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SUMMARY

The Mosazio Transistor Array is an extension of the
STAR system developed bv NASA which has dedicated field
cells designed to be specifically wused in semioustom
microprocessor spplications. The 8andia radiation hard bulk
cCMOS8 prooess is utilised in order to satisfy the
requirements of space flights. A design philosophy |is
developed whioch wutilizes the strengths and recognizes the

weaknesses of the 8andia prooess. A style of ocircuitry is
developed which incorporates the low power and high drive
capability of cMO8 . In addition the density achieved is

batter than that for olassic CMOS, although not as good as
for NMOS.

The basic 1logio funotions for a data path are
designed with ocompatible interface to the 8STAR grid system.
In this manner either random logioc or PLA type structures
can be utilized for the control logic.

i, T
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THE MOSAIC TRANSISTOR ARRAY
APPLIED TO
CUSBTOM MICROPROCEBSORS

1. Introduoction

NASA at Marshall 8pace Flioht Center has developed
the Standard Transistor Array (STAR) as a means of providing
cuiok turn-artound to the design-fabrication cvyole for custom

integrated ocircuits. It is in essence a semiocustem approach
utilising ¢two levels of metal interconneot for customising a
chip to an application. It orovides a means for fabrication

of the diffused understructure at one looation while the
customizging double-laver metal ocan be applied at another.
This allows orcanizations with proficiency in the thin film
hvbrid field to place the turn-around of custom 1. C.
development under their own contreol.

The associated STAR software allows for any mix of
automatic lavout and hand layout desjired. S8ince the
interconnections are regimented into a vertical-horisontal
format, a reasonable display of the ohip design oan be
mapped onto the column-row oriented line printer output. The
STAR software systen therefore does not demand an
interactive graphiocs oapability as a prerequisite for
efficient operation.

Due to the double-laver metal aspect, STAR provides
higher density than former automatio lavout sochemes which

utilize onlv one laver of metal. The chip understruoture is
packed with transistors and the interconnections are handled
overhead in the metal layers. The S8TAR scheme calls for all
metal to be routed over a rigid orid structure. The
interconnect points of the understructure transistors to the
metalization laver, i.e., the grid points, are 2also {ixned.

The nature of the layout and fabriocation of the
understructura oan be varied in all other aspects. Thus,

the S8TAR apoproasch oan be suited to variations of technology.
The intent is to sesparate the chip logic (in terms of
interconnections of grid points) from the technology (in
terms of solid state devioces whioch fsed through up to the

grid). Logio, onoe defined, can easily be transferred from
one technology to another or scaled up or down as desired.
The understruvoture consists for the most part of two

complementary transistors that are replicated over the whole

[P ——
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OF
echip. The task of changing Rtpy#}mctos is reduced to
redesigning two transistors. The acconmodation within a
tachnolegy to a specific vendor's dasires on Jdesign rules
can also be handled easily by redensiening the two

transistors.

The B8TAR format dedicates certain of the horisontal
and vertiocal lanas to the task of converting transistors
into standard logio cell designs in order to ease the burden
on automatic Jayout oomputation. This leaves cliaar lanes,
plus unused cell lane sagments, tor the global
interconnection of ocells into the tinal chip design. STAR
provides an excellent solution for custom integrated olirocuit
needs in the area of random loaoic. There is a considerable
need for such oapabilitvy in the interfascing of a standard
off-the-shelt miocroprocassors and their associated chips out
to the real world. The STAR approach is not area efficient,
however, in actual development of new microproceassors or
similar ohips.

The Mosaic Transistor Array (MTA), the subjeot of
this research effort, is an approaocoh aimed at reducing the
turn-around tinme in the development of mioroprocessor or
similar ochios. 8uch chips tend to have segments devoted to
RAM, ROM., PLA, and reqgister sctivities. The BTAR format,
which is optimiced for random logioc, provides more
interconnect lanas than are needecd for these very regular
struoctures. The MTA providas a small variety of
understructures to accommodate each such activity. These
understructures or field oells stil] maintain the same ¢grid
for oompatibility with the random logic field cell, but the
densitvy of transistors mav incrsase by a faotor of four.
The MTA loses the senicustom ocapability of the STAR.
Prudent inoclusion of extra random logioc and/or FPLA field
cells into a design provides elbow room fuor mistakes or
ochanges in oontrol seotion. In oconcept one only has te
revise the metal level masks. WVWafers having the pravious
understruoture prooessing would still be good for the naw
chip logic design.

A reguirement for "total dose"” radiation hardness
constrains the desion to be oompttible with an available
“hard" prooess. The Bandia silicon gate bulk CMOS proocess
has baen selected. This proocess presents interesting
conssquences for VLSI type designs. Channeling over the
p~-weall is minimised by requiring the poly gate to extend
over thin oxide into the P+ guard ring. This constraint
compronmises the normal CMO8 oirocuit density -- muoch less
compared with NMOS mioroprocessors.

The g¢goal of this research project is to develop at
least [} first generation set of oells suitable for
implemeniing the basio ocomputer funotions. In order to
achieve flexibility for varjous spplications, a oustomised
control struocture is visualized, possibly through
nioroprogramming. In addition an organiszed approaoch to the

2
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essaenbly of the svstem building bDlooks from both cirouit and

topology wvoints of view s required. A generalised data
path (bit-sljioe) struoture with a finite-state maochine
ocontreciler offers suoch an aporoach. Furthermore, the data

flow through the bit-slice oan be optimised for performance.

I11. The B8andia CMOS Prooess with Double-Layer Metal

The 8andia prooess has Ddeen ohosen sinoe it
represents & bulk silioon, radiation-hard proocess sujitabdble
for low-power space appliocations. Double layer metal add-on

ptoocessing is asssumed for this design -- just as in the
case for the B8TAR proqram. The 8andia process is a p-weall
process with a separate Pe guard~-ring diffusion.
Consequently, the all N+ poly interconnection/gate laver is
permitted to oross the field and p-well boundary. The
fabrication steps tequired for n-type and p-type devioces in
the Sandia process are explained with the aid of a series of
oross-seotional drawings in Figure 1.

The fabrication proocess begins with the growth of a
thermal oxide on an n-type silicon wafer. Figure 1a shows
the oross-secotion of the wafer after the thermal oxide has
been grown. The next set of steps develops the p-well whioh
is necessary for the isolation of the NMOS8 devioes. In
order to oreate the p-well, a hole must be made in the
thermal oxjde; this is done by & masking process. The
p-well mask allows the thermal oxide to be removed (n
tegions where a p-well is desited. The p-well is implanted
and driven-in. A thin oxide is grown over the well in
oonjunotion with the drive-in. The end result is indicated
in Figure 1-b.

The P+ guard ring is the next addition. This guard
ting serves to prevent the formation of a n-type ohannel
over the lightly doped p-well -- even with the trapped
positive oharges in the oxide due to high doses of
radiation. It also serves to inhibit S8CR latch-up. The
placement of the guard ring is oontrolled by & mask. Figure
i-o0 displays the wafear after a boron diffusion has produced
the P+ guard ring. The g¢guard ring mask (photoresist),
indicated by the region enclosing the wavy lines, is shown
in the figure.

A thiok oxide, referred to as the field oxide, is
then g¢grtown over the entire wafer. A mask is used to remove
the thiok oxide in regions where a thin oxide is desired.
Figure 1-d {llustrates the results.

The philosophy of the 8Sandia proocess is to have a
thin oxide oover the antire p-well, including the guard ring

and the PMOE devioces. The other regions are covered by a
thick oxide. It sheuld ba noted that the exposure to
radiation oreates hola-electron pairs in the eride. The

3
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electrons move relatively freely with moderate electtio ;
fields and aze drained off! Dy the rositive potential

interoconncctions. ‘The hoies are trappaed at the oxide
interfaoce, resulting in an effaotive acoumulation of
positive ocharge whioh asttracts eleotronic oharge {n the ;
silioon below. The ohatge trapoed is related to the oxide :

thickness to the second power, as a nmimimum. Consequently,
over lightly-doped p-regions, only thin gate oxnide is used
in order to prevent channeling between "unrelated” N+ nodes.
The thin oxide is provided Dy growing an oxide over
the entire watfer. This oxide growth does not appreviably
ohange the thiokness of the thick oxide already present. A
uniform polysilioon (polv) deposition follows the thin oxide

growth. The poly is doped N+ and will be used as the gates
for all the transistors, both NMOS8 and PMOS. A mask
referred to as the poly mask is used to remove the unwanted
poly. The poly that remains is covered by growing a Jlayer
of thin oxide. Figure i-a showtg the oross~-section of the

wafer at this point in the fabriocation process.

The wafer is now ready to be implanted with an Ne¢
material whioh will provide the soutoes and drajins of all
the NMOS devioes. The N+ implant mask (photoresist) is
placed on ¢the ohip and the N+ material implanted. The
results from this Ne implant step are indicated in Figure
1-1. The mask is still in place as indicated by wavy lines.
It is obdvious from the figure that the vlacement of the
souroe and drain regions in the p-well for the NMOS devioces
is oontrolled bv the fmplant wmask and the poly. This
provides a self-alignment of the NMO8 transistors which is
vital for proper operation of the device. One notes that @
Ne diffused reqgion oan be placed over the n-field in order
to aohieve ohmioc ocontaoct to the n-substrate. Tha N+ implant
nask must fall within the thin-oxide region.

Similar to the NMOS devices, the PMOS devices are
also self-aligned. The P+ implant mask is used with a boron
implant to dope the P+ regions. Figure 1-g illustrates the
tesults. From the figure it is saen that the placement of
the source ard drain recions of the PMO8 devioes is
controlled by the thick oxide and the poly. The P+ implant
mask does not allow the P+ material to be implanted inside
the p-well except in regions for ohmie contaot to the

p-well.

The removal of the P+ implant mask is followed by a
olass ooating. The otross-section of the wafer after this
step appears as in Figure 1-h. It is seen in the figure

that once the NMOS and PMOS deviocas have been constructed it
remains only to provide the metal inieroonnections betwaen
devices.

As ment ioned previously, double-layer matal
procesnsing is assumed. Before the first layer of metal is
depocited on the ohip, holes are out into the glazs that is
present on the ochip. This is done through another masking

L]
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step; the mask is this »~235e referred to as the contaot mask.
Pigure 1-1i illustrs’.es the ohid after this masking step.

The holes produced in the giass are oalled contacots, and the
oip is ready for the first layer of matal.

The first layer of matal, sometinmes a sjilicide, |is
deposited on the chip. A magk (s used to remove the metal
in Jloocations where it is unwanted. This teohnique was used
when the poly was lJaid on the ohip and will be used again
for the seocond layer of metal. Aftarx the titst metal
proocessing steps, the ohip sppears as in Figure 3. The
metal is indjicated in the figure by the ororz~-hetohed atea.
In the figure the drain of the NMOE device has been
ccnnected to the drain of the PMOS device. Gthar
connections between daevioes ocan be made by use of the metal.

The (tirst metallisation is followed by another glass
coating similar to the glass coating step whioch followed the

Pae implant . Before oconnections ate made using the second
metal)isation, holes asre ocut in the glass. Again a mask
(ocalled a wvia mask) is wused. The resulting hoies in the
glass are known as vias. The otrtoss-section of tha ohip

after the vias have been atohasd is indicated in Figure 1-k.

The seocond layer of metal, appropriately referred to
as top metal, is deposited on the ohip. Onoce again a mask
is wused during the etohing process to remove undesirable top
metal. This second netsllisation step ptovides the
temaining davioe oconnections that oould not be completed
with first metal. A final glass overcoat is placed on the
ochip as shewn {in Figure 1-1. The top metal has been
oross-hatoched opposite to that of first metal. hooording to
the fligure the connaction of the gates of the NMOS and PMOS8
devices has been mnade Dy the top mnmatal. This second
netallisation oompletes the process except for a pad mask
stsg that allows terminal connections of the pacxaged ochip
to the integrasted circuit.

The Sandia process oan bs auiockly summarised by
reviewing the different masks required during fabriocation.
Ten masks exoluding the final pad mask comprise tha complete
set of requirad masks. These masks acre in order: p-well, Pe
guard ring, thin oxide, poly Zate, N+ implant, Pe¢e implant,
contaot, first metal, via, and cecond (top) metal.

The design rules vused for theo MTA project are the
same as those desveloped for the radiation-hard STAR design.
These rvles are repeated in the following Table for the
reader's oconvenienocn.
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NASA SANDIA 1 p
MASK DESCRIPTION (MILS) (MICRONS)| ;
LAYER 1:  P-WELL %
1.1.1 MINIMUM WIDTH .2 5 '
1.1.2 MINIMUM SPACE 1.0 25 |
|
LAYER 2: P+ GUARD-BAND :
L
2.2.1 MINIMUM WIDTH .2 5
2.2.2 MINIMUM SPACE .6 15 }
2.2.3 MINIMUM WIDTH AROUND WELL .3 7
2.1.1 INSIDE EDGE OF GUARD BAND
OVERLAP TO OUTSIDE OF P-WELL 0 0
{
LAYER 3 THICK OXIDE (ALIGNED TO P+ GUARD-BAND)
3.3.1 MINIMUM THICK OXIDE WIDTH .3 7
3.3.2 MINIMUM THIN OXIDE SPACE .3 8
3.3.3 MINIMUM SPACE (P+ TO P+) .5 12
3.2.1 MINIMUM THIN OXIDE OVERLAP 4
OF GUARD BAND EDGE .2 5
3.2.2 MINIMUM THICK OXIDE TO
GUARD BAND WHEN USED TO
DEFINE N+ .325 8
3.2.3 MINIMUM THICK OXIDE TO
GUARD BAND WHEN USED TO
DEFINE P+ DRAIN .65 17
3.2.4 SAME AS 3.2.3 EXCEPT
P+ SOURCE .5 13
3.1.1 MINIMUM THICK OXIDE TO
P-WELL WHEN USED TO
DEFINE P+ DRAIN .85 21
3.1.2 SAME AS 3.1.1 EXCEPT
P+ SOURCE .675 17 j
3.3.3 MINIMUM THIN OXIDE TO g
SCRIBE LINE 2.0 50 %

Table Ia - NASA Design Rules For Sandia Process

8




R R

ORIGINAL PAGE IS
OF POOR QUALITY

« NASA SANDIA
+1IASK DESCRIY’TION (MILS) (MICRONS)
LAYER &: POLY SILICON (ALIGNED TO THICK OXIDE)
4.4.1 MINIMUM LINE .25 6
4.4.2°  MINIMUM SPACE .25 6
4.4.2 MINIMUM PMOS GATE LENGTH ‘ .25 5
4.4.3 MINIMUM NMOS GATE LENGTH .2 8
4.3.1 MINIMUM POLY TO THICK
OXIDE ' .075 1
4.2.1 MINIMUM POLY TO GUARD BAND
WHEN POLY DEFINES N+ .35 9
4$.2.2 SAME AS 4.2.1 EXCEPT POLY
DEFINE5 P+ DRAIN .7 18
4.2.3 SAME AS 4.2.2 EXCEPT POLY
DEFINES P+ SOURCE .6 14
4.3.2 MINIMUM POLY GATE OVERLAP
OF THICK OXIDE .2 5
4.2.4 MINIMUM POLY OVERLAP OF
GUARD RING .25 6
4.1.1 MINIMUM POLY TO P-WELL WHEN
POLY DEFINES P+ DRAIN .9 22
4.1.2 SAME AS 4.1.1 EXCEPT POLY
DEFINES P+ SOURCE : .7 18
LAYER 5: N+ IMPLANT (ALIGNED TO THICK OXIDE)
5.5.1 MINIMUM WIDTH .2 5
5.5.2 MINIMUM SPACE .2 6
5.2.1 MINIMUM N+ TO P+ GUARD .4 10
LAYER 6: P+ IMPLANT (ALIGNED TO THICK OXIDE)
6.6.1 MINIMUM WIDTH .2 5
6.6.2 MINIMUM SPACE .5 12
6.2.1 MINIMUM P+ DRAIN TO
P+ GUARD .75 19
6.2.2 MINIMUM P+ SOURCE TO
P+ GUARD @ VDD .6 15
6.2.3 MINIMUM P+ DRAIN TO
P+ GUARD @ VDD .6 15
6.3.1 MINIMUM P+ TO THICK OXIDE
WHICH DEFINES P+ .2 5
6.1.1 MINIMUM P+ TO P-WELL .9 23
6.1.2 MINIMUM P+ TO P-WELL
@ VDD .75 19
6.5.1 MINIMUM P+ OVERLAP OF
N+ FOR SHORTING ’ , .05 1

Table Ib -(Continued). NASA Design Rules For Sandia Process
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NASA SANDIA
riASK UESCRIP1TION (MILS) (MIgRONS ]
LAYER 7: CONTACT (ALIGNED TO THICK OXIDE)
7.7.1 MINIMUM CONTACT .3x .3 6 x 6
7.3.1 MINIMUM CONTACT INSIDE
THICK OXIDE DIFFUSIOW .2 11
7.4.1 MINIMUM CONTACT INSIDE
POLY TO EDGE .15 A
7.4.2 MINIMUM CONTACT OUTSIDE
POLY TO EDGE .2
7.5.1 MINIMUM CONTACT INSIDE
N+ DIFFUSION .2 5
7.6.1 MINIMUM CONTACT INSIDE
P+ DIFFUSION .2 5
7.3.1 MINIMUM CONTACT FROM
OXIDE STEP . .2 5
7.7.2 MINIMUM CONTACT FOR SHORT-
ING OVERLAP DIFFUSIONS - .3 6
MINIMUM P+ GUARD CONTACT .3 7
LAYER 8: METAL (ALIGNED TO CONTACT)
8.8.1 MINIMUM METAL WIDTH .5 8
8.8.2 MINIMUM METAL SPACE .3 7
8.7.1 MINIMUM METAL CONTACT
OVERLAP .1 1
8.3.1 MINIMUM METAL TO SCRIBE
LINE 2.0 50
LAYER 9: = VIA (ALIGNED TO FIRST METAL) |
9.9.1  MINIMUM VIA 3x .3 6 x 6 |
9.8.1 MINIMUM VIA INSIDE METAL .1 1 ;

Table IC = (Continued). NASA Design Rules For Sandia Process
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NASA SANDIA
MASK DESCRIPTION (MILS) (MICRONS)
LAYER 10:  SECOND METAL (ALIGNED TO VIA)

10.10.1  MINIMUM METAL WIDTH .5 8
10.10.2  MINIMUM METAL SPACE .3 7
10.9.1 MINIMUM METAL OVERLAP

OF VIA .1 1
10.3.1 MINIMUY BONDING PAD TO

THIN OXIDE 1.5 40
10.10.3  MINIMUM BONDING PAD TO

SECOND METAL 1.5 40
10.8.1 MINIMUM BONDING PAD TO

FIRST METAL 1.5 40
10.10.4  MINIMUM UNBUFFERED °

PAD SPACING 8.5 220
10.10.5  MINIMUM BUFFERED PAD

TO PAD SPACING 12.5 320
10.10.6  MINIMUM PAD SIZE 4xa
10.10.7  MINIMUM VSS & VSS BUS

WIDTH .6 16
10.3.1 MINIMUM METAL TO .

SCRIBE LINE 2.0 50
10.11.1  PAD MASK INSIDE METAL PAD .175 4

Table Id -(Continued).

11
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111. The Design Approach OF POOR QUALITY

A gensralized bit-slice struocture with 3 ;
finite-state machitie ocontroller is visualized to offer the ;
flexibility objectives of this work. Mead and Conway H
suggest such an approach in their design tent. Kowsver, %

their circuit philosophy s based on silicon gate NMOB with
deplation devioes - a technology not suitable for the !
radiation environment of space flights. Their f
jmplementation of logioc by means of registar-to-register ;
transfer paths through combination logic with each register
being gated with a opartiocular olook phase is not new,;
however, their extensive use of pass transistor logioc to
implenent the oombinational logio is unusual. Ratioed logio
is principally restricted to the latches and registers; the
ratioless pass transistor logio achieves the extended AND X
function at essentially =zero stand-by power with the only i
performanoe oompromise being fan-in. In this case the pass ;
transistors &are bi-lateral switohes supplying current as a '
source-£fo] lower and sinking current as common source devioce.
The souroce follower confiaguration has two short-comings:
1) Its final output value (pull-up) is limited by
the body-ef{fect to approximately 3.5 volts from a
S volt supply -- even for a high performance NMOS
process. :
2) The time for the O to 3.5 volt transition is e
approximately five timess longer than f>r the 3.5

to O volt transition (operating as a common source .
devioe).
Nevertheless, the simplicity of pass transistor logic is i
very attraotive, particulzrly for VLSI designs. Precharging ;

"high" oan minimize transition delays in many cases.
Attempting to apply these conocepts to CMOS .
technologisas prosents some interesting dileummas. Replacing o,
tha rcatioed inverters in the latches and registers by CMOS
invertars is a stra.ght-forward decision; however , the
“gstruotured" combinational logioc poses a problem. Pass
transistor switches, historically, in CMOS are implemented
with pairs of devices, one NMOS and one PMOS for each
switeh, in oryder to avoid using a devioce in its compromised
source-follower oconfiguration. A bulk CMOS process with the
MO8 deovices built in a p-well, such as the Sandia process,
provides NMOS desvices with poor devica oharacteristios
compared with standard NMOS devices. The high p-well doping
in the Sandia prooess (higher than normal for radiation
o hardness) produces a greater body-effecl and reduced channel

, mobility oompared with the standard. Censequently, the
» Sandia NMOS8 device is particularly wunsuitable as a
- geurce-follower. As a rTesult a direct implementation of the

pass-transistor 1ogic wutilized by Mead and Conway is not
practical in this design effort.

12
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On the other hand oclassical CMOS is not practical

for VLS8! either. The CMOS8 devioe count for combinational
logic is approximately twice that for NMOS. Further,
implementing pass-transistor logic with olassiocal CMOS8

requires true and ocompliment signals to drive the NMOS and
PMOS8 pair -- thus requiring roughly twice the number of
control signals and drivers as for NMOS.

One alternative approach remains: implenent
pass-transistor logioc with PMO8 only, wutilizing the fact
that the PMO8S devices in the Sandia process have a

relatively low body-effect. In addition the P+ guard ring
diffusion ocan be used as a diffusion ¢tunnel under poly
interoconnections to provide a much needed cross-under

capability.
Consider a CMOS latch with a PMOS pass-transistor
serving 3 a multiplezxing switch. The PMOS pass--gate will

provide + output swing from about 1.5 volts to the power
supply. Adiusting the ratio of the first inverter in the
latch can provide the necessary level shifting. However, an
additional NMOS devioce is required with the PMOS feedback
transistor to supply the full voltage swing after
“"lIatoh-up", thus »providing the full gate drive signals,

facilitating the full output drive from the inverters.

In this design philosophy the NMOS8 transistors,
whioch reguire the extra area for channel stops, are utilized
onlvy where necessary. The NMOS desvioca is an effective
switch in the common-source configquration; however, a PMOS
device is required for pull-up either in a classical CMOS
fashion or precharged in a cloocked scheme.

13
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The Data Path Cirouitry

Pollowing the philosophy of Mead and Conway the data
path (s organised as parallel bit-slices from one port to
another port as illustrated in Figure 6. Two different
buses run batween the two 1/0 ports and pass through the
dual port reqister array, the barrel shifter, and the ALU.
The ALU is bDuilt around a Manohester-type oarry ofrcocuit.
The oarry-out signal is precharged high prior to logio
evaluation <(phase 2) and remains high uniess the kill signal
(X) is true or P*Cin' is true where P is the pass signal and
Cin' is ocompliment of the carry-in signal.

Cout' = K + P*Cin’

The kill sand pass signals are generated Dy generalised
function bloocks, Figure ?. Each blook contains four ocontrol
signals and is driven by true and conmpliment signals from
two data sources, e.g..

Cout » GCOWA'®B' 4+ GiI*A'*B + G2TA®B' + C3*AxD

where A & B ate data signals and GO0 - G3 are control signals
determined by the interpretation of the instruotion.

The ALU is {llustrated in Figure 8. The ocarry chain
cirouitry is implemented in NMOS8 since it is precharged high
during phase | and conditionally disoharqged low during phase
2. The NMOS8 device is tfaster in this mode than the PMOS
devioce. In addition the K and P funoction blocks oan be
precharged low during phase 1 and conditionally charged high
during the sesvaluation of the logic, phase 2 -- thus
achieving a ripple-through effeot and saving one signal
inversion and two logie gates.

The ALV is preconditioned for logiec evaluation
(precharged) during phase 1§ and the logio is evaluated
during phase 2. The data s transferred over the buses
during phase 1 with the buses prechargad low during phase 2.
The two input latohes, A and B, have nultiplexing gates

which select siqgnals from three sourcas: 1) For latoh A the
pessible signals are Bus A, the shifter output, and the
shift-oontro>l signal. 2) For latch B the possible signals

are Bus B, the shifter output, and the shiit oontrol signal.
These signals are selected during phase 1 and latched during
phase 2. The two output latches sample only the output of
the R blook during phase 2. Efther output Jatoh ocan drive
either bus during phase .

The oarry-chain output drivas the carry input for

the next bit-slice. After several bit-slices are added

together, the discharge delay through the several

pass-transistors can ULscome esxcessively long. By utiliszsing
17
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the Cin signal ogenerated to drive the R PFliook as the drive
signal for the oarry propagation gate on a periodio basis,
the pass-gate logioc is DbDuffered to minimise the oarry
propagation delay.

The data Duses are preoharqged low during phase 2 and
oonditionally charged high through the enabdbled PMOS
pass-gate as 4{1llustrated in Tigure 132. The two port
registar o©ell with its PMOS drivers to either bus is shown
in Figure 10.

Between the reagister and the ALU is a barrel shifter
whioh oonoatenaies ths two buses with bus B being in the
lowar signtficant bit po itions. With the shift constant
equal ts sero the shifter output corresponds to the A bus.
With a non-sero shift oconstant, *he output is shifted down
the ocorresponding number of bits. he most significant DbDits
tfrea the A bus are omitted and the most signifioant bits
of the B bus are Inoluded. Figure 11 illvstrates the
pass-—-gate logio used in a 4 x 3 bit barrel shifter. For the
Sandia prooaeass the shifter is implemented in PMOS with the
shift output preocnarqed low in phase 2. 1f data is read out
of a register to an input latoh, the transfer oceours in
phase through three PMOS pass-gates: a dual port read
switoh, a shifter switoh, and the nultiplexer at the lateh
input.

The shifter also accomodates data transfers batween

hus A and a literal -port to the ocontroller. The controller
can supply a literal in phase 1. Data transfer in the
reverse direotion is possible in the opposite phase. Figure

13 illustrates the bi-latera! bduffer.
A tri-state 1/70 buftfer is given in Figures 14 and

15 . The output is latohed from either bus and enabled with
an asynochronous signal with the latoh driving either bus
during phase 1. An appropriate number of inverter stages is

inoluded in the buffer to achieve the naeceassary capascitanoce
driving oapability.

18
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V. Additional] Comments

This design of the funotional elements for a data
path logioco provides the tfoundation for implementing a
nioroprocessor with the MTA oconoept. In this regard either
the struoctured SLA desocribed in another part of this report
and/or oconventional STAR cells can be used to implement the
ocontrol logie.

The data path or bit-slice approach is quite
flexible and is compatiblae with the conoept of
mioroprogranming with a PLA type struocture. Electrically
reprogranmmable PLAs oould even provide tield changes in the
basio instruction. The popularity of the bit-slice approach
is exenmplified bv recent announcements from Hawlett-Packard
and Bell Laboratories. It should also be noted that the
Bellmacd2 from Bell Laboratories is a 32 bit processor
implemented with CMO8 which uses their poly cell (standard
cells) struotures in conjunotion with a datas path funotion.

The detail drawings of the funoctional cells for the
data path are provided in the appendix.
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Part 4: Stored Logic Arrays - SLAs Implemented
with Clocked CMOS
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S8TORED LOGIC ARRAYS - SLAs
IMPLEMENTED WITH
CLOCKED CMOS8
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SUMMARY

Btored looioc aArtayvs are foldad PLAs with the AND

and OR planes merged into one physical space. The
structure is shown to be compatible with the STAR layout of
transistors. As & result the STAR foundation wafers, or
similar struocture, can be used to implement the structured
logic assocciated with PLAs . This structure offers the
potential for implementing the <control structure for the
Mosiac Transistor Arravy. In addition the structure offers

an organized approach for the distribution of logio gates
in state machines and as such may represent an approach to
untangling the placement and routing difficulties in randonm
logioc.

In order to efficientlvy ocompact the logic onto the
regular grid of the STAR, it is necessary to davelop a new
style of CMOS ocircuitry whioh does not utilise the classic

CMOS pair of transistors for each fan-in. A clooked
varietv of CMO8 is developed which achieves higher layout
density and performance. Concenpts of simultaneously
precharging a series of gates are developed. At an

appropriate clocking signal the logic is evaluated with the
signals "rippling” through the logiec. This concept has led
the author te the term "ripple" logic. It is shown that
the logic is not general; consequently, the compromises are

developed relative to high performance, regular logio
arrays. 8ince dynamic technigues are vutilised, careful
oonsiderations of chargs splitting aze observed. As such,

¢cloocked CMOS oconceptsc are presented in a form suitable for
the uninitiated readers.

iv
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STORED LOGCIC ARRAYS -~ SLAs
IMPLEMENTED WITH
CLOCKED CMOS

I. Introduction

Cate arravs haive become inoreasinaly popular in the
last few vears as a maans of implementing complex logic
with reduced enginecring cost. The NASA STAR is a
double-laver meta]l] CMOS vers.~on of a oate array. The S8TAR
has at least two features which offer oconsideration of an
alternate design aporoach: 1) The 8TAR is composed o0f rows
of NMOS transistors and rows of PMOS transistors with the
neighboring transistors always coupled via the souroce/drain

diffusion. 2) The gates of the transistors are lett
unoonneoted through the standard lavers and are connected
with the programming mask levels. Array logioc such as

programmable logio arravs (PLASs) or storage logio arrays
(8LAs) offer an organized means of placement and routing
for logio with some s3acrifice in performance.

Classio CMOS ocircuitry requires sianals to drive
pairs of transistors instead of one, as normally used in

NMOS . This requires greater area for interconnecotions and
transistors. However, oclocked CMOS, with the concept of
precharging oirouit nodes and then conditionally
discharging them, requires only one transistor per signal
input . Furthermore, it offers the potential for speed
enhancement . A requiremant for this ciroeuit style is that

the gates for NMO8S and PMOS8 pair transistors remain
uncommitted, a feature found in the STAR design.

An SLA is a partiocular variety of PLA which is
folded with ¢thse OR and AND planes merged together. The
latohes ( or flip-flops ) can be placed around the logio
array. The actual size ot the AND and OR ogates for
particular signals oan vary with the actual applications,
thus providing folding opportunities not normally found {n
PLAsS. The STAR design offers the potential of implementing
the 8LA on its standard structure. The 8SLA design can be
part ot a 8TAR chip design and merged ir with conventional
gate implementations.

With these oconoepts {in mind the S8LA design is
pursued.
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11. Clocked CMOS
A. Basio Conocent

There are several ocloocked CMOB oirocuit styles. All
are based on the conoept of precharged qgates. Defining an
N-Cate as a cloocked CMOS8 oqate whioh wutilizes NMOS
transistors for logic aevaluation, one simply uses a PMOS
transistor to precharqge the output unconditionally to the
positive supply potential during some precharge olock
signal and oconditionally discharqes the output back to
ground through a series-connected NMOS transistor which is
switohed on with an evaluation oclook signal. It the
series/parallel combination of NMOS transistors which form
the logic funotion offers a path to ground, the output is
discharged during the evaluation period. 1t the logic
deviocoes do not offer a oconduction path or the evaluatien
device is not turned on, the output remains in its
precharqged state subject to the leakage discharge of the
node. This leakaoce time oconstant can be expected to exceed
1 mseo with tvpiocal values beina in the order of one
second. This information associated with the oharged state
of the output is dynamic in nature and requires sampling
with approorjiate timing constraints. One can realize the
logio function of the gate by noting the ocondition
associated with discharge is producing a "0", for positive
logio. 1t two devices are in series, both must be on for
discharaqe, resulting in the NAND function being realized.
It devices are in parallel, either oan discharge the
output; hence, the NOR fuynotion is realizad. The more
general parallel/series arrangement can be analyzed in a
similar manner.

The P-Cate is defined in a dual manner to the

N-Cate. The logico-forming transistors are implemented with
PMO8 devices and the precharging load devioce is a NMOS
transistor. The output is wunoconditionally precharged to

the "0" state and oonditionally ochatrged to the positive
supply throuoh the PMOS loqic during the evaluation perijod.
With serjes PMOS logioc transistors the 10qic formed is the
NOR function, assuming positive logic. With parallel logic
transistors the logic formed is the NAND function. In
gensral, the saries-parallel conmbination of FMO8
transistors must be the dual of the parallel-seriaes
combination of NMOS transcistors for a given logic funotion,
just as for classiocal CMOS.

Consider the following oconcepts fllustrated in
Figure §: The information in the state flip-flops is
stored in wore-or~less oonventional CMO8 latohes with
active output drive in both directions. Looal feedback in

the latoch provides indefinite retention of the information.
The clooked P-Cates and N-Cates are vrecharged to their

e
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§ FIGURE-1 CLOCKED QMOS CONCEPT
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appropriate levels during the precharge

er s*and-by period, a period whioh can last an indefinjte
time since the state information is stored in statie
latoches. N-Cates drive P-Cates and vice-versa. 8imilar
gates never drive each other, e.g., N-Cates never drive
N-Cates. One observes that the oclocked gate inputs, if
driven from an opposite type, are precharged to the
condition whioh turns the logio devices off. Consequently,
ne oomplete oconduction path oan exists between the power
supply and ground in this precharged state, even it the
evaluation device is rcemoved. The gates driven directly
from the state tlip~-flops, however, do not rnecessarily have
their loglio devices turned off; consequentliy, evaluation
devices are reguired for these stages in order to achieve
near sero stand-by opower. In principle: a string of
clooked qates of alternating types can be precharged during
the stand-by perioed; the precharge cloocks can be removed;
the evaluation signals oan bDe applied +to the state
flip-flop driven stages:; logiec signals can then propagate
through the string in a ripple-through manner limited only
by the transition times of the individual stages.

8. Observations

Timing signals are redquired for the ©precharge
(stand-by) phase, the 1n0gic evaluation phase, and the latch
enable phase. No sdditional timing clocks ate required --
unlike the ocase of oclocked, non-ratioed, single-polarity
oitrouitry with multiple logic phases. The jdeal timing
oould bDe achieved with a single svstem oclook. For example,
the svystem oloock ocould repressnt the stand-by phase when
the olook is low; when the cloock goes high, the evaluation
phase begins and oontinues until the clock returns to the
low state whioh enables the flip-flops (edge triggered).
Dynamiec information is used during the evaluation phase;
conssquently, there is an upper limit on the pulse width
for the system clook of about § mseoc.

The propagation delay for the ripple-through
clooked CMOS8 should be faster than for classical CMOS or

oloocked single-volarity oircuitry. The discharge delays
are achieved through ocommon-souroce oonfigured FETs, the
fastest tvype, wit™ only single transistcr loading per
fan-out. Eaoh transition delay begins when the input

signal reaohes the davioce threshold instead of tha cirocuit
threshold of ratioed or classical CMOS8 cirouitry. There is
no added delay assoocoiated with additional evaluation clocks
as {rn the oase of single-polarity oloocked non-ratioed
cirouitry.

Classioa! CMOS gates or statioc gates can be used in
place of olocked gates; however, the precharqged levels must
be ocompatible as betore. This may be beneficial sinoce the
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observations

static cirouits cen be introduced, however the precharged steges sust §
becompatidle. (1ow stend-dy power) ‘

-sxample

1—>x
N\

F __—LP] N

*J

O—> vy

the p-gate could be statio

tte inputs are precherged high by the n-gate outputs
its output will be precharged low

its cutput can only drive n-gatss A

edding extrs olooks provides more flexibility at the seorifioe in

ssynchronous behavior

FIGURE~2 CLOCKED CMOS OBSERVATIONS
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classic cate supplies aoctive drive from both direotions,
although compromising input loading.

It should be noted that the output of any stage can
drive anv "downstream"” stage of the opposite type. As an
exanmple, let the first stage from the flip-flops be stage !
and of N-Type. The P-Gates then fall on the even number of
stages and any of them can be driven from stage .

Ex¢tra evaluation o¢clocks <c¢ca2n be added foOor more
flexibility althouah asynchronous behavior i{s sacrificed.
The added flexitility may be desired in order to achieve a
more ceneral form of loagic function. Driving an N-Gate
witn another N-Gate is an example. This subject is dealt
with in more detail in the section implementing the PLA
logic function.

Figure 3 illustrates a ripple realization of the
AND-OR function needed in PLAs. The first stages are
N-Gstes, gseries NMOS ¢to provide the NAND function. The
seocoond stages are P-Gates, paralleled PMOS also to provide
the NAND. The NAND-NAND is cne implementation of the
AND-OR. The output of the second stage is precharged low
and conditionally charged high during the evaluation phase.

One notes that an entire NAND-OR funotion can be
implemented in the (first N-Cate stage by paralleling
(providing the OR funotion) additional discharge paths to
ground through series devices (providing the AND function).
A conseguence of this two-level gate is that the implicants
(the AND terms) cannot be shared with other OR gates.
Another consideration is the comparative delay associated
with series-connected gates having extended fan-in (F/1).
Large PLAs require large F/1 and, preferably, the
implicants c¢can be shared. As a consequenoe, parallel
configured gates are explored next.

C. Basic Types of Parcllel-Connected CMOS Gates

Figure 7 jllusirates five different versions of
cloocked CMOS8 ¢::28 which utilize parallel connected NMOS
logic devioces. The classic CMOS gate is also included for
illustrative purposes. There are two famjlies of olocked
CMOS: the ripple variety without the evaluation device and
the gated variety which responses to an evaluation signal.
Duazl versions exist in the P-Cate type, providing a total
of ten versions ot clocked CMOS gates using
parallel-connectad logic devices.

The first of the ripple varjeties wutilizes
comMmON-S$OUrce logitc devices and is labeled NRiI which
indicates N-Gate, Ripple, and inverting output. Assuming i
the N-GCate type, the logic tfunction is NOR, the inputs are i
precharged low; and the outputs are precharged high. This
gate implementation provides the fastest response of all

6
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basic types of CMOS gates
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the versions.

The sesoond of the ripple varieties utilizes
source-follower configured logio devices, whioch results in
a non-inverted output, and is labeled NRn. For the N-GCate
the input and outputs are precharged l1ow,; the logic
function is OR. 8ince the output voltage swing is not all
the way to the supply votential -- limited by a threshold
voltage below the rail - this version is generally not
useful and only used in special ciroumstances. Since the
body-effect cn the threshold voltage lowers even further
the output swing, this version is especially dubious for
the logic devices fabriocated in "wells", suoch as NMOS in a
P-well process. This variety is approximately an order of
magni tude slower than the inverting version -- even to
reach its limited output swing. As an example, for a
P-well process and with a 5 volt supply, the output swing
is approximately from gqground to 2.5 - 3 volts. Requiring
the output to swing only over & limited range, near ground
fcr the N-Cate, improves its usefulness.

The first and third of the gated versions utilize
CoRMON-~-SOUTrCe devices and provide the NOR logic funotion.
Both provide full rail-to-rail signal swings; the outputs
are precharged high; and the inputs need not be precharged
The Jdifference between the two relates to the location of
the evaluztion device.

The label for the NGa version refers to the Gated
variety and the fact that its inputs must be driven from an
"aotive” sourcina output to prevent charge splitting. For
example, as illustrated in Figure 5, the outputs driving
this gate must be able to supply current from the positive
supply for a "1" input when the evaluation device is turned
on. During precharge the output of the NGa gate is
precharged high. One input is presumed to be precharged
high, resulting in the (common) sources of the logie
devices being precharged high to within one threshold below

the supply voltage. The channel! is only weakly induced in
this case. When the evaluation device is turned on, the
scurce node is »pulled to ground with ocoupling through the
full gate ocapacitance to the input nodes. NOTe that if

there is no astive source for charging this coupling
capacitance, then the input signal level is pulled toward
around, reducing the effective drive of the input. The
amount of this signal loss depends on the effeotive node
capacitance of the input and the coupling sapacitance of
the gate. A precharged output for a simple inverter with a
large fan-out requirement would lose significant signal. A
classio inverter or a P-Gate can supply the necessary
current to provide the full input drive voltage. One also
notes that the evaluation device can be shared with other
NGa cates.

The third version of the gated variety, tha NGCe
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version, has its evaluation device between the ocutput node
and the ocommon drains of the logic devices. The "c¢" refers
to the output requirement of driving a large capacitance
load when the fan-in is large to minimize charge splitting.
Vhen the precharge phase is present, the output is
precharged high and the common drains of the logic devices
are presumed to be discharged low. It the inputs are
subsequently discharged to ¢round and then the evaluation
devioe is turned on, only the output capacitance s
available to supply ocharge ‘n order to charge the common
drain node. The resulting charge splitiing may reduce the
output signal to unaccentable levels. For example, if the
output is driving a4 simple inverter (minimum fan-out) and
the fan-in is larqge, then the effective capacitance on the
common drain node may well dominate the load capacitance,
leading to effeotively no 1" output.

Another version of the gated varieties of clocked
gates is labeled NCbL for "bootstrlb" from the nature of the
cirouit action. The sources are tied to the evaluation
clock which is at ground during precharge. The drains of
the logic and load devices are connected to the ocutput.
Since the preocharge oclock is high during precharge, the
output is discharged low during precharge through the load.
The input signals are fed through the series devices during
precharge to the gates cf the loqioc devices. At the end cf
the precharge phase the series sampling devices are turned
of £, leaving the logioc device gates charged to some state.
It all of the inputs zre low, then no ochannels exists
be tween the svaluation clock znd the output; consequently,
very little ocoupling exists between the svaluation clock

and the logic gates. When the evaluation cloeck goes high,
the ocutout remains low, at ground. On the other hand, if
any one of the gates is charged when the evaluation clock
qoe hiah, there is a strong coupling between the

evaluation olock and the input through the gate capacitance
which bootsiraps the gate up with the rising evaluation
clook. The channel of the high input remains fully
conductive, and sources current from the evaluation clock
to the output to charge it high ~- even to the supply

voltage. I1f any one of the inputs is sampled high prior to
the evaluation olock, the output is subsequently driven
high, generating the OR function. The input sampling

devicoes provide isolation between the charged gates of the
logic devices and the outputs of the previous stages;
however, they nmay constitute an unacoceptable addition to
the ocircuitry. 1t they are deleted and the inputs are
driven from PHMOS devices, then the bootstrap action drives
the drain junotion of the PMOS into forward bias with its
associated injection of holes -- a3 sure method to lIead to
S8CR action and latch-up. Consequently, this version of
cated CMOS is likely to have limited wutility in bulk

10
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processes. The methods to provide isolation to prevent
latoh-up, e.g., substrate bias or the inolusion of the
series sampling devices,. are likely to result in an
impraotical gate implimentation. For fundamentally
isolated structures such as 808 or laser annealed poly over
oxide, the bootstrap gate offers future consideration
because of its non-inverting logio functions with

reasonable speed.

With these possible candidates for logic gates the
guestion rewains: Which of the many forms represents the
best implementation for PLAs using the CMJ8 technology?

I1I. Programmable Logic Arrays
A. The PLA General Function

The typiocal block diagram of a PLA implemented in
NMOS is presented in Figure 7. Latoches with sampling at
phase 1 provide the ocomplimentary signals and temporary
storagce during the evaluation period. The AND plane, as
illustrated, consist of ratioed NMOS8 in NOR gate form. The
OR plane consist also of ratiosd NOR gates. One notes that
complimentary signals are used as inputs and outputs. The
output of the OR plane feeds the output inverting buffers
(latches) which are enabled with phase 2. 8ince ratioed
logic is used, the evaluation period overlaps phase 1 and
phase 2.

B. Clocked CMOS PLA Timing Concept

A master clook is hypothesized which controls four
events, although other clocks may be required and derived
from the master.

1) Static CMOS latohes are used with data clocked
in at the trailing edge of the master clock.

2) The PLA is precharged in the stand-by state
(clock low) to facilitate fast logic evaluation.

3) At the rising edge of the master clock tha
“state" and control inputs are gated into the PLA.

4) The sionals "ripple" through the AND-OR planes
while the clock is high.

Another important assumption is that the fan-in
requirements are laroe whioch implies parallel gates.

C. Ripple AND-OR Planes with Parallel Devioces
Figure 8 illustrates the sixteen possible basic

functional oombinations which provide the equivalent AND-OR
function. The task is to seleoct from the possible twenty
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cloocked, pasallel CMOS8 oates whioh ocan be used in these

sixteen bagsio funotional ocombinations. The OR plane is
assumed to be of the ripple variety; what are the
possibilities? Witheout regard to the polarity of the
output, which c¢a2n be handled in the latches, four basio

combinations are possible:
1) NOR 2) OR 3) NOT-NAND 4) NOT-AND

From the ripple versions for these func.jions one observes
that all require that their inputs be precharge low and
conditionally oharged hioh during evaluation. How ocan the
AND plane Dbe implemented from aither the gated or ripple
varieties? This time the polarity of the inputs are of no
conocern. One finds the following possibilities:

1) NAND-NOT 2) AND 3) NOR 4) OR-NOT

One obsecrves that all "AND" outputs must be precharged high
and then be oonditionally disoharged low in contradiotion
to the OR plane input requirements. The assumed objectives
are not possible.

It should be no surprise that the same oonclusion
is reached it an OR-AND funotion is sought. All possible
outputs for the OR plane are required to be precoharged low
-- {n ocontradiction to the possible inputs for the AND

plane. Hence, the conclusion is that no possible
configuration of perallel devices can be realized in a
non-ratioed ripple-through form. The alternatives are to

consider:

1) SBeries forms 2) Ratioed forms 3) Cating the OR plane

The last appears to best satisfy the requirements of high
performance for large arrays at low power.

D. Gated AND-OR with Parallel Devioes

ot the sixteen possible combinations twelve can be
eliminated it the bootstrap Qates are disallowed due to

latoch-up and the source-follower configqurations are
disnllowed due to speed arguments. The four remaining
follow:

1) NAND-NOT-NOT-NAND 2) NOR-NOR
3) NAND-NOT-~NOR 4 )NOR-NOT-NAND

The first has too many levels of logic to be practical.

The NOR-NOR version will result in unaocceptable oharge
splitting. Congsider that the OR plane is lightly loaded

16
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since it drives goimply latohes. This implies that the OR

plana NOR must not be of the NCoe version. The remaining
version NGa reguires an active souroce from the previous
stage, not achievable with oclocked N-Cates. As a result

only the last two combinations need further consideration.
One notes that ths oandidates are really the AOI and OAl
funotions, the duals of each other. This duality allows
one to develop & design in either version and translate
that design into the other by using the duality prinoiple.
One also observes that each contains a NMOS plane and .

PMOS plane.
Consider the NAND-NOT-NOR version for further
study. The second level of gating ocan oocour at either the

inverter or the N-GCate. Both gates which make up the logio
planes are driving wminimum capacitance and have large
fan-in, thus requiring the "a" gate ve.sions. The
tesulting ochoices are then reduced to the following:

(1) (PCa or PRi)-(classic inverter)-NGa
(2) (PCa or PRi)-PCoc-NRi

The gated inverter in the second version is assumed to be
limited to the "o" version because no active drive is
available from the previous stage. The PCoc gate requires a
large output load capacitancve. 1f this is not the case in
the ninimum fan-out of one, then unacoceptable charge
splitting may result. Possibly in some designs the
resulting oharoe splitting is less using the PCa inverter
since the output of the first stage is likely to have a
high ocutput capacitanoce. These compromises in charge
splitting relative to particular designs and programming
lead te the oonolusion that the classio inverter is a far
safer approach in spite of its possibly slower performance.
For this reason the classic inverter approaoch has beesn
selected for this design effort. Fiqure 9 illustrates this
approach schematically.

E. Input Partitioning

ANDinag together two signals before entering the AND
plane is sometimes wused as a means <cf compaocting the

design. This partitioning is considered as a programming
option. The inputs to the PLA are assumed to run globally
sround the chip and be subjeot to noise. Adding a buffer
inverter inproves the signral level for sampling which
ocours during the precharge state. The information is
storad as ocharge on capacitance (gate) during the
evaluation state. Double i{nverters provide the necessary
aotive drive for the true andg ocompliment sigrals. The

input partitioning can be schieved with NOR gates
implimented as NCa versions whioh supply the evaljuation
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gating for the AND plane of *the PLA. The AND plane oan then
be implementad with ripple gates PRi tor higher
performance. This approach plus alternates are fllustrated
in Figure 10. In scue designs wheze the input capsocitanoce
to the AND nplane is assvred to be sufficiently large. NGo
qates o2n be used with the spsociated elimination of one
input inverter.

F. Latches

Figure 11 illustsates various versions of latches.
The switoh notation with a N, P, or € indicates
transmission gate implimented with a NMOS transistor, a
PMO8 transistor, or both as in oclassio CMO8. The olassio
CMO8 transmission gate utjlizes the common-souroce operation
for both devices to provide rail to rail coupling wheraas
the single polarity types suffer a threshold drop in signal
when coupling as souroce followers.

The classic NMOS version of a2 latoch is indicated

for refersnoce. 1t the CMOE version is implemented with
CMO8 transmission gates, aoctive drive in both directions is
required as an input. 1t the input sampling devioce
represents one of several multiplexing switches, then two
sampling ocloocks for each input are required. By adjusting
the gain of the first inverter and wutilizing only the
transistor not fabrioateds in the "well”, one of the

compl iment sampling clocks can be eliminated.

The common CMOS sample-and-hold cirouit, sometimes
referred to as the "H" latch is also illustrated. This
version suffers also in not providing symmetric drive from
the two outputs. A major advantage of this type, however,
is that the input impedance is only capacitance. The input
signal can be ocharge on this capacitance at the time of
enabling the Jlatch unlike the first versions.

A simplified version of the "H" is illustrated
which utilizes the fact that the input is precharged high.
At phase 2 the input is sampled and enables the latch. The
feedback path |is illustrated as a high impedanca path in
order to =minimize the clooks required. The drive from the
input sampling inverter must over power the feedbaok in

this case. After the signal propagates through the two
inverters, the full logio levels are generated with near
sez0 stand-by power achieved. It only temporary storage of

information s required, then tha fesedback is not requiraed
at all.

A dual input form of a latoh is aiso shown. This
version requires sufficient ratios of the pull-down devices
compared with the internal PMOS8 devices such that the
internal latoh ocan bas upset. As bafore, afier the input
signal he«s propagated through the internal latoh. the logio
levels are fully established and near sero stand-by power
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is aohieved. Output drive buffers ate inoluded to supply
adegquate sovuroce ourrent. There is an advantage of this
oonfiguration: since the set and reset trunsistors are

turned off during the precharge (stand-bdby) state, only a
low-to-high signal from the OR plane is required for
setting or resetting, without any <c¢loock timing signal
required for enabling. The disadvantage is that two outputs
from the OR plane are reaquired for each flip-flop -- even
though these involve less complex funoctions.

G. PLA with Single-Ended Latohes

Figure 12 illustrates a oclocked CMOS PLA with a
single-ended latech. It uses the PRi-oclassic inverter-NCa
version. It also vuses an extra clock with which to gate
the lateh in order to prevent the aqlitch in the latch
output whioh would oocur it the latch is enabled at the
same time as the OR plane. Since the outputs are isolated
from the PLA inputs during this time by the input sampling

devices, not shown, this glitch does not constitute a logic
error in the PLA. The system requirements may not allow
it, however . It the g¢glitch is not harmful then phase 1°

can be merged with phase 2, saving one ciock.
H. PLA with Duyal Input Latches

Figure 13 illustrates the PLA/SLA with dual input
flip-flops. In order to achieve good ratios in the latch
the set transistors are selected as NMOS with their inputs
precharged low. This requires that their inputs are driven
by PGCa gates. This implies the dual version of the PLA,
i.e., the OR plane is implemented in PMOS8, and the AND
plane is implemented in NMOS. One additional timing event
is required: the beginning of the stand-by or precharge
state. A one g£hot tvpe action is reguired with the action
triggered by the falling edge of the master clook.

1v. Btar Layouts With Dual Input Latches

Figure 14 illustrates a possible chip floor plan
for a 8BLA using the attached cell]l designs which are based
on a 8STAR type foundation. The design shows the output
buffers around the chip with an interconnection bus routing
signals around ¢the o¢hip ijust outsjide of the buffers.
Internally in the ochip is the folded array with the AND
plane made up of parallel NMOS8 devices connected along

columns (vertioal). The inputs feedin along rows from the
outside through the output buffers and the latohs to the
input clrocuitry. Along ezoch row two signals with their
compliments are routed into the AND plane. The implicants

are generated from ocolumns of NMOS devices with their
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DYNAMIC CMOS PLA

(with slternate timing for no output glitch)
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outputs feeding into two dedicated rows whioh provide the

inverters and the “load" devioces for the implicants. The
outputls of the inverters are fed baock down the column to
serve as inputs to the horisontal rows of parallel

connected PMOS8 serving as the OR plane. The outputs of the
OR »plane run horisontally back to the set and reset
transistors of the latches. Miscellaneous row oriented
devices are gqrouped into the NCOM and PCOM ocells between
the input ocircuits and the array itself. It should be
noted that the actual boundaries of the varicus gates used
in the AND and OR planes can be moved to fit the individual
requirements for the logie in question. This is possible
sinoce the arravs are baok-tc-back (merged).

Tha detailed oel]l] designs are included in the
following figures.

25
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