANNING Design Automation System. These stand-
ardized building blocks are the BANNING standard cells. The information in
this notebook is presented in a form useful for systems design, logic design, and the
preparation of inputs to the BANNING Design Automation programs for array design
and analysis.

The Design Automation System consists of five majbr programs. Two of these
programs are used to translate a logic design into precision MOS-FET artwork.
These are:

Placement-Routing-Folding (PRF) Program
Artwork Program

The remaining three programs are used to analyze the performance of basic cir-
cuits and logic nets. These are:
Logic Block Simulator
Signal-Trace Program

Transient Analysis Program
These programs are discussed briefly in Section 1. C.V
The standard-cell design-automation approach offers the following advantages when

- compared with conventional manual techniques:

i. Improved Accuracy

The manual operations now being used for composite drawing and rubylith
cutting are completely bypassed when using the automated procedures. These automated
design procedures appear at the present time to be the only way to handle these opera-

tions with a minimum of human error.
I-1



2, Improved Turn- Around Time
Final accurate artwork is available in several days compared to the month or

more required for the manual procedure,

‘3. Elimination of Layout-Rule yiolgfions _ A
Each cell topology is accurately digitized, check-plotted, and committed to the

library magnetic-tape storage. Subsequent uses of a given cell are therefore ffee of

human error.

4, Accurate Time Simulation of Each Logic Net of the Total Array

The Signal Trace Program provides a pictorial printout of each net of logic and

its branches,

5. Accurate Logic Simulation

Each cell of the library can be logically described by the Logic Block Simula-

tor,

6. Worst-Case Eleetrical Design

Because a given cell is designed only once, the designer can afford to spend

much more time optimizing the electrical design of each cell.

B. ORGANIZATION OF THIS NOTEBOOK

Section 1l of this notebook contains the electrical specifications for the circuit
family, th;e design rules used to lay out the cells, and thz process parameters upon
which the circuit design and layout are based. Section III contains the cell-layout
topology rules, The inclusion of this data in the notebook provides the user with o
better understanding not only of the devices but also the fabrication processes involved
and provides sufficient information for the design and layout of special cells or now
cells compatible with the family, Section IV furnishes the. logic designer with all the
cell information requifed for array design and the compilation of net list data for the
Design Automation programs, Section IV, B contains the specification sheet for each

BANNING cell (the data sheets). These sheets, one for each cell, prpvide the cell name,
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the cell number, its logic symbol. Boolean equation, truth table, circuii s_chemétic.
circuit composite, input-output capacitances, and date of issue, The circuit type file
contained in Section IV.C, and a logic drawing provide all the information re'quiredAto
prepare input data files forr the Design Automation System,. . The Appendixes contain 2t
detailed describtion of the electrical design procedure, |

C. BANNING DESIGN AUTOMATION PROGRAMS

1. MOS Logic Bloc'k Simulator

This program is a self-contained éompiler designed to simulate binary logic
systems composed of interconnecte]] MOS- FET standard cells, The input to the simu-
lator is puhched cards, Each cell required is described by one card punched to
specify cell type, input cénnections,' and other parameters as required, Since the
function of each cell is deSpribed by an individual subroutine of the -Logic Block
Simulator, it is necessary for the logic designer to use only those logic blocks con-

tained in the standard circuit library,

The output consists of printed columns containing 1's and 0's representing the
output values of specified cells as they exist at the end of a Phase | or Phase Il clock
time. For a given computer run, the number of cells that may be displayed is limited
hy the number of columns available on the output printer of the computer, typi(':rll_\)
120 columns, Voltage at every node is calculated and can be printed at time incre-
ments small enough to display the logical values at the end of every high-specd clock

time,

The simulator will accommodate systems as large as 4000 cells and having as
many as 100 different standard cell types., These cell types must correspond to the

fixed set recognized by the simulator,

2. Placement-Routing- Folding- Program (PRF)

After the logic designer is assured by the simulation program that his logic
works, and after the system has heen partitioned into individual arrays, the data cards

~ for each chip used for the final simulation are used as input to the PRF program, This



eliminates the need for special data preparation and consequent human error, The
input routine of the PRF program automatically converts this data to its own required
input format, Depending upon the number of cells to be placed and interconnected,

between 5 and 20 minutes of machine running time is required for this program,

_ The final placement of cells on a chip is decided upon by a computation to
establish a suitable minimum total wire-length for intraconnecting the array, Cells
_are first interchanged until a Satisfactory placement is accomplished, Then the

interconnections are routed utilizing aluminum metalization and P-diffusion tunnels,

This.program provides the following computer printouts to aid the engineer
in the total array design: . _
(a) Two basic categories of capacitance loading information:
(1) Loading before interconnections are routed,

(2) Loading after interconnections are routed,

(b) Folded-array printout showing chip size, Cell locations, cell orienta-

tions and type, and paths of all interconnections.

(¢) A nrintout of the pfedicted speed performance of the afray, as determined

by the Signal-Trace Program,

(d) A listing of the PRF Program output specifying cell locations and orienti-
tions, signal interconnections, and power bus and bonding pad locations,
'This particular output is available in printed form, on magnetic tape, or
on punched cards, All outputs are fully compatible with the Artwork

Program,

3. Artwork Program

This program is used to generate the commands for the Gerber Plotter to draw the
required artwork for the MOS- FET arrays, The program output tape contains light

aperture and motion commands which control the Gerber Plotter. The topology describing
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the individual cells is stored on the library tape for the Artwork Program, From the
input specifications furnished by the PRF program and the list of apertures available at
the plotter and the scale desired for the output artwork, the Artwork brogram calculates
the Gerber instructions to draw artwork for each level of the MOS-FET chip. There are
several options available for drawing the polygons that compose the individual cells, The
option providing the highest degree of precision consists of first outlining the polygons
using the smallest available light aperture and then filling in the remaining, less Cr.'iti('al
areas by using larger light apertures, all under program control, Accurate test plots
for verification of artwork.can be made by outlining only (omitting the '"fill'* step), thus
conserving plotter time., The Artwork Program also provides a number of ""housekeeping"
functions such as updating the standard cell library tape and formulating Gerber instruc-

tions for drawing standard cell composites from the digitized cell data, .

4. Signal-Trace Program

This program is designed to run as a Subroutine of the PRF program, With
this program, a highly accurate time analysis prediction for the complex MOS-
FET array is possible, The basic l‘ogic structure for two~pha§c lbur-delay logic cir-
cuits is described as functions that originate at the output of 4 terminal-type element
and end at another terminal-type element after propagating through as many as four
levels of gating or combinatorial type logic., The program searches for the clements
that constitute terminal elements; a logic tree composed of terminal-type elements
separated by logic gates is described. The Signal-Trace Program first identifics
every branch of the various logic trees and predicts the time response of that branch
for two conditions of operation: 1) the time required for a beginning terminul element
to change from a logic ""1" to a logic 0", and 2) the time then required for the opposite
transition at the beginning terminal, The Signal-Trace Program uses the capacitance
loading figures calculated by the PRF Program to assess the time response of cach node

within the branch. -
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5, - Transient Analysis Program

This program is used to evaluate the response times of the basic BANNING
cells, The three cells of fhe family, whvich serve as cells and also as component pa'rts
ol more complex cells, are 1) the inverter, 2) the inverter with delay, and 3) the
NAND gate, The program input comprises the Sah Model equations and device
parameters, The program output is a printdut of the nodal voltage versus time, The

Siah Model and the derivation of equations is given in Appendix ‘A of the notehook.,
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- Section I

CELL DESIGN PARAMETERS

This section compriséé two tablse.s that list fhe hasic electrical and process param-
" eter specitications for the cell family, The cell designs given in this notebook are valid
for the two thick-oxide processes now being -used_by several fubri(-;'tt'ors; The depth of

p-diffusion in the shallow diffusion brocéss is less than 0, 07 mil; in the decp dil-

fusion process, the diffusion is greater than 0, 1 mil,

Table 1 lists the basic electrical specifications for the cell family, These param-
ciers are valid for both processes, Under rated load conditions, the cells must be
ciapable of propagating o signal through four levels of combinatorial logic for worst-
case conditions during one clock time at a maximum clock rate of K30 kHz, The only
rcstrict‘ion on warsl-case conditions ié that voltages may not vary in opposite extremes:

for example, V ciannot he maximum while V_._ is minimum,

nn GG

Table II lists the process parameters that are not process dependent, These are
the resistance per square, the capacitive coefficients ot the various regions per squire
mil, and the mask alignment, The K' parameter and the lateral p-diffusion depths are

different for the two processes now in use and are presented in Table 111,
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TABLE I. ELECTRICAL SPECH“I(‘.ATIONS_

ELECTRICAL PARAMETER

PERMISSIBLE VALUES

Voo

VGG

Vo
Clock Frequency (Max)

Ambient Temperature

-13,310-15,3V
-23,8 to 27,4 V
=30 to=4,DV
S50 kHz

-H5 Lo +125°C

TABLE I, STANDARD PROCESS PARAMETERS (FOR BOTH PROCESSIES)

PROCESS PARAMETER

PERMISSIBLE VALUL

R\

C
PN
¢ M

C
MG

0,07 pF/mil

"
0,02 pl/mil~

150 /0 par square (resistance of p-region)

y

9
0,2 p¥/mil” (metal over thin oxide)y

Mask Alignment Tolerance is 0,1 mil

-3/
K'eT ,
\'T (effective) o \’T(numinal) +

(o]

7
v BS

TABLE Il PROCESS-DEPENDENT PARAMETERS

PROCESS PARAMETER DEEP DIFFUSION SHALLOW-DI1"FUSION
PROCESS PROCESS

Lateral p-ditiusion depth 0, 12 mil -0.05 mil

K' - (K" at 25°C) 1.8 to 2,2 3.0t04.0

—-2)
K'___ (Max) 3.51 6. 38
K' _ (Min) L2 1.86
135

(p-region to substrate)

(metal over thick oxidey




“Section INI

CELL AND ARRAY LAYOUT RULES -

This section presents the rules governing cell and array layout, Metal, p-matecrial,
cate oxide, and cutout sizes and reldtive minimum spacings are given, Configuration
drawings of the three types of active devices — the clock gate or coupling gate, the load
element, and the inverter (traxisisfor) gate — ai‘e included together wi.th tables li'sting

their properties such as lengths, widths, and area overlaps.

Other rules are listed which pertain only to the array level of 'layoqt include pad
size and spacing, border width and spacing, pad-to-border and pad-to-metalization
‘ spacing, etc. All dimensions are given in miis except where otherwise specified,
A. MINIMUM DIMENSIONS

" Figure 1 shows the minimum dimensions for the _thick;oxide standard cells, Al

dimensions are given in mils, .

B. MINIMUM SPACING

Figure 2 shows the minimum spacing permitted for cell layout, Figure 3 shows

the p-to-p spacing for cells in adjacent rows. All dimensions are given in mils,

C. ACTIVE-DEVICE-AREA OVERLAPS

1. load Devices

Figure 4 shows the'per'missible overlaps for the load devices, All dimensions

are given in mils,
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+

Ll

|, |

ks

.
NN

Bl

iy
4 e—MIN.

.

W (@

{
s |
7

(d) Coupling transmission device

L

(b) Metal:

0,3 width
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lL.oad devices,

!
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4 [+ MIN.

(¢.2) 0,41 ;x'i(lth, 0,4 length

]

V

:
/
)

./'
44

- -4

4 t—— MIN.

(e} Tnverter device: 0, 1 length

@ ‘Internal to cell: 0,3 width, 0,4 length

External t

®

o cell;

0,1 width, 0,4 length

Fig., 1.

Minimum dimensions for ccll layout,
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(a) P-to-P spacing: 0,6 (b) Metal-to-metal: 0,1

(¢) Gate oxide to adjacent P; 0,6 (dy Oxide-to-oxide: 0,6
‘ Load-coupling devices having the
same clock may have a common
oxide,

Fig, 2, Minimum spacings for cell layout,
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DETAIL SHOWN IN MAIN FIGURE

TWO ADJACENT CELL ROWS

BUS

o IR

- AREA

SPECIAL RULES FOR P=REGIONS O

CELLS WITHIN BUS ARFA, These

rules assure minimum spacing hetv cen

the P-regions of randomly placed cells
in adjacent rows: -

GND <: '
CELL Y ‘
LOAD P2 <
DEVICE
®
¥ f
Yoo :
GNO <b
CELL 2
CELL HEIGHT

tO9 MILS (STD)

1. No P-region not connecting o
the Vyypy bus may lic above the

top of the 3; bus (9.7 mils),

2. P-regions connecting to the

Vpn bus may not lie in the
upper 0,2 mils of the cell

(above 10,7 mils),

CELL 1/0 PADS MUST REST ON

- BASELINE

e i P E
T 1T
i =Yg
e 3
SRUAR T S0 9 T
: R PR anat ::2
;'1‘ ',:: 1
. [ SIS e |
I VIS | M
8 RS ] R
60 R R | B B
M L e e
LA :
"‘1‘.5 itk
CELL REFERENCE |q CELL o
(LOWER LEFT CORNER) WIDTH
Fig.

~et—— CELL BASELINE

3. P-to-P spacing for cells in adjacent rows.
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| | ¢,d=.2
L | I
_ = I
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(a) 0,3-mil-wide element,

Width Direction I Length Direction
a, P-beyond gate oxide: 0,1 _ B c, Gate oxide beyond P edge: 0,2
b, Metal heyond gate oxide: 0,2 : d. Metal beyond P edge: 0,2
| e—a=. ~»ta— Q=0
)

=7

 f— it

OPTION | OPTION 2

(b) 20, 4-mil-wide element,

Option 1 Option 2
Width Direction - o
a, P beyond gate oxide 0,1 0
b. Metal beyond gate oxide - . 0,2 0,2
lL.ength Direction : .
c. Gate oxide beyond P edge ' 0.1 0.1
d. Metal beyond P edge : 0,1 0,1

Note: When L < 0,6, use Option 2

Fig. 4. Permissible load-device area overlap,



2. Inverter Devices

Figure 5 shows the permissible overlaps for the inverter devices, All dimen-

sions are given in mils,

’...-c,d'=.l
.

ANNSARRARNRY

/ Width Direction

a, Gate oxide beyond P: 0.1
b, Metal beyond gate oxide: 0,2

Length Direction

c. Gate oxide beyond P edge: 0,1
d. Metal beyond P edge: 0.1

Fig. 5. Permissible inverter-device area overlap,



3. Coupling Device

l'-‘lgure 6 shows the: penniutblo mrlaps for the coupung device. All dimen-

~slons are glven in mils,

az0

l_--—'"l _Imz‘
V
7

Width Direction
a, P beyond gate oxide: .0
2

0
b, Metal beyond gate oxide: 0,
Length Direction

c. Gate oxide beyond P edge: 0,1
d. Metal beyond P edge: 0.1

Fig. 6, Permissible coupling-device-area overlap,
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D. - CONTACT DIMENSIONS

~ Figure 7 shows the minimum contact dimensions, all of which are given in mils,

= VRN e el
T - _;

gretremna v am— o—

e
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SN, YU
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——ﬁ E to— —~ =~
(a)
‘ .“.'o'oi":'é"'o"o‘ B
B,G ' :3:3%:3’3:3
2o 0’:’.:’.
20 ata oS NN
N
\
~>te-

(c)

Note: Actual contact area is cross-hatched,

2nd mask, minimum dimensions: 0.4x0,4 0.3x0,6 0,3 <o, 0

3rd mask, minimum -dimensions: 0.6 x0,6 0.5x0,8 0,7 x 1,
C. 2nd mask to edge P-region, 0.2 0,2 [
D. 3rd mask to edge P-region. _ _ 0.1 0.1 0

2nd-mask — metal overlap in . 0.1 0.1 0.4

direction of travel or in instances
where no area penalty occurs

F. 2nd mask to edge P-region : 0.2 0.2 0,2
vertical direction '

G. minimum dimension 1st mask ' 0.8x0,8 0,7x1,0 0,7x 0,5

Fig. 7. Contact dimensions,
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E. OVERALL CELL DIMENSIONS

None of the lmes shown in Fig, 8 are part of a cell layout,

They are being used in

the figure to represent a typical cell area and the associated bus structure. In particu-

lar, it should be stressed that the bus structure, although shown here and on each data

sheet composite, is not part of the digitized cell mformatlon

matically by the BANNING D/A Programs when a chip is made,

It is generated auto-

o8] _4L
o ¥ ¥
a— o —
{ o )
- 09 i r
- —
(T Tos 3 _
. _04 t s —1 -
10,4
9.7
9.3
CELL HEIGHT 8.4
109 MILS
(FIXED) 2.0
7.6
10
CELL REFERENCE
(LOWER LEFT CORNER) “\q . _
\ ¥ T e YTV Y Y
CELL WIDTH ° >
(VARIABLE) :
) NOTE:

ALL DIMENSIONS IN MILS

Overall cell dimensions,



F. "ARRAY COMPONENT DIMENSIONS AND SPACINGS

~ Table 1V contains the dimensions for the components and spacings on the array,

TABLE IV. COMPONENT DIMENSIONS AND SPACINGS

COMPONENT OR SPACING » ‘ SIZE (MILY)
P to edge of scribe area 1.6
Scrihe-area edge to center - o 2,0
Seribe-area width on one level ' 3.0
Pad to circuit metal ' 1.6
Metal-to-sceribe area edge - 1,6
Pad size ' | ' 4,0 x1.0.
Pad-edge to pad-edge spacing, minimum 2.0
Pad to scrihe-area ‘ 2,0
Pad to scribe-line _ ’ 4,0
4th mask bordoer \\'h.i('h circumscribes other

borders : 3.0

G. SYMBOLISM FOR COMPOSITE MASKS

Table V shows the symbolism for each of the four required masks,

TABLE V. MASK SYMBOILISA

MASK COMPOSITE SYMBOLISM
No, Description ’
1 P-mask [_—_:j
2 Ist-contact hole and gate
oxide-removal mask m
3 2nd-contact hole mask :
4 Metal mask - E:_i}
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Section 1V

'DATA SHEETS

A, DISCUSSION OF DATA SHEET PARAMETERS

1, General Discussion

This section contains a set of data sheets describing each cell of the BANNING
thick-oxide P-MOS cell family, In those cases where two cells are identical except for
the clock phase of the load device (or transmiésion gate), both cells are documented on
one data sheet, Each data sheet prbvides the logic designer with all the cell daté
required to design and draft a complex digital equipment comprised of BANNING cells, |
The relevant data for the logic designer are: | A

Cell name, number, drive capability, and output clock phase
Truth table '
Logic Symbol (s) with 1/0 pin numbers
Logic Equation (s) |
The data sheets also contain a circuit schematic, an 1/0 pin capacity table and a com-

posite of the cell layout,

In general, four levels of coaninatorial logic may be used on one clock phasc.
Exceptions to- this rule, primarily static register inputs, are noted on the individual
data sheets, The maximum clock repetition rate for four-level logic is 850 kHz,

" The clocks are nonoverlapping with a dwell time between clocks of about 70 nanoseconds,

Thus, each clock pulse is equal to V

GG for 525 nanoseconds,

"The cell information required for array design or logic simulation (but not
requiring the data sheets as reference) has been placed in a separate subsection following
the data sheets, This subsection contains the circuit-type file and a table of cell widths,
The former provides input-output pin spacings, capacitarice, and the reassignment
flags that are necessary to prepare the data input files for the BANNING PRF Program

and for logic simulation,



2, Common Data

Table VI contains data pertaining to all the members of the BANNING cell

family, This data is therefore not included on each data sheet.

TABLE VI, DATA COMMON TO ALL CELLS

PARAMETER SYMBOL MIN MAX
Powgr Supply. VDD —1.3. 3 -15,5
Clock Volta -23,8 -27,4
.Clo oltage VGG 7
Threshold Voltage VT : - 3.5 - 4,5
A b. t . -55°C o
mbient Temperature _TAMB 55°C +125°C
- Clock Frequency o L ——— 850 kHz

Process and topology parameters, such as material capacitance coefficients,

depth of diffusion, mask alignment tolerance, etc,, are contained in Section II,

3. Data Sheet Details

a. Front of Data Sheet

The front of each data sheet contains the cell name and number, date of
issue, échematic, logic symboll, truth-table, logic equation(s), and an input-output pin-
capacity table, In the schematic dr#wing, input and output lead ends are circled:
bus connections, clocks, and dc power are not. On single-cell data sheets, the clock

phase symbols ¢ 1 and @ _ are used in the schematic, truth table, and the logic symbol,

2
On twin-cell data sheets, the clocks on the schematic, logic symbol and truth tuble

are indicated symbolically by ¢W and ¢X. In these cases, the proper.clock phase is
indicated parenthetically beside the cell number, For example, the first data sheet

is for cells 2070 and 2080, whose Cell Numbers are given as:

2070 @,)

2080 (8,)
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The cell drive capability is indlcatgd parenthetically beside the cell name, Using the
same cell as an example, _ A :
_ _ _ TWO-INPUT NOR, 2 pF -

Cell inputs aré labeled A, B, C, D...., N. The one exception is that the
trigger input of the BINARY uses the letter T, Cel} outputs are labeled P and S for the
primary and secondary outputs, Cell input and output pin numbers are given external to
the logic symbol, Letters and numbers are also contained within the symbol to further
_idéntify the pin; examples are R and S used to designate reset and set inputé of f'lin-ﬂpps,
and One and Zero on the outputs, Likewise, C and C are used to identify the carry and

_carry-not outputs of the BINARY,

In the truth tables and logic equatio_n blocks, the subscript t-1, as in At-l
and pt-l' refers to A and P at the time prior to the indicated clock, this is not neces-
sarily the previous clock phase since the clocks must not overlap, The set and reset

inputs to registers are also mutually exclusive,

In the 1/0 pin capacity block, capacity is given-in femtofarads (f¥). One
femtofarad is equal to 10~ 12 Farads. ‘

b. Back of Data Sheet

The reverse side of each data sheet contains a scaled combosite layout ‘.
the cell(s) described on the front side, | Each large division equals one mil (10--3 inches)y,
and each small division equals one-tenth mil, The differeht areas or mask levels arc
denoted as shown in Table V.  Double cross-hatched regions represent areas where
levels 2 and 3overlap; these are the contactareas., Power and clock buses shownon the
composite are not part of the cell pattern and are included for reference purposes only. The
bus structure, including the chip power pads, is generated by the BANNING Design Auto-
mationprograms, Note that the ptimé.ry and secondary‘outputs on the composite are called

Q and 6, respectively,

¢, Cell Number Slgniﬁcance

Cell Numbers 2000 to 2990 are used and reserved for cells that have an
output drive capability of 2 PF, cell numbers 4000 to 4990 are reserved for cells with un

output drive capability of 4 pF. The 6000-series cells include special-function and
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high-drive-capacity cells such as transmission (clock) gates, 10 pF inverters, linc
drivers, and'super—cell subunits, The load capacity of each cell is indicated par-
enthetically beside the cell name on each data sheet. The 7000-, 8000-, and 9000-series
numbers are feserved for patterns used only at the chip level of BANNING design:

such as chip input/output and power pads, chip border, alignment keys, test transistor

pattern, etc,

The significance of various digits of the cell number are shown helow,

Cell Number 2070 is used as an example of a typical cell number,

Cell No. 2 0o 7

0
} } L_
Always zero for pattern number,
1,2, 3,4 are used on checkplots to
identify masks 1, 2, 3, and 4,

Odd digit means primary output is on¢ clock;
even digit, output is on 2, clock

No special significance, a cell number incrementer
r2 means 2-pF cell

4 means 4-pF cell

A

6 means special cell

L’l, 8, or 9 are chip level patterns

1, 3, and 5 are currently not used

d. Special Cell Considcrations

1.) General

The general description of each cell contains the Boolean function and
the truth table for that cell, In some cases the truth table is not complete due to the

many possible input conditions, In other cases, an asterisk (*) is used to indicate that



the value of a given input (one or zerd) does not.affect the given output condition, In
~each case, however, a representative truth table is given., If two inputs have the same
effect on the output,. ohly one may be shown or the Boolean equivalent of both inputs,
Each cell number and name is given, as well as the Mil Logic form. In order to avoid
confusion about which cell is being described a more detailed Mil Logic form is given
for cglls normally represent'ed by a block, e.g., the static register, Transients and
their causes are discussed in this section and in Appendix A, WaQeforms, are given

in Figs. 9 to 14 inclusive,

e, Logic Element Characteristics

1.) Inverter and NOR Gates Without Delay

-As showﬁ in the truth table for gates of this type, the output is not
necessarily the inverse of the input, The output of inverter (or gate) with a clocked load
can go to ground on either clock time, which means it directly follows the input Zero-
One transition, This is not true when the input makes the One-Zero transition, The
outbut must wait for the folloWing clock to turn on the load device if the input transi-
tion from One;Zero is on the opposite clock time, If, howevef, the One-Zero transition

occurs on the clock time which operates the load device, the output will follow the input.

If two gates in series have the same clock operating their loads, the
- output of the second will always change during that clock time, no matter when the input
transition occurs, If the input transition occurs on the opposite clock there will be 1./2-

bit of delay through the two stages,

2.) Inverter and NOR Gates with Delay

The output of this type of gate will always change onthe clock time
which operates the load device. If the input is at the same clock time as the load device

there will be no delay, If the input is at the oppositc'clock time there will always he a
1/2-bit of delay,
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Fig. 9, Precharge trans
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Fig.' 10, Sample transient.,
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Fig. 11, Iaternal logic transient,
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Fig. 12, Internal logic transient,
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Fig. 13, Differentiation transient,
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Fig. 14. Internal logic transient,
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3.) NAND GATE Without Delay

Here again the output is capable of going to Zero at any clock time
depending on the input levels, The output can only go to One on the clock time which

operates the load element,

4,) Dynamic Register Stage |

These cells provide 1/2-bit-delay to the secondary output and one bit
of delay to the pri'maxjy output, provided the data (or set) inputs change state during the
input device clock time ’bw. Ho“"eve.r, if the input or set changes during the output
clock time & <’ the secondary output will be delayed one bit time and the primary output
will be delayed 1~1/2 bit times from the input change, Due to the many nossible input
and output conditions, the truth table and logic equations are abbreviated, but both of

the above delay conditions are represented,

5.) Static Registers

There are two requirements for a static register which are not shown
bhut are imbortant to its operation, The first is that the shift, or samp.e pulse, must
never be true at the same clbck phase as the P output, The reason is éimple upon
examination, If the sample pulse were One clock period in duration, the leading cdge -
the sample plulse would sample data and the S output would assume its proper state,
When the S clock goes off and the P-output clock goes on, the output will always go to
Zero due to the sample pulse at the input, On the next clock time, the S output will
assume its reset condition, The regiéter will be reset on the last half of the sample
pulse each time the sample input occurred., The result is that the sample input must

always be gfbunded during the P-output clock time.

The number of logic levels for each input on a static register is not
obvious, The sample input originates on clock phase ch and propagates through two
levels in the static register cell on¢N when referenced to output S, The reset input

also propagates through two levels when the input is at ¢N and is referenced to output S,
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The data input and set input propagate through one level to either output., Figure 15

shows the operation of the static registers,

Fig. 15, Static registers. If a 0-1 transient can be produced at A the static
register can assume an incorrect or indeterminate state,
(solution - eliminate transient or change node A to ¢2)

6.) Flip-flops

The only requirement on flip-flops that is not shown on the tahles is
again the pessible problem caused by transients on the set and reset lines, In the case
of flip-flops hoth inputs are susceptible to this problem, Figure 16 shows the solution

to this problem,

7.) Binary

There are two requirements on the binary., If a binary is constructed
of other cells to obtain a set input, care must be taken to insure that transients on the sect
line cannot disrupt the storage (_)f_ information, The other requirement is on the input
line, The binary input controls the binary in three ways, * If the input is held to one |

level, the binary locks up in the state it was in at the time the input went to One, 1f
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Fig.

Iv-14

(a) If a 0-1 transient can be produced at A. the
flip-flop can assume an incorrect or inde-
terminate state, (solution - eliminate
transient)

g2

(h) If a 0-1 transient can be produced at A, the
flip-flop can assume an incorrect or inde-
terminate state, (solution - eliminate
transient or add series device at B)

g1 g2

(c} Transient-proof R-S fiip-flop.

16, R-S flip-flops. If node A comes from an inverter, a 0-1 transient
can only occur after node A had been a 1; therefore a double set or
reset is produced and no harm is done. Also harmful is a set or
reset input from a precharged source.



the input is held at Zero, the binary is made into a single-stage Johnson counter and»

the clock pefiod is divided by two, In order for the binary'to operate as such, however,
_ the input must go to Zer@ for one clock period only, Each time this occurs the binary
will change to the opposite étaté.‘ Every other time the carry outpu; will go to Zero for

~one clock period. The carry signal out is the input to the hex’t binary if there is one,

8.) Schmitt

There is but one requirement for the Schmitt trigger, Thevinput must
come from a géte whose load device is operated by the clock opposite to that used to feed
back around the Schmitt, This is required to allow regeneration in the Schmitt and means

that there is always a minimum of i/z—bit delay through this element,

- 9)) 'Pre‘charge Buffer Outpui

_ The prechérge buffer cell has one input requirement that is important
to its proper operation, The iﬁput must be such that a 1/2-bit of delay exists in the cell,
This means the input transistions must occur at the clock phase opbosite to that of the
buffer. If this is not done there exists the possibility that the output node may dié(-hal*gez
at a time when the node is held to One by the small load device, If this does happen, a
faulty' output signal will be produéed because the‘small load device will be unable 10 re -

_establish the valid One level,

B. DATA SHEETS

The following pages are the data sheets for the BANNING cells, Euch cell is
depicted by a Data Sheet, The sheets are arranged in ascending order by cell numbcr,

Tahle VII contains a list of all the Cell Numbers together with the corresponding cell
widths,
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TABLE VII. BANNING CELL WIDTHS AND DRIVING CAPABILITIES

CELL NUMBER WIDTH (MILS) ALLOWABLE LOAD (pF) @3 600 ns.
| : - PRIMARY . SECONDARY _TLRTIARY
2070-2080 3.6 2.21
2090-2100 3.6 2.15
2110-2120 5.0 - 2.21
2130-2140 5.0 2.15
2150-2160 6.4 2.21
2190-2200 3.6 2.21
2210-2220 4.2 2.15
2230-2240 5.0 2.21
2250~-2260 5.0 2.15
22702280 6.4 2.21
2290-2300 6.4 2.21
2310-2320 6.4 2.15
2330-2340 5.0 2.21
2350-2360 5.0 2.21
2370-2380 4.6 2.15 2.80
2390~24,00 4.9 2.15
24,10~2420 5.0 2.15
244,C 6.8 2.15
24,60 8.6 2.15 2.80
24,80 10.8 - 2.15 2.80
2500 11.3 2.15 2.80
2520 13.5 2.15 2.80
25¢(-2570 7.8 2.15
2580 4.6 2.15
260G 6.5 2.15
2620 6.8 2.15
2640 10.4 2.15 2.80
2660 9.9 2.15 2.80
2660 10.8 2.15 2.80
2700 12.0 2.15 2.87 .87
2720 9.9 2.15
4G10-4020 2.2 4.30
LU50-4,060 3.0 4.30
LUT0-402C 3.6 4.30
LOYG=4100 4.1 4.30
4110-4126 5.0 L. 30
4136-4140 5.7 4.30
L150~416C 6.4 4.30
4170-41£0 6.8 4.30
4190-4200 L.5 4.30
4210~4220 6.6 4 .30
4230~4240 6.2 4.30
4,250~4,260 8.6 4.30
4350-4360 6.0 L.30
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~ TABLE VII. BANNING CELL‘WID¢HS.AND DRIVING. CAPABILITIES (CONTINUED)

CELL NUMBER WIDTH (MILS) = ALLOWABLE LOAD (pF) @5 600 ns.
: ' : . PRIMARY. SECONDARY TERTIARY

4370-4380 6.2 4.30 L.96
4390-4400 5.2 4,30

- L410-4420 6.2 4.30
44,30 7.8 4.30
LLL0 7.1 4.30
L4L50 G 4.30 2.79
LLEO 11.5 4.30 L.96
44,30 13.6 .. 4.30 L.96

4500 15.7 4.30 4.96
4520 19.6 4.30 L.96
4530-4540 6.1 - 4.30
4580 L.8 4.30
L6OO . 6.5 4.30
4620 7.6 4.30 :
L64LO . 14.8 4.30 L.96
4666 - 12.5 4.30 L.96
L68C 14.4 4.30 . 4.9¢
SOQC _ 1-3 l':.f:.
5C30-5C40 7.5 " 9.60 _
5090 1.8 CAN KILL 20.
GOOC=6010 2.2 N.A.
6020-6030 . 2.2 ‘N.A.
604U ' 1.8 CAN KILL 20.
050 2.4 8.00
6C60 7.9 25.00
6070-6020 5.9 50.00
6090-61C0 8.6 75.00
€110-6120 10.3 . 100.00
6140 : 6.5 MOA.
6140 6.4 N.M
£180 6.2 .80

6200 . L.3 M.A.
6220 L.8 N.A.

- G240 5.4 .80

* 6250-6260 4.1 11.61
6270 3.6 H.A.
€280 3.6 . A,
629G-6300 5.4 30.00
2500 5.8 I.A.
9034 . 4.0 N.A.

211 cells are 10.5 mils in height, measured from the bottom of the cell
to the center of the V[ ;. bus.
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BANNING THICK OXIDE STANDARD CELL

TWO INPUT NOR 2pF

PATTERN NO.

2070 [¢>. )
2080 (¢2)

" APRIL 1968

SCHEMATIC

LOGIC SYMBOL

TRUTH TABLE

LOGIC EQUATIONS

A B ‘o P
0 0 0 Py P=(AB) o Pt~T +(A+B) O
] B ov »:K.E.lax.p'_]"x-g-ﬁpx
1 0
0 (VI 1 1 _ CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN F
Cp 2 290 . 290
Cp 3 300 270
Ca 4 290 290
*MEANS EITHER STATE PATTERN NO. 2070 2080
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BANNING THICK OXIDE STANDARD CELL
-rwo mpur noa WITH nmv 2pF

PATTERN NO 2090 [¢1 )
2100 (4,)

APRIL 1968

. SCHEMATIC

. LOGIC SYMBOL

TRUTH TABLE : LOGIC EQUATIONS
A W B ¢x, P i :
. ) o e P=(Py) " & + (A1 B): o
! R 1o | TPy G+ A B o
. 1 i 0 _
- PATTERN NO. - , _
0 0 ] 1 CELL 1/0 CAPACITIES
CAPACITOR PN | CAPACITY IN fF
C 2 | a0 360
Cg 3 30 360
Cp 4 480 450
*MEANS EITHER STATE PATTERN NO. 2090 2100
o DS-3
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BANNING THICK OXIDE STANDARD CELL
 THREE INPUT NOR, 2pF

PATTERN NO. 2110 (4, |

2120 (g, )

APRIL 1968

- SCHEMATIC

LOGIC SYMBOL

TRUTH TABLE - ' LOGIC EQUATIONS
0 A 0 P,_ P=(Pp) 3;(A+B+0 +(A+B+0 - 0
L R =(Py-y) B, A-B-T+A-B-T -0
* ] * - - o
. . oo 0 | " CELL 1/0 CAPACITIES
CAPACITOR PIN ~ CAPACITY IN (F
0 o 0 1 1
Ca 2 290 290
Cp 3 290 290
Cc 4 290 290
_ : e Cp 5 460 440
“MEANS EITHER STATE | PATTERN NO. 2110 2120
DS-5
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BANNING THICK OXIDE STANDARD CELL
THREE INPUT NOR WITH DELAY, 2pr

PATTERN NO. 2130 | ¢ ) -
2140 [,

~APRIL 1968

. SCHEMATIC
Voo

LOGIC SYMBOL

TRUTH TABLE ~ LOGIC EQUATIONS
A B C . e P ’
- | = (P, +(A C
. . :.. 0 ' Pt-] ( t ‘) 3’ ( + B + ) X
] SR . 0o o =(Pyy) B+ A BT oy
. 1 . . 0
. T 0 | CELL 1/0 CAPACITIES
' o CAPACITOR PIN CAPACITY IN §F
0 0 0 1 1
Ca 2 360 360
Cp 3 360 360
Cc 4 350 360
Cp 5 550 510
*MEANS EITHER STATE . _PATTERN NO. 2130 2140
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BANNING THICK OXIDE STANDARD CELL

' FOUR INPUT NOR 2pF

PATTERN NO. 2150 (]
2160. {3, )

APRIL 1968

SCHEMATIC

.

® 0—
(@]

LOGIC SYMBOL

oOm>»

OR

TRUTH TABLE

LOGIC EQUATIONS

I

A B cC D oy P e
0 0 0o o0 0 P, P=P_y(A+B+Cy D) & +(A+BaC+D) -0~
1 - . » 0 ! _ '_ ) o
=(P,_) A-B-T-D-6 +A-B-T-D-o
] . ’ o ]
L 0 CELL 1/0 CAPACITIES
. . . 1 . 0 CAPACITOR PIN CAPACITY IN {F
Ch 2 290 20
0 0 0 0 1 1} ' '
Cp 3 290 - 00
Cc 4 290 290
Cp 5 460 440
Cp 6 290 290
*MEANS EITHER STATE . PATTERN NO. 2150 2160
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TWO INPUT NAND 2pF

BANNlNG THICK OXIDE STANDARD CELL

PATTERN NO. 2190 [4>| )
2200 (4,

APRIL 1968

| | SCHEMATIC

| .

AO——

e

LOGIC SYMBOL

A-3-'q 4
.B—:Lq

" TRUTH TABLE

e

LOGIC EQUATIONS

A B 'S P
| . : P=(P,y)- (A-B) -6 +(A-B)-
, 0 . 0 . P 1
0 (¢] Pt—] :(P,_ ]) (A + B) x + (Z + E) oy
] I . 0 |
0 . 1 1 T
_ CELL 1/0 CAPACITIES
0 1 i CAPACITOR PIN - CAPACITY IN F
; Ca 2 620 630
CB 3 630 620
Cp 4 510 460
| "MEANS EITHER STATE PATTERN NO. 2190 2200

89€L NPV © COZZ 0612 ® ANYN L1NJNI OML

CDS-11



R I,

= M, f/f, Nl
. ,I// s /# Sy
1S 6 B S g ﬁA#H Xt

| S

g o , i
w..r.lot.'llli.,L I

= g s L ;
hemeee e Lgxo;vi ::::: -

lllllll o s

N .
(et ARt it =t hehd s 0l o S = H

15 ﬂiﬂ/,“ QATONRINANIN

T/n SOLCANRN ,///),f/w?.r, :
A PE AT BN B AR DANS Y PPl i S :
ras 4 -1 c
FRERTETEEREEEEEY
0 ,,/lV, O OO DO -
i S Eﬂg .
! R R
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- oo LU SO - . - 1
-L,%.« R N.m..? : - g
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BANNING THIC

TWO INPUT NAND WITH DELAY, 2pF

K OXIDE STANDARD CELL

PATTERN NO. 2210 ( ¢, !
2220 (¢, )

APRIL 1968

SCHEMATIC

Voo

1

8 O—]

.
1

LOGIC SYmMBOL

L

o Yl
_

CG

o P
(Y
()
»
hY)

TRUTH TABLE

LOGIC EQUATIONS

; A B oy P
-
E - 0 P'-] P= (P'_‘) ¢ ¢_x 4 (A B) ¢x
1 1 1 0 =(Py_) - O (A4 B) e
0 1 1 |
5
; " 0 1 ! CELL 1/0 CAPACITIES
: CAPACITOR PIN CAPACITY IN F
Ca 2 660 | 660
(o 3 660 660
Cp 4 180 160
“MEANS EITHER STATE PATTERN NO. 2210 2220

8961 NindY @ 0L 0122 ¢ AVTI3Q HLIA ONVN LNdNI OML
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'BANNING THICK OXIDE STANDARD CELL

THREE INPUT AND NOR,26F ~~~ PATTERN NO. 2230 [ ¢, |
o | 2240 { 4, |
APRIL 1968
| SCHEMATIC - - |l vocic symeoL

Voo . ﬁ :::::}

Z‘#x.s P

TRUTH TABLE " LOGIC EQUATIONS

A B C oy P S
P=(P, ., (A B+C) -0, +(A -B40C) 9@

o+ 0 o0 Py Poap) "(A "B+ 0O -5 10

. 0 0 0 Py =(P_p) A+ B)-CT -3 +(A1B) T -0

" * ] * 0

] 1eor 0 , CELL 1/0 CAPACITIES

0 , o : ‘ : CAPACITOR PIN CAPACITY IN #F

-0 0 I Ca -2 630 630
Cg | 3 620 620
Cc 4 390 390
Cp 5 560 510

*MEANS EITHER STATE . " PATTERN NO. 4 2330 2240

8961 UBJV * OFZZ. 0EZZ * YON GNV LINdNI IIVHL

DS-15



R .
o oy
. o Loy
N ! N i N
; & R Py
: N v S
- R U I i U
; B T

PSSV SNV U

s

M-

-

_ ¥ i | DR T T T e — T
R LIt o s B S B B T e e et e e+ SRS ISPt § i ol
: : ; 3 | ,.Lt* | ! o g .
: ; : . T e b L o
Co NinEy
e T e R by B
: . ! ol BT [T :
: ' i O T
i E { i bbbt .
..... e et R el L R S e it ; :
! : ! R | N : :
B : ; 3 b [ i . : ;
” 4 i . 3§ L f n : :
e I L T R R
g iy i i : SO N . : v : ; o :
I i ! : il T I B I : ; i “ m
: A ‘ i : . : 1 ' '
- 1 P i _.. R I T T ! i ! | | i
NCEERCIN + u T £ N A e e A A .
TN ! ! A TR I ! ' : ” PN
. [ : : " p “ [ | __ : e : e :
e : . : I I Y : il 7 ] x .
T.I.:-Whl.l-!_- T -:.“ﬂ, ?“4.:*7.%1”, “ .A.l“!:mm:n..ac..- pnt ot R RS o : —+
) ; ! ! : i ; ek
L : i R I T | i Sans e~ - : e g
: ; i R ! { _.,,,./u.,/,,,,,/,.M,.,.”.._ravnounl..u.r.oru'un‘ >
ey T e lw..:.; - LS s S U ST T O D et
t ! : ! . :
: i “ _/,“ - M ———F RSETEIEETETRtIT . w
e e e e I ESLINE U S B U ..* LU UM 8 AN ST T
: I M N B v SRS S T N
: ! | . XX >y -9 S o~

Y

y—~-———~‘—-———

I.-.._._.__..

|
- ...‘.. P e e
\
|
+
1
|
1
]
PGS DS SNV i
e e
. i :
b

~

- ——— —
d

}
!
|
i
|
i
l

VDD ..
B1
B2

J‘.Hl [

FOENT oNU < DW( o NP .

98237 |3INPUT AKD KGR 2PF

/A\

SCALE O.Ivnil/div[

LUAE CODE

NS-16



BANNING THICK OXIDE STANDARD CELL

' THREE INPUT AND NOR WITH DELAY, 2pF

PATTERN KO. 2250 ( ¢, )

2260 | |

- APRIL 1968

SCHEMATIC -

Voo

LOGIC SYMBOL
2 '
—9 _ ,
Ejb¢x !ﬂis P

TRUTH TABLE

LOGIC EQUATIONS

-y
: S

A B c o, P o m
. P=(P,_1) -8 +«(A B30 - % m

’ : ‘ 0 Pi-1 ‘ v
“(Py_y) B +(A1B) T -0 S

. N ] ] 0 AR R _ - z
o

1 R 1 0 - 5
2

=

0 . 0 1 1 CELL 1/0 CAPACITIES 2
{CAPACITOR PIN CAPACITY IN {F 2

. 0 .0 1 1 st m
' %

Ca 2 630 630 .

‘ i

Cs 3 620 620 5

X [ 9]

S

Cc 4 380 380 S

%

Cp 5 420 380 x

2

*“MEANS EITHER STATE . PATTERN NO. 2250 2260 s
i [¢5]

NS-17



AR

s ey it o o

peb @ s dapaatdpn &

2250

WC«NO.

T‘,-‘li [

IDENT.HNO.

0Dt

98230 |3 INPUT AND NOR W/DLY

C

SCALE o.lmilldivl

r
>

DS-18



BANNING THICK OXIDE STANDARD CELL
| - PATTERN NO. 2270 ( ¢ )

FOUR INPUT NAND OR, 2pF

2280 ( ¢- |
~ APRIL 1968
SCHEMATIC LOGIC SYMBOL
Voo A g ' |
_ B —°2 a
%y __{ 5 )}EEZ>P——-P
! Do
_I T_ oP 0
- T TR T HEE OR
Aol —oc -
- 3
. j : C A
_ o 2
_ 8
8 o |}—o0 ¢ ¢D4_ b
- 5
c
1 I o €
3 TRUTH TABLE LOGIC EQUATIONS
A'B C-D b, P , : )
- (A "B10C-D) - & A-B+C - D) 0
| . ; Y L P=(P,) (A" B+C D) & +(A-B+C D) ~%
: . . 0 =Phﬂ-ﬂ+5)%C+m'5;vﬂ+E)”C»D'%
! . s 0
o - ] : CELL 1/0 CAPACITIES
CAPACITOR | PIN CAPACITY IN §F
CB 2 450 450
Ca 3 460 460
Cp 4 330 310
| Cc 5 450 450 l
[ 6 460 460
" “MEANS EITHER STATE PATTERN NO. 2270 2280

DS-19
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. BANNING THICK DXIDE STANDARD CELL

} FOUR INPUT AND NOR, 26F

PATTERN NO. 2290 ( ¢

2300 | ¢2 )
APRIL 1968
 SCHEMATIC. . R LOGIC SYMBOL
" Fap-
Voo B 2
. L»/
—or o >
o . " OR |
—o0 A :
' o 2>
. TRUTH TABLE LOGIC EQUATIONS
 A:B D Ox P ' ,
0 o o o |, P‘:(P,_l) A BvCiD % + (A BrCD) - |
o 0 - — _
R (P'_])(A'B)‘C°D'_¢,_(_‘+(A'B)'C'Q'¢x
. - ] * » 0 J
| !
1 . . . 0 CELL 1/0 CAPACITIES -
: CAPACITOR PIN ' CAPACITY IN fF
0 0 o 1 1 4 4
Cg 2 7 460 460
Cy 3 460 450
CC 4 280 280
Cp 5 280 270
! Cp 6 450 420
——e
| ‘MEANS EITHER STATE PATTERN NO. 2290 2300

DS-21
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BANNING THICK OXIDE STANDARD CELL

FOUR INPUT AND NOR WITH DELAY, 2pF

PATTERN NO. 2310 | ¢, )
2320 { 4, )

|

APRIL 1968

SCHEMATIC

Voo

A3—g

LOGIC SYMBOL

B £—a

__q[>__.

B

“

c
o)

4

5
D=
33

%OR
o

e

]‘
I
!
i
[
i
!
i

l

C i—%‘-‘g¢®—6— P i
|
5 '.
D ;
- , J
o j
- TRUTH TABLE LOGIC EQUATIONS
A-B C D N P . _ : :
P= (P'_]) : ¢" +(A-B+C+D)- by :
* * 0 P'_] ’ ;
- 1 1 0 :(P'_]) 'a;; 4 (A . é) '—6 .'6 * ¢x~ ;
1 . 1 0 .
;
1 : : ! 0 CELL 1/0 CAPACITIES
CAPACIT PACITY IN |
0 0 0 . . CiTOR PIN CAPACIT 'fF i
Cg 2 640 640
f Cc 4 380 370
! Ch 5 370 o !
i .
r. Cp ¢ 390 370
| "MEANS EITHER STATE PATTERN NO.. 2310 2320

DS-23
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BANNING THICK OXIDE STANDARD CELL
| PATTERN NO. 2330 | ¢/ |

" THREE INPUT OR NAND, 2pF

2340 ( ¢, |

APRIL 1268

5.
0

SCHEMATIC

PO

!u‘lmlu
€
»
L
Y

LOGIC SYMBOL

.
] TRUTH TABLE LOGIC EQUATIONS
: A ‘B ¢x P B ——— e B
— P=(P,_p) "(C-[A+B])-F,+C (A+B) o i
| ’ ’ 0 Py oy |
| _ |
0 0 0 Pt—] :(P'_]) (E+K§) %."'(C*KB) © Py ;

‘ - - 0 ‘ J‘l
Y - ] A 0 .......... _.T
; CELL 1/0 CAPACITIES ;
: * ! ! CAPACITOR PIN  CAPACITY IN ¢F
0 0 1 1 |
| Cp 2 440 440 !
l :
- Cc 3 440 a0
3 Cp 4 480 450

Ca 5 500 500

| *MEANS EITHER STATE

[o—

PATTERN NO.

|
|
2% | 200 j
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2330

belide

W {

INPUT OR NAND

3

TOCNT

[CoE

NO.

98230

|

o
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———

'BANNING THICK OXIDE STANDARD CELL

THREE INPUT SWITCH, 2pF

PATTERN NO. 2350 (&, |
| 2360 (¢, |

' (OPTIONAL EXCLUSIVE OR)

APRIL 1968

SCHEMATIC

LOGIC SymBOL

A—Q 0S

$x

C
o TRUTH TABLE LOGIC EQUATIONS
P . - = = -
- A B c &y P=(P,_y) "(A+C) -8, (BC+A [B+C]i
! 0 0 P,y FOR EXCLUSIVE OR, B - A
0 . 0 p - - _ -
-1 P=(P,_)) - (A+C) - & +(AC+ AC) - @,
| ! . 0
0 0 ' 0 CELL 1/0 CAPACITIES
- 1 0 1 1 CAPACITOR PIN CAPACITY IN fF
i ¢ ! ! ! Cc 2 600 600
Cg 3 190 190
, Ca 4 440 440
Cp 5 370 350
!
i
‘1 "MEANS EITHER STATE PATTERN NO. 2350 2360
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0 IAISATIX3 TYNOILGO!
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BANNING THICK OXIDE STANDARD CELL
DYNAMIC SHIFT REGISTER, 2pF

PATTERN NO. 2370 [#,9))
| 2380 (¢#i¢2)

¢ e e e iy
'

WITH !4 BIT AND 1 BIT DELAY QUTPUTS

APRIL 1968

SCHEMATIC

e

LOGIC SymBOL

2

A -Sg%, SR

OR

A —=—Q® SR

T

aY
P

EQUIVALENT LOGIC

CG P

TRUTH TABLE

A ' o S J

0 1 A 1S
] ] 0 0 Pl
0 1 0 1 Pl

LOGIC EQUATIONS

S. (AL "%t A,

P=S_y - ¢+P,

-1 " %

A

CELL 1/0 CAPACITIES

s =

—_————

CAPACITOR PIN CAPACITY IN fF
Ca 2 450 450
| Cq 3 380 500
! »
' Cp 4 200 200
"MEANS EITHER STATE PATTERN NO. 2370 2380

L HLMm

{GONY LI 2
£ 0 AT LSIDHY LIHE DIWVHNAQG

SINdLN0 \¥Y3g L1e

8961 Y4V ® 0SE7 0!
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BANNING THICK OXIDE STANDARD CELL

DYNAMIC SHIFT REGISTER, 2pF

PATTERN NO. 2390 {¢,¢,)

1 BIT DELAY OUTPUT, WITH SET 2400 ( ¢, ¢,
APRIL 1968
SCHEMATIC LOGIC SYMBéJL
butx | 53
A'z—o ¢l SR ! :)4—— P
- ¢'w¢x OR is
2 S
A—=q¢, SR
I
Va4
—— —— — ——— p—— — ——
EQUIVALENT LOGIC
e 9 * fEdPfed—-

TRUTH TABLE

LOGIC EQUATIONS

3G oo TUNg LN 4vI3g LiB L

A+ C P &y P
0 1 (A+C),
P A+C)_y 6, + P11 O

| 0 P'_] '

CELL 1°0 CAPACITIES
CAPACITOR PIN CAPACITY IN fF
Ca 2 260 201
Cp 4 210 216
‘MEANS EITHER STATE PATTERN NO. 2490 2400,

i

RIS

3961 Tiadv ® OoFl

* 43181534 L3HS DIWVNAQ

et g
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| S >

GND L.
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2400
Q@ OCUTPUT W/SET
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Wtithe
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SN

ThENT
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BANNING THICK OXIDE STANDARB CEU.

DYNAMIC SHIFT REGISTER, 2pF

1 BIT DELAY OUTPUT, WITH RESET

PATTERN NO. 2410 (%%, |

|

|
|
_
8

SCHEMATIC

-Vop

EQUIVALENT t0OGIC .

BE——g

D

2420[¢ ¢o)
APRIL 186
LOGIIDC SYMBOL
Ve S
A3<1¢',. SR ‘PP
¢"¢".23°R
2 R
A'—a¢, SR
| .
4y .
P

CG—P

TRUTH TABLE

P Dy P

0 1 A )
. 1 0. Piai

0 ] 0

=}

LOGIC EQUATIONS

(Py-p

Oy + 1A DBy

CELL 1 O CAPACITIES

s LT 200C

CAPACITOR PiN CAPACITY IN iF
' ‘
Cy 2 260 | 260
Cp 3 190 l, 0
Cp 4 400 l 400
i
MEANS ElTHER STATE PATTERN NO. 2410 2420
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STATIC REGISTER, 2pF
“1" OUTPUT WITH SET

BANNING THICK OXIDE STANDARD CELL
PATTERN NO.2440 (%, ¢, |

SCHEMATIC

VDD "

JUNE 1969
LOGIC SYMBOL
B _:% -_c,bz
Sis
adde, sr 2P
3 OR C
8 A2
. S
A -d¢, SR
|
Y5

TRUTH TABLE

LOGIC EQUATIONS

Alel By Gy ¢y B 6§ P
I S Py=Ppy - ¢ B[ . Cy 1 Ppy)
| t=Py) P2t dg B LA Bl + Gy + By Gy Py
. 0 o 0 o 1 |P_,
) ] 0o o0 o0 111§ o0
. . 1 0 0 1 ]
CELL 1/0 CAPACITIES
jo] ! 0 0 1 g CAPACITOR PIN CAPACITY IN F
Ce 2 ‘220
Ca 4 360
Cg 3 450
Cp 5 570
*MEANS EITHER STATE PATTERN NO. 2440

el

6981 INNL v OFPZ © ¥3I1SI93Y DILVLS

B IS THE SAMPLE INPUT

DURING #, B MUST EQUAL ZERO

DS-35
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BANNING THICK OXIDE STANDARD CELL

“STATIC REGISTER, 2pF
“0” AND “1” QUTPUTS

PATTERN NO. 2460 (¢, ¢,)

. SCHEMATIC

JUNE 1969
LOGIC SYMBOL
3
To2-p
a2q ¢ SR a
_ opts
OR
air
a%q4, sr
0 |
Y4 Ys
S P

- mam e e . e o - e o . —

A —a . E c
e e A PO
S
TRUTH TABLE LOGIC EGUATIONS |
A B 4 S <,’2 P S - [E.Ft__—] +-A-.B]¢‘,S’__‘.¥‘ |
i 0 S14 - - o =
. P =5 g 'Piq n
0 ] Piqy 0 P P - -
- [Bt‘] "Pyy P Aoyt Byl tq "B P 1y
0 1 | ] 0 jP
1 L 1 0 0 §Py CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN fF
* 0 0 P._: ] P,..
t+-1 t=1 CA 2 910
© 0 0 ] 1 0 Cp 3 1000
10
.0 o 0 1 1 Cs 4 0
Cp 5 620
*MEANS EITHER STATE PATTERN NO. 2460

B IS THE SAMPLE INPUT
DURING ¢, B MUST EQUAL ZERO
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STATIC REGISTER, 20F PATTERN NO. 2480 ;¢
"0 AND "1"” OUTPUTS WITH RESET :
JUNE 1969
SCHEMATIC LOGIC SYMBOL
. ) D
g3 18
. 2' R i 6p
- A—q¢, SR S
Op~S
OR
a2 0
> | R
aA-q¢, SR
Ys Y6
— - — ____S_ —_——— _.._p_‘_'__. —_—
EQUIVALENT LOGIC
A ~—Q ¢'| CG
890 T -
0 S
TRUTH TABLE o LOGIC EQUATIONS l,
A B D 2 S . by P s—-[(A+B)-D+B-A+B-D-P,-,]-¢,~s,_,-$,
" » 0 S'_‘ - — P:§:.B.¢2.§+P'—‘ '-(g .
* 0 0 ] Pf"] 0 pf“l = [A'~‘ .B'_] +B—f-:| . 6:; . P’_‘] . '1’2 .é . 6
0 1 1 0 |P +P,
0o * 1 ] 1 0 P, -
o 1 - ] ] 0o P,
-1 CELL 1/0 CAPACITIES
o ‘ 0 0 Py CAPACITOR PIN CAPACITY IN fF
1 —
P00 0 [Py b EP Ca 2 230
0 1 0 . 1 0 Cp 3 1030
-0 0 0 ] ] 0 N 4 370
-0 0 O 0 ] ] Cs 5 950
' Cp 6 840
*MEANS EITHER STATE PATTERN NO. 2480

B IS THE SAMPLE INPUT
DURING ¢ B MUST EQUAL ZERO
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BANNING THICK OXIDE STANDARD CELL |
STATIC REGISTER, 2pF " PATTERN NO. 2500 (¢, ¢, ]
0" AND "1” OUTPUTS, SET AND KILL
JUNE 1969
SCHEMATIC LOGIC SYMBCOL
Vop , Voo - 3
i U ¢ L b2 B.\rx éq|:>6—r>
' . A2-0¢. SR 5
N (0] S
9'3\r o-a i4
P > [& S
AT-d¢, SR
0 1
15 76

EQUIVALENT LOGIC

c : .
A O }
d N E
; 8 - S ¢, ComP
| = °@ s |
: = !
T TR ' 7
| UTH TABLE . o LOGIC EQUATIONS - i
: A B C ¢1 S ¢2 P S [B - C 'P'_‘ +B - A" C] . ¢1 05"‘ . ¢1 t
| L TR B P Sy 92 "B AP - & |
= —_— — -
| o 0o 1| P 0 |P. (A1) "By #Cyy ¢Bioy "Cpoy Pyl 9208
. ry ' '
| *Piy % .

i o 1 0 1 10 Py .

(=]

| 1o o o {p -z

.; t-1 CELL 1/0 CAPACITIES LG

ST ! 0 0 P, CAPACITOR PIN CAPACITY IN fF o
T 1

| S

— Cc 4 490 >

0 0 Py 1 1P ' S

CA 2 910 - I w

0 0 oo b Ca 3 1180 .

>

[ 4

CP é 740 | -

i [
*MEANS EITHER STATE PATTERN NO. 2500 |
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" BANNING THICK OXIDE STANDARD CELL

DUAL SAMPLE REGISTER, 2pF
. "0" AND "1” QUTPUTS

PATTERN NO. 2520 (¢, ¢, )

-

JUNE 1969

. ‘ _ SCHEMATIC

Voo # Voo

]

LOGIC SYMBOL

i
r }
TRUTH TABLE J=B+D LOGIC EQUATIONS |K=A B+ C -D|
J K o | S D o | P _ o ‘
S=S_y P+ [J:K+J-K-P_41 -0 :
- * 0 S'__] - - -~ :
—_— P=S .-D-B ./ -y ?
L0 o 1|P_, 0 o |P_, S-1°D =B - g+ Py - % |
i : _ .= = !
- K _ J _ . K _ . p _ . D . Ny + P 'y :
] 0 i T (Kpoy + dpm1 “ Kooy - Py B -6+Py 9 )
’ ! T 0 2 0 §Py CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN {F i
0 * 0 P_] 0 ] P_‘ M
' ' Ca 3 900
1 - 0 LA B 0 Cg 2 1110
_ Cc 4 960 i
0 < 0 10 1 0 g
o 5 1030 -
0 0 0 0 0 1 1 Cs 6 1570
*MEANS EITHER STATE PATTERN NO. 2520 i
u P |
B AND D ARE SAMPLE INPUTS
DURING ./, B AND D MUST EQUAL ZERO DS-43
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SCHMITT TRIGGER

BANNING THICK OXIDE STANDARD CELL
PATTERN NG. 2560( ¢2 |

o 2 e oo

2570 ¢y ]

JARUARY 1968

. SCHEMATIC
. Voo Voo

L
T

LOGIC SYMBOL

TRUTH TABLE

A b P
0 A?"
0 1 0

1 -

LOGIC EQUATIONS

P < (A

< by A9,

CEil i O CAPACITIES

CAPACITOR PIN CAPACITY IN (F
Cy 2 101¢ | 1010
- Cp 3 130 | 130
“MEANS EITHER STATE PATTERN NO. 2560 {25170
- D5-45
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- BANNING THICK OXIDE STANDARD CELL
PATTERN NO. 2580 (¢, ¢2)!

DYNAMIC SHIFT REGISTER, 2pF

—

|.

1 BIT DELAY OUTPUT

APRIL 1968

 SCHEMATIC

LOGIC SYMBOL

[

EQUIVALENT LOGIC

A—aP

CG

—o@ce P

| TRUTH TABLE

LOGIC EQUATIONS

P - (A'-]) * ¢2 t (P’..]) . ¢1

CELL 1/0 CAPACITIES

CAPACITOR

PIN

CAPACITY IN fF

Ca

Ce

2

3

250

300

*‘MEANS EITHER STATE

PATTERN NO.

2580

DS-47
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BANNING THICK OXIDE STANDARD CELL

STATIC REGISTER, 2pF
1" QUTPUT

PATTERN NO.2600(9, ¢, |

JUNE 1969

~ SCHEMATIC

LOGIC sYmMBOL

e c—— cm— —— — —— o—— ot romvwm  tra—

A-—d

B—rO

TRUTH TABLE

LOGIC EQUATIONS

Al By i B ¢y P
’ R A P=P,_y g+ dy-B [A,_.] B,-1 + B, P,_q)
» 0 0 0 1 P
0 1 o 0 1 0
| | o o 1 | CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN fF
Ca 3 380 .
Cp 2 440
Cp 4 430 ;
*MEANS EITHER STATE PATTERN NO. 2600

8 IS THE SAMPLE INPUT

DURING ¢, B MUST EQUAL ZERO
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STATIC REGISTER g, OUT

—lSHEE 1

S
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2 0
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BANNING THICK OXIDE STANDARD CELL

STATIC REGISTER, 2pF
“1"" QUTPUT WITH RESET

- PATTERN HO. 2620 (¢ $2]

JUNE 1969

SCHEMATIC

LOGIC SYMBOL

TRUTH TABLE

LOGIC EQUATIONS

Al By Dy 49 D B ¢gp f P
* * * EY * * 0 p P: [A"].B"‘1+B'"] .Df"‘ .Pf-]] .“62 .B .6*p"‘]"(;:?
t-1
. 0o 0 0 00 1 P,
. 0 1 0 0 0 | 0
: CELL 1/0 CAPACITIES
o * 1.0 00 1 } o0 CAPACITOR PIN CAPACITY IN F
1 1
0 0 00 0 Ca 3 380
. . ~ 0 1 oo 0 G , 440
1 | + 0 0 0 1 | & ) 350
CP 5 540
*MEANS EITHER STATE PATTERN NO. - 2620

B 1S THI: SAMPLE INPUT
DURING;5p B MUST EQUAL ZERO
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BANNING THICK OXIDE STANDARD CELL

'STATIC REGISTER, 2pF PATTERN NO. 2640 (¢, ¢, ]
"0" AND “1” QUTPUTS WITH SET |

JUNE 1969

SCHEMATIC LOGIC SYMBOL
» C
a% 44
' s lﬁp
A-Z-O ® SR

‘ c

3 OR
' 4
S

A —Of -
ToE
B-4-0 Q ¢» CoH-P
¢ — 5
TRUTH TABLE . " LOGIC EQUATIONS .
A B C ¢ S & | P S-[B-C Py tB-A-Cl-p 5. %
-0 S-1 -} - P oSy mbg B 1Py - g |
_ i — = =
0 0 1 Py 0 [P, " Aoy *Byoy tCoy #By Gyt Pygl 82 B
, tPyy 7 N
o 1 0 1 10 |P, .
oo 0 0 JP CELL 1/0 CAPACITIES |
Lo o o |r CAPACITOR PIN CAPACITY IN fF
- Cc 4 490
-0 + o |P_ 1 |e,_
- i Cy 2 900
<0 0 1o § oo Ca 3 1010
Cs 5 1190
<0 o+ 0 0 1§
G . 6 730
*MEANS EITHER STATE PATTERN NO. 2640
—d

B IS THE SAMPLE INPUT
DURING ¢, B MUST EQUAL ZERO
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STATIC REGISTER, 2pF

"0" AND “1” QUTPUTS WITH KILL

BANNING THICK OXIDE STANDARD CELL
~ PATTERN NO. 2660 (¢,

JUNE

1969

SCHEMATIC LOGIC SYMBOL
- Vop Voo 3
B ~g
P ?2 7 |K o>p
A—Q¢$, SR a
op—s
3 OR
7 (K
A-Q¢, SR
0 |
h Ya 9s
s P

T EQUIVALENT LOGIC

S ——
S TRUTH TABLE LOGIC EQUATIONS |
. A B ¢ S ¢ P = — - _
i"‘ o 1 2 S [B * P'_] + A B] d"' ¢ S'._] ° ¢1
| 0 Sp-) - - — _
: PoSyy m92 Py %2
. 9 1 Py 0 [P, — - _
. B o [Byoy " Pioy #A - Byl 0 "B +P ) - &
S R S ] o [P S
]
! 1 ! 0 0 1P CELL 1/0 CAPACITIES
~ CAPACITOR PIN CAPACITY IN fF
+ 0 0 P._ . n
t-1 t-1 CB 3 1220
. 0 0 1 1 0 Ca 2 900
0 0 0 1 1 G 4 Lo
Cp 5 640
‘MEANS EITHER STATE PATTERN NO. W60

B IS THE SAMPLE INPUT

S-55

anv ..0.,

A,

TUN HLim SLNdLNO .
6961 INNC® 099 © ¥IALSIO3IY DILVIS



m
i i .
..... T
4. i . -l -
...... i i i m z
[ i : Wm |
Y : ] =
a i '
. &
1
% S E tAd o
..... T €x 1D
...... BB . c nl
A1 — =2
g 3 L [Fr==F==== m e
M T e
M “ v i
| ° -
! I_l.L c
o i’ ﬁl R b3 [~ 28
.F — .- L ) .r.-..
............. { R “ >
T .
¥ .M 1 G w
I - B2
Cl G |l s FREI I [ . m -
..... —— * J” P P 7 T R 7 e A m /.U/ ‘ ﬁ W o >
N\ M
- wli 17”//. Avmw A 4MJ/I.AhJJ 4 /r.hl.l.flh i i m 8 h’m
- 3 LTa--=9; : : =
v IR N W/?V//H//zu/ NN, : e J.l;.al : s D =
A ﬁ [Isnuirn et vmorms unny 4 \ ! 'Nlﬁmh//a = £
i ' : = C -
5 [ f--===-===d=---dbo==d o NN e
! B M * I g e S L QMEE s o
§ | N A_ i “ RN T < |z
i ] ! i ¥3 QM&% w" SIS HRSESSH{ARS NN Y ol A
e . " $ e 4 RN AN AU AN
SRR REE-=T R
4 T ;) ~ . B R e . b § 0
u m Rl . @
. i ju RS RN et
1 N " 1\ \, N N ~
| | NN NN N o~
B “ 7//1 ” mllL 1
", : . S0 e N T m . —
! : VNN s o I
; ! RN NN : '
T — X :
; ! SRBSEEN S |/, it
i { A ¥
) m )NN\\‘ LIZXX: T
..... . . L b -
v
O
QW z
| O
’

56

DS



'BANNING THICK OXIDE STANDARD CELL

- STATIC REGISTER, 2pF - PATTERN NO.2680 (¢, %]
"0 AND 1" OUTPUTS, RESET AND KILL' |

JUNE 1969
SCHEMATIC ’ ' Loglc SYMBOL
: : 3
8 4
Voo . - Vbo \oKd 6
2 IR o= P
AP SR 5
Op=s
' OR !
83 3,4
2 R
A=Q¢, SR
(0] 1
75 6

[

EQUIVALENT LOGIC

THN ANV L353¥ 'SLNdLINO ,,1,, NV ,.0..

. - - 1
TRUTH TABLE : , o LOGIC EQUATIONS o
A B D o S e | P $=[(A+B)D*+B-A*B-D-Pyl- 0455 |
| B R I B P=S D ¢y B 1Py ey |
0 ) | P, o |P : = . 5 .5 . B0 |
0 =1 -1 = Ay *By—y By "Dyoy Pyl g B D ;
0 1 1 1 0 P*_] + p'_] . &;2 J
o 1 10 [Py '
0 *
| 1 1 0 1P CELL 1/0 CAPACITIES |
| I . 0 0 4P CAPACITOR PIN CAPACITY IN (F
6 0 0 | P 1 P Ca 2 930
o 1 o0 d 1 0 Cp 3 1240
0 0 0 1 1 0 Cs 5 950
0 0 0 0o 1 1 Cp 6 840
o 4 370
*MEANS EITHER STATE PATTERN NO. 2680

6961 INAS © 089 ® AILSIO3Y DILVLS
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BINARY, 2pF -
"0, CARRY AND CARRY NOT OUTPUTS

BANNING THICK OXIDE STANDARD CELL

PATTERN NO. 2700 (#, |

"APRIL 1968

T T

Voo

b,

—

o

SCHEMATIC

LOGIC SYMBOL

CELL 1/0 CAPACITIES
4 CAPACITOR PIN CAPACITY IN fF
c S B
2 ] CA 2 880
A 8IN '

0 Cs 4 880
3| Cp 5 360

T
PATTERN NO. 2700

NOTE: THIS CELL HAS SEVERAL MODES OF OPERATION. SEE SECTION 4E7. _
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BANNING THICK OXIDE STANDARD CELL

1ndLno 1,

696! INNPM 0222 -¥31SI93¥ 3ITdNVS VNG

DUAL SAMPLE REGISTER,2pF 'PATTERN NO. 2720(@ (0 2)
“1*" OUTPUT | - |
- JUNE 1969
SCHEMATIC ’ : LOGIC SYMBOL
_ : 0 C
‘]H_ B 2 °Y e
: v | 3 ) P
oP| | A =—q9! )
x | 1 OR D C
| ' 5214
e 2 W
3 o1 !
pl©
TRUTH TABLE J=B1D| LOGIC EQUATIONS  [K=A-BtC-D"
Jp-f Ki-1 0 J o1 P —_—
| Pz(K¢y tdg_y Ky * Py1y*D-B-0
% % * % O [Py (Kt AL AL AL 2
o ¥ 0 0 I ||Py Py - @2
1 0 oot} o
I 00 | I
CELL 170 CAPACITIES
CAPACITOR| PIN CAPACITY IN fF
Cg 2 600
Ca 3 360
CC 4 360
Co 5 470
Cp 6 560
% MEANS EITHER STATE PATTERN NO- 2720

B AND D ARE SAMPLE INPUTS
DURING @, B AND D MUST
EQUAL ZERO
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BANNING THICK OXIDE STANDARD CELL

INVERTER, 4pF PATTERN NO. 4010 (¢, |
4020 | 42 |

APRIL 1968

SCHEMATIC LOGIC SYMBOL

VDD

LOGIC EQUATIONS

A &y P
0 0 P P=(P,_)) -A 0 4+ Ao
] . 0

CELL 1O CAPACITIES

CAPACITOR PIN CAPACITY IN F
Ca 2 460 460
Cp 3 280 270
*MEANS EITHER STATE PATTERN NO. 4010 4020
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BANNING THICK OXIDE STANDARD CELL

| 4050 (¢, |
INVERTER WITI'I DELAY 4pF. | | | o PATTERN NO. 406045 |
APRIL 1968
SCHEMATIC

—oF

Ao——-{ - | A—2 bo 6 >2—rp

| l o - o A ob c6

LOGIC SymBOL

TRUTH TABLE LOGIC EQUATIONS
A o, - P
* . 0 P P=(Py) "t A~ %
1 T 0
0 | 1
CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN F
Cy 2 620 - 620
Cp 3 280 250
‘MEANS EITHER STATE PATTERN NO. 4050 4060
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BANNING THICK OXIDE STANDARD CELL T

TWO INPUT NOR, 4pF e PATTERN NO. 4070 (%) !
D |  4080(%,) |
APRIL 1968

SCH-EMATIC o ’ . "LOGIC SYymBOL

A 2' _ '
‘ 3 P
¢x-_-—J B 3 'p |
OR
- AO— 2
A : 3
a | * g
8

TRUTH TABLE LOGIC EQUATIONS
A B s P '
0 0 0’ P, P=(A+B) & P, +(A+B)- o,
1 . . 0 ' : =Z'E'$x'Pr-l+z"B'4’x
* ] e ! 0
0 0 1 ] CELL 1,0 CAPACITIES
CAPACITOR PIN CAPACITY IN (F
Ca 2 460 460
Cp 3 350 330
/
Ca 4 460 160
‘MEANS EITHER STATE PATTERN NO. 4070 4080
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BANNING THICK OXIDE STANDARD CELL

TWO INPUT NOR WITH DELAY, 4pf

PATTERN NO. 4080 (¢ )
4100 (¢, |

APRIL 1968

SCHEMATIC °

2 ;
A

3 fx co B —p
5 .

OR -
A m———
’ ¢x CG r—4—-P

3 !

B

LOGIC SYMBOL

TRUTH TABLE

LOGIC EQUATIONS

A B N P
- 0 P'-] P = (P"‘l) " ax + (A + B). 4
] » | 0 =(Py_y) -8+ A-B -9y
. 1 ] 0
PATTERN NO.
0 0 - 1 1 CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN fF
Ca 2 620 620
Cg 3 620 620
Cp\ 4 500 470
*MEANS EITHER STATE PATTERN NO, 4090 4100 ]
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..BANN"I'NG' THICK OXIDE STANDARD CELL

THREE INPUT NOR, 4pF

PATTERN NO. 4110 |4, )

4120 (¢, |

APRIL 1968

"~ . " SCHEMATIC

Voo

LOGIC SYMBOL

TRUTH TABLE

LOGIC EQUATIONS

A B C o P
0 o X o 0 P'—] P = (P'_‘) M ‘?)X.(A + B 4 C) + (A + B + C) " ¢X
1 * + » 0 :(Pt’])-¢,x.x.8.C_'Z.B.E.¢x
* ] * * 0
* * 1 * 0 CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN fF
0 0 0 ] 1
Ca 2 460 463
CB 3 460 460
CC 4 460 460
Cp 5 580 550
*MEANS EITHER STATE PATTERN NO. 4110 4120
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BANNING THICK OXIDE STANDARD CELL
THREE mpur NOR WITH DELAY, 4pr

PATTERN NO.

4130 ¢ |
4140 [ ¢, )

APRIL 1968

Voo

. SCHEMATIC

LOGIC SYMBOL

TRUTH TABLE

LOGIC EQUATIONS

A B C s P z
R P=(Py-y) 8 +(A+B+0) -0 m
-1 z

' - c

1 . g 1 0 =(P,y) -6, +A-B T -9 =

’ z

>

* «

1 1 0 p

. 1 -d

. . ) 1 0 CELL 1/0 CAPACITIES i

‘ CAPACITOR PIN CAPACITY IN F e

0 .0 0 ] 1 . >

Ca 2 620 620 :

i Cg 3 620 620 o
: 5
Cc 4 620 620 .

>

»

Cp 5 720 650 | =

: 3

*MEANS EITHER STATE PATTERN NO. 4130 4140 &
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BANNING THICK OXIDE STANDARD CELL
| o PATTERN NO. 4150 |4, |

FOUR INPUT NOR, 4pF

4160 (4, ]

~APRIL 1968

-Vo‘o
e
. —4-

OP .

oOWR-

LOGIC SYMBOL

OR

= 0O =
B c
TRUTH TABLE LOGIC EQUATIONS
A B C D o P

0. 0 0 0 0 P,y P=P'_’|-(A+B+C0_D)'47x4-(A4B4C4D)'¢x i

] * - * * 0 i]

| =(P,_) A-B-C-b-F+A-B-C-D-0 |
* ] » * * 0 - .__J‘ 3
[ el
=
T L ' 0 CELL 1/0 CAPACITIES | 3
= N o=
.. . . 0 CAPACITOR PiN CAPACITY IN iF =
Ca 2 440 440 '8
0o 0 o0 0 1 1 P e
CB 3 440 440 ; —
N
1! f |
i E’S
Cc 4 440 aa0 5
®
Cp 5 670 650 ! >
Cp 6 440 440 { 2
“MEANS EITHER STATE PATTERN NO. 4150 e | 2
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" BANNING THICK OXIDE STANDARD CELL

FOUR INPUT NOR WITH DELAY, 4pF

PATTERN NO.4170 (¢, l

4180 (¢
4] |
APRIL 1968
SCH EMAT'C LOGIC SYMBOL
A
B ]
C P
o
A 6
8 P
C
D
L ]
TRUTH TABLE LOGIC EQUATIONS h
(A+B+C+D) ?, P
N v 0 Pt—l _P=(P,_,)-3;‘+(A+B+C+D)'¢x !
1 1 0 =(P_y) p+A-B-C-D - o
0 1 1
CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN ¢F
Ca 2 620 620
Ca 3 620 620
Cc 4 620 620
o 5 620 620
Cp 6 780 720
‘MEANS EITHER STATE PATTERN NO. 4170 4180
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" BANNING THICK OXIDE STANDARD CELL
TWO INPUT NAND, 4pF

 PATTERN NO. 4180 [ ¢1 )
| 4200 (¢, )

APRIL 1968

A O—

N

SCHEMATIC

LOGIC SYmBOL

—

L
TRUTH TABLE LOGIC EQUATIONS
A 8 by P o _ -
P=(P,_y) - (A-B) % + (A -B) - &
0 . 0 P, 1 :
| . 0 0 Picl T(Pi_y) (A+B) -8 + (A4 B) oy
' | 1 . 0
0 . 1 ]
. CELL 1/0 CAPACITIES
0 . 1 CAPACITOR PIN CAPACITY IN §F
| : }
| Ca 2 920 920
|
Cg 3 920 920
Cp. 4 510 470
*MEANS EITHER STATE PATTERN NO. 4190 4200
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TWO INPUT NAND WITH DELAY, 4pF

BANNING THICK OXIDE STANDARD CELL

PATTERN NO. 4210 | ¢, )
4220 | ¢, |

APRIL 1968

SCHEMATIC

I

8 L:i-

o i~

e

LOGIC SYMBOL.

Px

CG |

CG

-

TRUTH TABLE

A B b P
. * 0 | P'_]
1 | | I N N 0
o' . 1 1

LOGIC EQUATIONS

P=(P_y) - 3,+ (A8 4

=(Py_y) Pyt (248) - o

CELL 1/0 CAPACITIES

PATTERN NO.

"CAPACITOR PIN CAPACITY IN fF
Ca 2 1280 1280
Ca 3 1280 1280
Cp 4 660 640
| "MEANS EVITHER STATE 42:10 4220
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BANNING THICK OXIDE STANDARD CELL
THREE INPUT AND NOR, 4F

PATTERN NO. 4230 | ¢, )
4240 { 4, )

APRIL 1968

SCHEMATIC

Voo

LOGIC SYMBOL

T
B > '

I

5

o >
‘OR

Az_

83 .

c5J1>(>

c@i_ p

TFUTH TABLE

LOG'C EQUATIONS

A 8 C e P
0 e o P P-(P,_)) (A-B.C) ¥ +A-B+Q - o
. 0 0 0 P,. (Py_y) (A B)-C -8 +(A+B) T &
* g 1 LA 0 .
! i * . CELL | O CAPACITIES B
0 . o : CAPACITOR PIN CAPACITY IN {F J
. 0 0 1 Ca 2 940 940 {
. i
Ca J 24C $40 :
Ce 4 640 600 - ,
Co 5 450 450 i
"MEANS EITHER STATE PATTERN NO. 4230 4240 _]'
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BANNING THICK OXIDE STANDARD CELL
THREE INPUT AKD MOR WITH DELAY, 4pF

PATTERN NO. 4250 | ¢, )
4260 [ ¢, )

APRIL 1968

SCHEMATIC

Voo

'L

7

LOGIC SYMBOL

proLEEe

D)

Ty

TRUTH TABLE LOGIC EQUATIONS
A B C ¢ P —_
x P=(P,_y) -, +(A-B+0 &,
- > * 0 P'_]
. . 1 | 0 =Py} "3+ (A4 B) - T -0,
| 1 . ] 0
0 . c ! | CELL 1/0 CAPACITIES T
CAPACITOR PiN CAPACITY iN fF
. 0 0 ) 1
Ca 2 1310 1310
Cp 3 1260 1260 :
; Cc 4 526 636 ,
: i
5 Cp < 970 3N ,
| "MEANS EITHER STATE PATTERN RO, 420 42:k J
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BANNING THICK OXIDE STANDARD CELL

THREE INPUT SWITCH, 4pF
(OPTIONAL EXCLUSIVE OR)

PATTERN MO. 4350 (¢, |

4360

(¢, )

APRIL 1968

SCHEMATIC

4
A ——Qq DS

C—— ¢,

LOGIC SYMBOL

EQUIVALENT LOGIC

TRUTH TABLE

A B C ®, P
’ ’ 0 0 Py
0 y . 0 Pyl
] . 1 0
v 0 0 1 0

1 0 | 1
0 1 1 1

LOGIC EQUATIONS

P-(P,_y) -(A+C) -8, (BC+ A [B+C])

FOR EXCLUSIVEOR, B - A

*MEANS EITHER STATE -

- - o o

P=(P_) - (A C - &, + tAC + AC) - &, X=

L B Sm
X

CELL 'O CAPACITIES =S

CAPACITOR | PN | CAPACITY IN (F =%
———— e m——— .- ]

i < o~

Ce 2 1050 i 650 -

C 3 150 10g S

:! ’ | 3

8 l 20 -

Ca 4 20 ; K7 f&

Cp 5 500 i 70 .

! »
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CELL
PATTERN NO. 4370 (¢,%)

'BANNING THICK OXIDE STANDARD
DYNAMIC SHIFT REGISTER, 4pF |

IIN-8T

WITH 1, BIT AND 1 BIT DELAY QUTPUTS 4380 (¢:1¢2)
APRIL 1968
lr SCHEMATIC LOGIC SYMBOL
‘ ¢ w ¢’x
i a
A -—2-04’x SR O 3 2
Pu s OR
2
A —d¥, SR
3T 47 |
s p |
— l
EQUIVALENT LOGIC:
- S
A wICG sACGH—1pP
TRUTH TABLE LOGIC EQUATIONS ]
i A O by S P
- — f e S (A -9+ A -0 5
Lo 0 ! YRR S Br) % " | <
| L3
! | 0 0 Pt P=S,_y &t Py 9y, T
0 1 0 ! P =
: —
! 3
! CELL 10 CAPACITIES 1o
— &
CAPACITOR PIN CAPACITY IN F S
] g
Ca 2 750 | 750 v
i &
o 3 670 ; 676G P 3
|
Cp 4 az0 | 400 e
| ;
I
i - i
LMEANS EITHER STATE PATTERN NO. 4370 | 4380
U |
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BANNING THICK OXIDE STANDARD CELL

DYNAMIC SHIFT REGISTER, 4pF
1 BIT DELAY OUTPUT, WITH SET

PATTERN NO. 4390 (#,¢, |

4400 (4,4,

APRIL 1968

SCHEMATIC

Ao—{ i’_l

LOGIC SYMBOL

C
¢ ¢
w\\; és
A-?L—O‘#x SR |:>4—P
c
¢w¢x OR &3
» S
A=, SR
|
Y4
=]

— —

EQUIVALENT LOGIC

¢ O

TRUTH TABLE

A+ C O o, P

0 1

1 0

LOGIC EQUATIONS

P=(A+C)_y - O +(P,_y) -0,

CELL 1/0 CAPACITIES

CAPACITOR PIN CAPACITY iN fF
Ca 2 260 266
Ce 3 260 260
Cp 4 380 360
“MEANS EITHER STATE PATTERN NO. 4400

4390

HERSEY!
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DYNAMIC SHIFT REGISTER, 4pF
1 1 BIT DELAY QUTPUT, WITH RESET

BANNING THICK OXIDE STANDARD CELL

PATTERN NO. 4410 (#,¢, |
4420 (¢, 4]

APRIL 1968

SCHEMATIC

EQUIVALENT LOGIC

A 0&) CG
BE—Fom

LOGIC SsymBOL ]

TRUTH TABLE

t-1

t-1

LOGIC EQUATIONS

Pu(Py_y) - &y +(A_) "D - @

X

CELL 1/0 CAPACITIES

CAPACITOR

PiN CAPACITY IN ¢F

2 270 270

3 590 690

4 660 620

*MEANS EITHER STATE

4410

20 j

PATTERN NO.
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STATIC REGISTER, 4pF, "1” OUTPUT
W/RESET, W/0 INT. C.G.

BANNING THICK OXIDE STANDARD CELL

PATTERN NO. 4430{¢

e IH -

~HL |

oo-

JUME 1969
SCHEMATIC ' LOGIC SYMBOL
Voo P2 Voo 4 D
] =) Ny

TRUTH TABLE

Al By Dt—] ¢y D B ¢ P

LOGIC EQUATIONS

"9°D CLNi O/ T13STUM

AR L N | P=((AB)y1+B-D)y1-Py) -B-D: ¢1+P -
« 0 0 o0 00 1 fp,
+ 0 1 0 00 11} o0
o+ 1 000 1|0 CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN ¢F
o 1 + 0 0.0 1 §o ‘
Ca 2 260
* * > o 1 0 1 0
Cg 3 350
1 1+ 0 00 1 J1 % 4 620
Cp 5 700
|
“MEANS EITHER STATE PATTERN NO. 4430

B IS THE SAMPLE IMPUT
DURING ¢y B MUST EQUAL ZERO
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8§

T
seey

pRodoressscnd

4430

.Q OUTPUT WIRESET
W10 INT. C6

STATIC REG

[

“NO. DWG.NO.

98230

CODE 1DENT

1SHEET

S1ZE
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BANNING THICK OXIDE STANDARD CELL

_, STATIC REGISTER, 4pF'
| 1" QUTPUT WITH SET

PATTERN NOi4440(,¢, ) |

¢ 1

am—
==

o JUNE- 1969
SCHEMATIC LOGIC SYMBOL
Sis
Adde sk (b2p
| 3 OR C
B\ &2
. S
B Q?_i A =d¢, SR '
Ys
[

TRUTH TABLE

LOGIC EQUATIONS

Al By Gy ¢y B 7 P
B SRR [ Py= Py - & B( Cy-1 Pyl
1Py P - B LA B+ Cy+ B, 1 Gy Py
. 0 o 0 o0 1 |P_,
0 1 o o o 1§ o
. . 1 0 0 1 1
| CELL /0 CAPACITIES
| 1 ! 0 o 1T 41 CAPACITOR PIN CAPACITY IN {F
- i .
i Cc 2 !230
i
! Ca 4 360
| ' CB 3 450
CP 5 640
*MEANS EITHER STATE PATTERN NO. 4440

B IS THE SAMPLE INPUT
DURING /5 B MUST EQUAL ZERO
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BANNING THICK OXIDE STANDARD CELL

STATIC REGISTER, 4pF, 0" AND "1 QUTPUTS

PATTERN NO. 4450(s, )

W/RESET, W/0 INT. C.G.

D CLINIO M L3S3IU M

JUNE 1969
SCHEMATIC LOGIC SYMBOL
D
o 2 [

: A=—QO¢ SR .
- 2 4
i 0 S
- 0 or
| o 2 [
. IR
' A —C¢ SR
; 2
: 0] |
| . | 4 6
' S D S P
[ TRUTH TABLE LOGIC EQUATIONS |
A B D g | 5 A P
' - S=[(A+B)*D+B-A+B-D-P, ]
-j o o 1 |F; o e, (A+B) -1) " 42
: P=5_1-D-B-py+P r
; 0 13 L =1 SARACERAY
0 1o I =LA Bl + (B Dyy P11 B-D oy + Py 5
Lo ! I
§ CELL 1/0 CAPACITIES
. ] ] ’ P
Lo R _0_ -1 CAPACITOR PIN CAPACITY IN fF
: o ¢ o (B 1 lpy
: 0 ] 0 1 0
! Cg 3 780
0 G 0 1 1 0
! 1040
: 0 0 o0 o 1 1 Cs 4
, o 5 620
|
| Cp 6 960
| "MEANS EITHER STATE PATTERN NO. 4450

B IS THE SAMPLE INPUT
DURING -1'] B MUST EQUAL ZERO
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BANNING THICK OXIDE STANDARD CELL

STATIC

REGISTER, 4pF

"0"” AND "1” OUTPUTS

PATTERN NO. 4460 (4, ¢,]

|

|
l
|

JUNEI9§9

SCHEMATIC

Voo

#

Vobp

]

LOGIC SYmBOL

p>r

opts

'

!

i

t

i

|

{

|

!

- |
J

1

a9 ) + D !

D & CG P H

. & !

i

|

——

)
|
{
!

.
L TRUTH TABLE LOGIC EQUATIONS '
COA B8 : S ¢ P - —_— = ; — :
1 2 = (B - ) 3 :
. S (B P tA-Bld) S, dy 4
| 0 S - ) - o - ;
‘ . P =S ¢ tPyy "y i
o 1 P ¢ P — - - ;
-1 11 - : : .
| T By Py tA Bl B APy
L0 1 1 0 Py !
oo ‘ 0 U L CELL 1/0 CAPACITIES f
CAPACITOR PIN CAPACITY IN F :
0 0 P, 1 P . i
1-1 I b

Ca 2 1520 g
0 o0 i 1 0 Cy 3 1650 :
1470 :
0 0 0 ] ] Cs 4 i
Cp 5 970 ;
P |
| "MEANS EITHER STATE PATTERN NO. 4460 |

B 1S THE SAMPLE INPUT
DURING ¢, B MUST EQUAL ZERO DS_YY
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BANNING THICK OXIDE STANDARD CELL - |

STATIC REGISTER, F
"0 AND "1” OUTPUTS WITH RESET

PATTERN NO. 4480 {92/

JUNE 1969
SCHEM_ATIC LOGIC SYMBOL
3 Dy
B~ 0 6
2| R ip-P
A—q ¢, SR 5
ob=s
OR
3 Dg
B
> | R
A-gd¢, SR
Ys Ye
———— S ___
EQUIVALENT LOGIC

| TRUTH TABLE L LOGIC EQUATIONS ‘
. A B D ¢ S ay | P S=U(A+B)-D+B-A*B D Pyl d)+5,_y 7,
. . 0 s'_] _ - P = S'_] -D - d)z -8 +P'_.| . )
0 0 1 P'_] 0 P'_] = [A'_] 'B'_] + B_'...‘ * D'_‘ * p,_]} ’ ’D2 é * [5
| 0o 1 1 | 0 [Py P 3o
-
| 1 1 1 0 P
0 ] 1 0o [P, -
=1 CELL 1/0 CAPACITIES
i -
L ! 0 0 4P CAPACITOR PIN CAPACITY N iF
| 6 0 0 [P 1 Py Ca 2 1500
; 0o 1 0 ' ! 0 Cg 3 1630
0 0 0 0 1 1 C 1550
Cp 6 1040
*MEANS EITHER STATE PATTERN NO. 4480

B IS THE SAMPLE INPUT
DURING 5 B MUST EQUAL ZERO
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STATIC REGISTER
G, § OUTPUT W/ RESET
EAR.EI

NM.

(wlie

4480
230

38
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sta £0.1mifdiv I

<
-

DS-102



9

BANNING THICK OXIDE STANDARD CELL

STATIC REGISTER, 4pF

"0 AND "1 QUTPUTS, SET AND KiLL

SATTERN NO.4500 ' @, %, ]

JUNE 1969
SCHEMATIC LOGIC SYMBOL
C
VDo. o 83 S
y K Sip=—r
A =g+ SR )
O S
-
53\ OR a
.4 N
a24: ¢ SR
- e |
:O":_"{ Ve v
o1 st RS
e - ECUIVALENT [ OGIC
A o______.i ) —
T Rge
B A ¢- Co P
L
S S
TRUTH TABLE ___LOGIC EQUATIONS
A B C 1 S 2 b - 8 -C '-]'B'A'C'(t"l S’] ¢1
S - - ——— - —
0 t1 P Sy 9%:8-P_ %
o 0 1 Py O Py A1 Bur G Byt Gt Py 9B
' Pyt % )
o 1 0o 1 1 0 {P4
1 1 0
0 | P CELL | O CaPACITIES
101 . 1 o o {r, CAPACITOR PIN CAPACITY IN iF
7] : }
— (e & T
0 * 0 Pt-1 1 Pt-1 ¢
- Ch ? 1500
0o * 0 1 1 0 Cg 3 1700
1 . .
0 0 0 ] Co s 1860
, "MEANS EITHER STATE PATTERN NO. 4560
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O BANNING THICK OXIDE STANDARD CELL

DUAL SAMPLE REGISTER, 4pF PATTERN N0.4520 i= <. |
"0 AND "1” QUTPUTS

JUNE 1969

SCHEMATIC _ © LOGIC SYMBOL
' D C

P
sl T
Ao——-’ +— r ;
~\ = €D - S -
l_ TRUTH TABLE J=B+D LOGIC EQUATIONS K-=A-B-C- D
: J K 4 S D g P R,
L $=S Fr4 J-K+J K P _y %
: » * 0 St-] - - - H ] 1 1-1
i -
| _— _
—_ P = . ¢ .
2 0 1 1Py 0 0 fP, S-1°D B 92 4Py -0
' = Ky +Jy K Py DB -oyeP,_q-3
1 O ] ] * 0 P'-‘ "‘ + "] "‘ ?’] 2 + .'] 2
|
T L L L% CELL | O CAPACITIES _‘
) : — CAPACITOR PIN CAPACITY IN fF
[} * p D v
¢ O Py 0 1 1P <A A 1420
1 * 0 . || 0 Ca 2 1690
Cc - 1500
C * 0 1 ¢ 0
Co 5 1630
3 0 o ¢-9 1 1 Ce s 2¢40
Vah ~ .
‘ - Co 7 850 -
| “MEANS EITHER STATE  PATTERN NO. 4520
L

8 AND D ARE SAMPLE INPUTS
DURING ‘o B AND D MUST EQUAL ZERO
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RS FLIP FLOP, NO DELAY, 4pF

~ BANNING THICK OXIDE STANDARD CELL
' PATTERN NO. 4530 [+,

0" AND "1 OUTPUTS 4540 (¢,
"APRIL 1968
- SCHEMATIC LOGIC SYMBOL
|
Voo ¢‘ Voo
| [ c2ds_  ipire
FF
SO O P ¢,
| >(J L oo 0 2qr_ op*-s
C OD
H T L
: TRUTH TABLE LOGIC EQUATIONS
O C o, S p
0 0 . Sy-1 Py S:S'._l(l_D'C_JfD-(‘?'$x)+D-¢x
c ! 0 0 Py PP,y (D-CrD-C-8)+C: o
1 0 0 S'_] 0
0 ) ! 0 |
CELL 1/0 CAPACITIES
1 6 1 | 0 CAPACITOR PIN CAPACITY IN §F
Cc 2 500 500
Cg 3 880 | 820
Cp 4 870 | 83C
-: Cp 5 500 500
' *MEANS EITHER STATE PATTERN NO. 4530 4546

(., AND D ARE MUTUALLY EXCLUSIVE

DS-107

iGNV LG
I RERCIRFRY:!

$iNgd N0

AY 130

ON

J(Cr e

951 NlAdY ¢ OFSF



w.rL.r. OO RANOR) a
LG (0 a0 o4 »;.rk bp st Dbt 44

b A G\ ¢ BN AL BN D00 6.0 4 h
Y J«:J«V --i.ﬂ

Thes Loa v ]

e o b e e e e e e 4

w bl

Z._

RS RURPE S

WA ey

e e

I “n”“_“m

B S .
1!
|
i
i .
et
i
t
:
I
A

5
4/

il

”
g
.

v

]

: b

: | st o : AArme T anne da N

S PSR I SRk I SEAACIRE SN .47.
J

A A i AR SR

¥ e -

S P o
A=

Q,Q OUTPUT

l SHEES

4540

MG N,

9823p |RSFF NO DELAY

POYNT ot .

CODE

A

H5CALL O Imil/div l

St
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BANNING THICK OXIDE STANDARD CELL |

DYNAMIC SHIFT REGISTER, 4pF .
1 BIT DELAY OUTPUT

PATTERN NO. 4580 (¢, ¢,

SCHEMATIC

APRIL 1968
LOGIC SYMBOL
¢ %,
X
. 2o
A =g ¢| SR
¢' ¢2 OoR
A2 ¢, SR
|
T3
P

EQUIVALENT LOGIC

A—aP HCG CGHP

A o4 b,y f
* ( 1 A'_ 1
- ] 0 P

LOGIC EQUATIONS

P /A'~U . ‘352 i fp'ﬂl) . ‘1’1

“MEANS EITHER STATE

. ; CEL.._E“L'O— CrA_PA‘CIT!ES ]
CAPACITCR [ PIN ; CaPaQiTY IN iF
...J}_ M — v ——— -
Ch , 2 200
| ;
Cp 3 L
PATTERN KO. 458G
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¢ x
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Wi .NO.

DYRARBIC REGISTER @ OU7

ISHEET

88230

S+ZF TCOBE 1GENT NG,

A

SCALEQD.Y milMivL
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| BANNING THICK OXIDE STANDARD CELL |
PATTERN NO. 4600(#, 3, ) |

!

STATIC REGISTER, 4pF

“1" QUTPUT

H
i
i

j

JUNE 1969

SCHEMATIC

LOGIC SYMBOL

TRUTH TABLE

LOGIC EQUATIONS

llln

1nd N9

Ay B, ) 41 B ) P
» * * 0 P _ R . -— . . g I- ——— 1
-1 PPy dat iy B LA 1By +B, Pyl
* 0 0 O ] P'_]
0 1 0 0 1 0
, : 1
1 1 0 0 ) 1 CELL 1/0 CAPACITIES ,
CAPACITOR PiN CAPACITY IN fF
Ca 3 380
Ca 2 440
Cp 4
570
*MEANS EITHER STATE PATTERN NO. 4600

#O94IANNT v 009F & MHG:OATY DILVLS

B IS THE SAMPLE INPUT
DURING /5, B MUST EQUAL ZERO

DS-111



PRPOPPNSHS S P

Dby i

|S2SS0RERE
I

]s»«su

GUTPUT

C REGISTER

STATI
0

GoNGa

i

M

NT

1Of

O0E
98230
1 mil/div |

17
At 0

o

<

C.

4600

.DS-112



" BANNING THICK OXIDE STANDARD CELL

| STATIC REGISTER, 4pF PATTERN NO. 4620 (¢ ;|
3 1" QUTPUT WITH RESET

| JUNE 1969
SCHEMATIC A LOGIC SYMBOL ’
. b
52 44
3 ]
A—c¢, SR ip-P

TRUTH TABLE
Aul By Dy oy D B 4y} P

LOGIC EQUATIONS ]

P= (A} By +By_y "Dy Pyl by "B -D+P_y
t-1

t-1

CELL 1/0 CAPACITIES !

o+ 1 0 00 1 40 CAPACITOR PIN CAPACITY IN fF
o 1+ 0 00 ! |o , ; . ,
- v 0 10 1 o0 & ) " 450
L T B R T o 4 00 §
c s : 700 |
"MEANS EITHER STATE PATTERN NO. 4620

B IS THE SAMPLE INPUT
DURING ¢, B MUST EQUAL ZERO
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i

STATIC REGISTER, 4gF
“0" AND “1" QUYPUTS WITH SET

"BANNING THICK OXIDE STANDARD CELL

PATTERK NO 4540 (4, 5,

JUNE 1969

SCHEMATIC

LOGIC SYmROL

3 4
B;‘i“—'—é‘.‘bﬁ_p

A,

T op
_ ____OP%s

4

o
p -]
— <Y

S

3
6~
a &4

|
Ye
— S ___ P

EQUIVALENT LOGIC

A —Ct : ..D
it

C—— S—

CG-P

TRUTH TABLE ' __LOGIC EQUATIONS L
A B C g, S ¢ | P S=[B-C P *B-A-Cl ¢ -5 ¢
: ) : 0 S?’l - - P = Sf"] '¢'2 'é "’P'_] * ;2
+ 0 0 Prmp 0 1P = CA;-y By "G By "Gy Pyl gy - B
‘-‘P,_-‘ . $2
co o0 I
L 0 0 P CELL 1’0 CAPACITIES
R TR o o [p., CAPACITOR PIN CAPACITY IN fF
_ Cc 4 81O
S P, _ P,_
0 0 1 1 g 0 Ca 3 1640
Cq 5
L G 0 i ! > 1750
Cp 6 980
*MEANS EITMER STATE PATTERN NO. 4646

ary .0,

® Ov9r o HILASITTY DILVIS

B IS THE SAMPLE INPUT
DURING ¢, B MUST EQUAL ZERO
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. BANNING THICK OXIDE STANDARD CELL

| STATIC REGISTER, 4pF PATTERN NO. 4660 (¢ %5}

] "0” AND “1” OUTPUTS WITH KILL

JUNE 1969

SCHEMATIC - LOGIC SYMBOL

BJ
-~
? K | SP
A—Q® SR

: DET g

TRUTH TABLE LOGIC EQUATIONS
s o P - e _
A 8 * 2 S = [B : P'-] *A- B) ‘171 ?St"l . Oy
T 0 Sy - - . _
P =84 a3P " 1y
.0 \ P_ o {Pr.. — - _
! " = [Bymy " Py A "Byl 9 "B Py - 5
‘L oy 0 0 §Pyq CELL (/0 CAPACITIES ‘
‘r CAPACITOR PIN CAPACITY IN fF "
0 0 P._ 1 e, , ‘
‘ t-1 -1 c . 3 1860
00 L C, 2 ' 1500
I
i 4] 0 0 1 1 Cs 4 1570
: c i 840
*MEANS EITHER STATE PATTERN NO. . —A680

8 IS THE SAMPLE INPUT
DS-117
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| BANNING THICK ome STARDARD CELL

STATIC REGISTER, 4pF .

.07 AND "1" QUTPUTS, RESET AND KiLL

PATTERN NO.4680 (¢;¢2i

JUNE 1969

SCHEMATIC

r
|
|
l
i
|
!

LOGIC SYmBOL

3 A‘

B

—
TRUTH TABLE ) LoGIC mumons
A B D 4 S ¢ 1P S=[(A+B)*D*+B -A+B D P ) ¢y +5 ¢,
» 0 S'_] - - P = s'_‘ . 6 . ¢2 . E 4P’-‘ "¢2
6 0 1 [P o |P - . 3 ..D_.- e B D
t-1 t-1 (Ajey B4y *B4y * Dy " Pyl 9B D
0 1 1 0 fp_ .3
= *Prm 9
0 (I 10 P, '
VR T 1 0 {p._
-1 CELL 1/0 CAPACITIES
L 0 0 [P CAPACITOR PIN CAPACITY IN fF
0 0 0 Py 1 Py-1 Ca 2 1500
o 1 0 . 1 0 Ca 3 1840
0 0 0 1 | 0 Cs 5 1610
0 0 0 0 1 1 Cp 6 1020 .
Cp 4 660
*MEANS EITHER STATE PATTERN NO. 4680

B IS THE SAMPLE MPUY
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BANNING THICK OXIDE STANDARD CELL

PROTECTIVE DIODE

PATTERN #0. 5020

JARUARY 1969

SCHEMATIC

_Losic symsoL

tl}

CELL 1/0 CAPACITIES

CAPACITOR PIN CAPACITY IN ¢F
ta 2 95
PATTERN R0 5020

0S-120A
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' BANNING THICK OXIDE STANDARD CELL

| TWO INPUT NOR, 9t

[

PATTERN NO. 5030(% )"
5040(#2)

b e e - =

JANUARY 1969

g  SCHEMATIC LOGIC SYMBOL
' .
: Voo
, . L P
: 4
Dy vl 8 @
_’
|
i ! A‘_—""—"'
i ¢ 3
! 4 X P
: = B—
|
L
TRUTH TABLE LOGIC EQUATIONS
A 8 ¢ P
0 0 -0 Py P=(A+B) "o, P y+(A"B): o,
!’ 1 . . 0 =A-B EX'P'_]¢Z B Dy
| b
: | . 0 — -
{ 0 0 ! ! CELL 10 CAPACITIES
, CAPACITOR PIN CAPACITY IN (F
|
2 990 990
. 3 910 810
| !
1 g :
4 } 990 990
*MEANS EITHER STATE PATTERN NO. 5030 5040
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. KILLER ¢, CONTROI.I.ED

BANNING THICK OXIDE STANDARD CELI.

PATTERN NO 5090 ’(m ]

mmv 1969

. SCHEMATIC

LOGIC SYMBOL

N

-.'";__ x4". _

‘TRUTH TABLE

.¢|_._ . .

o A

o

LOGIC EQUATIONS

CELL 1/0 CAPACITIES

CAPACITOR PIN " CAPACITY IW ¢F

Ca 2 | 170

‘MEANS EITHER STATE

PATTERN NO. 6040
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BANNING THICK OXIDE STANDARD CELL

PROTECTED CLOCK GATE

PATTERN NO. 6000 (¢, |
6010 (¢, )

APRIL 1968

SCHEMATIC

x

1

LOGIC SYMBOL

PCG

TRUTH TABLE

A ¢

x

0

0 1

LOGIC EQUATIONS

P - (P'_])

byt A O

X

CELL 1/0 CAPACITIES

CAPACITOR PIN CAPACITY IN fF
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Cp 3 240 240

*MEANS EITHER STATE PATTERN NO. 6000 6010
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PATTERN NO. 6020(¢, |
60304, |

APRIL 1968

SCHEMATIC

LOGIC SYMBOL

CG

TRUTH TABLE

LOGIC EQUATIONS

CELL | O CAPACITIES

_CAPACITOR PIN CAPACITY IN fF
Ca 2 170 176
Cp 3 176 T
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Ds-123

RGAL VINAY * OFU9 0Z07 ¢ 31¥D XINOD



!
; i . :
RS S VRS U S U DU SEIpIS.

[RPRAR i S

'
7

. i
e i s IR
: !
] ‘|
: i
) : E 1
o § ! : o
C ! H
e SO SN S W
: : _“
. S AL
i ] ‘ H
' . : ]
|
: : | e
: w |
. N !
. R SRS S
. : : 31
! ! i |
S SO SRR S |M
o : : i
O i : : o
. ! : ; N
> u b
- G 1 i ]
e ‘ ! ' w_
Lol . . . 1
g e IEURU
S “ I !
i : | ] !

e i i S U SR S,

1

_g'._..__..'..-. [P S

RS S

= pucpBiaguiut gt QA ==
S
B

R . 1

. , '

P ; : ! !
B
. i

[ !
b m e b e e .
|

A

i
1

T W NN

e

~n T
T :

i
R U
; :

Y§:

6036

oo

: ! ] .
; : : B :
: { i H
: : : :
- [ S S O S L. . -

QPR Sd SROEAPSRES Baiipin

!

i
i
i
RS U S S

' T

€020

VDD L___|

01

B2

I AL,

CLOCK GATE

¥

lSHF.E

TOENT o 0w

98230

COO0E

St1AE

SCALEQ.Y rnilldi\J

DS-124



BANNING THICK OXIDE STANDARD CELL

KILLER,#, CONTROLLED -

PATTERN NO. 6040 [¢> |
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KILLER, SIGNAL CONTROLLED

BANNING THICK OXIDE STANDARD CEL
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PATTERN NO. 6050
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D. C. BUFFER, 25pF -

" BANNING THICK OXIDE STANDARD CELL

PATTERN NO. 6060 (¢
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BANNING THICK DXIDE STANDARD CELL
PATTERN NO.

PRECHARGE BUFFER, 53pF
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CAPACITOR PIN CAPACITY IN F
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Cp 3 680 660

‘MEANS EITHER STATE PATTERN NO. 6070 (0RO
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| BANNING THICK OXIDE STANDARD CELL

6140( ¢, ¢,

'STATIC REGISTER STRING START PATTERN NO.
T APRIL 1968
SCHEMATIC LOGIC SYMBOL
Voo B>
| ¢2 A—;O‘t’. SR PP
‘ 3 OR
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A_o-l t-1 ¢ B 49 P
' ‘ | 0 Pr-1 P=Piy ”7’2* 9 * B (A Bt—l‘-‘E:Pr—l]
o o B I
0 1 0 0 0 -
] | o o0 | y CELL 1,0 CAPACITIES
‘ CAPACITOR PIN CAPACITY IN §F
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Cp 3 380
“MEANS EITHER STATE PATTERN NO. 6140

TP IS AN INTERNAL OUTPUT CONNECTION TO A 6160 OR 6180 CELL INPUT

THE B INPUT IS ALSO INTERNALLY CONNECTED TO B OF 6160 OR 6180 CELLS
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BANNING THICK OXIDE STANDARD CELL

STATIC REGISTER STRING MIDDLE PATTERN NO. 6160( ¢ ¢, |
APRIL 1968
B SCHEMATIC - LOGIC SYMBOL
'9--
A---d¢, SR |k>—-p»
8-~ OR 4+ NOTE .

TRUTH TABLE
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Ay By B Py P
. . . * 0 o) -1 s 5 , = . e e
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o o o 1 lr, |
0 10 0 1 0
| o0 o0 1 | CELL 1/0 CAPACITIES (NONE)
CAPACITOR PIN CAPACITY IN fF
*MEANS EITHER STATE PATTERN NO.

TA AND B ARE INTERNAL INPUT CONNECTIONS FROM A 6140 OR 6160 CELL
P IS AN INTERNAL OUTPUT CONNECTION TO A.6160 OR 6180 CELL INPUT

DS-139

8961 134V ® 0919 * 3I7AQIN ONINLS ¥31$193¥ DILVIS



S

PRPRE P

$3Soests

1.

>l

EX r...o*r"ﬁ

AR SRS SN

spnadd

1

G

8 SEEN

BISIEEst ¢

SRR

s b bt

. .."-;}'."-'-.

R 0 A R N v

.
‘
h

6160

WG .NO.

GISTER STRIUG
DDLE

RE
M

STATIC

lsuss 1

1DENT NO,

98230

ST [CO0T

A

scaLtQlmil/div]

DS-140



BANNING THICK OXIDE STANDARD CELL
STATIC REGISTER STRING END ~ PATTERN NO. 6180 ¢, 4, |

- APRIL 1968

SCHEMATIC LOGIC SYMBOL.

TRUTH TABLE - LOGIC EQUATIONS
Al By B @9 | P i
. . . . o P - - - —— !
. =1 P=P,_y -dp+dp-BIA_1B,y+8, Pyl |
. 0 0o 0 1 Pl [
j
0 1 0o o ] 0
| o0 o 1 o CELL 1/0 CAPACITIES
CAPACITOR PIN - CAPACITY IN fF
Cp 4 440
*MEANS EITHER STATE PATTERN NO.

$A 1S AN INTERNAL INPUT CONNECTION FROM A 6140 OR 6160 CELL OUTPUT
B IS AN INTERMAL INPUT CONNECTION FROM B OF A 6140 OR 6160 CELL
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BANNING THICK OXIDE STANDARD CELL
DYNAMIC REGISTER STRING START

PATTERN NO. 6200 (¢, ¢,

APRIL 1968
SCHEMATIC LOGIC SYMBOL
X
X
p—=P
A=Q¢, SR
X OR ’
~OP A-d¢, SR
|
v !
7P |

EQUIVALENT LOGIC

A—dP >CG b ACG I~ P

TRUTH TABLE

A '15] ff)z

0 1

] 0

LOGIC EQUATIONS

P=(A)) 02+ (Pyy) " 1y

CELL 1/0 CAPACITIES

CAPACITOR PIN " CAPACITY IN F <i

]

. CA 2 240 ‘i

|

!

i

]

*‘MEANS EITHER STATE PATTERN NO. 6200 J'

# P IS AN INTERNAL OUTPUT CONNECTION TO A 6220 OR 6240 CELL INPUT.
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BANNING THICK OXIDE STANDARD CELL

DYNAMIC REGISTER STRING MIDDLE PATTERN NO. 6220 [¢) #]

A CG —%‘- P

'APRIL 1968
SCHEMATIC LOGIC SYMBOL
¢ %,
he
. p>-p
R SR *
¢. ’\zp OR

A}—-q ¢, SR |

Y

~p

EQUIVALENT LOGIC

TRUTH TABLE

Ay

-1

LOGIC EQUATIONS

P - (A'_]) * ¢’2,+ (P'_‘) . ¢1

CELL /O CAPACITIES (NONE)

CAPACITOR PIN

CAPACITY IN fF

*‘MEANS EITHER STATE |

PATTERN NO.

# A IS AN INTERNAL INPUT CONNECTION FROM A 6200 OR 6220 CELL OUTPUT.
P IS AN INTERNAL OUTPUT CONNECTION TO A 6220 OR 6240 CELL INPUT.

DS-145

8961 V¥4V @ OZ79 * IQAIN ON'RHS d31$1938 DINVNAQ



WC.NO.

TDENT «NOD«

S1ZE [CODE

A | 98230 DYNAMIC REGISTER MIDDLE

6220

P
23
! b
158 S48 S
.cnu r T
98 6058 A rrdrise
154 5058 S8e
Easesf bt
Edans ¥ freer e
A 582 45! SRPRGHEE S
PR SPAH S
SRS
Sa bade idy
s gote oy
s
i i
ye 8388 201
1
16
S8 e
34
j§ §aas 8t
8 Bia Sgad
bas calB iee
r+ ]
Foie 008 10w
3 fos spss :
ST PUete
i S [festissts
. S eebintiens
L —pdag
t peaieiiung
1 3 + 1
po s aans:
£ 4 HHHT iy
! t3et T
H glsiss :
jayanas:
1
1
T Sasa:
11
v
1 jhoseas ot
’ sgofuipgqsnassny
PRt
oo Ra Fpal; Hoooms
T - 3
.Y +- Hrw » g T “ wl
+4 4+
F U SuEPE1
g oa A0 9 A
it et \Y ;o
1 Hit 1
sah
T 2+ .
3 o : <
: 1 g ]
; 53 St atthes o
T + Ty
t brr‘mm
11 i
T, rw;.s.
a3 58 P i
T4
1 +
B4 :
w 4
1 11 1
8 v9E3 & : :
[ 3 :
14 b 1 bt v :
E b b s
i f T T
x 2841 sassaaartsrs

21

B2

GND

[snesr

SCALEQ,Imil divl

DS-146



BANNING THICK OXIDE STANDARD CELL
DYNAMIC REGISTER STRING END

PATTERN NO. 6240 [ #, ¢,

APRIL 1968

SCHEMATIC

%,
ke

LOGIC SYmMBOL

¢

SR

A—q¢

CG

CG

EQUIVALENT LOGIC

— P

t-1

-1

LOGIC EQUATIONS

P=(A_p %24+ (Py) - %

CELL 1/0 CAPACITIES

CAPACITOR PIN

CAPACITY

IN fF

Cp 3

210

*MEANS EITHER STATE

PATTERN NO.

6240

7 A 1S AN INTERNAL INPUT CONNECTION FROM A 6200 OR 6220 CELL OUTPUT.
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BANNING THICK GXIDE STANDARD CELL

INVERTER, 10pF

PATTERN NO. 6250 | ¢, |

6260 { ¢2 |,

APRIL 1938

SCHEMATIC

VDD

LOGIC SYMBOL

Azb
A =L 3P

TRUTH TABLE

A b P
0 0 Pyt
1 * 0
0 i \

LOGIC EQUATIONS

P=(P,_)) A P, +A -,

CELL 1/0 CAPACITIES

CAPACITOR PIN CAPACITY IN #F |
i
Ca 2 1100 100 |
Cp 3 600 560
"MEANS EITHER STATE PATTERN NO. 6250 6260

DS-149

8961 V¥4V ¢ 0979 0SI9 & ¥3ILNIAN] 490



—

—‘T““‘”"

{

e D Lo i i

b 35T
R FERCUUREEE | ERERURES § 353 | o % 53 RN SO IR I B X XN :
= | B HERE 1L NN

r
!

T2

il

§
.

3T
|

ISHEET

INVERTER

6260
10 Pf

«NO. WG .NO.

A | 98230

SCALEO.Imil /div |

SiZt [COOE 1DENT

6250

DS-150




 BANNING, THICK OXIDE STANDARD CELL

®n CLOCK GATE

PATTERN NO. 6270

APRIL 1968

SCHEMATIC LOGIC SYMBOL
8 n
|
3|8 !
[t 2 4
AO o P A c¢6 p——FPF
i

TRUTH TABLE LOGIC EQUATIONS
A 2 P
0 P'—‘ P= Pt'] ’ ;’n tA d)n
0 r 0 }
1 | 0 '
CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN F

Ca 2 130

Cp 3 200

Cp 4 130

*MEANS EITHER STATE PATTERN NO. 6270

DS-151

8961 NV © 029 © 3LVO NO0D U



e e s e

i
.
;
:

62170

JSHEE T

ad
[—
[ - 4
S
=
(]
o
-d
(&)
=
w
S

rd

¥

=

mm
= ™M
N
© ©
T
=

s

2

aA

scm_eo.lmilldivl

DS-152

- e - o E—— o oL



BANNING THICK OXIDE STANDARD CELL
¢ PROTECTED CLOCK GATE

PATTERN NO.6280

APRIL 1968
SCHEMATIC LOGIC SYMBOL
B8
$n
‘ 3|8
Ao -1 O P
2 4 i
A . PCG _ P
3
TRUTH TABLE LOGIC EQUATIONS
A é, P '
0 Pt"l P = Pt‘l 'E)n tA - ¢,
0 1 0
1 1 | ]
CELL 1/0 CAPACITIES
CAPACITOR PIN CAPACITY IN F
Ca 2 270
Ca 3 200
Cp 4 130
*MEANS EITHER STATE PATTERN NO. 6280
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[ BANNING THICK OXIDE STANDARD CELL

| 6290 4#, ;
O | PRECHARGE BUFFER, 30pf | ‘ PATTERN NO. 6300:!152)
. JAKUARY 1969 .
SCHEMATIC ) : LOGIC SYMBOL
L. Voo

WACI*

' lbl
p
P B A

‘H ’x"'i . |

— I

TRUTH TASLE LOGIC EQUATIONS o
A b ¢ P i:
|2
0 1 0 0 ‘ , N

P=A-qy+ o, P 1

0 1 ) | | 3

1 1 0 | =
| X

Y@

CELL 1/0 CAPACITIES =

CAPACITOR PIN | CAPACITY in ¢F i 2

Ca 2 L a0 a0 |

~

Cp 3 500 - s s
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(3]
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e

E
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=
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0.15 0.6
05 "' |
_%_ 1 b
i——_Ti—_-;Q 06
JOBET_ A .,
7020 0.2 0.2+
7030 0.4
— 08
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e TFT
E . 40 56
o L J |
> L 12 -
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e 40— Fos e
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C. Circuit-Type File

Each cell or pattern type which has been designed and placed on the
PATIEIN LIBRAKY tape réquires a definition for use by the PLACEMENT-
KOUTING-FOLDING program, the LOGBLUSIM V program, the SPEED ANALYSTS
subroutine'and the LOGBLOSIM V to PLACEMENT-ROUTING~-FOLDING CONVERT
routine. Each cell pattern définition requires nil cards, where n is
the number of pins in the cell. | '

‘ ' The first card is the pattern card. This card supplies the name and

pattern number of the cell and specifications required for the cell~

spacing subroutine,

Figure 1 - Card as it Appears:
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Coded Breakdown:

Field A, Column 1, Blank.
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Field B,

Field €,

Field D,

ield i,

ield 1,

lield G,

Field H,

iield 1,

The data

the cell.

shown in

1.

2.

Iv-18

Columns 2 thrOUghllz,

Circuit name. The name hay be any ll-character alphanumeric

designation.

Columns 13 throuéh 16.

Alphanumeric-mneumonic cell type identifier for future use by

LOGBLOSIIM V and CONVERT réutine.

Columns 17 through 20.

Pattern number. Must be equivalent to the fumily pattern nurher

in the Artwork Program library of standard patterns.

Columns 21 through 24.

Number of pins in the pattern; two plus the number of input- plius '

output-tunnel ends.

{‘olumns 25 and 26. Jlank.

Columns 27 £hrpugh L40.

liight edpe cell spacing.

Columns 41 throush 5G. Blank.

Columns 51 through 64.

Left edge cell spacing.

for the LPACE Subproutine in fields G and I déscrjbe the edpges of
Ilach vertical side of the cell is divided into ¢ regions as

figure 2:

Input or output tunnel end - between O.C and .8 mil from the
bottom of the cell.

Lower metal region - between .8 mil and 4.3 mils from the bolterm

of the cell.



Lower p region - between .8 mil and 4.5 mils from the bottom |

of the cell, | |

Upper metal_regidn - between 3.5 mils from the bottom of the cell
and the ground buss. '

Upper p region - betw:en 3.3 m;ls ffom the bottom of.the cell

and the ground buss.

Buss region - above the bottom of the ground buss.

- k)
BUSSES 6
| ¥
4 A
5 4
- | Q
' !
' B
> 3
vy v
///// +
% V] 1
g %
LL 2L *
FIGURE 2
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The data required is in two categories:

1,

2.

The distance fram the edge of the cell to the metal or p region
closest to the edge, |

The potentiai of the material described above.

The data must be in accord with the following ground rules:

1.

All distances are in tenths of mils.

If a distance is greater than .9 mils, assume it is .9 mils.

For potential, enter O for groﬁnd and 1 for non-ground.

If a region has material at ground near the edge of the cell and
another piece of material not at ground farther but less than

.6 mil from the edge, enter the distance to the region closest
to the edge and a potential of 1.

(ate oxide regions are assumed to be p regions since the same
design rules apply. |

For p or gate oxide regions extending into the Vp, buss, enter 5

-

unless the material is'é type 6 tuiinel end as shown in figure 3.

In this case enter 6.

—— VJ»—— — e

F e
_— S5 + —H S

‘ l—':———]‘%—-EB.4IMIL

Figure 3 - Type 6 tunnel ends

Table 1 shows the order in which the data is entered:
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COLUMN NUMBER

RIGHT
EDGE

27

28

29
30

31

32

35
36 -

37
38

39

40

LEFT
EDGE
51
52
53
54
55
56

59
60

61
62

63

ABBREVIATION

DP

DIM

PLM

DLP

PLP

DUM

PUM

DUP

PUP

DB

DMB

TABLE I

DESCRIPTION

Distance from cell edge to tunnel
end.

Distance from cell edge to the
metal clogsest to the edge in the
lower metal region.

Potential of lower metal.

Distance from cell edge to the
p region clogest to the edge in
the lower p region.

Potential of lower p'region.

Distance from cell edge to the
metal closest to the edge in the
upper metal region.

Potential of upper metal.

Distance from cell edge to the
p region closest to the edge in
the upper p region,

Potential of upper p region,

Diztance from cell edge to the
P region in the buss area closest
to the edge,

Buss nearest the top of the cell
which coveis the material described
above., Enter 1 for ffy, 2 for {»,
&nd 5 for VDD except as noted in
grouad rule O.

Distance from edge of cell to any
metali which is connected to the

#1 or P, busses but extend either
down or up from the .4 mil buss line.
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The remaining cards are pin cards used ‘to define céll-pin parameters.

Figure & - Card as it Appears:
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Coded ireakdown:

I'se one card for each pin,

tield A, Columns 1 throuzsh 4.
Pin number. JInput/Output pins areAnumbered left to right-on the
layout (pins 2 to n-1). ‘he left edge of the cell js pin 1, and
the right edge of the cell is pin n. - o

Iield B, Columns 5 through 8.
Reassignment flag. The numbers in this field of. the Circuit
Type T'ile pro&ide information for the ROUTE and SIGNAL TRACE
subroutines of the PLACE-ROUTE and TFOLL program. 1f two are

the same the !/IRE ROUTE program may interchange them when the

IV-22

Q71314 02-3S044Nd TVYH3INID



orientation of the cell is selected. For the SIGNAL TRACE
routine the number describies the node to which the pin is
connected. It 18 constructed by summing the following values:
1. 0, 2, ..., 14 for & phase two node with no internal killer or
1, 3, ..., 15 for a phase one node with no internal killer or
16, 18, 20, 22 for a phase two node with an internal killer or
15, 17, 19, 21 for a phase one nbde with an internal killer or
23 for a phase one static of dynemic register cell or |
24, for a phase two static or dynamic register cell.
2. 50 for an output pin. |
3; 100 for an internal clock gate at the node. ,
4. 100.2Y + 100.2M for inputs connected to the Nth and Mth nodes,
counting from the last or
100.2N + 100.21 for outputs connected to the Nth node and feed-
ing back to the Mth node, counting from the start. |
Ex. number 750 indicates: (1) phase 2, no killer
(2) output pin
(3) internal clock gate

{4) connection to the second node
and feed back to the first.

The five special cells (@, #,, #y killer, P clock gate and
Pad) numbers are assigned according to the special function
of the individual pin.
Field C, Colums 9 through 1z.
Distance from the center of the pin to the center of the pin to

the left, in tenths of mils.

=23



Field D,

Field E,

Field F,

Field G,

Field H,

IvV-24

Colums 13 through 16.

Capacitance of pin, in picofarads times 1000, e.g., 1.4 PF is
punched as 1400,

Columns 17 through éb.

Each number shows which input or output in the LOGBLOSIM V
program corresponds to the pin. The inputs are numbered‘the
same as the input field number in the LOGBLOSIM V program. The
outputs are numbered 1 fof primary, 2 for secbndany and 3 for
tertiary.

Columns 21 through 24.

Constant times 10 used for SPEED ANALYSIS program. K = Cp/t.

t is the pair delay of the cell and Cj is the load on the
output. Maximum pair delay is .3 microseconds. The maximum
capacity th§ cell can drive is then .3K, e.g., if field F =
143 the cell is capable of dfivins (.3) (.3) = 4.29 pf.
Columns 25 through 28.

Correction factor times lOb used by SPEED ANALYSIS program
when the output of the cell is driviné through a clock gate.

If Cyy is the load capacity before the clock gate and CL2 is
the load capacity after the clock gate phe effective load is
CLegr = Cra + (C.F.) (Crp).

Colums 29 through 32.

This is.a means of entering intermal node capacity for the

SPEED ANALYSIS program. It is entered in picofarads times



Field 1,

Field J,

The

1000 on all the input pins of the circuit driving the internal
node. : |
Columns 33 through 36.

Gate to drain capacitance in picofarads times 1000 of all

‘inputs (upper input only cn NAWD structure) used by SIGNAL

TRACE program in determination of accepteble capacitance
feedbuck ratios.

Columns 37 through 40.

tinimum capacitance to ground in picofarads times 1000 of all
inputs and outputs. This is calculcted using gate masks vhich
do not overlap source or drain P-materisal (iMASkE 5) on the input
pins and assuming all coupling devices are not conducting on
the outputs. This is uged by the SIGHAL THACE program in
determining acceptable capacitance feedback retios for cell

inputs.

following sheets contain the circuit type file:
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CIRCULIT TYPE FILE

201
251
2n1

200
252
2no

DEL

304

301
351

DEL

300
300
350

ent
201
201
251

200
200
200
250

0

2070

0

4
14
14

4

2080
0
4

" 14

14
4

2090

14
14

© 2100

14
14

2110

14
14
14

2120 -

14
14
14

4

5
0
290
296
291
c

5
0
290
271
291
0

S
0
358
361
483

0
358
361
445

291
288
288
461
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288
436

0
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OO0 O0OO0CO

QOO DOO
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61612
58
58

61612
58
58

31013

85
85

31013

L]
85

61612

58
58
58

6ié12

56
58
58

0

66

203
296
203

66
0
203

271

2n3
0

101066
0
249
249
159
0

101066
0
249
249
i40
0

66

203

203
203
461

66

2n3

203
203
436

0
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CIRCUIT TYPE FILE

NOR DFL
b 0
301
301
3ol
351
0

DEL
0

300
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201
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200
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0

U &N -
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]
4
14
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14
4

2140

0

4
14
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4

2150

14
14
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14

2160

14
14
14
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2190

14
14
4

6
0
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361
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546
0

6
0
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291
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288
461
291
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474
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0
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101513
0 0
0 0
0 0
0 0
71 111
-0 0
101422
0 0
0 0
0 0
0 0
71 111
0 0
3666
0 0
0 0
0 0
0 0
73 106
0 0
0 0
32666 .
0 ¢
0 0
0 0
0 0
73 106
0 0
0 0
121666
0 0
0 0
0 0
73 106
0 0

OO0 0000 O

L IO 00O0O000 0O

OCoCcCOoOO0OoOO O
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[~ N-R-No R aNa)

31013
0
85
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0
0

31013
0
A5
85
as
0

0
61612
58

58
58

58

61612
58
58
58

58

21002

116
122

0

101066
0
267
267
267
159
0

101066
0
267
267
267
140
0

66

203
203
203
as1
203

66

203
2033

203
4316

and

666

324
Ja4
334

0
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NAND
h
2
3
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NAND DEL
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CIRCUIT TYPE FILE

0
200
210

250
0

0
31
311
351
0.

NAND DEL

At

oNaWNHO (S AP 7 VR

N >N -»OD

D
1
2
3
4
5
6

0
3n0
310
350

0

NOR
0
201
211
203
251
0

NNR
0
290
210
202
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0

NOR DEL
0
301
311
303
351
0

)

22100

0.

4
14
14

4

2210
0
16

15
5

2220

16
15

2230

14.
14
14

22490

14
14
14

2299
0

14
14

14

4

5

0
474

474
312
0

5
0

660 -

638
374

660
658
337

474
471
273
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474
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630
620
383
406

0 .

41214
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Or 1 NO O O NNO
a .
G

-
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QOr LN OO O WHFrENO O

S
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JUNE 1969

121666
0 0
0 0
0. 0
73 106
0 0
111210
0 0
0 0
0 0
71 111
0 0
111220
0 0
o 0
0 0
71 111
0 . 0
161666
0 0
0 0
0 0
0 0
73 106
0 0
161666
0 0
0 0
0 0
0 0
73 106
0 0
101010
0 0
0 0
0 0
0 0
71 111
0 0

COO0OO00O00O

OO0 0O0O00

[« N No oo Nolo ]

OO0 00O OO

21002
-0
116
122
0

0

120002
0
170
180
-0
0

120002 -
0 .
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180
0

0

20002

116
122
58

20002

116
122
58

21002

160
169
112
0
0

161

324

344

666

312

449

479

666

666

449 '

479
142

324
344
192
337

666

666

324

344
192
314

431
445
280
51
0

666
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CIRCUIT TYPE FILE

J AND NOR D
L0

300
310
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0

D oR

0
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NOREWN - Z O BN
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0
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4
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14
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4

6
0
630
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0.
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0
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0

7

0
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278
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112
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115

115
109

60506

119
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20002

0 .
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115
58
58

20002

109
115
58
58

0

666

431
445
280

51

50666

312
328
333
328
312 .

50666

312
328
308
328
312

- 666

309
328
195
191
445

666

30
328
195
191
420
0
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CIRCULIT YYPE FILE

NOR DEL
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2320
0
4
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0 0
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0 0
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0
0
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20002

0
163
173

85

. 20002

163
173

35 -

0

666 -

432

433
237

255

432

51
Aio

666

453

237
255

%1

20002 -

109
109

95

20002

109
109

95

1010
146
109

0

303
303
480
330

0
303
3nd
448

330

0

10

0
405
137
303
369

0

666

666
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CIRCUIT TYPE FILE  JUNE 1969

3 DATA Sw 2360 6 01410 120666 0 1010 101020
B | 0 0 0 0 0 6 0 0 0
2 600 ¢ %08 3 40 0 544 146 403
3 402 14 192 2 60 0 544 37 1%
¢ 210 14 442 | 0 0 0 109 303
5 450 14 345 1 73 106 0 0 345
6 0 ) 0 0 0 0 0 0 0
DR 1 8 2370 5 621012 101010 0 21015 101051
1 0 0 0 0 0 1) 0 0 0
2 502 4 4952 1 93 108 0 112 310
3 352 14 707 2 93 108 0 0 360
4 5351 18 204 1 71 11 0 0 51
5 0 10 0 0 0 0 0 0 0
DR 1 0 2380 S5 621012 101022 0 21015 101052
1 0 0 0 0 0 0 0 0 0
2 501 4. 492 1 93 108 0 112 310
3 351 14 747 2 93 108 0 0 3680
4 550 18 196 1 7T 111 0 0 51
5 0 10 0 0 o -0 0 0 0
DR 1 S 2390 S5 621612 101010 0 21015 101091
1 0 0 0 0 0 0 0 0 0
2 500 4« 262 1 34 0 716 54 185
3 Soo0 14 260 3 34 0 716 37 174
4 35% 19 208 1 71T 111 0 0 51
5 0 12 0 0 0 0 0 0 0
DR 1 S 2400 5 621612 101026 0 21015 101082
1 0 0 0 0 0 0 0 0 0
2 501 4 262 1 34 0 742 54 185
3 %ot 14 260 3 74 0 742 37 171
4 350 19 209 1 71 111 0 0 51
5 0 12 0 0 0 0 0 0 0
DR 1 R 2440 5 311011 101010 0 21015 101050
1 0 0 0 0 0 o - © o 0
2 500 4 262 1 34 0 639 54 183
3 3Int 14 394 4 0 0 0 75 239
4 551 25 404 1 71 111 0 0 31
5 0 7 0 0 0 0 0 0 0
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0
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0

5
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16
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0
4
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4
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0
4
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4
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0
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0
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5
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0
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0
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101012
0 0
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0 0
71 111
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0
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0
0
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168

0
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0
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63
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0
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0
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0
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0
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0
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59
0
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0
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0
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"SR 1
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1
1
2
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1
2
3

4
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1
2
3
4
5
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7114

. 503 -
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750

- 5014
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SR 1
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713
750

0
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264

0
4

54
14
14

14
4

266
0
5

17
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5

268
0

5

32

39
14
14

4

270

0
12
44
33
14
1?7

272
0
5

16

16

16
40
6

0 7

0
899

.1012

488
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726
0

6
0
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1223

1111
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0

0 7

0
935
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4

0 6
0
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357
0

0 7
0

601
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0
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2
0
2
1
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4
1
0

3
0
1
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2
3
2
1
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0
1
2
2
1
0
3
0
1
2
4
2
1
0
2
0
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3
2
1
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0 0
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0 0
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0 0
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0 0
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0
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0 -0
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71 111

0 0
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36 0
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0

21
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0
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263
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0
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3nl
351
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4010
0
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0
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0
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0
458
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0
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0 0
101026
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0 0
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0 0
20616
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0 0
143 122
0 0
0 0
21626
0 "0
0 0
143 122
0o .0
0 0
101216
0 0
0 0
0 0
143 127
0 0

OO0 ODOO

21002
0
109
0
0

21002
0
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0
0
620002
0
160
0
0
620002

160

20002
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109

20002
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109

21002

160
160

0

66
344
291
66
314
269
656

422

85
656

422

85
266

314

347

314
266

314

325

314
452

423

423

229 -
0
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CIRCUIT TYPE FILE
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0
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- Appendix A

_ DESIGN PROCEDURE FOR A MOS-FET DIGITAL |
' BUILDING BLOCK FAMILY

MOS digital building bioeﬁe or "standard cells" can be reduced to three basic MOS
circuits: the MOS inverter, fhe MOS lnverter with coupling device, and the NAND con-
figuration or ''series stack", The following design procedure used for the basic inverter
will be extended to include the other two basic configurations, A few preliminary com-
ments should be made before llating the imtial assumptions that were made for this

design procedure

The design is accomplished witi\ the aid of a computer program written around the
saturated and nonsau‘lrabed.czl'ev,ice equetions derived from the physical model ‘of C.' T, Sah,
The Sah model fepresenﬁs a rekeonably acédratevdea‘criptien‘ of the MOS transistor in
both regions of operation, saturated and nonsaturated. Previous deeign:abpreaches -
assumed negligible turn-on time of the bottom inverter device provided a sufficient.ly
large One-level was present at the gate of the device. This assumptien is no l'ongerva .
necessary since the computer can economically calculate and present the large number
of points necessary for the complefé solution of the equations, The computer also allows
a wide expansion of the number of worst cases that can eaeily be simulated. The analysi

~ also provides typical on-ehlp sigml waveforms rather than step-function signal inputs,

The following equations are derived from the Sah model and describe the saturated

and nonsaturated regions of operation of the MOS device:

Nonsaturated: I =K [Z(VGS = V) Vpg = Vpg 4 3 Tor Vg - Vo 2 Vi (A-1)
Saturated: - Ig =K (Vi - V)™ fer Vas~ Vr < Vps : (A-2)
lDS = OF for VGS-- VT <0 . o (A-3)



i, L - . ) . A-4
Body Effect Correction: -VT v,r +.5 Vas - (A-4)

Figure A-1 shows a typical MOS Inverter.

o VoD

o——4[ LOAD DEVICE

Vi | | .

Vin _JINVERTER |
0'-———-" DEVICE ICL

Fig. A-1., Typical MOS inverter.

The building block family has been designed for a four-level propagation delay

capability during each of two clock phases;. During the time the VGG

present the load device will be in the nonsaturated condition and the current through

clock pulse is

the load device can be obtained from equation (A-1):
‘ ' 2 .
Ips =KL [Z(VGG “Vp= Vo (Vpp = Vh - (Vpp - Vo) ] (A-5)
equation (A-5) when expanded becomes:

' 2 K 2 .
= - - -2V - v A-1
IDS K'L [Z(VGG VT) VDD vDl) 2( GG VT)’ 0 * VO ] ( )

]
h = .
where VT VT+ SVVO

Both equations (A-1) and (’A-2) are required to describe the current through the
inverter device because hoth the saturated and the nonsaturated regions occur during

the traverse from logical Zero to logical One of the input voltage VN



The inverter device current becomes:

. 2 ' A .
h R . -~ & . - - - A /
Naongaturated: 'DH KI [2(V‘N VT) Vn vO ] fur V!N V'I' V" ( )

. ' : ’2 .
-8 o = - . - -8
Sgturated. IDS KI (VIN VT) for VIN VTsVO | (A-8)

The K of a device can be related to its physical dimensions by the equation

' W
K=K 7
! ' H on
where K = the processing constan: B OX
S : v 2t
ox
W = the width of the thin-oxide gate region

[}

[ the length of the inverter channel after diffusion

As each point of the inverter output waveform is calculated, the computer program
tests for saturated or nonsaturated conditions of the bottom device operation and auto-

matically selects either equation (A-7) or (A-8).

By cascading four inverter devices to form an inverter chain, it is possible to

use the program to analyze the worst-case response of the four-delay logic system

shown in Fig. A-2,

YouT-I VYourt-2 - Vour-3

o D& L | » —-—oVC'UT'“J*
VIN ' | v

VIN-2 ‘ VIN-3 VIN-4

Fig. A-2, TFour-delay logic system,

W



It is practical to assume that initial conditions were established at each node during

the previous clocking interval, Fbr a two-phase clocked system, however, VIN will

be established at the opposite clock phase and presented to the input of the inverter
chain prior to the clocking interval of the inverter chain, For this analysis, att =0,

the clock waveform turns on to V As shown in Fig. A-2, the input voltage of

GG’
each of the remaining inverters is equal to the output voltage of its predecessor,

The instantaneous output voltage of any node may be expressed as follows:

V0 (at time t) = Vo (at time t - At) + AV0 (A-9
= : ~10

whefe av, (IO/QL) At (A-10)

and I0 = IL - "l (see Fig., A-3) (A-11)

f
4?
|||——-{ﬁ

Fig. A-3. Representation of Io.

IL is calculated using equation (A-6), II is calculated using equations (A-7) and (A- ;.

depending upon the operating region of the inverter device as previously defined. These

currents are calculated for time (t) using values of VO’ V:I‘ , and VIN obtained at time

(t - At), I0 can then be calculated from equation (A-11) and a new value of V0 is obtained
from equation (A-10), The value of At used in equation (A-10) must be chosen small

enough to permit an assumption of constant-current between time (t - At) and time (1) 1o

Ay



to be made. - The degree of precision desired for each Av is also important. It has
been found that At = . 5 nanoseconds gives results correct to the nearest . 02 volt, which
iz more than ndequate for this analysis, 'Phe caleulations ara thus ropoeated ng many

times as necessary until the desired end-point 18 established.

When applying this analysis to an actual circuit design, R or the short circuit

scC’
resistance of the load device, is considered first and is given by the equation

1 v W
R = where K. =K — (A-12)
SC Ky [2 Vg~ V) - VDD] L 2
By combining equations (A-9) and (A-10)
b
v, (attime ty =V, [at (t -_At)} to=at
L
’ At
=V [at(t - At)] v+ 1. R.. —=
0 0 "SC Rg.C,
By substituting T = RSC CL .
(at) .
= - at A-13
‘ Vo (t)‘ V0 (t- At + 10 RSC () ( |
and multiplying equation (A-11) by RSC
Ih Rge = IL Rgo = I; Rge» and
1] 2 t V 2
LR o Va6~V Voo " Vop "2 WVee " V1! Vo " Vo (A1)
L 'SC 2Vae - VY - Vpp



L v o .
IR, = - for V. -V_ <V (A-15)
1°sC Voo~ Vo)~ Vpp | IN_ T 0
and
E‘-[2 (V. -V v'-vz]
K, V= V) Vo= Vo
I.R = ' — . forv.._ -V 2V (A-16)
1°sC 2(Veg~ Vo) - Vpp IN T 70 .

Since the logic system requires the capability to propagate through four levels of

logic in one clock time, the following worst-case initial conditions are assumed for a
typical 'four-delay inverter chain shown in Fig., A-4.

B N R M R

Fig. A-4., Typical four-delay inverter chain,

L v =0
VouT =0

2. Vour ~ VbD

3 =
Vour = °

4 Vour = Vop



For a completely internal device Vo max is defined by

: = - : -17
vo max VT VN o (A-17)
- where VN is the allowable amount of system noise. Node 4 must discharge to

VO max within the allowable number of time con’*bta.nts, assuming that all four inverters
in the chain are fully loaded.

“I'he allowable system noise voltage is then expressed in the following manner

- Let le be the logic-1 level of noise voltage

VNO be the logic-0 level of noise voltage

Then Voo = Vour: ™ Vi

=V A

Vins = Vourz * Vo

ViNg = Vours ~ a1

The next step in the design procedure is to first choose a KI/ KL ratio and then
calculate the number of load-time constants required to reach V0 max at node 4,

V[ min is then defined as the value of VIN4 at the time when VO (4) reaches V0 max,

The load and inverter-device siz'es are then determined as follows:

1
R =
s¢” K %Vag- Vo)~ Vop]
t ot _ K t[2g6 - Vo)~ Vpp]
R W o c



Therefore,

| (t)

—— C -

2 . -._ o t . 1
[ g~ V) ~ Vpp] :
o 'K,
1
and K =K — r  emmme K
‘ L
! Y K ™



Appeh dix B

LOGIC CIRCUIT DESIGN FOR MOS ARRAYS

. A. RELATION BETWEEN INVERTER PARAMETERS

The basic inverter circuit is shown in Fig. B-1, Its requirements are to provide

. 4a logical One output where the input is a logical Zero and to provide a logical Zero out-
puf when the input is a logical One. Although power supply tolerances and environmental
conditions result in variations in the One and Zero logic levéls, the logic levels must not
exceed certain limits if reliable oper#tion is to be maintained, Thus, a logical One
which corresponds to a high-output-voltage must not decrease below a certain minimum

“voltage, V. min, for which the circuit is designed. Similarly, a logical Zero which

1 .
corresponds to a low output voltage must not increase above a certain maximum voltage,

Vv o max. The required V0 max is dictated by the threshold voltage, VT' and the
required Zero level noise immunity, VNO' SR
Thus,

, =V - | - | -1
Vomax V'I‘ VNO _ . ‘ (B-1

Since V o max i8 produced by the voltage divider action of the inverter and load devices,

it is dependent on their conductance ratio, This conductance ratio is related to the

geometry of the two devices as expressed by their KI/KL ratio, V \' and V1 min,

DD’ GG
When a circuit is designed with a relatively large V1 min, the inverter conductance for

a given K _ increases thereby requiring a lov‘,/er KI/K ratio, On the other hand, a

I L

design with a relatively small Vlmin requires a higher KI/KL ratio,

Other performance characteristics, such as device size, power dissipation and
operating reliability, are also a function of the KI/KL ratio, Since.small device size,
low power dissipation and maximum reliability are the major goals of this design, a
knowledge of these relationships is necessary in making an optimum choice. Figure

B-2 shows how these parameters vary as a function of the KI/KL ratio. These results
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\\‘m;c-nl»)tai'ncd using the (rz'insicnt analysis program to compute these parameters for

" chain of four inverters whose total progation delay under fully loaded conditibns must’
'.vnn’l oxceed. 525 ns, .The relationships of the parameters in Fig. B-2 m:iy be understood
by :yna'lyzing the basic inverter circuit of Fig, B-1. Here, the drain current IDS nﬁ:ly

he expressed as

= y - - - - - = ; -1
‘ ‘IDS KL [z (VGG VO VT) (VDD VO) (VDD VO) ] o (8-

~ Under static conditions, this drain current must be absorbed by the inverter device.

Conscequently. the drain current can also be expressed as

i

~ v 27 . -
2 - _ — . _o
s = K [“‘Vm Vo V-V, ] for ‘vm VTI >V, c (B-2)

i

2 . i :
= - . - < ' -3
ns = K [VIN VT] f for IVIN Vr l Vo S (B=2)
Combining equations (B-1) and (B-2) results in

V66~ Vo - VP Vpp -V - Vpp -

2
2 (Vin VP Ve Yo

Kl/.KL = (2=

for; I VIN - VTl fV

Combining equations (B-1) and (B-3) gives

9

o - - 1] - - o &~
266" Vo V) Vpp = Vo = Vpp = V)

K/Ky = [viN _ VT‘Jz

(-0

h - in -
where VIN Vl min VNl

cate that as the KI/KI ratio is increased, the required VIN decreases, Since V

(One-level noise immunity). Equations(B-4)and(B-5) indi-

\Y =V1 min -

IN then V1 min also decreases as the KI/K

% ratio is increased,
N1’ )

B-1



This relationship is shown in Fig, B-2, Furthermore, since the 'maximurh value of |

is limited by V there is a minimum KI/K ratio below which Equations (B-4)

M 3]0} L , .
~_and (B-5) cannot be satisfied. In Fig. B-1 this minimum K ratio is approximately 6.

curve can be understood by noting that K

The gener‘al shape of the K is directly

L L

proportional to the conductance of the load, In order to obtain a larger VIN in the

525-ns time interval, the load conductance must be larger, Consequently, to obtain
the maximum available VIN' an infinite KL is required, As the required Vlmin is

L decreases, With the aid of the KL curve, the WI curve can

now be understood, Before proceeding to the WI curve it should be noted that

reduced, the required K

w, = (lﬂ/K VL ' ’ (1B-6)

In order to keep device size to a minimum, the minimum allowable spacing is always

used for the inverter length, ‘Consequently W_ is directly proportional to KI. ‘The value

I

of KI can be written as a product of the KI/KL ratio and KL so that

K, = (KI/KL) (Kp) o (B-7)

If the above equation is evaluated with the data of Fig, B-2, it can be seen that in the

region where KI/ K

is small, the required K_ is very large, thereby requiring a large

L L
l(1 to provide evan a low KI/KL ratio, It can also be seen from Fig. B-1 that a small

increase in KI/KL ratio results in a large decrease in Koo which according to equatio:

e Consequently, WI is large for low values of

K[/KL and decreases rapidly as KI/KL is increased, For larger KI/KL ratios, K_ is
. : 1.

(B-7) results in a large decrease in K

much less sensitive to a change in KI/KL ratio, Thus, an increase in KI/KL results in

a relatively small decrease in KL. This produces a net increase in KI and WI' Fro:.
here on, an almost linear relation exists between WI and KI/ KL. The curve of short

circuit power dissipation has the same shape as the KL curve, since the drain current

(Ibs) is directly proportional to K_ and the short circuit power dissipation is
Psc = Tps” Vpp-

L



B. DESIGN COMPATIBILITY

A major requirement in this design is that the same set of masks be used for both
the shallow and deep diffusion processes, As indicated in Table B-I, thé two processes
have different K's and different underdiffusions which cause a set of masks to have
different electric.al parameters Iin each of the processes, Since all devices on a chip
are part of the same process, their performance parameters afe the same, This
makes all the gates on the same chip compatible with regard to logic levels and other
characteristics, In order to achieve similar compatibility between chips of different
processes, output buffers are always provided. One of the functions of these buffers '
is to provide an output logic level of sufficient magnitude to drive any chip regardless
. df its process and internal electrical characteristics, This still leaves the problem
of assuring that a set of masks which may be an optimum selection for one process will
be close.to optimum or even function with the other process, Fortunately, as indicated
in Fig., B-2, many désig’ns are possible that permit the selection of a set of masks

that operate with one KI/ K_ ratio for one process and with a different KI/ KL ratio for

L
another process, Different sets of masks can be tried and their resulting design
parameters obtained. Finally, a set of masks is selected which has the smallest device

sizes that still satisfy the performance requirements with both prdcesses.‘

To facilitate evaluation and selection of possible designs, it is convenient to plot

WI instead of KI' The relation between the two is

=
n

1] ‘ . |
= KK [LI '-ZUD] _ ' (B-%)

where

w
1

the electrical width of the inverter device
LI = the mask length of the inverter device

UD = the underdiffusion,

RB-5



Since K', L1 and UD are constants, W_ has the same shape as K., However, a gi\}en

1 I
value of KI results in different values of WI in the two processes, This is due to the
different values of K' and U__ in the two processes, In order to keep device size as

D , _
small as possible, the minimum permissible L[ = ,4 mil is always used for mask

. length of the inverter device, The value of K' used is the minimum that can result with
: . . £ .

a given process, This includes K' reductions due to process tolerahces and reductions

due to the upper temperature limit of +135°C, The minimum K' is used since according

to equation (B-8) this results in the largest W, requirement, Thus, for example for

I
K, =20x 10'6, the resulting W, becomes
-6 :
20x 10 -
W = ——— [.4 -2 (.‘05)] = 3,23 mils for the shallow diffusion process
1 . -6 .
1,86 x 10 :
and .
-6 -
20 x 10 . . .
W, = = [. 4-2(12) ] = 2,86 mils for the deep diffusion process
I 1,12 x 107° ‘

In this manner a WI curve ‘may be obtained for each process,

Before plotting these curves another worst-case consideration must be intreduced,
The curves of Fig, B-2 have beéen obtained for one set of voltages namely

VDD max = 15, 3, VGG max = 27,4, and VT min ‘= 3.5, Undoubtedly, different sets

of curves are obtained when each of these voltages goes to its other extreme, Eight
combinations are possible, However, the power supply system is designed so that

VDD and VGG always track so that the condition of VDD max and VGG min or

VDD min and VGG max do not occur. This reduces to four the number of possible

combinations, Data x;vas obtained for all four combinétions which indicated that below

a KI/KL = 6,5, VDD max, V max and VT min present a worst case for minimum

GG

W - - -
' requlremepts, whereas above a KI/KL 6.5, VDD min, VGG

present a worst-case for the minimum WI requirement, The other two sets of voltages

min and VT max

do not present worst-case requirements, The design curves are therefore composites
of the worst-case WI curve prevailing in a given KI/KL region, A set of these curves
for the 4-pF family is shown in Fig, B-3, Fig. B-4 and Fig, B-5. In this procedure
the WI curves are constructed first, using the largest values of WI' Construction of
the curves of Fig, B-3 is then accomplished by using the K, and P, which correspond

to the selected value of WI'

B-6
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Fig. B-5. Inverter width vs. !&/ KL for the deep diffusion process,

C. DESIGN PROCEDURE FOR INVERTER

Although the curves show a continuous relation between circuit parameters and
K“/ KL' practical considerations permit design only at discrete points, For example,
minimum width and spacing restriction allow all devices to be drawn to the nearest

1/10 mil, Thus the minimum load size can have dimensi'ons of W. =,3and L_ =,6,

L L
The next larger size is WL = .4, LL =,6 or wL =,3, LL = ,7 etc, Since there are
only about 10 to 20 WL and LL combinations which result in acceptable size and KL’

it is converiient to start the design by assuming some load dimension for which all

performance parameters can be calculated from the curves,

A systematic procedure for doing this is to start with the minimum size load

transistor which minimum width and spacing restrictions will allow, This is found



to bhe

A\Y ; o3 nand I.| - .4 it

? ]

the corresponding KI value can now be calculated as

W N
! L -6 3 -6
= —_— =1,86 x 10 — Y =1,1x 10 -
K =K .20 1.86 x 6-2(.05 1% (B-£)
L D
for the shallow diffusion process. As explained earlier a different value of KL will
result for the deep diffusion process, A complete design will be carried out first for
6

the shallow and then for the deep diffusion process, Using the KL value of 1,1 x 10~ ,

Fig. B-3 yields, a KI/KL =24 anda V, min=9,9 V, Using the obtained KI/KL

1
ratio, Fig., B-4 yields a required WI = 4,3, Tigure B-3 also provides the corresponding

power dissipation,

Using the same mask size, the comparable KL is

w
' L -6 .3 . -6
= e ——————— —————— L, T O 1
KL K LL-ZUD 1,12 x 10 52 (L 19) 93 x 10

for the deep diffusion process. For a K_ =.93 x 10.6, Fig, B-3 yields a required

L
KI/KL ~40and V__ <9,3 V., Using the obtained }S/KL ratio Fig, B-4 yields a

required WI >6 mlxllws This computation is repeated for other loads for which ‘either
WL or LL is incremented by 1/10 mil, These rcsults are tabulated in Table B-1,
Some of the design trials such as No, 1, No. 6, and No. 7 require relatively large
inverter WI which would result in proportionally large area, Consequently, they are
eliminated from further consideration, Also des?g‘n trials with WL » .7 with I..L =.,6
are eliminated since a point of excessive power dissipation is being reached, Design

trials are also terminated for W_ >, 7 with L._ =, 7 since the area taken by the load

L L
device starts exceeding the desirable limit and consequently imposes severe restric-
tion on cell layout, Thus the choice is narrowed down to trials No, 2, 3, 4, 5, 8, 9,

10, From these trial designs, the remaiming possible designs of interest are

B-9



tabulated on the right side of Table B-I., | At this point it is sppropriate to introduce
a requirement that the deep diffusion process K ratio = KI/K 2 12 which resulted from
a study of the Zero level noise conditions and transient behavior, ThlS is due to worst
case considdrations of transferringalogic .11 Zero from one phase to the next, Due to gate
- to drain (Miller) capacity, the inverted Zero input is fed back to the input gate causing the
| inverter to partially conduct, ‘This in turn. results in a reduction of the logical One
output, - The minimum. IS/K requlrement is to assure reliable operation for this worst
case condition.” This requirement san be met. either by selecting those des_lgns where
| with the deep diffus;on process‘ the IS/KL 212 (design trials 2, 8) or by increasing the
WI' For design trial No, 2, the KI'/KL-> 12 and the required mask W, = 2.9 mils, In
the inverter the mask W_ is smaller than the electrical W_due to the underdiffusion,

1 _ I

This is the smallest value of WI which will satisfy the deep diffusion process require-

ments, Even though a smaller W, could be used in the shallow diffusios process, its

I
mask Wl must be the same for both processes, This results in an over-design for the
shallow diffusion process, The increase in WI results in a change of the design para'm-
eters, The' recalculated values are tabulated under the heading of acceptable designs.,

The actual KI/ KL is calculated from

'W +U

S e T X LR -} .
'L
W 4
K" 6 -2(.05)
L - 2V,

for the shallow diffusion process, Equation (B-9) may require some explanation, When
calculating the electrical width of the inverter resulting from its mask width, the unde: |
diffusion due to only 6ne side is added. This is due to consideration of layout rules and
misalignment between the gate oxide and the .source or drain p-regions, When calcu-
lating the electrical width of the load, no underdit'fusidn is added to the mask W_. This

. _ o L
is due to the manner in which the load device is constructed; this is evident from the

layout rules,

B-10
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I s important to distingulsh between the meaning of Vl min's in rable -1 The
first tabulation lists the available Vl min which is determined by the available KI . The
second tabulation is the required Vl min which is equal to or smaller than that available,

This is due to the fact that WI and KI/KL have been increased,

Attention is now turned to design trial No, 3 whose deep diffusion process K'/KL 712,
1

Here the KI/KI is increased by increasing W This requires a recalculation of

r
resulting parameters for both processes as was done with Design No, 2. This procedure
~ is continued for all trial designs of interest. A design choice is now made, based on a
compromise between minimum WI' minimum power dissipation, and minimum dimen-
sions for load device. Based on these considerations, Design No. 3 was sclected as

the best compromise to meet the requirements, The effects of stray circuit resistance

required further modification of the design. The final mask dimensions used are tabu-

lated on 'page B-27,

D. DESIGN OF 2-p¥ FAMILY

The design procedure for the 2-pF family is essentially the same as that for the
4-pF family, The graphs of Fig. B-3 to Fig. B-5 canalso be used for designing the
2-p¥ family if the ordinates are divided by a factor of two, Table B-1I is made up and
from it a design is éelected. It must be noted, however, that since the 4-p¥ family
is already designed, it restricts the design choice for tae 2-p¥ family, This is due to
the fact that the 4-pF and 2-pF families of the same process must be compatible, ‘This

means that the output levels (V1 min, V_ max) of the 2-pF family must be suilicieat to

satisfy the requirements of the 4-pF fam(:ly and vice versa, This requirement is
satisfied by first selecting a design where the 2-pF availabie Vl min of the 4-pt famiiv
is equal to or greater than the required V1 min of the 2-pF l'amily; WI of the chosen
2-pF family is increased if necessary, Based on these considerations, Design No, 9 of

Table B-II was selected for the 2-pF family.

B-12
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E. DESIGN OF INVERTER WITH COUPLING DEVICE

Another basic logic block is the inverter with a cou'pling gate, The circuit for this
configuration is shown in Fig, B-6a. This gate can be‘used as unit logic delay or to
prevent the transmission of information, This logic element must be compatible with
the basic inverter in such a way that when it replaces an inverter in a chain of 4, the
total delay of the chain must not increase, Possible locations of an inverter with trans-
migsion gates in a 4-stage chain are illustrated in Fig. B-6b. In each case the delay
frorn A to B must not exceed the delay of the upper most chain. The design of this
logic element is complicated by the fact that a choice of any one of the trancistors afiects
the choice of the other two. Therefore, many combinations must be evaluated in order
to find an optimum design. It is uneconomical to make exact evaluation of each combina-
tion, Consequently, the transient analysis prog’r:im was used to provide an approximatc
but reasonably accurate analysis of many device combinations without using excessive

computer time, The selected design was then thoroughly evaluated.

The model used in the first order analysis is shown in Fig., B-7, Here the
previously designed 4-pF inverters (3, 4, 5, 7) are used as a basis for propagation
delay comparison. Gates 1, 2 are used to simul'ate the condition when the output of
an inverter with a transmission device are switched to Vl min and Gate 6 simulates
the conditions when its output switches to VO max, An assumed device combination
is acceptable if -fhe following two conditions are satisfied,

(1) The delay of stages 1 and 2 g delay of stages 3 and 4.

(2) The delay of stage 6 < delay of stage 7,

The relation between the parameters corresponding to acceptable desins arc shown

in Fig. B-8., It can be seen that for relatively small values of W(," the required \\'“ ,
KLC and PSC are relatively high and that they decrease rapidiy {or increasing \\'(‘,.
When WC is increased from .5 mil to ,9, the required WIC decreases from 6,7 to 4, 2
mil, Consequently for efficient area utilization it is desirable to operate with a
relatively large WC. The upper limit on WC is determined hy noise and lavout ron-

L

siderations. An excessively large WC could deteriorate the one’ level (V| mim
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Fig. B-6b. Possible locations of inverter with transmission gate,
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during positive transition of the clock phase and may not be compatible with the

existing power bus structure,. The layout considerations indicated that a W __ up to 1.5

. C
mil would present no problems, .

In order to make a final selection of devices and to guarantee that worst case
dynamic and static conditions are satisfied, a -more detailed analysis was carried out,
This analysis included all significant stray capacities, "body effect'" and "early effect”,
In addition realistic clock waveforms were used, Various worst case conditions were
discovered and device sizes were altered slightly so as tovsatisfvy worst .case require-
ments, The circuit used for this study consisted of a chain of four inverters driving
another chain of four inverters via a transmission gate, With this model various
worst case conditions were simulated for transferring a logical One and a logical Zcro
using device sizes and process conéténts for each process, In addition, anal;yslivs‘ with and
without "early effect'” were compared, resulting in the conclusion that the worst case
results when "early effect" is not included, Subsequent evaluations were therefore
made without early effect, This procedure resulted in the selection of device sizes

having the following values for 4-pF fafnily.

r = 0,6 mi i — . ;
“LC mil LI,C 0.6 mil
. = 4,2 mi P = 0, '

WIC 4,2 mils IIC 0.4 mil
W, = LOmil L. = 0.4mil

The device sizes for the 2-pF family are

w = 0,3 mi . = 0,6 mil
LC mil Bre o
= 2.1mi = 0.4 mil
WIC 2,1 mils LIC b+ mil
WC = 0,5 mil L(T = (0,4 mil
F. STRAY RESISTANCE CONSIDERATIONS
Up to now the effects of stray resistances in MOS circuits were not included in the

design, Such resistances exist primarily as a result of interconnections made by p
regions, Figure B-9 shows a typical layout with its associated resistances, The

resistance is measured in squares and multiplied by the resistivity per square which
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‘ ranges from 100-150Qfor the two processes involved. Generally stray resistance u.us

a detrimental effect on performance and should be kept to a minimum, The degree to -
wluch it effects performance depends on its locatlon. The effect of resistors R 1 dnd E
R2 is to m(_:rease the charging time and thereby cause a reduction in speed. The effects
of R3, R4, ~R5 and R6 are more serious since they deteriorate the Zero level which coul
prevent operation at any speed, The deterioration of the Zero level becomes more
severe as K' increases, ' This is due to the fact that the resistance of the load device
and t‘hat of the inverter decrease as K' increases, With zero stray resistance, this

has no effect on the Zero level output voltage, since the ratio of inverter to load

resistance remains constant, However, when stray resistances R_ and R6 are present,’

3
this resistance ratio is increased, thereby increasing the magnitude of VO max, The
extent of damage produced by resistors R through R6 is a function of their location,’

a increases V max by an amount IDS R3 where IDS is the drain current,

Resistance [{4 which is located in the active drain region does not conduct the full curreat

For example, R

[DS since parts of it are shunted away by the inverter device which is conducting, Con-

sequently, the voltage drop across R4

reasoning can be applied to R6 as was applied to R4, however R6 in addition to increasin;

is pfoportionally less than that across 'R,g. Sinii.r

the VO max due to its own voltage drop also increases the voltage drop of the inverter
device by reducing the gate to source voltage. Most damaging of all is resistor R_’.)

which increases VO max by its 1 R5 drop and also reduces the gate to source voltage

DS
by the same amount, The relative effects of resistors R,3 to R, were evaluated with

6
the circuit model of Fig, B-10, To do this, the inverter device is sliced into n section .
The width of each section is made sufficiently smali so that its distributed resistance
can be approximated by a lumped resistor, Calculations are made with different values
of stray resistances, In each case the inverter size required to absorbh the smﬁc i
rent and provide the same V0 max is calculated, The results indicated that as each «f
the stray resistances is increased, the inverter device width has to be increased in
order to maintain the same value of V_ max, | Furthermore, the circuit of Fig. 3-10

0
may be approximated by a simplified equivalent circuit if the stray resistances assume
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QUTPUT A
Vo {man)

Fig. B~10. Model for éalculating effective stray resistance,

weighting factors as shown in Fig, B-11, Thus, by attaching weighting factors to
the individual resistors an equivalent stray resistance of the inverter device (R
can be caluculated,

SI)

Rg = R, +0.25R, +0.5R, ~ 2R, (B-9)

Based on this analysis, ah approximate expression is written for the equivalent
stray resistance of the load device as

R, = R, +L5R, - (B-10;

The value of RSI that can be tolerated depends on the upper limit of K', the I(I of the
inverter device, and the amount by which the inverter KI is increased over that required

when the stray resistance is zero,
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Fig. B-11, Simplified equivalent circuit of Fig, B-9.

The equivalent circuit of Fig. B-11 can be used to calculate the permissible stray
resistance. Since the KL of the load device and the required V0 ‘max are known, the
drain current (1) can be calculated as

WL
= Y ———— e - - - - —-ii.
1 K [Z(VGG VT VO max) (V‘DD V0 max) (B-11

DS LL-'ZUd

2
(VDD - V0 max) ]

The drain to source voltage (VDS) of the inverter becomes

- - 3- 19
Vps = Vo max -l Ry (B-12)
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and
I

DS
= f - C (B-1u
R 2V VoV -V P e VTI " Vs e
IN T "DS DS

. IDS .
K. = : . - < V 3-14
I e )2 er lVIN VT| VDS | (B-11)

IN T . .

as K' increases due variations in process or temperature, 1 DS increases proportionally,

This results in a decrease of VDS' An increase in K'also results in faster operation,

thereby increasing the value of 'VIN' A reduction in VDS tends to increase the required

KI while an increase in VIN tends to decrease the required l% The values of RSI and
K' determine which of the two effects dominate, For extremely low values of RSl' the
required KI decreases whereas for relatively large values of R I the reqixired Kr increases.

Figure B-12 to Fig. B-15 show the relation between the K /K as a function.of K' for

L
values of RSI =0, 500 Q and 1000 2, These curves are plotted for different sets of
= d a as K’
Vop' Vea and Vo voltages. It can be seen that for Ry = 0, KI/KL ecreases

is increased, which indicates that for RSI-—- 0 the design for minimum K' represents a
worst case, For RSI = 500 {1, the required KI/K at minimum K' is about 107, larger;
as K' increases, the requlred IS/KL remains relatively constant over a wide range ol
K'. For Rg, = 1000 2, the reduction in Vis definitely dominates and the required
KI/KL increases very rapidly for higher values of K'. From these results it can he
concluded that in order to operate with high K', the resistance RSI should not exceed
500 2, Since some resistance must be allowed in order to conserve chip area, the
penalty paid for ailowing 500 {3 is not too severe and results in a required 16% increase
of the KI of the inverter, Tﬁese results were obtained for an inverter device width of
3 mils. They can be generalized to be applicable to any inverter width, Thus the aliow-
able R SI for an ‘invevrter of width WI can’be approximated as

1500

) = === RBR-15;
RSI W] Q_ | ( 3)
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Fig. B-13, Effect of stray resistance on KI/KI .
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where W[ is the mask width which includes a 10% increase for stray resistance.
compensation, This computation assumes an inverter device mask length of 0,4 mil
and the process constants given in Table B-III "The results of equation B-9 and

equation B-15 may be combined to provide a formula for calculating permlsS1ble stray

resistance for an mverter device WI Thus

= + - ’ . -16)
Rg = R, 025R4+05R‘+20R§_ W I ]

It will be noted that the curves of Fig, B-12 to Fig. B-15 were obtained for VDD and
VGG values which are somewhat different than the design vol.tages-,used here. Also,

the Zero noise voltage V__ - =1 volt thereby resulting in a VO max as low as

2 5 volts, This' imposesNrgore stringent requirements on stray resistance than the i
I V_ max l = 3. 0 volts in this design, The results may be somewhat pessimistic, ‘a -

' fact which was taken into account in deriving the stray resistance relatlonshlps

The load resistance R__ and coupling device series resistance R _ for any memb_e)~ ot

SL C
the cell family must satisfy the following equations

-3
3 x 10

= < ————

Rg; = Ry + L5R, K. | -
-3 ’ | - | (B-17)
6 x 10 .

R, =R, <« =——0
CA 7 KC

where R7 is the total stray resistance in series with the coupling device, Tor equatinn
B-17 the values of K at + 135°C should be used, The allowed value of stray resistanc-
in the load can result in an approximate 2% increase in cﬁarge time, This is permitiiad
on the basis that the required Vl min is generally somewhat lower than the availabie

V1 min, A 5% increase in resistance is perm1551b1e in the coupling device since it s
sufficient over-design, The amount of stray resistance present in the inverter device is
a function of the layout and the point from which the output is taken, For example, stray
resistances Rz, R3, and R4 can be prevented from affecting VO max by taking the output

B in place of A in Fig, B-9. Under these conditions the only resistance that must he
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considered is R, and RG; The final mask dimensions which take into account stray

5
resistance are listed below,

Inverter

Load 1 pE | o 2t
Mask W =~ .5 mil o .4 mil
Mask LL .6.'mil B .8 mil_ '
Mask WI ' 3,0 mils N 1,5 mils
Mask Ll o o4 mil | .4 mil

Inverter with transmission device

Load . 4pF ‘ _ ~ 2pF

Mask W, .émil . .3mil
" Mask LL . ‘ .6 mil _ .6 mil
Mask WI 4.5 mils - 2,3 mils
»Mask LI _ _ .4 mil «4 mil
Mask -WC' . 1,0 mil " o5 mil
Mask LC .4 mil . 3 .4 miI-



TABLE B-III DESIGN SPECIFICATIONS |

' The cells are designed to drive either a 4-pF or a 2-pF load under the conditions

" specified below: -

) VDD 13,3 - 15, 3 volts
v .
GG 23.8 - 27,4 volts
Voo 3,5 - 4,5 volts
. K . 1,8 - 2,2 for deep diffusion process

vTvs. substrate bias V

3 - 4 for shallow diffusion process

K' vs Temp T-3/2_'
/2

ot 1/2 (vBs)!

- Lateral diffusion 0, 12 mil (deep diffusion)b

0. 05 mil (shallow diffusion)
Temp: -55 to +135°C
Mask alignment tolerance: 0,1 mil

(Resistance of p region)

R 150 Q per square

PN

(Capacitance of p region)
Cpy 007 PF/mil2
(Metal to thick oxide)
Cyp 0-02 PF/mil?
(Metal to thin oxide)

.2 pF/mil?
CMG 0.2 pF/mi
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The process and environmental specification require the cells to perform over a

wide range of K' values, Thus the extreme values of K' become

- | " -3/2 L, N2
" 135 ' v 408 ,
: 1 = K —_—— . 1 — = LI
o Fiss “Kmin T, 7K hin (298) | 624 K i
and
-3/2
» ' [ T_s5 / = - f218\
' = K N L = =\ =1, '
K -25 K min 'I‘25 : Kmax (298) 6_K max

where

K min is the minimum value of K' at 25°C
K' is the maximum value of K' at 25°C
max - : :

K' 135 18 the minimum value of K' at 135°C

and K 55 is the maximum value of K' at -55°C

Thus with shallow diffusion

K'135 = 1,86

and K'_55 = 6,38

with the deep diffusion

K'135 = 1,12

K' 55 = 3.51
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Appendix C

delay output, with reset

CELL INDEX
Pg. No. of Pg. No. of |
Data Sheet |Circuit Type File;
Cell No, Cell Name (Sec, 1V. B) (Sec, 1V.C) |
2070-2080 | 2-Input NOR, 2pF ' ps-1 CTF-1
2090-2100 2-Input NOR, with delay. 2pF DS-3 CTF-1
2110- 2120 3-Input NOR, 2pF DS-5 CTF-1 ;
2130—2i40 3-Input NOR with delay, 2pF DS-17 : CTF—2. ‘
2150-2160 ‘| 4-Input NOR, 2pF DS-9 CTF-2 '
2190-2200 2-Input N;«Np, 2pF DS-11 CTF-2, CTF-3
2£10-2220 2-Input NAND with delay, 2pF DS-13 CTF-3
5230-2240 | 3-Input AND NOR, 2pF DS-15  CTF-3 '
2250-2260 3-Input AND NOR with delay,'Zva | D_S-17 o .. VCTF_3, CTF-4
| 2270-2280 ‘4-Input NAND OR, 2pF -Ds-lg CTF-4
2290-2300 | 4-Input AND NOR, 2pF DS-21 CTF-4
2310-2320 * 4-Input AND NOR w.ith delay, 2pF 'DS—23 - CTF-5
23130-423'40 " 3-Input OR NAND, 2pF _ DS-25 CTF-5
2350-2360 ~ 3-Input Switch, 2pF (optional - DS-27 CTF-s, CTF-6
EXCLUSIVE OR)
[2370-2380 Dynamic Shift Register, 2pF, with 1/2 DS-29 CTF-6
bit and 1 bit delay outputs
2390-2400 Dynamic Shift Register, 2pF, 1 hit I)S-BI_ _CTF_—G
delay output, with set
2410-2420 Dynamic Shift Register, 2pF, 1 bit DS—33‘ CTF-6, CTF-7



CELL INDEX (Continued)

Pg. No, of Pg. No. of
. : - Data Sheet |Circuit Type File
Cell No.- Cell Name (Sec. IV.B) | (Sec. IV.C)
2440 Static Register, 2pF, "1" output with set | = DS-35  CTF-7
3460 Static Register, 2pF, "0" and "1" outputs | DS-37 CTF-7
2480 Static Register, 2pF, "0'" and "1" outputs DS-39 CTF-7
" with reset '
2500  Static Register, 2pF, "0" and "1" outputs | DS-41 CTF-7
set and kill
2520 | Dual Sample Register, 2 pF, "0'" and 1" DS-43 ~ CTF-8
outputs '
- |2560 ‘Schmitt Trigger . 'DS-45 oTE-?
12580 Dynamic Shift Register, 2pF, 1 bit delay | DS-47 CTE -8
' " output. o ' :
2600 Static Register, 2pF, ''1" output DS-49 CTE -8
2620 Static Register, 2pF, '"1" output with DS-51 CTF-8
reset
2640 Static Register, 2pF, "0" and ''1" outputs DS-53 CTF-9
~with set
2660 . Static Register, 2pF, '0" and "'1" outputs DS-55 CTFF9
with kill
2680 ; Static Register, 2pF, "0'" and "'1" outputs, DS-57 STT-9
reset and kill
2700 . Binary, 2pF, "0", carry and carry not DS-59 CTF -$
outputs




CELL INDEX (Continued)

C-3

Pg. No, of Pg. No, of |
' Data Sheet | Circuit Type File!
Cell No, Cell Name (Sec. IV.B) [  (Sec, 1V, ()
: 4
4010-4020 | Inverter, 4pF DS-61 CTF-10 :
:
4050-4060 Inverter with delay, 4pF - DS-63 . CTF-10 g
4070-4080 2-Input NOR, 4pF DS-65 CTF-10
4090~4100 2-Input NOR with delay, 4pF DS-67 | CTF-10, CTF-11
4110-4120 3-Input NOR, 4pF DS-69 - CTF-11
4130-4140 3-Input NOR with delay, 4pF DS-71 CTF-11
4150-4160 | 4-Input NOR, 4pF DS-73 CTF-12 :
4170-4180 4-Input NOR with delay, 4pF DS-75 CTF-12
4190-4200 | 2-Input NAND, 4pF D$-77 | CTF-12, CTF-13
| 4210-4220 2-Input NAND with delay, 4pF DS-79 CTF-13
4230-4240 3-Input AND NOR, 4pF Ds-81 l CTF-13
4250-4260 3-Input AND NOR with delay, 4pF DS-83 | CTF-13, CTF-14
4350-4360 | 3-Input Switch, 4pF (optional NS-85 | CTF-14
EXCLUSIVE OR)
4370-4380 Dynamic Shift Register, 4pF, with 1/2 DS-HT CTF-14
bit an_d 1 bit delay outputs ;
4390-4400 Dynamic Shift Register, 4pF, 1 bit delay DS-%59 : CTF-14, CTF-15
output, with set ; :
4410-4420 Dynamic Shift Register, 4pF, 1 bit pS-91 ! CTF-15 :
delay output, with reset ;
L_ ; i i



CLELL INDEX (Continued)

Pg., No, of Pg, No, of
: Data Shect | Circuit Type File
Cell No. Cell Name (Sec. 1V, B) (Sec. 1V.C)
4430 Static Register, 4pF, ''1" output DS-93 CTF-15
w/reset, w/o int, C,G. '
4440 Static Register, 4pF, "1" output with set .‘DS-95 CTE-15
4450 Static Register, 4pF, 0" and "'1" outputs{  DS-97 ‘ CTF-16
w/reset, w/o int, C.G.
4460 Static Register, 4pF, "_O" and "1'" outputs|  DS-99 CTF-16
4480 Static Register, 4pF, "'0." and ''1" outputs DS-101 CTF-16 -
with reset
4500 Static Register, 4pF, ""0" and "'1" outputs,| - DS-103 CTF-16
set and kill :
4520 Dual Sample Register, 4pF, "0" and "1" DS-105 CTF-16
outputs
1530-4540 RS Flip-Flop, no delay, 4pF, "0" and "1"| DS-107 CTF-17
outputs B
4530 Dynamic Shift Register, 4pF, 1 bit delay DS-109 CTF-17
output : '
1600 Static Register, 4pF, "1" output DS-111 CTF-17
4620 Static Register, 4pT, "1" output with DS-113 CTF-17
reset ,
i
4640 Static Register, 4pF, "0" and "1" outputs| DS-115 CTF-18 f
with set ' '
4660 Static Register, 4pF, "0" and ''1" outputs DS-117 CTF-18
~with kill '
4680 Static Register, 4pF, "0'" and "1" outputs,| DS-119 CTF-18

reset and kill

L.




CELL INDEX (Continued)

xé"- »——.-—~-—~ Pg. No. of Pg. No. o>f'” E
i . Data- Sheet Circuit Type File
iCel! No. Cell Name (Sec. 1V. B) (Sec, 1IV.C) i
5:)50—-&;10 Protected Clock Gate , DS-121 ~ CTF-19 ‘
6020-6030 | Clock Gate ~ | bps-123 CTF-19

6040 . Killer, 2, controilea i DS-1_.254 CTYr-19

26050 Killer, signal controlled - | DS-127 CTF-19
16060 DC Buffer, 25pF | Ds-129 CTF-20 |
| _ . .

{6070—6080 . Precharge Buffer, 53pF DS-131 CTF-20
gsos;o-moo | precharge Buffer, 78pF DS-133 | CTF-20
%6110-6120 Vrocharge Buffer, 103pF bS— 135 | CTF-20 r
2;61-10 sStatie IIO;tister Stri-ng Start . DS- K37 CTF-21 ‘
26160 ‘ Static Register String Middle DS-139 CTF-21

i6180 ‘ Statie Rewister String End | DS-141 | : CTF-21

%6201) Dynamic Register String Start DS-143 CTF-21

| .

%622(1 l)y;lami(: Register String Middle " DS-145 CTF-21

6240 Dynamic Register String End DS~147 CTr-21
é!B:SO-ﬁ:Zﬁ() Inverter, 10pF DS-149 CTF-21, CTF-22
26‘270 2, Clock Gate _ DS-151 l CTF-22

‘ 5280 %n Protected Clock Gate DS-153 CTF-22

L _




CELL INDEX (Continued)

Pg, No. of

Pg. No. of : |
_ 4 Data Sheet Circuit Type File
Cell No. Cell Name (Sec. IV.B) . (Sec, 1V.C)
7020 Tunnel end DS-155/156 | |
7030 Tunnel end DS-155/156
5 n-chip ali DS-155/156 |
7510 On-chip alignment pattern DS 15.5/ 5 > No Circuit
8040 Thick-oxide test transistor | ' DS-157/158 Type File
3070 ?1. Vpp Pad pattern DS-159/160
8080 Pos GN[D pad pattern' 'DS-161/162 J
9034 pad DS-155/156 CTF-22
__The following cells were added in January, 1969,
2570 Schmitt Trigger, @ | DS-45/46 CTF-8
5020 Protective Diode DS-120A/ CTF-18
5030-5040 | 2-Input NOR, 9 pF DS-1200/ CTF-18
N o 120D
5090 Killer, @ controlled ; DS-120E/ CTF-19
- . ' 120F
6290-6300 Precharge Buffer, 30 pF DS-154A/ CTF-22
~ : 154B :
The following cell was added in June, 1969.
2790 Dual Sample Register, 2 pF, DS-60A/ 60R CTF-9
' "1 output '
NALA—PASFC

‘a
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