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1 Introduction

The intent of the Aquarius Design Rules is to ensure the use
of a consistent set of assumptions and rules of use concerning the
technologies, design style, tools, and other design constraints to be
considered by the Aquarius Design Team. Companion documents
to the Aquarius Design Rules will include the Aquarius Technol-
ogy Rules Notebook and the Aquarius CAD Notebook. The intent
of the Aquarius Design Notebook is to include all of the infor-
mation necessary for the designers to design by. The companion
documents will have more explicit information which must serve
the larger group of technologists and CAD implementors. Much
of the content of the Aquarius Design Rules will be drawn from
the specifics in the companion documents. However, rules in the
Aquarius Design Notebook may be more conservative or more re-
strictive than those in the companion documents. Rules in the
Aquarius Design Notebook should be considered to have superior-
ity over rules found elsewhere.
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2 Resources

2.1 MCA III

The MCA III (macro cell array) is a high performance ECL ar-
ray which provides a raw functionality of between 8000 and 10000
equivalent 2 input gates. Since the technology implements current
mode logic with three level series gated structures, gate equiva-
lency is not a very meaningful measure of its capabilities. In more
specific terms the functionality is roughly eight times that avail-
able in the MCA I which was used to implement the VAX 8600.

The physical resources are the following:

414 Major Cells (Mcells)

200 Output Cell (Ocells)

224 Input Cells (Icells) (also known as interface cellls)

256 Pad Cells (Pcells) (also known as I/O pins)

Given our design approach and other constraints however, not
all of these resources are directly available to the logic designer.
Certain resources will be reserved for implementing the clock dis-
tribution system, scan support, AC test, and die temperature mon-
itoring.

Basically these requirements will require approximately:

38 Mcells (Clock - 34, SCAN - 2, AC test - 2)

16 Icells (Clock - 6, SCAN - 5, AC test - 5)

3 Ocells (SCAN - 1, AC test - 2)

15 Pcells or I/O pins (Clock - 4, SCAN - 6, temp monitor - 2,
AC test - 3)

Although there are 200 output cells available that does not mean
that a design may implement 200 output signals. Due to signal
integrity constraints the actual number of output signals will be
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constrained to 128 unique signals. 140 output signals may be im-
plemented if the additional 12 signals are complementary signals
of 12 of the original 128 signals. However, more than 128 output
cells may be used to implement those 128 output signals as some
some output macros require more than one cell. Output cells used
for SCAN or for the AC test circuitry will not be included in the
128 output cell limit.

Originally, it was thought that the structural design would pro-
gress through 2 or 3 design releases. Since that time, we have
structured the design process differently, and there should be only
two major structural design releases. The first release where the
design is functionally correct but is not quite making the 16 nsec.
cycle. The second release is then, the final release where the design
must be correct and meet the timing requirements.

Resources currently physically realizable but not necessarily
available to the logic designer:

414 Mcells

224 Icells

200 Ocells

256 Pcells

128 output signals

Resources available after required overhead is considered:

376 Mcells
208 Icells

197 Ocells
241 Pecells

128 output signals

For the first release of structural designs which must meet an
18 nsec. cycle time but not necessarily the 16 nsec. cycle time,
about 5 percent of the MCA's resources should be held back. This
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will enable some changes to be made either in functionality or
implementation for performance, without a major impact on par-
titioning. The following limits on resource usage should therefore
be observed:

357 Mcells

187 Ocells

198 Icells

229 Pcells

125 outputs

If the overhead resources (clock, scan, etc.) are also included as
the SID output report will include them, then the following limits
should be observed:

395 Mcells
190 Ocells
214 Icells
244 Pcells
125 outputs

Other restrictions such as power or routability restrictions may
take precedence over the above restrictions for particular designs.

2.2 STRAMs

Self Timed Random Access Memories (STRAMs) will be the
major RAM component used in the AQUARIUS design. No stan-
dard type RAM components will be available for use in the Hi-Tech
portion of the machine due to the requirement for STECL outputs.
These STRAM components include a normal RAM structure in-
cluding the storage array, decode logic, write logic, sense amps,
etc. to which have been added input latches for data and address,
output data latches, a write clock circuit, and series terminated
emitter coupled logic (STECL) outputs.

Two sizes of the STRAMs are to be available. A 1K x 4 at 6
nsec and a 4K x 4 at 10.5 nsec. access time from address.
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2.3 Custom Chips

In addition to the Clock Distribution Chip there is currently an
opporturity to do three additional custom chips. The following is
a general statement of the resource restrictions to be kept in mind
when specifying a custom part.

The maximum silicon area available for a custom chip is the
same as that for the MCA III which is about 380 mils per side.
This restriction is due to the packaging constraints around putting
a chip on an MCU and using the same TAB design. In other words,
if the chip is to go onto an MCU then the silicon will have to be the
same size as the MCA III in order to support the required number
of pins. Even if the active used area of the chip requires less silicon,
the chip must be 380 mils square. IF the chip is not to be packaged
onto an MCU then there is an opportunity to implement the design
with a smaller die.

The power dissipation for a part of the size of an MCA III should
be restricted to about 25 watts. This will prevent the necessity of
redesigning the part for use in Aridus. This level of power dis-
sipation is only available to devices packaged on MCU's. This is
probably a difficult constraint to meet as there is a major opportu-
nity in custom design to substantially increase the device density
and to therefore increase the power density.

For custom chips going onto an MCU there will also be the
contraint that it use the same TAB design as the MCA III. This
means that there is a maximum of 256 signal /O available (104
for power and ground) and that the power and signal pins need
to be in the same location as the same pads on an MCA III. A
custom part may use fewer pins however, the pads will have to
be there for all 360 pads. A custom part which uses A and/or
B phase clocks shall have the same clock and scan pinning as an
MCA IIT and will be required to implement the clock generation
and distribution with the same timing characteristics as the MCA
I1I.

For any custom parts not designed to go onto an MCU, then
there is a major question as to a package for that part and what the
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power and pinning constraints will be. Some reasonable packages
for consideration may be the MCA I and MCA II packages. The
MCA I package will support a 4-5 watt device about 250 mils
square with 68 pins (8 power, 60 signal [/O). The MCA II package
will support about an 8 watt device 270 mils square with 149 pins
(29 power, 120 signal [/O). Other packages will probably represent
an incremental resource to design and develop such a part and its
risk to the projects schedule must be taken into consideration.

2.4 Clock

The clock system interfaces with the the rest of the machine
at the Clock Distribution Chip (CDC) which supplies the clocks
to which the designer has some limited access. There is a CDC
on each and every MCU which supplies the clocking signals for all
chips on that particular MCU. This CDC supplies a 500 Mhz (typ.)
clock signal and a gated reference signal to each of the MCA III or
equivalent custom chips on the MCU. The MCA III or equivalent
then generates the A and B phase clocks and distributes these
clocks throughout the chip. The CDC provides nine copies of the
clock signals. Eight are used for MCA III chips or equivalents and
one for test.

The CDC also supplies clocks for the STRAM chips. Six copies
each of four groups are available for STRAM clocking and for
the custom general register file part. Each of the four groups of
STRAM clocks may be independently positioned in one of eight
possible phase positions relative to the A phase clock signal. Each
group then has six copies and each copy may drive the clock inputs
of two adjacent STRAM parts or one custom part.

In general the CDC connections are predetermined for the MCA
I[IT and equivalent parts. The connections for the STRAMs will
be mostly predetermined with only the phase selection being a
designer option.
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2.5 MCU

A multiple chip unit (MCU) provides a high density intercon-
nect system, a power distribution sytem, and a heat removal sys-
tem for a number of closely associated chips. The MCU is designed
to provide adequate resources in the above systems to support the
anticipated configurations.

Each MCU will have one clock distribution chip located in the
center of the MCU. This chip will provide clock signals to all of the
other chips on the MCU and also provide some common support
circuitry for SCAN testing. The maximum number of additional
chips, (excepting STRAMs) either custom or MCA III's is eight.
It is expected that MCA III's and custom parts will have the same
form factor and use the same TAB layout. It is also expected
that the location of the chips will be to one of the predetermined
locations on the MCU. This may be modified for those MCU’s
having a number of STRAM chips on them.

Since STRAM chips are significantly smaller than MCA III’s or
custom parts, several STRAM parts may replace an MCA III. A
cluster of nine STRAMs may replace an MCA. The exception to
this is when a cluster of STRAMs replaces an MCA which is not in
a corner position and there is a cluster of STRAMs in an adjacent
corner. [f the STRAMSs are 4K x 4 parts then only 6 STRAMs are
allowed in the non corner cluster. The following are the maximum
allowable configurations.
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number of number of number of
MCA III’s 1k x 4’s 4K x 4's
8 0 0
7 9 9
6 i8 18 (15)
5 27 27 (24)
4 36 36 (30)
3 45 42
2 48 %% 48
1 48%x 48% %

(*) indicate the number of STRAMs if they are adjacent clus-
ters.

¥* Although physical limitations would allow more STRAMs,
the number of STRAM clocks available from the CDC will allow
only 48 STRAMs per MCU on the basis of 2 STRAM loads per
clock signal. Additional loading will probably not be allowed as
this directly affects clock skew. '

The MCU is designed to provide a cooling capacity of about 300
watts total or about 33 watts per MCA III or equivalent. Since
one MCA is replaced at most by nine STRAMs there is enough
cooling capacity to handle STRAMs of more than 3 watts, well
above the maximum specified power dissipation for STRAMs.

The power distribution values are not yet available, but are to
be expected to be in line with the possible requirements and with
the available cooling capacity.

There are currently available 804 /0O pins on the MCU for sig-
nals to enter or leave the MCU. Some small but not yet determined
number will be reserved for testing and for SCAN distribution (19).
Clock distribution may yet require a few (7) of those pins also.

MCA III and custom chips will be mounted on every MCU
with a fixed and predetermined rotation. The designer will not
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be allowed to assume that a chip may be rotated to afford a more
favorable routing. Accomodations for mounting STRAMSs in more
than one orientation may be made although not more than two
orientations per MCU will be allowed. Currently, however, we are
limiting the STRAM chips to one orientation per MCU.

2.6 Modules (Hi-Tech)

A Hi-Tech module will be a multi layer controlled impedance
module which will hold the interfaces between MCU’s and between
MCU’s and the rest of the system. A Hi-tech module will consist
only of water cooled MCU’s and passive components. No active
components may be directly mounted to the module and the heat
dissipation of the passive components is severely restricted.

There are currently two Hi-tech modules envisioned for the
Aquarius system. The first and largest is the CPU module which
will carry up to 16 MCU’s and connectors to the console, clock,
and SCU module. The second is the SCU module which will hold
six MCU’s and connectors to I/O, memory, four CPU modules,
console, and the clock.

The CPU module will be organised as a four by four array of
MCU’s with the connectors along one edge of the module. The
module will be approximately 24 inches by 24 inches in size and
will contain up to five orthogonal signal layer pairs. The SCU
module will be 18 inches by 24 inches in size.

The module is not expected to participate directly in the power
distribution on the module but only to provide signal interconnec-
tivity. A separate power distribution assembly will provide D.C.
power to the MCUs.

The MCU’s are mounted on the module with a fixed and pre-
determined rotation. If a MCU needs to be rotated. then it must
be layed out as a unique design.
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3 Clock Rules

3.1 Clock description

The Aquarius clock system is comprised of a master clock
source, a passive distribution network, CDC chips which buffer
and derive certain clock signals, and clock derivation logic and a
distribution network on the MCA III chips. The clock network
is considered and designed from the master source down to the
latch or flip flop input as an integrated entity. The end result
of this network is a clock system which provides two major non-
overlapping clock phases for primary use in the logic design and
eight additional clock phases for use with STRAMs.

The two major clock phases consists of a narrow clock phase
(1,8 of a cycle) and a wide clock phase (4/8 of a cycle). The clock
phases are called A phase and B phase respectively. Nominally,
latches which are clocked on the A phase are considered to be
state elements in the design whereas, the latches which are clocked
by the B phase are inserted in order to prevent race conditions
or minimum delay requirements. The STRAM clocks are nomi-
nally 2/8 of a cycle in width and occur on 1/8 cycle phases. The
STRAM clocks are phase shifted slightly such that the edges oc-
cur nominally 0.5 nsec. prior to A or B phase edges or equivalent
positions. This is a compromise due to the relatively long setup
and hold requiremnts of the STRAM devices.
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The following diagram shows the clock relationships. The
STRAM clocks (TO - T7) are offset from the system clocks by 0.5
nsecs.

One Cycle o
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The low level of the signal corresponds to the assertion of the
clock, whereas the high level of the signal corresponds to its unasser-
tion.

3.2 Clock skews

The clock system has been designed to provide low skew rela-
tionships between the clock in the system, allowing a relatively
simple set of design rules be applied to the logic design.
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The worst case skew between any two latches clocked by either
A phase or B phase is 1.5 nsec. This is true for latches between
modules such as the CPU module and the SCU module.

The worst case skew between an A or B latch and the STRAM
clock on the same MCU is 1.0 nsec. or less.

The worst case skew between any STRAM clocked in the system
and any A or B phase latch clock is 1.5 nsec.

3.3 Latch resources

T. B. D.

3.4 Design usage rules

The use of an A clock or B clock in the design is not explicicty
determined. Rather the design system implicictly determines the
clock phase based on the choice of RTL macro. This automati-
cally prevents incorrect assignment of clocks obviating the need
for complex rules to check for correct asssignment.

A cycle of clocks starts with an A phase and a TO clock and
sequences through T7 and the B phase clock. Nominally, the start-
ing edge of the A phase clock defines the beginning of the cycle
and the next starting edge of the A phase clock will define the end
of the cycle. In actuality, due to the minus 0.5 nsec offset of the
STRAM clocks, the assertion of TO will occur prior to the asser-
tion of the A phase clock. Also, the assertion of T7 will overlap
into the time of the next cycle. However, a cycles worth of clocks
includes the assertion and subsequent unassertion of A phase, B
phase and TO through T7 clocks. Stopping the clock will conclude
with the unassertion of all clocks.

The Aquarius design center for the cycle time is 16 nsec.

In designing sequential logic using the A and B latches there
are three timing constraints which must be met.

1. The logic delay (gates plus interconnect) between an A phase
latch and a B phase latch must be less than or equal to 7/8 of the
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cycle time minus clock skew minus setup time for the B latch minus
the clock to data and output delay of the A latch.

cycle = 16 nsec.

skew = 1.5 nsec.

tsetup(M946) = 400 psec.

tpd(M945) = 400 psec.

delay for 3 loads and 160 mil of metal equals
240 psec. (hi power output)

7/8 = 16 - 1.5 - .4 - .4 -.24 = 11.46 nsec
available for logic.

2. The logic delay (gates plus interconnect) between an B phase
latch and a A phase latch must be less than or equal to 6/8 of the
cycle time minus clock skew minus setup time for the A latch minus
the clock to data and output delay of the B latch.

Q.

| cycle = 16 nsec.
skew = 1.5 nsec.
tsetup(M945) = 400 psec. (A latch = M945)
tpd(M946) = 400 psec. (B latch = M946)
| delay for 3 load and 160 mil of metal equals
240 psec. (hi power output)

6/8 = 16 - 1.5 - .4 - .4 -.24 = 9.46 nsec
available for logic.

3. In addition there is also a combined requirement that the
logic delay between A and B added to the logic delay between B
and A must be less than or equal to 9/8 times the cycle time minus
clock skew minus the clock to data and output delay of the A latch
minus the data to data and output delay of the B latch minus the
setup time of the final A latch.

R TR Rl 1 - g
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cycle = 16 nsec.

skew = 1.5 nsec.
tpd(M945) = 400 psec.
load delay = 240 psec.
tpd (M946) = 400 psec.
load delay = 240 psec.
tsetup(M945) = 400 psec.

9/8 # 16 - 1.5 - .4 - .24 - .4 ~ .24 - .4 = 14.82

Given the above typical calculations, one can see that there is
some latitude in the logical positioning of the B latch. For example
in a path where the full time from the A latch to the next A latch is
taken and given the above values as an example,the delay window
for positioning the B latch is about 6 nsec.

A to B delay
B to A delay

Logic delay #1
Logic delay #2

u

Max (logic delay #1 + logic delay #2) = 14.82

If Logic delay #1 is at max (11.46 nsec) then logic delay #2
must be less then 3.36 nsec. (14.82 - 11.46).

If Logic delay #2 is at max (9.46 nsec.) then logic delay #1
must be less then 5.36 nsec. (14.82 - 9.46).

The positioning window for the B latch is 6.10 nsec wide (9.46
-3.36) in this example. Actual values will be slightly different as
more accurate numbers are obtained for the latches, latch load
conditions vary, and for the particular latches used.

Given the approximation that a loaded macro delay is 750 psec.,
the implication is that there may be up to 15 macro levels between
the A latch and the B latch, or up to 12 macro levels between the
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B latch and the A latch as long as there are no more than 20 macro
levels between the A latch and the next A latch. The B latch has
a positioning window of about 7 macro levels.
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4 MCA III

4.1 Macro library

This is the current list of DEC supported macros. This does
not mean that all of these macros are supported by SID nor are all
necessarily available to the designer as Clegos. The designations
are not firm and are subject to change without prior notification.
Size estimates have not been confirmed by layout design but are
expected to be relatively accurate. Most macros will be available
in both a high power and a low power version. The designations
for a high power or low power macro will have an H or L prefix
respectively. In this list an H,Lxxx indicates that the macro is
available in both power levels.

MCA III

Macro Size  Description
H.L200 .25 § input OR/NOR
H,L201 .26 4 input OR/NOR
H,L202 .25 2 input OR/NOR
H,L203 .5 8 input OR/NOR
H,L207 .25 6 input OR/NOR
H,L211 .25 2-2 OR/AND
H,L212 5 3-2-2-2 OR/AND
H.L214 1.0 2-2-2-2-1-1-1-1 OR/AND
H,L215 1.0 2-2-3-3-3 OR/AND
H.L219 .28 3-3 OR/AND
H,L221 .25 2-2 OR/EXOR
H,L223 .5 4 input EXNOR
H.,L224 .5 4 input EXOR

H,L225 .5 2-1-1-2 OR/AND/EXOR
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H,L226

H,L228
H,L252
H,L253

H,L254
H,L255
H,L256

H,L263
H,L281
H,L282

H,L283
H,L284
H,L286

H,L313
H,L315
H,L331

H,L332
H,L333
H,L370

H,L371
H,L372
H,L373

H,L374
H,L404
H,L413

H,L416
H,L417
H,L418

.25

.25

.25

.25

o

. TH

BB

2-1-1-2 OR/AND/EXNOR

2-1 AND/EXOR
Quad 2 to 1 MUX
2 to 1 MUX w/ENABLE(low)

2 to 1 MUX w/ gated inputs
Dual 2 to 1 MUX
2 to 1 MUX

1 of 4 DECODE (hi)
FULL ADDER
FULL ADDER w/ gated inputs

2 Bit LOOKAHEAD CARRY
HALF ADDER w/ gated inputs
3 Bit ADDER CARRY

2-2 OR/AND
2-2-1-1 OR/AND
3-2-2 AND/OR
Gated OR

Gated OR
Differential BUFFER

2 to 1 MUX w/ Differential Inputs
D FLIP-FLOP w/ Diff’ clock and data
2 to 1 MUX w/ Diff’ inputs and control

Differential BUFFER
12 input OR/NOR
4-3-3-3 OR/AND

4-2-3-2-3 OR/AND
5-4-3-2 OR/AND
5-4-3-2-1 OR/AND
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H,L422
H,L427
H,L451

H,L453
H,L458
H,L461

H,L462
H,L464
H,L485

H,L510
H,L511
H,L512

H,L518
H,L519
H,L520

H,L523
H,L618
H,L658

H,L685
H,L802
H,L803

L804
L805
L806

L807
H,L809
L811

L812
L813

.25
.25

.25
.25
c 2D
.25
.25

.25
.25

Dual 2-2 OR/AND/EXOR
2-1 EXOR/AND/NAND
4 to 1 MUX w/ENABLE(low)

2 to 1 MUX w/ENABLE(low)
4 to 1 MUX w/ENABLE(hi)
1 of 4 DECODER w/ENABLE(low)

of 4 DECODER w/ENABLE(hi)
to 3 PRIORITY ENCODER
3 Bit ADDER

o

4-4-4-4 OR/AND
3-3-3-3 AND/OR
3-3-3 AND/OR

3-3 AND
3-3-2-1 AND/OR
2-3-4-4 AND/OR w/ENABLE(hi)

-2-2-2-3 AND/OR
3-2-1 OR/AND

MFADDER
3 input EXOR/EXNOR
3 input EXNOR/EXOR

Dual 2 input AND
Dual 2 input NAND
2 input AND, 2 input NAND

2 input NAND, 2 input AND
8 to 1 MUX w/ENABLE(hi)
Dual 4 input OR

4 input OR, 4 input NOR
4 input NOR, 4 input OR
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L814 .25 Dual 4 input NOR

L8158 .25 Dual 2 input OR

L816 .25 2 input OR, 2 input NOR
L817 .25 2 input NOR, 2 input OR
L818 .25 Dual 2 input NOR

H,L819 .25 3-2-1 OR/AND

H,L941 .5 AND gated FLIP-FLOP

H,L942 .5 FLIP-FLOP

H,L943 .B OR gated FLIP-FLOP

H944 53] CLOCK BUFFER

H,L945 .B SCAN LATCH

H,L946 .25 LATCH

H,Lo47 .5 Dual LATCH w/ common clock
H,L948 .5 4 input OR - LATCH

H,LS50 .B 2 to 1 MUX - LATCH

H,LS51 .5 2 input EXOR - LATCH
H,L952 .5 2-2 OR/AND - LATCH

H,L954 .5 Dual LATCH w/ common clock

Input Cells

H,LIOO
H,LIO1
H,LIO2

H,LIO3
H,LIO4
H,LIOS

H,LIO6
H,LIO7
H,LIOS8

1

—

2 input OR/NOR
2 input OR
2 input NOR

Differential Buffer
Differential Buffer
Differential Buffer

Buffer/Inverter
Buffer
Inverter
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Output Cells

H,.LXO1 1 2 input OR/NOR
H,LX02 1 4 input OR/NOR
H,LX03 1 2-2 gated OR
H,LX04 1 2-2 0OR

H,LX11 1 2-2 OR/AND
H,LX21 1 2-2 OR/EXOR
H,LX45 2 SCAN LATCH
H,LX46 i LATCH

H,LX47 2 Dual LATCH
H,LX51 1 2 to 1 MUX
H,LX52 2 Dual 2 to 1 MUX
H,LX53 1 2 to 1 MUX w/ENABLE(low)
H,LX58 2 4 to 1 MUX
H,LX71 2 4 to 1 Diff. MUX

4.2 Latch constraints

Latches are in general divided into two groups, defined by the
particular clock to which they are attached. Since the clocking
scheme has been defined as a two phase non-overlapping clock,
with a relatively narrow clock enable signal and a relatively wide
enable signal. The narrow clock has been called the A phase and
the wide clock has been called the B phase. Latches which connect
to the A phase clock are known as A latches or sometimes TA
latches. B latches or TB latches are those which are connected to
the B phase clock.

A latches are in general to be thought of as the logical storage
elements in the design and B latches are added where appropriate
to prevent race conditions. A latches are to be scannable latches.
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B latches come in two basic flavors. The first type is used in
conjunction with each A latch to generate a scannable latch. This
B latch can also be used to provide the necessary feedback path,
if an A latch with a hold function is desired. The second type of
B latch which has also been termed a mission B latch, is used
to prevent race conditions between A latches through the mission
logic. Finding appropriate places to locate mission B latches
involves balancing the requirements for performance and the desire
to implement the fewest necessary B latches.

A scannable latch is an A latch and a B latch paired together
and interconnected such that one output of the A latch is con-
nected to the input of the B latch. If the A latch is also to have a
hold function then an output of the B latch is connected back to
one of the inputs of the A latch. The logical front end of the A
latch implements a 2 to 1 multiplexor. The hold function is identi-
cal with the multiplexor select input. The B latch of the scannable
latch pair presents a load to the A latch output and will have to be
taken into consideration in timing analysis. It is believed however
that the B latch should be placed very close to the A latch and
therefore the additional delay caused by the load will be minimal.
An output of the B latch of the scannable pair will be considered
to be the scan data output and will eventually be connected to the
SCAN IN input of some A latch other than the one paired with
the source. Since this connection will be made late in the physical
design process to minimize its effect on routing, the length of the
interconnection will be somewhat unpredictable, having an unpre-
dictable effect on the interconnect delay. Therefore the strategy
will be to dedicate a B latch output for SCAN DATA OUT and
for the hold feedback connection if needed.

B latches are available as a dual B latch macro in a half cell
(H,L947).0One non inverting output from each latch output will be
dedicated for scan data out and hold feedback, which will leave one
non inverting output and two inverting outputs per latch available
for driving logic.

Mission B latches will be available as half cell functions with
two high power outputs available, and with a variety of logical
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frontends. It will not be necessary for the logic designer to select
which B latch option is appropriate, as SID is expected to make
the appropriate choice.

A latch output cells will be available. However, for the connec-
tion to an internal B latch, an interface cell is required.

B latch output cells will also be available. A scan latch may be
created using both an output cell A latch and and an output cell
B latch. However, an interface cell will be required between the A
latch and the B latch and an additional interface cell between the
B latch and the A latch for scan requirements. If the scan latch is
also a holding latch, then the interface cell on the B latch can also
be used to feed back to the A latch.

| H9435
Lxxx
L YA

DO . YB
) P QL YANOT
| \~_ YBNOT
SELA [ | ol
SELB __| 2!
—

SDIN —ScAN‘IN |

SLD _sCAN CLK|
LDH __|

LDL _CDLD

An A latch macro.
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H946
Lxxx
YA
_YB
Q5 YANOT
— YBNOT
D'—p
LDH __|
LDL _ > LD

e —— |

A B latch macro. -

27
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H9435 i
Lxxx |
DO | —
D1 _} Q- |
SELA _| o
SELB __|2!
SERIAL DATA IN ___[SGAN IN
SLD —{SCAN CLK
LDH __| -
LDL > 1o L
——————— |
946
Lxxx j
| SERIAL DATA OUT
QL
I
LDH __ I |
LDL _[> LD

A latch and B latch connected as a scan latch.
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H945
Lxxx

HOLDL
DISABLE HOLD H ___

|
&|

01:> Q

—

7Y

SERIAL DATA IN __ GCAN IN
SCAN CLK

SLD —

LDH |

LDL

LD

LFED o

SERIAL DATA OUT

A latch and B latch connected as a holding scan latch.
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! Lxxx
E.—
| L YA
DO __—— VB
D1—| | @b vaNor
D2 | 2! | ~ YBNOT
Dyt
LDH __
LDL _> LD |
B latch with OR input.
H950
Lxxx :
| L YA
DO _| — YB
D1 __| %1 Q5 YANOT
| — YBNOT
SEL.| | |
LDH __|
LDL _4[>LD

B latch with 2 to 1 Multiplexor input.
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HOST |
Lxxx
Sy
| YB
DO Q _ YANOT
TR R — YBNOT
LDH :
LDL _OJ D LD [
B latch with XOR input.
[ HOT
[ Lxxx ‘
| |
! L YA
Do 5 | _YB
D121 | Qp_ YANOT
R g o YBNOT
D3 |z1
—L

LDH ﬁ-—‘
oL > LD |

B latch with OR/AND input

31
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4.3 Interface / Input cells

Interface or input cells (either name may be used interchange-
ably) will be required on all external signals which are brought
into the array. The functionality of an interface cell is somewhat
limited, since only a non series gated structure is supported.

The basic functionality of an interface cell is that of a 2 input
OR/NOR.

Input signals to an interface cell MUST be external logic /it
levels. Therefore an interface cell may be driven either from an
external source of the proper characteristics or from the compat-
ible levels of an internal OUTPUT cell. An interface cell input
MAY NOT be driven from either another interface cell nor from
an internal Mcell.

Input pads which are connected to an interface cell will be con-
strained to be connected with less than 50 mils of metal to its
associated interface cell(s). This will be necessary in order to limit
the input capacitance to some defined value.

Up to four input cells may be connected to one input pin. There
will be a slight performance penalty over one cell connected to one
pin but it should be less than the possible advantage obtained in
saving a level of buffering in a heavily loaded tree.

Input pads for differential signals should be located next to each
other.

4.4 Output cell and constraints

Output cells have two types of outputs. The first is a CML
level which is connected to an output pad driver. The second type
is an ECL level which may be used to drive an interface cell and
then back into the internal array. The ECL output may not be
used externally, to drive an internal cell, nor to drive an output
cell. The CML output must only be used to drive a pad driver.
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Most output cells have differential outputs and either or both
outputs may be used. Also both the CML outputs and the ECL
outputs may be used simultaneously.

Output cells have two switch current levels. The higher power
level will allow the CML outputs to drive two pad drivers on each
output if additional copies of an output are desired. In general
however, it is more advantageous if the the complement output
is utilized first before utilizing two pad drivers per output as it
reduces the noise felt by the chip with simultaneously switched
outputs. Output delays will include the STECL pad driver.

The CML output pins on the output macros are indicated by a
7X" prefix and the ECL outputs are indicated by a "Z” prefix.

4.5 Pad cells and constraints

Pad cells may be configured as either inputs or as outputs.
Some small number (to be determined) of pad cells may be con-
strained to being input cells only.

As an input the pad cell can be configured with a high resis-
tance pulldown (75K ohms) to VEE2. This provides a logic low on
an unused input and some level of electric static discharge (ESD)
protection.

As an output, the pad cell can be configured in one of five
different outputs. In general however, we will be using only the 11
ma. STECL output.

1. Series terminated 11 ma. (STECL) output. Series resistance
will be optimised for a 50 ohm impedance line and with an 11 ma.
active current source pulldown.

2. Series terminated with 6 ma. output.
3. Standard 22 ma 50 ohm emitter coupled output.

4. Standard 44 ma. 25 ohm emitter coupled output. Requires
two pad drivers and two output cells.
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5.Standard 22 ma. 60 ohm ECL output.

For signal integrity reasons the number of STECL signal out-
puts will be restricted to 128 unique signals. These are fully avail-
able to the designer as overhead outputs are already taken into
consideration. The number of output signals may be extended to
140 if the additional signals are complementary copies of outputs
already implemented in the original 128 output signals. Use of
complementary signals allows partial cancellation of noise due to
switching currents and crosstalk. The complementary output pins
should be on adjacent pads which must be connected to the same
Vcco pin, and must be driven from the same output macro. There
will also be a requirement that output pins be interspersed or alter-
nated with input pins or unused pins in some yet to be determined
pattern. No more than 32 non-complementary outputs per side
will be allowed and no more than 35 outputs per side including
complementary outputs.

4.6 Interconnect constraints

Although it is not a rule it is recommended that the loading of
nets be restrained to 4 or 5 for performance reasons. [t is worth-
while to note however that the performance degradation is more
the result of the metal interconnecting the loads rather than the
load itself. This implies that loads which are closely associated
with each other (such as being on the same macro) on the same
net may be considered to be connected with a minimal amount of
metal (8 mils).

The rules for wire “OR”ing have not yet been worked out. They
may turn out to be too restrictive to yield useful results.

All external input signals must interface to the MCA III chip
through an interface cell. External signals may not be inputs to
internal cells (Mcells) or output cells. External signals must be
100K ECL compatible.




RESTRICTED DISTRIBUTION - 35

Interface cells may drive internal cells or output cells. They
may not drive other interface cells or drive a pad driver or drive
directly off chip.

Internal cells may receive inputs from either interface cells or
other internal cells. They can not receive inputs from an external
source or from an output cell.

Internal cells may drive other internal cells or output cells. They
can not drive interface cells, pad drivers, or off chip.

Output cells may receive their inputs from either interface cells
or from internal cells. They can not be driven from external sources
or from other output cells.

Output cells have two sets of outputs. One set can only drive a
pad driver which in turn drives off chip. The other set of outputs
can only be used to drive an interface cell. An output cell can not
directly be used to drive an internal Mcell nor another output cell.

External cells can only be driven from a pad driver which in
turn can only be driven by an output cell. Outputs will be 100K
ECL compatible with a nominal 50 ohm series termination.

[ | Loads Il
| Sources | External | Mcell | Icell | Ocell |
| External | - | No | Yes| No |

Icell No | Yes | No | Yes ||
: Mcell | No | Yes | No | Yes |
| Ocell (Z) | No | No | Yes | No |
| Ocell (X)|| Yes | No | No | No |

Table of allowed connections.

4.7 Delay calculations

The following are the preliminary timing rules to use in con-
sidering system timing constraints.
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4.7.1 Macro delays

A simple rule will be to use 750 ps. per macro level inclusive of
the switch delay and fanout and metal delay. For critical paths one
may assume 650 ps. per macro level. For more detail see below.

A more detailed estimate may be made by using the delay tables
for the macros in the appendices. These are the macro switch times
only. The metal delay must be calculated separately (see below)
and added to the macro delay.

Output cells should be considered to be 1.5 nsec inclusive of
metal delays. For critical paths where more simple output cells
may be used, 1.0 nsec may be considered for the delay. Again,
for a more detailed estimate of delays, use the dealy values in the
appendices. The output pad delays are included in the values.

Input interface cell should be considered to have a 500 ps. delay
inclusive of metal.

4.7.2 Metal delays

Metal delay would be 120 ps for the first load and 60 ps. per
additional load for a high power gate, and 240 ps. for the first
load and 120 ps per additional load for the low power gate. This
is based on an assumption of an average of 80 mils of metal for the
first load and about 40 mils per additional load. Actual lengths
will vary due to actual placement and routing. If you have reason
to believe that your interconnect is substantially longer then you
should add a delay of about 3.2 ps per mil for the low power case
and 1.6 ps. per mil for the high power case. For instance, if you
knew that your signal came onto the chip on one side, thru an input
cell, across the chip and thru an output cell on the opposite side,
then the metal length would be on the order of 450 mils minimum
if the pins were opposite each other. If they were diagonally spaced
then the length could be as bad as 900 mils (assume manhattan
distance plus 20% for meander).
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4.8 Clock useage

A clock generation and distribution circuit will be predesigned
for the MCA III and will be the source for A and B clocks for
latches in the Aquarius design. No other source of A and B clocks
will be allowed on MCA III designs for Aquarius.

The A and B clock distribution includes distribution of either
an A or a B clock to each and every Mcell or Ocell location on
the chip. In the internal array the A or B clock will be distributed
on alternating rows of half cells.. Placing a latch macro on an
appropriate row will determine whether it becomes an A latch or a
B latch. The placement tool is expected to provide the capability of
selecting the appropriate row to assign a latch to, depending upon
its useage. The designer is not expected to have direct access to
either A or B clocks, but will determine which of the two clocks
he would like a latch connected to based upon which RTL body
he selects. In other words there is a B latch body and an A latch
body which may functionally be equivalent but the difference is in
which clock they are connected to.

4.9 Testability constraints
T.B.D.

4.10 Power

Two voltages besides VCC (ground) are required for the MCA
I1I.

VEEL is -5.2V with a tolerance of +/- 8% at the chip.
VEE2 is -3.4 V with a tolerance of +/- 8% at the chip.

In general the VEE1 supply is primarily used for the series gated
current switches which allows three levels of series gating. The
VEE1 supply is also used for levelshifting signals for the lower levels
of series gating. VEE2 is used to provide the pulldown current for
both internal and external ECL signals. This reduces the power
dissipation in the chip considerably.
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The total power dissipation for an MCA III must be less than
a maximum of 30 watts worst case. At the current time there is
no minimum power dissipation requirement.

Detailed rules for calculating the power dissipation may be
found in the MCA III design manual in the appendix. The DE-
CALC program called NUPOWER is in the AQUA directory IN-
DIAN:[DECALC| and may also be used to calculate the power
dissipation. Also, SID does generate accurate power dissipation
numbers as part of its output report.

4.11 Reserved Resources

The following MCA III pins have dedicated uses and are not
available to the designer for use.

Pin Signal Name
1 Thermal Diode - Anode
2 Thermal Diode - Cathode

221 SCAN_A_CLK_H

222 SCAN_LOAD_H

229 SCAN_SELECT_H

230 SCAN_B_CLK_H

250 RING_OSC_ENABLE_H

256 TEST_DATA_IN_H

258 SCAN_DATA_OQUT_H

268 AC_TEST_OUT_L

269 AC_TEST_OQUT_H

309 CLOCK_H

310 CLOCK_L

321 GATED_REF_CLOCK_H

322 GATED_REF_CLOCK_L

The following pins are the preassigned power and ground pins.
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Vcce Top

Right Side
95, 96
103,104
115,116
121,122
131,132
139,140
149,150
155,156
167,168
175,176

Right Side
109,110
127,128
143,144
161,162

Right Side
107,108
124,125
146,147
163,164

Bottom

189,190
205,206
219,220
231,232
245,246
261,262

Bottom

227,228

Bottom

Left Side
275,276
283,284
295,296
301,302
311,312
319,320
329,330
335,336
347,348
355,356

Left Side

289,290
307,308
323,324
341,342

Left Side
287,288
304,305
326,327
343,344

39
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5 Testability

5.1 SCAN Design Guidelines

Raise to Dick Beaven or Mike Evans any problems whose so-
lution seems to require an exception to any of the following rules.
Variations have potential impact on console software development
or on testability in Manufacturing and the Field.

5.1.1 Scan Design Rules

The following set of rules define the restrictions applied to scan
latch usage.

1. All A phase latches are scan latches with a corresponding
B phase slave. The B phase slave is not necessarily unique to the
scan latch pair, i.e. it may be used for system data.

2. Scan latch elements can not be driven from STRAM clocks
since they are not active during scan operations. If a STRAM
clock is used to load latches, those latches can not be restored
after a STRAM access. Examples are the latches in STRAM parts
themselves and latches in the STREG custom part.

3. There exists a one to one correspondence between scan latch
pairs and scan address, i.e. for each address generated there is one
and only one latch accessed.

4. B phase slave devices copy A phase data independent of any
state variables. For example, reading ring O does not require any
other ring to contain specific data.

5. Inversions can exist at arbitrary points in the path. This may
be avoided by adding a second version of the A phase latch that
inverts the data internally. The cost for correcting these inversions
is a 2Kbyte RAM on the scan controller to hold the inversion
patterns per processor.

6. The clock distribution chip revision field appears as the first
n bits of ring 14 and are EXACTLY the same for each MCU. This
is required because the revision and type information, which is
used to determine the inversion patterns and ring lengths must be
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read from the clock distribution chip. While it is possible to map
MCU selects to MCU types it is not desirable, especially if variable
configurations exist.

5.1.2 Stram Design Rules

STRAM Usage

STRAMs will be used on the CPU module and on the SCU
module where RAM storage is required. STRAM clocks will be
generated on the clock distribution chip chip and distributed to
the STRAMS directly. These clocks are controllable via the scan
logic in the clock distribution chip chip.

STRAM Access

There are some memory locations in an Aquarius processor
which hold registers which the service processor must access trans-
parently. Transparent access is defined as access which allows the
state of the processor to be restored to EXACTLY that state at
which the clocks were stopped. There are a number of memories
for which this access is highly desirable for error recovery, test case
execution, diagnosis and processor/operating system debug. For
software consistency, the access to all RAM structures will allow
transparent read/write.

STRAM Access Requirements

To implement this strategy requires adherence to the following
set of rules: '

1. One to one correspondence between STRAM inputs and
scanable state devices and one to one correspondence between
STRAM outputs and scan mux devices with no combinational logic
between the STRAM and scan devices. (See exception below).

Exception: There may be ONE vector (maximum width 32 bits)
which when driven into the scan rings will establish this corre-
spondence. (i.e. setting the select line on a mux to steer the data
in). This vector is associated with a logical STRAM structure, i.e.
EBOX.GPR.
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2. There can be no side affects to driving either the setup vector
or STRAM inputs. A side affect is defined as any bit pattern which
when applied to the scan rings, will cause an input to another
STRAM structure, using the same STRAM clock, to change.

This rule can be waived if there are unique controllable STRAM
clocks to the structure.

3. For STRAMs that are clocked early in the cycle, i.e. the data
held in the STRAM is a function of the previous state, backup
latches must be added to the inputs to restore the internal state
correctly. These latches may be the same as the scan mux latches
used to read output data as long as they satisfy rule 2 above.
(Note: A phase STRAMs are still under evaluation).

[f a one to one correspondence does not exist and can not be
established as per rule 1 above, logic must be added such that
the STRAM inputs can be indirectly set. A multiplexer placed be-
tween the STRAM and normal system outputs driving the STRAM
will allow a set of latches to be added which will satisfy the access
requirements. There will be no timing constraints on which phase
latches are used as the STRAM clocks are stopped well after the
scan clocks have stopped. Note that existing latches may be used
as the indirect control registers thereby reducing the overhead.

Any STRAM that satisfies the above is testable and can be ac-
cessed transparently. If STRAMs clocked early in the cycle are not
backed up, they are still testable, however transparent access can
not be guaranteed. Such structures, if they exist, will be marked
by the service processor as write only and transparent access to
them will not be allowed. (This may be overridden if the opera-
tor so decides. If the access results in destruction of state, a reset
operation will place the processor in a known state and may be
required).
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6 STRAMS

6.1 Description

The Self-Timed Random Access Memory or STRAM is a device
which has integrated an ECL RAM with address and data latches
as well as write pulse generation circuitry. The desired goal was to
produce a RAM structure which would allow higher performance
in a system environment. By integrating the write pulse generation
onto the same chip as the RAM structure, the skew between data
and the write pulse is correlated and a significant portion of it may
be discounted. The integration of the address and data latches
provides savings in wire and output buffer delays.

Since we intend to package the STRAM stuctures on MCUs
along with MCA III arrays and other parts, the STRAMs will
require series termination or STECL outputs. It is intended, how-
ever, that the same part may be sold as a commodity item by the
vendor, and therefore the STRAM must also support normal 50
ohm ECL outputs.

The STRAMs have input address and data latch registers, and
a data out register. Both the input address register and the input
data register are opened with the assertion of the clock. The data
output data register is closed with the assertion of the clock and
is opened with the unassertion or negation of the clock.

A read access is initiated by the assertion of the clock signal.
If the address lines were stable prior to the assertion of the clock
and remain so during the assertion of the clock, then the read
access time will be governed by the assertion of the clock. If the
address lines are not stable prior to the assertion of the clock but
only stabilize during its assertion, then the read access time will be
governed by the address lines. Address lines must be stable 400 ps.
before the negation of the clock to ensure predictable operation.
Given that the STRAMs in the Aquarius system will be operated
with STRAM CLOCKS which are to be one quarter of a cycle
in duration, then the output data should be strictly determined
by the read access time and not by the negation of the clock.
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Should the STRAMSs be operated with a clock width greater than
its access time, then data will not be valid until after the negation
of the clock.

Write cycles are initiated by the assertion of the write enable
signal and with the unassertion of clock.

6.2 Timing rules

Tw 1Bh B

6.3 Testability rules
T. B. D.

6.4 Interconnect rules

6.4.1 Clock

STRAMs used in the AQUARIUS design will be clocked with
a differential clock signal generated by a Clock Distribution Chip
(CDC). This clock will be one quarter of a machine cycle in dura-
tion. Only two orthogonally adjacent STRAM chips may be con-
nected to one clock signal pair from the CDC which must be on the
same MCU in order to reduce clock skew.. The pair of differential
clock signals will be routed adjacently, have a yet to be determined
fixed length, and have a controlled number of crossovers.

6.4.2 Address, Chip Select

Address lines should be sourced from an MCA III or equiva-
lent chip on the same MCU as the STRAM chip for performance
reasons. However, this requirement is not an inviolable rule, and
if required the address lines (and any other inputs except clocks)
may be sourced from off MCU. For performance reasons it is prob-
ably desirable to limit the loading of address lines to four loads,
although up to eight loads can be supported but with an addi-
tional timing penalty but only if the address inputs are sourced on
the same MCU. If the address lines are sourced off the MCU, then
the number of STRAM loads is limited to four, regardless of the
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performance criteria. This is due to the extra HDSC etch on the
sourcing MCU and concern about the IR drop causing loss of DC
noise margin. Again the address lines must be treed to adjacent
STRAM chips to reduce the timing penalty for additional loads.
It is believed that each additional load will add about 300 ps of
delay to the worst case (closest to source) load.

6.4.3 Data In, Write Enable

The same rules as apply o the address lines. However, make
sure that you can meet the STRAM othogonally adjacency require-
ment for all inputs (address, data in, chip select, and write enable)
simultaneously.

6.4.4 DATA OUT

The DATA OUT lines may drive off of the MCU and/or module
as long as there is only one source on the line. Two orthogonally
adjacent STRAMs may have their outputs wire "ORed” if the de-
signer guarantees that only one of the STRAMSs has active outputs.
In other words only, one of the STRAM chips tied together may
be selected by the assertion of CHIP SELECT. Outputs which are
wire "ORed” are are not allowed to go off the MCU and will be
more restricted in length (3 inches for example). Due to restric-
tions on the length of etch between the two wire "ORed” STRAMS,
the STRAMS must be adjacent. The HDSC etch length between
the two wired OR STRAM outputs must be less than 0.75 in.
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7 Signal Naming Conventions

The following rules define the signal naming conventions to be
used for the Aquarius design.

7.1 Character length

The legal character length for a signal may be 32 characters,
not including the bit subscript.

7.2 Legal characters

The legal characters for a signal name (not including bit subscript)
are the UPPERCASE Alpha characters (A-Z), numeric characters
(0-9), and the underscore character. No imbedded spaces are al-
lowed.

7.3 Assertion levels

Assertion levels must appear on all signals. The assertion levels
are represented by an L for asserted low and an H for asserted high.
The assertion level is the last character in a scaler signal name
and is preceded by an underscore. The assertion level is the last
character before the bit subscript in a vectored signal and again
the assertion level is preceded by an underscore. The assertion
level should correspond to the polarity of the source component.

7.4 Vectored signals

The width of a vectored signal is denoted with a bit subscript.
The format of the bit subscript is [MSB:LSB|. MSB and LSB may
be numeric characters only and MSB must be greater than LSB.
No multiple subscripts between brackets are allowed.

7.5 Examples

Scaler: LOAD_OVERFLOW_REG_H
Vector: MBOX_IB_DATA_H[63:0]
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7.6 Logically equivalent signals

A signal which is logically equivalent to another signal should
have the same signal name with only the following variance. When
two or more signals are logically equivalent (and have the same
assertion level) then each signal name should have an single letter
bounded on both sides by an underscore and should be located
just preceeding the assertion level. If a signal has a single letter
preceding the assertion level, then there must be at least one other
logically equivalent signal.

Logical equivalents:
TEST_A_L
TEST_B_L

Not logical equivalents:
MY_A_CLK_L
MY_B_CLK_L

Nor:

ZAP_L
ZAP_H

7.7 Clock assertion levels

First, ASSERTION of a clock at a latch is defined as that level
which causes the latch to open. Therefore a clock may be defined as
ASSERTED or UNASSERTED. Although latches may be clocked
by the inverted phases (in a scannable flip/flop for example), we
will use ASSERTED and UNASSERTED to apply to those levels
of the clocks which are predominately used by the latches in the
machine. With a differential clock, the two clock lines must be in
opposing states. The clock is undefined if both of the clock signals
of a differential pair are at the same logic level.

Logical clock lines may be assumed to be asserted low. A clock
signal with no explicit assertion level such as CLK BB will be
assumed to have a low assertion level. NOT CLK BB or CLK BB
will be assumed to have an assertion level of high to ASSERT the
clock.

The following are equivalent signals;
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CLK AA
CLK_AA_L

and are asserted when low.
Whereas the following are equivalent;

CLK_AA_H
NOT CLK AA
“CLK AA

and are asserted when high.

The preferred designation will be CLK_AA_L and CLK_AA_H to
represent the two physical signals which comprise the differential
pair.

In text descriptions, clocks should be defined as either AS-
SERTED or UNASSERTED or as LOADING or HOLDING in
preference to defining them as LOW or HIGH. This should re-

move some of the ambiguity of which clock signal to which you are

applying the description. .
Examples:

0 2 4 6 8 10 12 14 16

| | 1 | | J . - ;
TA L = Yl

Xass. X UNASSERTED {
TAH Y
TBL \ \/

UNASSERTED ASSERTED
TB H X 2 A
0L X ASSERTED X UNASSERTED X .
TOH -

LL X ASSERTED X UNASSERTED
T1H
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8 MCU/MCA/STRAM Names

The following conventions will be followed in assigning names to
MCU’s, STRAMs, and to MCA'’s on the Aquarius project. Each
logical entity will have a unique name within logical entities and
each physical entity will have a unique name within physical en-
tities. The name for a physical entity as used here is not the
same name as a physical reference designator. Each physical en-
tity will eventually have a physical reference designator but theere
are more physical reference designations than there are physical
entities. A physical entity is used to represent the fact that some
logical designs are used multiple times in the AQUARIUS design.
When there is a one to one mapping between the logical entity and
the physical entity then the same name is used to represent both.
When a logical entity represents multiple physical entities, then
both the physical and logical names will be unique but are related
in a predetermined manner.

8.1 MCU’s

An MCU name shall be comprised of three uppercase alpha
characters or of 2 alpha characters and a numeric character. An
X shall be used as the last character in a logical name which rep-
resents more than one physical MCU. The numeric character may
only be used if there are two or more physical entities represented
by the same logical entity. The numerics should start with 1 and
increase monotonically.

For example:
MCX could be the logical name for an MCU which will have
four physical copies (MC1, MC2, MC3, and MC4)

As the last character of a physical name the numeric will uniquely
identify the device.
ADD could be name of an MCU that will have only one physical

copy.
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8.2 MCA’s

An MCA name will consist of 4 alpha characters and again the
last character may be a numeric indicating multiple physical copies
of that particular array. Again, X is reserved as the last character
for those logical names representing more than one physical MCA.
All uniquely designed MCA’s must have unique logical names and
each physically implemented MCA must have a unique physical
name. If an MCA is used more than once in an MCU that is
likewise used more than once, then each MCA used must have a
unique name.

MC1 (MCU #1) Contains MCA1 and MCA2 and

MC2 (MCU #2 - copy of MC1) Contains MCA3 and MCA4
where MCA1, MCA2, MCA3, and MCA4 are copies of the same
MCA.

Four character names which are the same except for ending in
A, B, C, etc. may be used to indicate chips of similiar but not
identical functionality. —

MCA naming conventions shall also apply to the custom chips
with the exception of the CDC chip which will be handled differ-
ently.

8.3 STRAMs

STRAM names will consist of five uppercase alpha characters
where the last two characters may be numeric. STRAM names
may be assigned to a group or array of STRAMSs of not more than
99 strams. The logical name for the cluster must end in two X's.
An intermediate grouping of up to 9 STRAMs is named by the
three unique uppercase alpha characters as in the logical cluster
name plus either another alpha character if the the grouping is
unique to itself or numeric if it is part of a larger logical grouping
of STRAMs. The last character should again be an X in this case.
To uniquely indentify a STRAM within that group each STRAM
would be assigned a name where the X is replaced with a numeric
digit between 1 and 9.
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For example STRXX could be the logical name for an array
of STRAMs containing 12 stram devices. Two logical groups of
6 STRAMs each are created in order to trade off physical loca-
tions with MCAs. These two groups would be named STR1X and
STR2X respectively. The individual STRAMs of the first group
would have the names: STR11, STR12, STR13, etc. and the
STRAMs of the second group would be named STR21, STR22,
STR23, etc.

Each MCA, MCU, STRAM, or custom chip in the CPU and
the JBOX shall have a unique designation.
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9 Custom Chips

9.1 Macro library
T. B. D.

9.2 Technology constraints

T Buo Dy




RESTRICTED DISTRIBUTION 53

10 MCU

10.1 Physical layout constraints

The MCU provides a high density signal interconnect medium
to interconnect several TAB’ed chips together and to interconnect
them externally via connectors. The MCU provides an orthogonal
pair of signal layers with reference planes above and below the pair.
The signal interconnect density is 3 mil or about 330 tracks per
inch. The MCU will contain a Clock Distribution Chip plus up to
eight MCA III or custom chips. Each MCA III or Custom Chip
could be replaced by approximately nine STRAM chips, depending
upon STRAM size and orientation. Connectors on each of the four
sides of the MCU provide 804 pins for I/O. A few of the pins are
reserved for dedicated signal functions, but none are required for
ground or reference which has been provided for separately.

Power distribution layers are also provided on the MCU for
ground, VEE1 (-5.2 volts), and for VEE2 (-3.4 volts).

10.2 Power constraints

T+ B. D

10.3 Pin constraints

There are four signal connectors provided on the periphery of
the HDSC of the MCU. Viewd from the component side of the
HDSC the connectors are labled FP1, FP2, FP3, and FP4 starting
with the right hand connector and proceeding counter clockwise.
Each connector consists of 269 pins of which 68 are reference sig-
nals and will be connected to ground. Pin numbers 1 + 4*i where
= 0 M ,67 are grounds. The rest of the pins may be in-
put or output signals and are available to the designer with a few
exceptions. The exceptions are the following reserved pins:

FP3.91 MCLK_L
FP3.92 MCLK_H
FP3.178 RCLK_L




RESTRICTED DISTRIBUTION 54

FP3.179 RCLK_H
FP3.138 CD_CLK_CNTL_H
FP3.148 CLOCK_CHECK_IN_H
FP3.120 CLOCK_CHECK_OUT_H'
FP2.123  SBUS_SELECT_IN_H[O]
FP2.124 SBUS_SELECT_IN_H[1]
FP2.131  SBUS_SELECT_IN_H[2]
FP2.130 SBUS_SELECT_IN_H[3]
FP2.120 SBUS_SELECT_OUT_H[O]
FP1.152 SBUS_SELECT_OUT_H[1]
FP1.151  SBUS_SELECT_OUT_H[2]
FP1.150 SBUS_SELECT_OUT_H[3]
FP1.75 SBUS_A_CLK_IN_H
FP1.78 SBUS_A_CLK_OUT_H
FP1.76 SBUS_B_CLK_IN_H
FP1.79 SBUS_B_CLK_OUT_H
FP1.146  SBUS_FCT_IN_H[O]
FP1.142 SBUS_FCT_IN_H[1]
FP2.119  SBUS_FCT_QUT_H(O]
FP2.118 SBUS_FCT_OUT_H[1]
FP1.74 SBUS_DATA_IN_H
FP1.80 SBUS_DATA_OUT_H
FP1.147  SBUS_HDSC_SEL_H

10.4 Clock constraints

The master clock signal pair and the reference clock signal pair
will be prerouted from the connector pins to the Clock Distribution
Chip. Also, the buffered master clock and gated reference clocks
from the Clock Distribution Chip to the MCA III chips will also
be prerouted. This is to ensure that the lengths of these runs
will be identical from one MCU to the next. The STRAM clocks
will require that the router route them with a fixed length (yet to
be determined). Unfortunately it is not possible to preroute the
STRAM clocks as there are too many options. These clock pairs
should also be flanked on both side by an unused track.
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10.5 ECO’s

ECO'’s are constrained to being chip replacements only. There
is no planned capability to ECO the signal interconnect on the
HDSC.

10.6 Testability constraints

The current testability constraints are to implement those SCAN
and CLOCK pins which are already reserved.
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11 Module

11.1 Physical layout constraints

The CPU module will be constructed on a 24” x 24” module
wtih 24 layers, comprised of 5 signal layer pairs, a clock layer, 11
reference planes, and two pad layers. This module will provide the
signal interconnectivity for up to 16 MCU packages, and a row of
connectors on one edge of the module. This module will provide
for signal and reference planes only and specifically will not be
used for power distribution.

The System Control Unit (SCU) module will be constructed on
a 24 inch by 18 inch module, with the same 24 layers as the CPU
module. The SCU is designed to support 6 MCU packages and
numerous connectors. There are connectors for clock distribution,
connection to up to four CPU modules, connections to the memory
backplane, and connections to the I/O subsystem.

At this time all layer pairs are orthogonal pairs and run parallel
to the edges of the module.

11.2 Power constraints

T. B. D.

11.3 Pin constraints

T. B. D.

11.4 Clock constraints

Each MCU receives the master clock signal and reference clock
signal from signal power dividers mounted on the back side of the
module. Each MCU in turn must have a receiving Clock Distri-
bution Chip (and only one) which receives these clocks and gen-
erates appropriate clocking signals for other chips on the MCU. If
an MCU is not present then the clock must be terminated with
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11.5 Testability constraints

There will be a 300 pin connector on the CPU module dedicated
for bringing out a number of signals to assist in testing/diagnosing
the module. Selection of the signals to be brought out to the
connector will be determined by the designers.
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12 Interconnect Rules

All Hi-Tech connections will be made using Series Teminated
Emitter Coupled Logic (STECL) with 100K ECL temperature
compensated compatible levels. The series termination is a result
of the relatively high resistance of the interconnection medium on
the MCUs and the need to maintain good noise margins for reason-
able lengths of interconnect. This does mean that wire “ORing”
is difficult at best and has to be explicitly supported with special
STECL outputs requiring a minimum of two pins per output or
three pins for a generalized output. Also, because of the high re-
sistivity of the interconnect, the lengths of interconnect possible
with wired “OR” outputs are severely shortened. Therefore, it has
been deemed that no wire “ORing” be allowed on the Hi-Tech por-
tion of the machine between chips other than in a very restricted
circumstance around STRAMSs.

12.1 MCA to MCA within MCU

There should be no more than four loads on a net. For critical
nets, loads should probably be restricted to one. Remember that
the worst case delay is the trip from the source to the farthest
load and then back to the load which is closest to the source. It
is not planned that at the present time that the treeing order can
be specified.

Effectively, daisy chain routing will be used for connections on
the MCU, minimizing stub lengths.

12.2 MCA to STRAM within MCU

Nets which are sourced by an MCA and loaded by a STRAM
shall be restricted to absolutely no more than eight loads which
must be clustered together as adjacent STRAMs. A good design
goal is to restrict the loading to four loads if interconnect delays
are at all important.
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12.3 STRAM to MCA within MCU

There should be no more than four loads on a net. For critical
nets, loads should probably be restricted to one. Remember that
the worst case delay is the trip from the source to the farthest load
and then back to the load which is closest to the source.

124 MCA to MCA within module

Nets which are sourced on one MCU and include at least one
load on another MCU shall be restricted to only two MCU’s. In
otherwords, a source on one MCU may not be loaded by two other
different MCU’s. A net should not be loaded on the same MCU
as its source if it also is loaded by another MCU. Otherwise, the
round trip delay times become very long.

There shall not be more than four loads on ‘the net. Critical
nets should be restricted to one or two loads.

12.5 MCA to STRAM within module

Nets which originate on another MCU on the same module
may drive up to 4 STRAM loads. No other loads are allowed on
the net. The STRAMs must be orthogonally adjacent. No more
than the source MCU and one load MCU may be involved in the
net.

12.6 STRAM to MCA within module

Nets which are sourced on one MCU and include at least one
load on another MCU shall be restricted to only two MCU’s. In
otherwords, a source on one MCU may not be loaded by two other
different MCU’s. A net should not be loaded on the same MCU
as its source if it also is loaded by another MCU. Otherwise, the
round trip delay times become very long. Nets which have two
STRAMs wire "ORed” are not allowed off MCU.

There shall not be more than four loads on the net. One or two
loads should be considered for critical nets.
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12.7 MCA to MCA between modules

Nets which are sourced on one module and loaded on another
module must be differential pairs. The differential pairs will have
only one load and will be received by a differential receiver macro.
The differential pair will be routed as an adjacent pair at all levels
of interconnect which include cable. module, and HDSC.

12.8 MCA to STRAM between modules

Not allowed. Since signals between modules must be differen-
tial pairs and there are no differential receivers on STRAMs (other
than clock), then no MCA to STRAM connections between mod-
ules are allowed.

12.9 STRAM to MCA between modules

Not allowed. Since there are no differential drivers on the
STRAMs then no STRAM to MCA connections between modules
are allowed.

12.10 MCA to non-MCA

No more than 2 loads on a net. The SCU module and the
memory backplane module are tightly coupled together electrically
and for our purposes may be considered to be a single module.
Signals which are otherwise, between modules, must be differential
and have a single load. These inlcude CPU and SCU to console
connections and SCU to XJA connections.

12.11 Non-MCA to MCA

Non-MCA ECL parts will require a source termination consist-
ing of a pull down resistor of value 315 ohms connected between
the source output pin and -5.2V. Additionally, a series resistor of
value 45 ohms must be connected from the source output pin and
the network which it will drive. Less than 300 mils of etch should
connect the output pin and the resistor pins.
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If the signal is sourced on the memory module and loaded on
the SCU, then two loads in the same MCU are allowed. Other con-
nections between modules must be made with a differential pair.
These include Master Clock Module (MCM) to CPU and SCU con-
nections, console to CPU and SCU connections, memory module
to SCU connections, and XDA to SCU connections. Differential
signals may have only one load.

12.12 Lo-Tech Connections
= B.: D.
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APPENDICES
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A RTL Bodies

Legal RTL bodies as of January 19, 1986.
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B Macro Drawings

Legal CLEGO bodies as of January 19, 1986.
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1.0

2.0

THE MACROCELL ARRAY CONCEPT

The Macrocell Array is a VLSI gate-array chip which uses cells
called macros as logic building blocks to design custom logic.
Each cell in the gate-array contains only resistors and
transistors. This cell 1is a generitic element since the
devices that it contains are not connected together to form a
logic function until the designer defines the cell and uses
metal to wire it. A library of macros has been created which
interconnects the resistors and transistors to form these
logic functions. The Macros form such logic functions as AND,
OR, Latches, D flip-flops, and many other logic functions.
All Macros are comprised of series-gated ECL structures to
optimize performance.

To generate a chip design, the designer need only be concerned
with developing circuits by selecting Macros from the library
of Macros available in the MCAl00OOECL gate-array.

Compared with the conventional approach to custom LSI
circuits, the Macrocell approach offers a reduction in
delivery time. Fully diffused wafers are stockpiled and only
the 1interconnect needs to be added to a wafer to obtain a
customized MCA3.

FEATURES OF THE MCA10000ECL GATE ARRAY

The MCAlO0000ECL, a gate-array having 10,000 equivalent gates
and 256 I-0 pins, has been developed using an advanced silicon
bipolar process. This process technology utilizes a
transistor structure which employs polysilicon base, emitter,
and collector electrodes and a resistor structure which also
uses polysilicon. This process has been used to demonstrate
gate delays of 150 pS.

This very high performance ECL macrocell array, MCAl10000ECL,
has an approximate gate density of 10,000 equivalent gates.
Very low thermal resistance packaging and special low
inductance low capacitance packaging and interconnect will be
necessary to exploit its highest potential performance.

The gate array floor plan is shown in Figure 1. It A%
comprised of a central core area of 414 major cells (MCELLS)
which are divisible into quarter cell functions and arranged
in an array of 20 rows and 21 columns (minus 6 sites for the
master bias generators and special clock generator circuits).
A ring of 200 Output cells (OCELLS) interspersed by 224 Input
cells (ICELLS) surround the Major cells for interfacing to the
pad drivers, The 256 pad cells (including I-O pads, called
PCELLS) plus the 104 power pads lie at the periphery of the
chip. The metalization system will include 3 layers of
interconnect. The customized routing metal will reside on the
first two metal layers (Metal 1 and Metal 2) with
interconnecting vias between. The top metal layer (Metal 3)
and parts of Metal 1 and 2 provides power and ground
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distribution.

Previous gate array designs have provided only two levels of
series gating thereby 1limiting the complexity of functions
. which can be designed within one current switch. Within this
gate array, three levels of series gating is possible at both
major and output macro cells. This provides additional "and" *
(product) gate functions at very high speed within one switch
delay and at a lower power level. Figure 2 shows the
advantage of three level series gating verses two level series
gating for a typical logic function.

All current switches within the array are powered from the
main supply voltage VEEl. If three level series gated
functions are used then VEEl is set to -5.2V. If only two
level series gated functions are used throughout the array,
then VEEl may be set to -4.5V. Also, ICELLS are powered from
a second, lower supply voltage VEE2 = -3.4V to save power.

The output emitter followers of M, I, and O CELLS, as well as
STECL output followers employ constant current source
pulldowns to VEE2 to save power. The constant current source
pulldowns minimize the sensitivity of ac performance to power
supply variations.

The overall power dissipation is limited to 30 Watts maximum.

Either 10KH or 100K ECL I/O signal levels are compatable with
the MCAl0000 but both are not supported simultaneously.
Therefore both outputs and inputs of the array must either be
10KH ECL or 100K ECL signals. The output pad drivers may be

. configured as standard 50 or 25 ohm ECL outputs, or they may
be configured as series terminated ECL (STECL) outputs which
include a constant current source pulldown and a series
terminating resistor. This feature allows the elimination of
off-chip termination resistors.

The power, ground, and bias supply 1lines are not shown in
Figure 1. These interconnects are automaticlly accomplished
by the CAD system. The illustration shows only the number of
free Metal 1 tracks between MCELL columns that can be used by
the designer to interconnect the cells in the array. The
tracks in the vertical direction are accomplished on Metal 1
while the tracks in the horizontal direction reside on Metal
iy The second layer of metal may be routed over the cell
without interfering with the macro in that cell since all
macros are intraconnected on the first layer of metal. This
is true for all cells and slave bias drivers but not for the
bias regulators. Metal 2 routing is not allowed over the bias
regulators even though they are also intraconnected on Metal 1
since signal cross-talk can affect their performance. The
first layer of metal is separated from the second layer of
metal by polyimide dielectric. Connections between Metal 1
and Metal 2 is accomplished with VIA's.
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MACROCELL ARRAY DESCRIPTION

3.1

Input Cells

The Input or Interface Cells (ICELLS) are located around
the periphery of the gate array. In addition to input
buffering, the 1Input. Cells provide a small logic
capability, ie. a two 1input OR/NOR gates. ICELLS are
required so that proper tracking rates can be provide to
the 1inputs of Major Cells. All signals coming into the
gate array are considered EXTERNAL signals and must pass
thru an ICELL before the signal can be routed to a MCELL.

NO signal mixing of bonding pad and Major Cell signals is
allowed into an Input cell. Only input signals from
bonding pads or "Z" outputs of Output Cells can be
connected (separately or mixed) to an input of an Input
Cell.

Input Cell outputs (as well as Major Cell) can only be
connected to inputs of Major Cell and Output Cell macros
and are considered INTERNAL signals. These outputs do NOT
have enough drive capability to drive signals off the gate
array.

Each Input Cell contains 10 transistors and 12 resistors
as shown 1in Figure 3. These components are connected
together on first layer of metal to form 1logic functions
with only one level of series-gated structures. All Input

macros must fit within one Input Cell.

The Input Cell current switch is connected to. VEE2 (-3.4
volts) to conserve power on the gate array. Two gate
currents, 0.4mA for a low and 0.8mA for a high, are
available. Both have 0.8mA output emitter followers (OEF)
which are connected to VEE2.

The power dissipation (PD) of an I,M,or OCELL macro does
NOT include the output follower current since 0 or 0.8 mA
can be specified for each output.

Major Cells

The Major Cells (MCELLS) 1in the array comprise the
internal area on the chip and are used for the majority of
the logic. Each Major Cell contains 76 transistors and 82
resistors. These components are connected using Metal 1
to form 1, 2, or 3 level series gated structures. Each
macro in the library specifies how much of a cell is
required to implement the macro, ie either 1/4, 1/2, 3/4
or 1 Major cell., Figure 4 shows the components in a 1/4
MCELL. One MCELL is the largest discrete unit in the MCA3
gate array, macros larger than one MCELL are not presently
available.
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Outputs of a Major Cell macro are considered INTERNAL
signals and can only drive inputs of other Major cells and
inputs to Output Cells. The current source for each macro
is either 0.4mA or 0.8mA for a Low and High power macro
respectively.

Input followers for Major Cell macros each have an emitter
current of .167 mA or .208 mA (nominal values for 2 and 3
level inputs). These currents are summed and added to the
gate current for each macro to determine the power
dissipation of the gate.

Emitter dotting of output transistors forms a wired-OR
logic function internal to a macro. This occurence for
each macro is recorded as a pin property parameter within
the CAD data bases.

YA and YB outputs in Fiqure 2 are low power outputs and
are referred to as "twin outputs" to denote macro outputs
having identical logic functions. These outputs can be
tied together (called a high power output) to improve
drive characteristics or used separately to drive separate
loads (one or both outputs may be used in generating wire
OR functions).

Output Cells

The Output Cells (OCELLS) are located on all four sides of
the gate array. They are wused to interface to logic
outside of the chip by providing a 25 ohm, 50 ohm, 60 ohm
or STECL (series terminated ECL) output drive capability.
The OCELL Library provides macros that can fit into 1 or 2
Output Cells.

Each Output Cell contains 17 transistors and 20 resistors
as show 1in Figure 5. These components are connected
together on Metal 1 to form logic functions consisting of
1, 2, or 3 level series gated structures.

The Output Cell current source can be either 2 mA, 3 mA,
or 6 mA. Output Cell macros with 2 mA current sources are
used to drive one STECL Pad Cell or a 60 ohm output
emitter follower per "X" output pin. Output Cell macros
with 3 mA current sources can drive two STECL pads or one
50 ohm emitter follower off the same "X" output pin in the
Output Cell. OCELLs with a 6 mA current source can drive
one 25 ohm emitter follower per "X" output pin.

"Z" outputs on Output Cells pins are available for driving
inputs of Input Cells only and are considered EXTERNAL
signals. The "Z" outputs have a larger voltage swing than
an ICELL or MCELL output since a larger load resistor is
used in the Output Cell. The "Z" output current source
can be either 0.0 or 0.8 mA.
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The primary output of the Output Cell macro is labeled "X"
and 1is considered a CML signal. When it is used, it must
be connected to the base of an output emitter follower
located near the bonding pads. The "X" output cannot be
connected to any macro input. Both "X" and "Z" outputs
can be utilized simultaneously.

A network (shown in a box with dotted lines in Figure 5)
is added to the output cell macros if the ECL 100K option
is selected to alter the temperature tracking of the OCELL
output. When the network is not connected in the Output
cell, it's output becomes a 10KH output. Note: ALL
inputs and outputs on the gate array must be EITHER 100K
or 10KH signals. Combination of the two signal types 1is
not allowed.

Pad Cells

Cells are located on the periphery of the gate array
called PCELLS which contain the components needed to form
25 ohm, 50 ohm, 60 ohm, and STECL drivers. The PCELL also
contains a 75K ohm resistor which is required on all input
signals coming onto the gate array. The 75K ohm resistor
is connected to VEE2 (-3.4) and is used to form a logical
LOW on inputs which are left unconnected.

Output signal levels are generated at the PCELL.
Therefore the minimun path through the MCA3 is to access
the chip at an input pad (EXTERNAL signal), pass through
an ICELL (INTERNAL signal), enter an OCELL and exit at one
of its "X" outputs (CML signal), connect to a PCELL to
form an output (STECL, 50 ohm, ...), and attach to an
output bonding pad.

Power, Ground, and Reserved Bonding Pads

Table 1 shows the pre-assigned power and ground pins that
will be wused on every MCAlOOOOECL gate array. It also
includes a list of reserved bonding pins used for the
Aquarius project.
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Right Side

121,122
131,132
139,140
149,150
155,156
167,168
175,176

TABLE 1

MCA Power Pin List

Bottom

189,190
205,206
219,220
231,232
245,246
261,262

Pébe 8

Left Side

275,276
283,284
295,296
301,302
311,312
319,320
329,330
335,336
347,348
355,356

109,110
127,128
143,144
161,162

289,290
307,308
323,324
341,342

107,108
124,125
146,147
163,164

223,224

287,288
304,305
326,327
343,344
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4.0 LOGIC DESIGN CONSIDERATIONS

4.1 Bonding Pads Connected to Macro Inputs

Any non-power bonding pad may be used as an input pad.
This input may connect to any Input Cell input pin but may
not be routed to any Major or Output Cell input pin
directly. '

4.2 Input Bonding Pad Signal Integrity Rules
The following are Signal Integrity input pad rules:

A) Maximum of four Input Cell loads per input bonding

pad.

B) Maximum total length of on chip metal for routing to
ICELLS = 50 mils (first metal + second metal). 50
mils of worst case metal = .4pf.

C) Differential inputs may lie on adjacent input pins or
on input pins separated by one output pin. The metal
length connecting each input pin of the pair to the
Input Cell load must be within 20% of each other.

4.3 Internal Connections

Outputs of Input and Major Cells macros may only be
connected to inputs of Major Cells or Output Cells. For

Output Cell macros, the "Z" output may only be connected

to 1inputs of Input cells and the "X" output may only be .
connected to an output emitter follower in a Pad Cell.

4.4 Output Cell "X" Outputs Connected to Bonding Pads

The only cell output that 1is allowed to connect to a
bonding pad is an Output Cell "X" output. Input and Major
Cell macro outputs are not allowed to connect to bonding
pads. "Z" outputs of an Output Cell macro are also not
allowed since these may only be used to drive Input Cell
inputs.

4.5 Output Bonding Pad Signal Integrity Rules
The following are Signal Integrity output pad rules:

A) Only one pad can be utilized as a source for off chip
nets when a STECL output is used (NO STECL off chip
wire ORs allowed).

B) All STECL outputs must have a series resistor
connected to the output pad. A series resistor is
provided in the PCELL for this purpose.

C) Only one OCELL "X" output is available per output

:
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4.6

4'8

bonding pad (NO wire ORing of OCELL "X" outputs) .

D) Up to 50% of the I1/0 pads (128 pads) may be single
ended outputs spread evenly between Vcc pins on the
chip. Single ended outputs may not 1lie on adjacent
pins.

E) Complementary (differential) output pairs may exceed
the 128 output 1limit up to a maximum of 140 outputs
(six additional outputs can be added to the total
number as long as they are added as differential
pairs). These output pairs may lie on adjacent pins
or be separated by one single ended pin. This means
that outputs can only be on adjacent pins 1if the
second signal is a simultaneous inverted copy.

F) Differential output pairs must be fully wutilized off
chip, one output 1is not allowed to remain floating
while the other output is used.

G) Complementary outputs must originate from the same
Output Cell. The metal length connecting each output
of the pair to its pad must be within 20% of each
other.

Unused Inputs or Outputs Internal to the Gate Array

Any unused outputs in the array are allowed to be left
floating wunconnected. Unused inputs need to be connected
to a low voltage, logic "0" (the input base is shorted to
the emitter). This provision should be supplied by a
strapping process resident on the wuser's CAD system.
There 1is no special provisions for providing a high
voltage (logical "1") on an unused 1input, it must be
generated. This can be accomplished by using a spare
inverter from a major cell.

Outputs need to be strapped if any loads are connected to
the output of a macro except for "X" outputs in Output
Cells which do NOT require straps. A CAD tool will place
straps on outputs which are used. The only exception to
this rule is when wire OR functions are preformed by tying
outputs of different gates together. 1In this case, not
all outputs need to be strapped, only the ones which
furnish the output current source.

Maximum Fan-Out of Macro Outputs

The maximum DC fan-out for a low power output should be
limited to a load factor of ??? on all internal outputs.
For high power outputs (twin outputs having the identical
logic function), the maximum DC load factor 1is ??2?.
Values TBD.

AC Fan-out of Macro Outputs
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= TBD =

4.9 Wire ORing

Wire ORing is a circuit technique used to provide an OR
function of a number of signals without needing to utilize
an OR gate thereby saving a gate delay and the gate's
power. This section outlines the interconnect and loading
rules associated with wire ORing. Section 5.3 contains
delay information associated with wire ORing and section
6.1 includes placement and routing rules.

When a wire OR function is performed, the output follower
should be selected such that for each emitter output the
maximum current is 0.8 mA per output (when only 1 output
is high) and the minimum current is 0.2 mA (when all the
outputs of the wire OR are high). Therefore the total
number of wire OR's allowed per wired OR function is 4,

which must include the macro internal wire OR's. The
number of 1internal wire OR's for each macro output is
given in the Macrocell library for the gate array. The

true and complement outputs of a macro can be wired ORed
separately but can not exceed the 4 wire OR limit stated
above. The number of internal wire OR's for the true and
complement outputs of a macro are not necessarily the same
value.

"Twin outputs" (outputs from the same macro having.
identical logic functions) can be tied together for
improved drive capability but do NOT count in the wire OR
total even though a 1logic wire OR function results. A
1.6mA output follower current (high power output) can be
used for a wire OR function ONLY IF these "twin outputs”
are both used in ALL of the source outputs. In other
words, if a l.6mA output follower current is desired for
drive capability, the twin outputs of each wire ORed
source must be connected. The reason for requiring them
both to be connected is to adhere to the 0.8mA maximum
output current density rule. The maximum number of high
power wire ORed sources is still limited to four.

Low and high power output emitter followers can NOT ©Ge
wire OR'ed together.

Outputs of Major Cells and Input Cells can be tied
together to form a wire OR function. Wire ORing of "2"
Output Cell outputs is NOT ALLOWED. Wire ORing of "X"
Output Cell outputs is also NOT ALLOWED.

Wire ORing of STECL, 60 ohm, 50 ohm, and 25 ohm outputs is
NOT ALLOWED on or off the gate array.

Designing Latches with Gates

When designing logic requiring latches, the logic designer
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is NOT ALLOWED to make his own latches from non-latch
macros.

Calculation of Maximum Power Dissipation

The maximum power dissipation of a gate array option can
be calculated following the guidelines of this section.
Table 2 contains a breakdown of all the possible power
sources on the gate array and includes a description of
the variables used in this section. The total power from
these sources may be calculated and totaled under the
appropriate supply voltage category, either Pveel or
Pvee2. A maximum power can then be determined. Note:
neglect input pulldown power.
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TABLE 2

| Power
] i i i S e
Structure VEE1l VEE2
(-5.2 V) (-3.4 V)
ICELL cell(Pci), OEF pwr(Poi)
MCELL cell power (Pcm) OEF power (Pom)

STECL Output "X" OEF pwr + SL5 (Pox)

) Regulators VREF1l,VREF3 (Prl) VREF2,VREF5 (Pr2)

SL11,SL12,SL3 (Psl) SL21,SL22 (Ps2)

|
|
I
I
|
I
:
OCELL ; cell power (Pco) "Z" OEF pwr (Poz)
I
I
|
|
Slaves {

‘ o all cell power is on a per gate used basis
o all output emitter follower (OEF) power is on a per
output used basis
o regulator and slave power is fixed on all MCA3 options
o STECL output power is the sum of the "X" OEF and SL5
slave power. A SL5 slave is only needed when its
corresponding STECL output is utilized.

Pci - ICELL gate power per individual ICELL

Pcm - MCELL gate power per individual MCELL

Pco - OCELL gate power per individual OCELL

Poi - ICELL OEF power per output

Pom - MCELL OEF power per output

Poz - OCELL OEF power per "Z" output

Pox - STECL OEF power per "X" output including
SL5 (slave reference generator) power

Prl - total VREFl and VREF3 regulator power

Pr2 - total VREF2 and VREF5 regulator power

Psl - total SL11,SL12,SL3 slave reference
generator power

Ps2 - total SL21,SL22 slave reference generator
power
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A)

B)

C)

D)

E)

F)

The constants needed to determine the gate-array power
are given below. They are all nominal power values.

Pci, Pcm, Pco : vary with each macro (refer to the
cell library for macro gate power)

Poi = Pom = Poz = 2.72mW nominal (per 0.8mA OEF)
Pox = 36.72mW (per STECL output incl. SL5 pwr)
Prl = 96.30mW (total regulator VEEl power)

Pr2 = 164.29mW (total regulator VEE2 power)

Psl = 1396.72mW (total slave VEEl power)

Ps2 = 522.24mW (total slave VEE2 power)

Calculate Pcl, the total cell power from the VEEl
supply and Pc2, the total cell power from the VEE2

supply.

Pcl = ZPcm +5 Pco :total MCELL + OCELL gate pwr
Pc2 =g Pci :total ICELL gate power

Calculate Po2, the total output emitter follower (OEF)
power from the VEE2 power supply.

Po2 = g§Poi+ fPom+ ZPoz stotal ICELL,MCELL, and
OCELL "Z" OEF power

Calculate Pox2 which 1is comprised of one of the
following: the total power dissipation due to STECL
outputs (added to the VEE2 power numbers, -3.4 volts)
which includes the SL5 power; 60 ohm (-2.0 volts)
outputs; 50 ohm (-2.0 Volts); or 25 ohm (-2.0 volts).

Pox2 = s Pox :total OCELL "Z" OEF power

Add the power dissipation overhead for the voltage
regqulators and the slave reference generators.

Pvl
Pv2

Prl + Psl itotal Reg + Slave VEEl power
Pr2 + Ps2 :total Reg + Slave VEE2 power

non

Add the nominal power values together for VEEl and
VEE2 and multiply this total by 1.25 to obtain the
maximum total power for the option. The total maximum
power dissipation for each gate array option shall not
exceed 30 watts.

Pcl + Pvl
Pc2 + Po2 + Pv2 + Pox2

Pveel
Pvee?2

Maximum total power = 1,25 * (Pveel + Pvee2)

4,12 Power Sequencing

When powering the MCA3 up or down it 1is very important
that the following power sequencing is followed:
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On Power Up : apply the VEEl supply then -apply the
VEE2 supply in that order

On Power Down : turn off the VEE2 supply then turn
off the VEEl supply in that order

Note: the VEE2 supply should NEVER be more negative than
the VEEl supply.

5.0 PERFORMANCE

S.1

5.3

Input Current

The maximum input current (at Vih max) at the input pin
leading to a high power Input cell can be calculated by
multipling: 14.3uA times the total fan-in plus 70uA for
the pulldown resistor between the input pin and VEE2. The
maximum input current (at Vih max) at the input pin
leading to a low power ICELL can be calculated in the same
way by multipling: 7.luA times the total fan-in plus 70uA
for the pulldown resistor between the input pin and VEE2.

Propagation Delay Degradation of an Input Due to Rise Time
Skew at the I/0 pin

When external inputs drive an input pin of the gate array,
the rise and fall times should be 0.5ns (20% to 80%) in
order for the progation delay of the Input Cells specified
in the Macrocell Library to be accurate. Although the
driving source may provide a signal of 0.5 ns rise and
fall times, the capacitance at the end of the tranmission
line will degrade the signal. For each nanosecond
increase above .5 ns in the rise and fall time at the
input pin of the gate array, a value of delay degradation
should be added to the Input Cell macro. This delay can
be found in Table XXX for both rising and falling signals.
This assumes that the 50% point of the input signal is not

skewed by more than +/- 20 mV of nominal Vbb = -1.31
volts.
TABLE XXX
- TBD -
Wire ORing

This section contains delay information associated with
wire ORing. See section 4.9 for wire OR interconnect and
loading rules and section 6.1 for placement and routing
rules.

Wire ORing of macro outputs will lead to some delay
degradation which should be added to the propagation delay
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specified in the Macrocell library for the gate array.
The maximum propagation delay degradation for the output
edge falling ( delta Tpd- ) is:

Low OEF: delta Tpd- 68+(# Wire OR's - 2)*9 (pS)

High OEF: delta Tpd- 24+(# Wire OR's - 2)*6 (pS)
These degradations are fairly small since the delay is due
mainly to a very small capacitance associated with the
additional output device on the line. The propagation
delay for the output rising edge, delta Tpd+, is much
larger as shown in Table 3. This can be attributed to a
phenomenon called "current hogging." Current hogging
occurs when two macro outputs are wire OR'ed and both are
in the "low"™ state, one output could be suppling more
current to the load resistors than the other. When the
output that 1is supplying the smallest amount of current
switches to the "high" state, it must now supply all of
the current resulting in the additional delay shown in
Table 3.

The high OEF should only be used if the "twin outputs" of
EACH logic function are connected in the wire OR. As
mentioned earlier, twin outputs can be tied together for
improved drive capability.



MCA III Design Manual Page 17

* %

TABLE 3

Maximum Delay Degradation for Output Rising,
Delta Tpd+, vs. OEF and # of Wire OR's for
Low and High Power Gate/Load Combinations

OEF Type | Total # of Wire OR's
I 2 | 3 | 4 f
————————— e et e
Low * | 125 | 141 ; 160 |
--------- R ] Bttt
High ** | 113 | 148 | 150 |

The total number of outputs in a net is limited
to 4 including the number of emitters wire OR'ed
for that output.

If 1.6mA is used for a net then every output in
the net must have the twin emitters wired
together,
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6.0

5.4

CAD

Metal and Fan-out Degradation

The metal interconnect between macros in the array
represents a line capacitance to the driving gate. This
line capacitance coupled with the input capacitance of the
loads primarily affects the fall time but also can affect
the risetime. Worst case metal and fan-out curves are
shown in Figures 6-9. Figures 6 and 7 include the
risetime and falltime delays for a 1low power output
emitter follower (0.8mA) respectively. Figures 8 and 9
include the same for a high power OEF (1l.6mA).

An IR voltage drop value of 15mV is being allowed on
signal runs originating from any source gate to any load
on the MCA3. To calculate this, each net should be
dissected 1into metal segments pertaining to the amount of
load current passing through that section. Having this,
an incremental IR value may be calculated which can then
be used to determine the total IR voltage drop to any load
on that net.

LAYOUT CONSIDERATIONS
Wire ORing

This section contains placement and routing information
associated with wire ORing. See section 4.9 for wire OR
interconnect and loading rules and section 5.3 for delay
information.

When outputs are tied together, current will flow from the
output that is "high" to the OCS (output current source)
located at one of the other outputs. This current causes
a small IR drop, which decreases the signal's noise
margin. The maximum IR drop allowed due to wire ORing a
net from any source to any load is 20 mV. The resistance
of Metal 1 is .46 ohms/mil while the resistance of Metal 2
is .19 ohms/mil, For instance, assume there is a metal
run of 100 mils total between two sources wire ORed
together where 50 mils is on first layer and 50 mils is on
second layer. A 0.8 mA output follower current would mean
that 0.8 mA of current would flow from the output that is
"high" to the other output when in the "low" state. This
could cause a voltage drop of 18.4 mV drop on first metal
and 7.6mV drop on second metal for a total drop of 26
millivolts. Note: 0.8 mA is for low power OCS outputs,
high power OCS is 1.6 mA. The above example exceeded the
20 mV allowed and illustrates that shorter metal is
required to meet the 20mV restriction.

The following wire OR rules should be followed in order to
adhere to this 20mV restriction:

A) Loads must originate from a common point "load point"
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6.3

6.5

in the wired-or net connecting the sources. See
Figure XXX for an example of what is ment by a "load
point™ or a wire ORed net.

B) Place current source(s) at farthest source from the
load point.

C) Maximum metal length between the load point and the
farthest source from the OEF is:

Low pwr OEF: <= 25 ohms (Metal 1 plus Metal 2)
High pwr OEF: <= 12.5 ohms (Metal 1 plus Metal 2)

The metal length resistance in ohms is given by the
following equation.

R = (.46 ohms/mil) * (Metal 1 length in mils) +
(.19 ohms/mil) * (Metal 2 length in mils)

D) Wire ORing takes the second hightest priority of
to-be-routed nets (just after routing clock nets).
Minimum metal length should be wused to connect the
sources. To accomodate this, placement of wire ORed
nets takes the second highest priority of to-be-placed
macros.

VIA Placement

‘'In the routing channels, the only restriction on VIA's

(connection between first and second layer metal) is that
adjacent horizontal VIA's which are on two different
signal metals are NOT allowed.

Output Metal Length Restrictions

A) The maximum metal length allowed from the "X" output
of an Output Cell macro to the Pad Cell is 100 mils
for STECL outputs.

B) The metal length from the "2Z" output of an Output Cell
macro to an input of an Input Cell must be restricted
to a maximum of 50 mils total metal length.

Placement Rules Due to Power Balancing Requirements

- TBD -

Cell Reference Designator Scheme

The MCELL reference designators are assigned using a 5
character representation. The first character 1is "E"
followed by two characters describing the X location and
two characters describing the Y location (Exxyy) of each
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Quarter-MCELL. Starting with pin one of the MCA3 in the
upper left hand corner, the Quarter-MCELL in that corner
is labled E0101. Moving to the right across the array the
X wvalues increase; E0201, E0301, E040l1, ... E4201 (there
are 42 columns of Quarter-McellS in the MCA3). Moving
down the rows the Y values increase; E0102, E0103, E0104,
... E0140 (there are 40 rows of Quarter-MCELLS in the
array). See Figure 10.

The ICELLS reference designators follow a different
approach. Their designators begin with an "I" and are
followed by a 3 character digit representing the number of
ICELLS on the array (Iaaa). There are 224 ICELLS on the
MCA3 so the designators begin by pin one with 1001 and end
with 1224, Because describing their ordering method would
be difficult, Figure 10 is used to convey this method.

The OCELLS reference designators follow the same approach
as the ICELLS. Their designators begin with an "O" and
are followed by a 3 character digit representing the
number of OCELLS on the array (Obbb). There are 200
OCELLS on the MCA3 so the designators begin by pin one
with 0001 and end with 0200. Because describing their
ordering method would also be difficult, Figure 10 is
again used to convey this method.
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Pin 1
0001 0002
0003 0004

1223 1224
0199 0200

I001 1002
I003 1004

1221 1222 E0102

0197 0198

E0103

= & 85 & & 8 =

.

0153 0154

I169 1170 E0140

0149 0150
0151 0152

1165 1166
1167 1168

Figure 10

MCA3 Reference Designator Locations

-

E0240 EO0340

1053
1055

E0101 E0201 EO0301 ...

I113
I115

1054

Page 21

Pin 90

0049 0050

I056 0051 0052

E4201 1057 1058

" & ® e © & o o = @

0053 0054
I059 1060
0055 0056

o . ? o ° L] L] -
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1 OVERVIEW

An overview drawing of the Aquarius Clock System 1is shown in
figure 1. The diagram will be the same for both the dual and quad
processor Aquarius systems. The only difference between the two
configurations is the need for more copies of the Master Clock
modules outputs in the quad processor system.

Clocks will originate from an oscillator that generates a sine
wave clock. The output of the oscillator is sent to a power
amplifier and then to a power divider and Clock fanout network from
which copies of the Clock are distributed to the Clock Distribution
Chips on the MCUs and modules of the system.

The Clock Reference signal which is a square wave signal that
is derived from the Clock, will originate from the Clock Oscillator
and be fanned out and distributed to the Clock Distribution chips in
the same manner as the Clock. This signal runs at 1/8 the frequency
of the Clock Oscillator and is used to define the beginning of a
machine cycle.

The Clock Control signal is derived from the Clock Reference
signal and is distributed to the Clock Distribution chips. This is
a logic signal that is controlled by the console. The Clock and
Reference signals that free run as long as the system has power.
The Clock Distribution Chip and gate arrays will generate one
machine cycles worth of clocks for each Clock Control pulse that the
Clock Distribution chip receives.
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AQUARIUS CLOCK SYSTEM
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Figure 1

The Clock Control chip has logic on it for gating the Clock
Control signals on and off, generating a burst of Clock Control
pulses that is a prescribed number of machine cycles 1in duration,
controlling the spacing between Clock Control pulses in machine
cycles, specifying the position of the Clock Reference relative to
the Clock, specifying the frequency at which the Clock Oscillator is
to run, and a frequency counter for measuring the Clock Oscillators
output frequency. Commands to this chip will come from a Aquarius
Scan System which interfaces to the Console.
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The Clock Distribution-Chip performs several functions. It
fans out the Clock and Gated Reference signals to the Gate Arrays,
shapes and fans out the Clocks for the STRAMS, and acts as a central
distribution point for the Aquarius Scan System on an MCU,

The on Gate Array Clock logic shapes and fans out the clocks
that are used by the state devices on the Gate Array.

1.1 Clock Waveforms

The Aquarius system requires a Clock with 8 Clock edges per
machine cycle. The eight Clock edges will be derived from the
rising edges of eight cycles of the Clock Oscillator.

To define the beginning of a machine cycle the clock oscillator
will provide a signal which runs at 1/8 the frequency of the
oscillator. This signal is known as the Clock Reference.

The Clock Control signal determines whether clocks for the
current machine cycle will be generated.

The Gated Reference signal is generated from the Clock, Clock
Control, and Clock Reference signal in the Clock Distribution Chip
and fanned out to the Gate Arrays on an MCU. The Gated Reference
will only be asserted if the Clock Control signal was true
indicating that the gate array should generate a cycles worth of TA
and TB clocks.

The Clock Reference and Gated Reference signals may not be
perfect square waves. The logic that uses these signals should only

depend on the leading edge of the signals being accurately
positioned. The pulses High state may be from 3/8 to 5/8 of a cycle

wide.

A cycle worth of STRAM TO through T7 <clocks will only be
generated by the Clock Distribution chip for the STRAMs on the MCU
if the Clock Control signal is true.

The waveforms of these signals are shown in figure 2. Fixed
delays 1in the Clock System were assumed to be zero for the purpose
of drawing the waveforms.
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CLOCK WAVEFORMS AQUARIUS
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The Clocks inside- the Gate Array will be shaped by the Clock
distribution logic on the Gate Array. Two signals will be formed.
One opens latches for 1/8 of a cycle and closes them for 7/8 of a
cycle. This 1is the "A" phase Clock. The other is the "B" phase
Clock which opens latches for 4/8 of a cycle and closes them for 4/8
of a cycle. The Clocks are positioned so that they are guaranteed
to have 1/8 of a cycle of latch closure time between the closing of
a "B" phase latch and the opening of the next "A" phase latch, and
2/8 of a cycle between the closing of an "A" phase latch and the
opening of a "B" phase latch . This non-overlap guarantees that min
delay races are not possible when transferring data from "A" to "B"
or "B" to "A" phase latches, providing the sum of the Clock skew
plus the receiving latch hold time minus the minimum delay from
Clock to data out of the source latch is less than 1/8 of machine
cycle.

The other devices that receive Clocks are the STRAMs. Their
Clocks are shaped and distributed from a Clock distribution chip
that resides on each MCU. They receive Clocks that are High for 3/4
of a cycle and Low for 1/4 of a cycle. Clocks of this shape are
available starting every 1/8 of a cycle throughout an entire machine
cycle.

The Aquarius Register File will use two of the STRAM Clocks to
allow it to do a read and a write per machine cycle.

1.2 Clock Skew Requirements - Water Cooled Machines

The clock skew between two Clocks to state devices either
inside a Gate Array or as received by a STRAM anywhere in subsystems
on different printed circuit boards that have their logic inside of
MCUs must be less than 1.5 NS.

The clock skew between two Clocks to state devices either
inside of a Gate Array or as received by a STRAM anywhere in a
subsystem on a single printed circuit board that has its logic
inside of MCUs must be less than 1.5 NS.

The clock skew between any two Clocks to state devices either
inside of a Gate Array or as received by a STRAM anywhere on the
same MCU must be less than 1.0 NS.

The Aquarius machine will use register file parts which will
require two different STRAM Clocks to drive the same part. The
relative clock skew between two STRAM Clocks to the same register
file chip on an MCU must be less than 0.5 NS.

The clock skew is an unsigned quantity that represents that the
maximum time difference that can exist between the positions of the
Clocks at any two clocked devices in the system. It represents an
uncertainty about the position of the Clock due to manufacturing and
design tolerances.
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Known fixed offsets between Clocks are not considered part of
the clock skew. Thus if an "A" phase and "B" phase Clock are known
to have a 1/8 cycle separation this 1/8 cycle offset would not be
considered as part of the clock skew.

The above clock skews are only guaranteed at the shortest
system operating cycle time. At longer system cycle times the clock
skew will 1increase. However, the rate of increase will be
sufficiently slow that 1logic designed to operate at the shortest
will not fail as the clock frequency is 1lowered as long as the
timing design rules have been followed.

1.3 Clock Skew Requirements - Air Cooled Machines

The clock skew between two Clocks to state devices either
inside a Gate Array or as received by a STRAM anywhere in subsystems
on different printed circuit boards that have their logic inside of
MCUs must be less than 1.9 NS.

The clock skew between two Clocks to state devices either
inside of a Gate Array or as received by a STRAM anywhere in a
subsystem on a single printed circuit board that has 1its logic
inside of MCUs must be less than 1.9 NS.

The clock skew between any two Clocks to state devices either
inside of a Gate Array or as received by a STRAM anywhere on the
same MCU must be less than 1.4 NS.

The Aquarius machine will use register file parts which will
require two different STRAM Clocks to drive the same part. The
relative clock skew between two STRAM Clocks to the same register
file chip on an MCU must be less than 0.5 NS.

The clock skew is an unsigned quantity that represents that the
maximum time difference that can exist between the positions of the
Clocks at any two clocked devices in the system. It represents an
uncertainty about the position of the Clock due to manufacturing and
design tolerances.

Known fixed offsets between Clocks are not considered part of
the clock skew. Thus if an "A" phase and "B" phase Clock are known
to have a 1/8 cycle separation this 1/8 cycle offset would not be
considered as part of the clock skew.

The above clock skews are only gquaranteed at the shortest
system operating cycle time. At longer system cycle times the clock
skew will increase. However, the rate of increase will be
sufficiently slow that 1logic designed to operate at the shortest
will not fail as the clock frequency 1is lowered as long as the
timing design rules have been followed.
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1.4 Memory Subsystem Clocks

The part of the Memory subsystem that resides in the JBOX MCUs
will use the same Clocks as the JBOX uses. The JBOX will supply the
clocks for the remainder of the memory subsystem by shipping STRAM
Clocks, and a B phase clock to the that logic.

When the frequency of the clocks is changed the console will
have to change the phase, "TX", of the STRAM Clock the Jbox is
sending to the memory. The exact clock phase/clock frequency
relationship will be specified in the Aquarius Memory specification.
The procedure for changing clock frequency is TBD.

1.5 I/0 Subsystem Clocks

The part of the I/O subsystem that is on the Jbox MCUs will use
the same clocks the Jbox uses. The Jbox will supply clock signals
to the rest of the logic in the I/O subsystem by shipping a logic
signal and a copy of the B phase clock to the I/0 subsystem.

1.6 STRAM/Gate Array Clock Positioning Requirements - Water Cooled
Machines
The nominal leading edge of the STRAM TO clock at a STRAM will

occur 0.5 NS before the nominal leading edge of the TA clock at the
state devices within the gate array.

TA = e ———— + e e e, m——,———————— + o —————.
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1.7 STRAM/Gate Array Clock Positioning Requirements - Air Cooled

Machines

The nominal leading edge of the STRAM TO clock at a STRAM will
occur 0.9 NS before the nominal leading edge of the TA clock at the
state devices within the gate array.

TA —=eeccacsees—-- + P, ————— e ——— — = + o ———— =

1.8 Clock Starting And Stopping

The Clock Control distribution chip on the Clock Module will
contain a number of registers which will control the operation of
the Clock System.

It will be possible to start and stop Clocks to each CPU of a
system, and the JBOX independently.

It will be possible to separately enable the generation of
Clocks for each of the above subsystems from a common burst counter
which issues a programmable number of Clock Control pulses to each
of the enabled subsystems. One cycles worth of Clocks will be
generated in the subsystem for each Clock Control pulse that 1is
received.

The spacing between the Clock Control pulses is controlled by
loading the Interval register which holds a count representing the
number of machine cycles between Clock Control pulses.

It will only be possible to step the clocks in the machine in
full machine cycle increments. Fractional machine cycle steps will
not be possible due to the design of the clock shaping and
distribution logic in the machine,

1.9 Clock System Initialization

The Clock System will be initialized and controlled from the
Aquarius Scan System that is operated by the Console. Synchronizers
will be installed at appropriate points in the logic to bring the
Aquarius Scan System control signals into the time frame of the
Clock System.
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1.10 Hot Disconnect

In a quad processor it shall be possible to power down two of
the processors to perform maintenance while the other two processors
are running. When this is done it must be possible to remove clock
connections to the powered down processors without causing any
malfunction in the running processors. This capability is needed to
allow component replacement in the powered down processors.

This capability may be required in the dual processor
configurations.
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2 MASTER CLOCK MODULE

The Master Clock Module will contain the Clock Oscillator, some
of the Clock and Clock Reference fannout circuitry, and Clock
Control logic.

2.1 Clock Oscillator - Water Cooled Machines

The Clock Oscillator will be a phase locked voltage controlled
oscillator that 1is capable of changing frequency over a range from
352 to 600 MHZ in 4 MHZ steps. The frequency control signals will
come from a register in the Clock Control chip. The machines are
expected to ship at an operating clock frequency of 500 MHZ.

The steady state clock frequency must have a long term accuracy
of better than +/- 0.0025%, and once loop lock is achieved the
frequency must not deviate from nominal by more than +/-0.2% due to
loop hunting.

When changing frequency the oscillators output must not
overshoot or wundershoot the desired frequency in the process of
acquiring lock by more than 1.0%.

The oscillator will provide a loop unlocked indicator which can
be read by the Console.

| To change the frequency from 352 MHZ to 600 MHZ, or from 600
MHZ to 352 MHZ or any smaller range should not require more than 1.0
| second. This wide a frequency change may have to be made in several ‘
| steps. The sum of the times required by the individual steps should
not exceed 1.0 seconds.

The clock circuitry must provide an output at 1/8th the
oscillators frequency whose rising edge 50% point is offset from the
50% point on the oscillators by TBD +/- TBD ps over the 352 to 600
MHZ operating range of the oscillator independent of loop lock. An
amplified and appropriately delayed version of this signal will be
distributed as the Clock Reference Signal.

The oscillator must always achieve 1lock following power up
after its frequency register has been loaded. If required an
initialization signal can be provided from the Console.

The output of the Clock Oscillator will be a differential sine
wave.

The 1/8 Oscillator frequency output shall be a square wave
signal.

The clock circuitry will provide a 1 MHZ output which has the
same long term accuracy as the master oscillator.
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-Further details of the Clock Oscillator specifications can be
found in the Aquarius Clock System Implementation specification from
the HPS Technology group.

' 2.2 Clock Oscillator - Air Cooled Machines

The Clock Oscillator will be a phase locked voltage controlled
oscillator that 1is capable of changing frequency over a range from
240 to 424 MHZ in 4 MHZ steps. The frequency control signals will
come from a register in the Clock Control chip. The machines are
expected to ship at an operating clock frequency of 352 MHZ.

The steady state clock frequency must have a long term accuracy
of Dbetter than +/- 0.0025%, and once loop lock is achieved the
frequency must not deviate from nominal by more than +/-0.2% due to
loop hunting.

When changing frequency the oscillators output must not
overshoot or wundershoot the desired frequency in the process of
acquiring lock by more than 1.0%.

The oscillator will provide a loop unlocked indicator which can
be read by the Console.

To change the frequency from 240 MHZ to 424 MHZ, or from 424
MHZ to 240 MHZ or any smaller range should not require more than 1.0
second. This wide a frequency change may have to be made in several
steps. The sum of the times required by the individual steps should
not exceed 1.0 seconds.

‘ The clock circuitry must provide an output at 1/8th the
oscillators frequency whose rising edge 50% point is offset from the
50% point on the oscillators by TBD +/- TBD ps over the 240 to 424
MHZ operating range of the oscillator independent of loop lock. An
amplified and appropriately delayed version of this signal will be
distributed as the Clock Reference Signal.

The oscillator must always achieve lock following power wup .
after its frequency register has been loaded. If required an
initialization signal can be provided from the Console.

The output of the Clock Oscillator will be a differential sine
wave.

The 1/8 Oscillator frequency output shall be a square wave
signal.

The clock circuitry will provide a 1 MHZ output which has the
same long term accuracy as the master oscillator.

Further details of the Clock Oscillator specifications can be
found in the Aquarius Clock System Implementation specification from
the HPS Technology group.
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2.3 Clock Fanout To MCUs

The output of the Clock Oscillator will be sent to a power
amplifier which will increase the amplitude of the Clock to the
value required to drive the power dividers that will drive the
individual cables that will supply the Clocks to modules and MCUs of
the system. The actual implementation may use multiple levels of
power dividers to achieve the required fanout.

This is shown in figure 1.

Details of the Clock fanout implementation will be found in the
Aquarius Clock System Implementation specification from the HPS
Technology Group.

2.4 Clock Reference Fanout To MCUs

The 1/8th frequency output of the Clock Oscillator will be sent
to a programmable delay circuit to position it, and to a power
amplifier which will increase its amplitude to the value required to
drive the power dividers that will drive the individual cables that
will supply the Clock Reference to modules and MCUs of the system.
The actual implementation may use multiple levels of power dividers
to achieve the required fanout.

This is shown in figure 1.
Details of the Clock Reference fanout implementation will be

found in the Aquarius Clock System Implementation specification from
_the HPS Technology Group.

2.5 Clock Control Signal Fanout To MCUs

The output of the Clock Control chip will be sent to a gate
array in each of the processors and major subsystems of Aquarius
where enough copies of the Clock Control signal will be generated to
distribute to each Clock Distribution chip in that subsystem.

This is shown in figure 1.
Details of the Clock Control fanout implementation will be

found in the Aquarius Clock System Implementation specification from
the HPS Technology Group.

|
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2.6 Clock, Clock Reference, And Clock Control Signal Loading

The Clock, Clock Reference, and Clock Control signals must be
sent to the modules and MCUs in the system that require Clocks. The
total number of loads that the Clock, Clock Reference, and Clock
Control signals must drive in each major hardware unit is listed
below. Note that electrical considerations will require that the
Clock Control signals be sent as a differential signal from the
Master Clock Module to the other processors and the Jbox.

Clock Fanout Requirements - Quad Processor

Within Subsystem Copies
Of Signal Required

Subsystem Modules MCUs Spares Clock Ref Control

CPU 0 1 16 0 16 16 16

CPU 1 1 16 0 16 16 16

CPU 2 1 16 0 16 16 16

CPU 3 1 16 0 16 16 16

JBOX 3 6 0 6 6 6
Table 1

Clock Fanout Requirements - Dual Processor

Within Subsystem Copies
Of Signal Required

Subsystem Modules MCUs Spares Clock Ref Control

CPU 0 i | 16 0 16 16 16

CPU 1 1 16 0 16 16 16

JBOX 1 & 0 4 4 4
Table 2

2.7 Clock Control Chip

The Clock Control chip has to perform a number of functions.
These include: forming the Clock Control signal, aligning the Clock
Reference signal with the edges of the Clock, gating the Clock
Control signal on and off under Console control, supplying Clock
frequency commands to the Clock Oscillator, fanning out the Clock
Control signal to the modules and MCUs that make the computer
system, and measuring the frequency of the clock oscillator.
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A block diagram of the Clock Control Chip is shown in figure 5.
The exact number of copies of each group of outputs will depend on
the final implementation of the Clock Control fanout.

The Clock Control Chip provides Clock Control pulses to the
major functional wunits of the Aquarius system. The Clock Control
signal to each of these major units can be gated on and off by
control logic that resides on the Chip. The operation of this
control logic is determined by the contents of the several control
registers that reside on the chip. The functions that are
controlled by each of the registers is described in the section of
the specification that describes the registers.

The chip contains 1logic to position the Clock Reference
relative to the Clock. For this function there is a register which
controls a programmable delay line. The Console reads a Clock
Reference Position Comparison Flip Flop which is used to compare the
position of a delayed copy of the Clock Reference with the position
of the Clock. The rising edge of the Clock Reference must be
aligned with the Clocks rising edge. The value of the delay line is
adjusted by loading a register with the delay value sent from the
Aquarius Scan System. By loading the register with progressively
larger values a point is reached where the Clock and Clock Reference
edges cross and flip flop will change state indicating correct
alignment. The exact location of the Clock Reference Comparison
Flip flop is an implementation detail. ( Note: An alternative
implementation of the reference positioning logic may use a closed
loop servo system to position the Clock relative to the Clock
Reference. If this 1is done then the need for the register that
controls the programmable delay may go away.)

®

|
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The Clock Control logic shall be clocked by the rising edge of
a delayed copy of the Clock Reference signal. The delay will be 1/2
a Clock period of the Clock. This delay must be accomplished in
high speed off gate array logic logic because the clock control chip
is expected to be built from a gate array whose performance lies
somewhere between an MCA I and an MCA II. Such a gate array cannot
handle the maximum frequency of the Clock. The timing relationship
of this <clock to the other clocks on the Master Clock module is
shown below:

Clock Control Logic Clock Timing

+=+ +=+ +=+ +—+ +—+ +-+ +—+ +—+ +—=+ +—+ +—4 +=4 +—4 +—-4+ +-+
lel 171 1ol 111 1201 131 (4] Isl lel 170 1ol 111 21 3| |4l
QSC + +=4 +—+ +-+ +—+ +-4 +-=+ +=+ +=+ +-+ +—-+ +-4% +—4+ +—+ +—-+ +
tm——— e ——— Fm——t——— tmm————————— e e o
I | XXX | XXX | | | XXX | XXX |
CLK REF - e e + pmmmpmm—p———
* active clock edge
o ———— e o —— +———t———+
I | XXX | XXX | | | XXX | XXX |
CLK REF DLY --+ oo o o o e o o + e

It is important that Clock Control signal be generated from a clock
that is aligned with the rising edge of the Clock, because the logic
that receives it on the Clock Distribution Chip clocks the signal
into the chip on the rising edge of the Clock. The Clock Control
signal must takes less than one machine cycle to get from the Master
Clock module to the Clock Distribution Chips.
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2.7.1 Registers -

The Clock Control Distribution Chip contains several registers
which can be read or written over the Serial Scan Bus. The read
write status of the register will be indicated in the description of
the register. They are:

2.7.1.1 Clock Control Register 0 -

T S . s e ST T e e

|l plEllevlBER)S ]l 8] 7 16 lpsvlrd T 31 24 3178 4

T T S s s it it st B S e el et e

(o1}

IT NUMBER

- CPU
- CPU
= JCPY
= CRY
=i'CPU
= {CPU

CLK RUN

BURST EN

CLK RUN

BURST EN

CLK RUN

BURST EN

= /CBU CLK RUN

= CBU BURST EN

JBOX CLK RUN

- JBOX BURST EN

- BURST GO

- BURST HALT

- LOOP UNLOCKED

- REF POSITION STATUS
CLK INTERRUPT ENABLE
CLK INTERRUPT CLEAR

WWNNNHEHOO

HMEOONUY>» VOO WN O
}
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CLK RUN and BURST EN form a two bit field which controls whether the
designated unit gets Clocks or not. The encoding of the field is as

follows: .
CLK BURST
RUN EN FUNCTION
0 0 Stop all clocks to the unit
0 1 Enable running the clocks to the unit from the
Burst Counter
| 0 Supply clocks to the unit as long as this encoding
is true
1 1 Not allowed
BURST GO - The assertion of this bit causes the contents of the Burst

Count register to be transferred to the Burst Counter.
This causes a burst of Clock Control pulses equal to the
in length to the transferred count to be generated. Each
Clock Control pulse causes one machine cycles worth

of clocks to be generated in the enabled subsystem.

After Burst Go has been asserted the Burst Count register
can be loaded with a new value without affecting the
burst that is in progress. Write only bit.

BURST HALT _ When true the Clock stopped because the Burst Count
has expired. The assertion of this bit will cause
a console interrupt if clock interrupts are enabled.
Read only bit.

LOOP UNLOCKED - When true the VCO has not acquired lock. The assertion
of this bit will cause a console interrupt if clock
interrupts are enabled. Read only bit.

REF POSITION STATUS - This a read only bit which indicates the
state of the flip flop which tests the time position of
the Clock Reference signal relative to the Clock. It is a Zero
if the rising edge of the Clock Reference occurs before the
falling edge of the Clock, and a One if it occurs after
the falling edge of the Clock.

CLK INTERRUPT ENABLE -
When true and either BURST HALT or LOOP UNLOCKED are
asserted an interrupt will be sent to the console. This

is a read/write bit.

CLK CLEAR INTERRUPT -
When true the BURST HALT and LOOP UNLOCKED flags will

be cleared. This is a write only bit.

The contents of this register can be read and written from the
Aquarius Scan System
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2.7.1.2 BURST COUNT REG -

e T e e e e e e e

Pl ETDIC I BUEE (79 | 8 1 7 1 69658 &5 37021 1% 0]

e e e e e e e e
This register hold a 16 bit binary number which

specifies the number of machine cycles worth of Clocks that
are to be generated when BURST GO is asserted.

The contents of this register can be read and written from the
Aquarius Scan System.

2.7.1.3 Interval Register -

B e e st S e
| 7'V =5 | & 30254 - 208 |
e T e b st SR SR
BIT NUMBER

7-0 INTERVAL COUNT

This register hold a 8 bit binary number which specifies the
interval in machine cycle time periods between the generation of
Clock Control pulses. A Clock Control pulse

causes one cycles worth of clocks to be generated.

When a count of zero is loaded into this register Clock Control pulses will
be generated on every cycle.

When a count of one is loaded into this register Clock Control pulses will
be generated on every other cycle. This will cause
the whole multiprocessor system to run at half speed.

When a count of "N" is loaded into this register Clock Control pulses will
be generated on every "N+1" cycles. This will cause
the whole multiprocessor system to run at one over "N+1" of its full speed.

Procedure for changing the interval count - TBD.

The contents of this register can be read and written from the
Aquarius Scan System.

One of the outputs of the Clock Control logic is a signal which is
true whenever the Interval register contains a non zero count. This
signal may be required by the logic in the memory subsystem so that
it can determine when the machine is running with slowed clocks.



2.7.1.4 FREQUENCY REG -

i e e i s i L et i 4

9187y iIslsl &l.3]1212106 ]

e S e e et T s et

BIT

9-0 FREQ REG - This field contains a binary number which

specifies the frequency in megahertz at which
the Clock Oscillator is to run. The clock
oscillator ignores the two least significant
bits of this register. As a result the clock
frequency is a multiple of 4 MHZ,.

Procedure for changing clock frequency - TBD

The contents of this register can be read and written from the
Serial Scan Bus.

2.7.1.5 FREQUENCY CNTR -

tmm—pm bt ———F——————t——————+———+

L1 81 7+61 514|312 14% 191

R e et T e et

BIT

7-0 FREQ CNTR - This counter contains a binary number which

which is equal to the clock frequency in MHZ.
It is accurate to +/- 1 MHZ.

This register is read only.
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2.7.1.6 REF POSITION REG -

B e e T e e
1 701 86 1§ | 853200 11 81
B T e et TR PR
BIT NUMBER

7-0 REF DELAY This field controls the amount of time the Clock Reference
is delayed relative to the Clock. A larger number
causes that Clock Reference to move later in time relative
to the Clock. The intention being to keep incrementing
the count in this register until the REF POSITION STATUS
bit changes from a Zero to a One thus indicating alignment
of the Clock Reference and the Clock.

This field can both be read and written.

2.7.2 Master Clock Module To Console Interface -

For a description of how the Aquarius Scan System interfaces to
the Master Clock Module interface see Mike Evans "Master Clock
Module to Scan Controller Interface™ memorandum, The contents of
this memorandum will eventually be added to the Aquarius Scan System
specification. A block diagram showing the connections between the
console and Master Clock module is shown below. All signals are
differential ECL signals.

e +
| | 2
I | --> SCTL_DATA_ OUT
Z - CLOCK | 2 2
SCTL_DATA_IN ---->| CONTROL | --> TRANSFER ACK
ol LOGIC | s
SCTL_TRANSFER --->| f
2. " INTERFACE |
SCTL_CLK_A ------ > | TO i
2 CONSOLE I
SCTL. CLK B ~——=—~ >| I
2. | 1/0 |
TRANSFER ——=——=—=~ >: CONNECTIONS J
IR - T :

14 1/0 PINS
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2.7.3 Clock Reference Generation -

The Clock Reference will be generated by dividing the Clock by
eight. The «circuit that does this should be self initializing at
power up time.

2.7.4 Clock Reference Positioning. -

As stated earlier the rising edge of the Clock Reference needs
to be aligned with the rising edge of the Clock. This must be done
in such a way that changes to the Clock Oscillators frequency do not
cause the alignment to be lost. This can be accomplished if
relative to a common origination point both Clock and Clock
Reference are delayed by the same amount as they are distributed
throughout the machine. It should be noted, that because the Clock
runs continuously, that the Clock Reference can be delayed an
arbitrary number of Clock cycles by passing it through flip flops
clocked by the Clock without impacting the relationship between it
and the Clock. This fact may prove useful when designing the
control logic in the Clock Reference Distribution Chip.

2.7.5 Clock Reference Fanout -

The fanout requirements of the Clock Reference have been
described in a previous sections of this specification. The exact
implementation of that fanout will be described in the Aquarius
Clock System Implementation specification that will be issued by the
HPS Technology Group.
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3 ON MCU CLOCK DISTRIBUTION

Each MCU will contain an Clock Distribution .Chip which will
receive the Clock, Clock Reference, and Clock Control signals from
Master Clock Module. The Clock Distribution Chip will be
responsible for providing differential copies of the Clock and Gated
Clock Reference to the Gate Arrays on the MCU, shaping and supplying
the differential Clocks required by the STRAMS on the MCU, receiving
and supplying Aquarius Scan System data to the Gate Arrays on the
MCU, communicating that scan data to the Console, controlling the
clocking of the STRAMS and Gate Arrays on the MCU from the Serial
Scan Bus, providing a port for reading the revision number of the
Clock Distribution Chip, and the serial, type, and revision numbers
of the MCU over the Aquarius Scan System.
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3.1 Clock Distribution Chip

A block diagram of the Clock Distribution Chip is shown below.

e + »

I CLOCK |
I DISTRIBUTION I
| CHIP |
e +
I CLOCK | ---> CLOCKS TO
2 | & | 8 GATE
CLOCK ----- > | REFERENCE |---> ARRAYS
2 | FANOUT |
CLK REF --->| TO | ---> GATED CLK REF
1 | GATE | 8 SIGNAL TO GATE
CLK CTL --->| ARRAYS |---> ARRAYS
I 37 1/0 :
e — - ——— +
I | ===> STRAM
| STRAM | 6 CLOCKS
I CLOCK |---> GRP 0
I SHAPING I
I & | ---> STRAM
| SELECTION | 6 CLOCKS
I & |---> GRP 1
| FANOUT I
| | ---> STRAM
I | 6 CLOCKS
| | =—--> GRP 2
| 48 1/0 |
| | ===> STRAM
[ | 6 CLOCKS
| | =-=> GRP 3
CHECK IN -->| I
I | --->CHECK OUT
SERIAL Fmmmmmmm——m—m e m e +
SCAN I | <--> SERIAL
BUS <=====-- > | MCU SERIAL I SCAN
I SCAN I BUS SIGNALS
MCU SERIAL | INTERFACE | TO/FROM GATE
NUMBER ---->| | <--> ARRAYS
| 67 1/0 I
MCU TYPE [ |
NUMBER -———>: | <=- MCU EXCEPTION
|
MCU REV | |
NUMBER ---->| |

152 SIGNAL 1I/0

FIGURE 8

As can be see the chip is divided into 3 major functional sections.
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The topmost group receives the Clock, Clock Reference, Clock
Control signals from the fanout logic and creates one differential
copy of the Clock and Gated Clock Reference signals for each of the
8 possible gate arrays on an MCU.

The middle group of signals uses the Clock, Clock Reference,
Clock Control signals to form the STRAM Clocks. Four groups of
STRAM Clocks with 6 differential copies of each of the clocks are
formed. A different STRAM Clock phase can be selected for each
group of outputs. Each group can select any of the 8 possible STRAM
Clock phases. The selection is done by loading scan rings within
the Clock Distribution Chip. In addition this section has an
input/output pair of signals called CHECK IN and CHECK OUT. These
signals operate in conjunction with a module 2 counter on the CD
chip that increments after each T7 STRAM clock. The contents of
this counter is compared with the CHECK IN input, which comes from
an identical counter on a different CD chip via that chips CHECK OUT
output, and if the CHECK IN input does not match the this counter an
error flag will be set and a console interrupt generated because two
CD chips have generated different numbers of clocks. This checker
is intended to detect improperly seated MCUs. The counters on all
CD chips are initialized to the same state via the scan system at
system power up time.

.The bottom signals are the chips interface to the Aquarius Scan
System. This interface allows the Console to manipulate the
contents of scan rings on the Clock Distribution Chip, and access
the scan rings 1in the Gate Arrays on the MCU. In this latter
function the Clock Distribution chip acts a central hub for
distributing and collecting scan data from the Gate Arrays on the
MCU. The Clock Distribution chip also acts as a collection point
for sending interrupt signals to the console. To provide this
function the MCU has an Exception input pin. This pin has a
pulldown resistor to pull it Low when no input is connected. When
driven high an interrupt will be sent to the console. In addition
to this the Clock Distribution chip has an on chip temperature
sensor which detects excessive MCU temperature an interrupts the
console so an orderly system shutdown can take place. This sensor
is intended to detect poor heat sink attachment and loss of coolant
Situations.
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3.1.1 Registers -

The Clock Distribution Chip has internal scan rings which have
a number of control/status bits which can be read or written over
the Serial Scan Bus. Those bits are listed 1in this specification
for completeness. Please refer to the Aquarius Custom Clock
Distribution Chip Specification to determine the exact location of
the bits within the scan rings.

CD REV NUM <3:0> - This field contains the revision number of the
Clock Distribution chip.

MCU TYPE <7:0> - The contents of this field is the type number of
MCU. This is a read only field.

MCU REV NUM <4:0> - The contents of this register is the revision
number of the MCU. This register is read only.

MCU SERIAL NUM <14:00> - The contents of this register is the serial
number of the MCU. This register is read only.

STRAM GRP 0 PHS SEL <3:0> - Contains the phase selection for the
STRAM Clocks for STRAM Group 0. The 3 bit binary
number is the number of the STRAM Clock phase.
This field is read write.

STRAM GRP 1 PHS SEL <3:0> - Contains the phase selection for the
STRAM Clocks for STRAM Group 1. The 3 bit binary
number is the number of the STRAM Clock phase.
This field is read write.

STRAM GRP 2 PHS SEL <3:0> - Contains the phase selection for the
STRAM Clocks for STRAM Group 2. The 3 bit binary
number is the number of the STRAM Clock phase.
This field is read write.

STRAM GRP 3 PHS SEL <3:0> - Contains the phase selection for the
STRAM Clocks for STRAM Group 3. The 3 bit binary
number is the number of the STRAM Clock phase.
This field is read write.
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MCU OVER TEMP - Status bit which indicates that temperature of the
MCU as measured by a sensor on the Clock Distribution
Chip has exceeded 100 Degrees Centigrade +/- 5
Degrees. This indicates that the MCU is not being
cooled and, therefor, the system should be shutdown. |

Cleared by reducing the temperature of the MCU to
85 Degrees or lower.

MCU OVER TEMP ENABLE - Control bit that enables the overtemperature
condition to interrupt the console when true.

MCU EXCEPTION COND ENABLE - Control bit that enables MCU exception
conditions to interrupt the console when true.

MCU EXCEPTION - True if MCU EXCEPTION input signal to the Clock Distribution
chip is High.

MCU LATCHED EXCEPTION - True if the MCU EXCEPTION line transitioned from
Low to High.

Cleared by a Scan Ring 14 load function.

MCU CHECK ENABLE - Control bit that enables Comparison checking that this
MCU has generated the same number of cycles worth of clocks
as the MCU that is adjacent to it. This checking is done by
comparing a divide by two cycle counter in this CD chip with on
in an adjacent MCU. If this bit is true and a no compare
situation is detected the console will be interrupted.

MCU CHECK ERROR - True if the check comparator is currently indicating an
error.
MCU LATCHED CHECK ERROR - True if MCU CHECK ERROR came true since this bit

was last cleared.

Cleared by a Scan Ring 14 load function.
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3.1.2 MCU Serial Scan Interface -

A block diagram that shows the inputs and outputs of the Serial
Scan Logic on the Clock Distribution Chip is shown below. An up to
date description of the function of this 1logic can be found the
Aquarius Scan System specification written by Mike Evans. This
figure is only for reference.

R e el + 4
1 I | ----> SCAN LOAD <4:1>
SSB MCU SEL ---=-=—---- >| | 4
4 | MCU | -=-=-> SCAN PHASE A <4:1>
SSB SELECT <3:0> ------ > | SERIAL | 4
2 | SCAN | --~-> SCAN PHASE B <4:1>
SSB FUNCTION <2:1>----- >| INTERFACE | 14
: I----> RING SELECT <1l4:1>
1
1 | | ----> SCAN DATA OUT
SSB SCAN A PHS -------- > | 1 ®°1
3 I |<---- SCAN DATA IN
SSB SCAN B PHS -------- >| | 14
1 I | <--- MCU SER NUM
SBUS DIN ===-===——mmm—u > | | 8
1 I | <--- MCU TYPE
SBUS DOUT ----=-=-======-= >| | ' 5
I |<--- MCU REV
| = i
I | <-=-- MCU EXCEPTION
e ————————— +

TOTAL SCAN I/0 PINS:-= 67

FIGURE 14
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4 ON GATE ARRAY CLOCK DISTRIBUTION

On the Gate Array there is logic to shape and fanout clocks to
the state devices on the Gate Array. The only clocks that are
shaped on the Gate Array are the system TA and TB Clocks. These
clocks are formed by shift registers and logic gates.

This logic will have a scanable module two counter that is
incremented at the end of each machine cycles worth of clocks. The
counters on all MCAs will be initialized via the scan system to the
same state at system power up time. When a system error occurs the
state of the counters on all MCAs can be compared to determine if
the error was caused by the clocks on an MCA getting out of sequence
with those in the other MCAs in the system.

The gate array also has scan logic which fans out the
SCAN_A CLK to the A phase scan latches in the system. The scan
logic can force system TA and TB clocks.

In addition to this the gate array has a test structure
multiplexer which brings certain signals out to an I/0 pin so that
the AC performance of the MCA can be evaluated. These are TA and TB
phase clocks for on MCA clock distribution logic delay measurement,
an external Test Input to measure the delay through the test MUX,
metal 1 and metal 2 ring oscillators for measuring the overall
performance of the gate array. The ring oscillators are enabled by
a separate Ring Enable input. The MUX selects are shared pins from
inputs to the Scan logic to reduce the number of input pins required
by the test structure.
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A block diagram showing the inputs and outputs of the on gate array
clock and scan logic is shown below.

ON GATE ARRAY CLOCK DISTRIBUTION

e +
2 GATE |
CLOCK ----—=—-——-- > | ARRAY | ====> TA
24l CLOCK |
GATED REF ------- > DISTRIBUTION | -===> TB
| LOGIC |
I | ----> SCAN_A CLK
I |
1 e ———— e ——— + ]
RING SELECT M---->| | --=-=> SCAN DATA OUT
L ]
SCAN LOAD N--==--- > | GATE
: ] ARRAY
SCAN DATA IN ---->| SCAN

|
|
|
|
b SR LOGIC [
SCAN PHASE A N -->: {
1
SCAN PHASE B N -->| |
|
MCA TEST | -===> TEST OUT
STRUCTURE MUX

SEL FCN
TEST DIN

TA

TB
M1_RING_OSC
M2_RING_OSC

TEST DIN =---=-=---- >

B - O

|

|

|

I

|

l

|

J

I

I

SCAN LOAD N ----- >| SEL 1 I

I

SCAN PHASE A N -->| SEL 2 |

I |

SCAN PHASE B N -->| SEL 4 |

e |

RING EN ~-=-======= >| RING OSC ENABLE |

N,M are the copy numbers of the signals
where N=<1:4>, and M=<1:14>

13 1/0 PINS
The block diagram shows the signals that are used to form Ta,

TB, and SCAN A CLK, and the scan interface signals to the gate
array.
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The timing diagram that is shown below shows the waveforms of the
input and output signals of the logic that is used to shape the
system SYS_TA CLK and SYS_TB_CLK signals which which become the TA
and TB clocks during normal system operation.

ON GATE ARRAY CLOCK SHAPING LOGIC WAVEFORMS

INPUTS TO CLOCK SHAPING LOGIC

+=4 +=4+ +=+ +-=4 +—+ +—+ +—+ +—+ +—-+4 +=+4 +-—+ +—+ +—-4 +-% +—+ +—+
lel 171 1ol 121 121 13| (4] [SI 1el 171 1ol 111 121 131 14| |5]
CLOCK + +=4 +=+ +=+ +=4 +=+ +=+ +=F +=4 +=+ F=+ +=+ =4 b=t =t +=+ +
o pm——t——— Rt tpmm b ———
| | XXX | XXX | I | XXX | XXX |
GATED REF ---+ ot B D e e e S + e el st
OUTPUT OF CLOCK SHAPING LOGIC
| <==-- 1 MACHINE CYCLE =------- >|
+———t ===+
| | | 1
SYS TA_CLK --=-=-==---- + e e i S e S S e e + A et S o e
- Fmm e ———— - + e
| |
SYS_TB_CLK --------------------- + S e e e +
FIGURE 2

i This logic shapes the SYS_TA_CLK and SYS_TB_CLK from the GATED
| REF and CLOCK signals. Note that the rising edge GATED REF signal
| is aligned with the falling edge of the CLOCK signal.

It is assumed that the GATED REF signal will be clocked into a
flip flop by the rising edge of the CLOCK pulse numbered 0. This
flip flop is the first bit of an 8 bit shift register. The output
of this flip flop and an appropriate number of the shift register
outputs will be combined with the GATED REF signal at the 1input to
the flip flop to cause a pulse that is a single CLOCK period wide to
be the input to the shift register even though the GATED REF pulse
is 3 to 5 CLOCK periods wide. Thus the first flip flop generates a
single clock period wide pulse off the leading edge of each GATED
REF pulse that is shifted down the shift register at a rate of one
bit per CLOCK period. This will cause the clock shaping logic to
generate one machine cycles worth of clocks for each GATED REF pulse
that is received.

The outputs of the flip flops in the shift register will be
combined in logic gates and fed to flip flops which will develop the
SYS_TA CLK and SYS_TB_CLK clock waveforms. Enough copies of the
SYS TA CLK and SYS TB CLK flip flop outputs will be created to drive
the all the clock buffer gates on the gate array.
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In the clock buffer gates the SYS TA CLK and SYS. TB_CLK clocks
will be ORed with scan clocks before being sent to the clocked
devices on the gate array. The outputs of the clock buffers will be

. the TA, and TB clocks.,

Thus
TA=SYS_TA_CLK+(RING_SELECT_M)*(SCAN_PHASE_A _N)*(SCAN_LOAD_N). This
allows the scan logic to force the TA clock. This function must not
be used to test the paths between the MBOX and the Jbox because
these paths depend on a fixed t1m1ng relationship between the clocks
involved. The delay of this path is greater than one machine cycle.

Thus TB=SYS TB_CLK+SCAN PHASE B_N. Thus the B phase scan clock
uses the same clock distribution metal as the system TB clock.

The console will control the generation of the SCAN PHASE A and
SCAN PHASE B clocks. It will have the ability to control the order
that these clocks are issued in, and the number of each clock pulses
that are generated.

A logic diagram showing how the system TA and TB clocks are
combined with the scan A and B clocks is shown the Aquarius Scan
System specification that was written by Mike Evans.

4.1 On Gate Array Clock Fanout

The details of the clock fanout on the gate array will be found

in an Gate Array- Clock Distribution specification that is being

. written by the HPSC/TR&E group. The intent is that a fixed metal

pattern will be used on all gate arrays to distribute the TA, TB,
SYS_TA CLK, and SYS_TB_CLK.

4.2 On Gate Array Scan Clock Distribution

The SCAN A CLK distribution will be done by the CAD system. It
is a non critical signal from a timing standpoint.



APPENDIX A

MINIMUM OSCILLATOR PERIOD - WATER COOLED MACHINES

The minimum clock period that the Clock Oscillator can be run
at 1is dependent on a number of different constraints, any one of
which can set the limit.

These constraints often require state device timing parameters
for their computation. Because MCA III is not designed yet the
state device timing parameters will be derived by dividing those
given for MCA II cells by a factor of two. The values obtained are
summarized below:

LATCH FLIP FLOP
PARAMETER INT CELL O-CELL INT CELL O-CELL
Tpd clk—ﬁout Max 400 750 400 750 PS
Tpd clk-dout Min 100 200 100 200 .
Tsetup 400 - 750 400 750
Thold 0 0 0 0
Clk PW Min 625 750 625 750

In addition the timing parameters for the STRAMS must be known.
They are given below:

STRAM TIMING PARAMETERS

Tpd clk-dout Min 300 PS
Tsetup 400
Thold 800
Clk PW Low Min 3000
STRAM Clock Offset 500

The minimum delay of an input cell is 0.05 ns and the minimum delay
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of etch between two adjacent chips on the same MCU is assumed to be
0.05 ns. The minimum delay of the etch between chips on two
different MCUs is assumed to be 0.45 ns. Clock skew for data
transfers on the same MCU is 1.0 ns and the clock skew for data
transfers between two different MCUs is 1.5 ns. The nominal leading
edge of a STRAM TO clock occurs 0.5 NS before the nominal leading
edge of a TA clock inside of a gate array.

A.0.0.1 Minimum Clock Separation Required To Prevent Min Delay
Races -

In order to have a design that is free of min delay races a
minimum period of non overlap must be guaranteed between clocks of
state devices that are participating in a transfer. For the above
Clock Systems this time must be greater than the sum of the clock
skew plus the destination state device Hold Time minus the minimum
propagation delay from clock to data out of the source state device
minus any min delay between the source and load minus(STRAM to gate
array) or plus(Gate array to STRAM) any STRAM clock offset. This
time is also equal to the period of the Clock Oscillator because
this is the smallest Clock separation that can be achieved.

In equation form this is:

CLK PW >= ( CLKSKEW + THOLDdest - TPD clk to dout source
- TPD min source to load - Toffset )

which an MCA III internal cell latch-to latch transfer is:

On MCU: CLE.-PW >a"( 1.0 # 0,0 = 0.3-0.1 -0.,0) 0.8 NS

Between MCU: CLK PW >= ( 1.5 + 0.0 - 0.3- 0.5 - 0.0) 0.7 NS

MIN OSC PERIOD >= ( CLK PW ) = 0.8 NS
and for an output cell to internal cell latch to latch transfer is:

On MCU: CLK PW >= ( 1.0 + 0.0 - 0.2 - 0.1 - 0.0) 0.7 NS

Between MCU: CLK PW >= ( 1,5 + 0.0 - 0.2 - 0.5 - 0.0)

0.8 NS

MIN OSC PERIOD >= ( CLK PW ) = 0.8 NS
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and for an output cell to STRAM transfer is:

On MCU: CLK PWw >= ( 1.0 + 0.8 - 0.2 - 0.1 - 0.5 ) 1.0 NS

Between MCU: CLK PW >= ( 1.5 + 0.8 - 0.2 - 0.5 - 0.5 ) 1.1 NS
MIN OSC PERIOD >= ( CLK PW ) = 1.1 NS
and for a STRAM to internal cell latch to latch transfer 1is:

1.1 NS

On MCU: CLK PW >= ( 1.0 + 0.0 - 0.3 - 0.1 + 0.5)

1.2 NS

Between MCU: CLK PW >= ( 1.5 + 0.0 - 0.3 - 0.5 + 0.5)

MIN OSC PERIOD >= ( CLK PW ) = 1.2 NS

A.0.0.2 Optimal Clock Pulse Width -

In Venus there was a problem trying to figure out how much
logic would fit between two latches because the latches were clocked
with wide Clock pulses. The wide Clock pulses caused the output
valid time of a 1latch to be dependent on the timing of the logic
that preceded that latch because the latch was transparent for a
large part of a machine cycle. This meant that a designer might
have to trace a signal back through a number of cycles worth logic
in order to figure out just when the latches output would be valid.
This caused problems in logic design and timing verification.

With the above Clock Systems this uncertainty can be made zero
if on a machine cycle boundary at least one of the clock pulses are
kept sufficiently narrow. This will cause there to be a precise
timing Reference point per machine cycle. The "A" phase Clock has
been made narrow for precisely this reason.

The optimal Clock pulse width is one which has a width equal to
the sum of the Clock Skew plus the latch setup time. A pulse
narrower than this width will cause clock skew to be added to the
signal propagation delay through the latch and a pulse wider than
this width will cause the valid time of the data out of the latch to
be dependent on the valid time of the data at the latches input. In
this sense this clock pulse width can be termed optimal.

CLK PW OPTIMAL= CLK SKEW + TSETUPdest
which for MCA III internal cell latches is estimated to be:
CLK PW OPTIMAL = 1.5 + 0.4 = 1.90 NS.

OSC PERIOD OPTIMAL = (CLK PW OPTIMAL) = 1.90 NS.
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A.0.0.3 Clock Pulse Width Required To Operate A Latch Or Flip Flop

The MCA III latches and flip flops need Clock pulses which are
wider than some minimum value for reliable operation. This width
determines the extent to which the Clock pulses from the oscillator
can be allowed to shrink by the time they arrive at the state
devices inside the Gate Arrays.

The minimum Clock pulse width required for MCA III internal and
I/0 cell operation will be estimated by taking 1/2 the value given
in the MCA II manual. This is the best that can be done until
better values can be obtained from MCA III circuit simulations.

MINIMUM CLOCK PW REQUIRED TO OPERATE A STATE DEVICE

MCA II MCA III
INT CELL 1250 625 PS
O-CELL 1500 750 PS

A.0.0.4 Minimum Clock Pulse Width To A STRAM -

STRAMS need Clock pulses in order to operate. Current plans
call for one set of Clock outputs to drive 2 STRAMS. In order to
not lose noise margin on the clock lines the Clock pulse must reach
full amplitude at the STRAMS. The Clock outputs-are driven from
source terminated ECL outputs to the loads through lossy
interconnect. The STRAMS should appear to be a lumped capacitive
load. As a first approximation the source, lossy line, and STRAMS
can be modeled as a voltage source driving a capacitive load through
a resistor. Where the resistor is the sum of the source impedance
and the lossy line resistance. By requiring that the clock pulse
width at the STRAM be at least 4 RC time constants wide one can be
reasonably sure that the voltage at the load will reach nearly full
amplitude.
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This calculation proceeds as follows:
MINIMUM CLOCK PULSE WIDTH AT STRAM
Cin STRAM = 3.0 PF MAX
Cin Tab = 0.113 PF MAX
Cetch pin-pin = (0.85 inches)*(182 PS/inch)/(47 ohms) = 3.87 PF
Cload = 2*(Cin STRAM + Cin Tab) + 1*(Cetch pin-pin) = 10.1 PF

Rs = 67 ohms Max
Rline = 3.0 ohms/inch * 7 inches = 21 ohms

Rtotal = Rs + Rline 21 + 67 = 88 ohms

Min STRAM Clock PW >= 4*Rtotal*Cload = 4*(88.0 Ohms)*(10.1 PF)=
>= 3,55 NS

Min Oscillator Period >= 3.55/2= 1.78 NS

Note that the above pulse width is greater than the 3.0 NS
minimum pulse with that the STRAM requires for correct operation.

A.0.0.5 Minimum Separation And Low State Width Of STRAM Clocks -

In order to always be able to pick a STRAM clock no matter at
what time in the cycle the 1inputs to a STRAM become valid the
separation and width of the STRAM clocks must satisfy certain
constraints.
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The constraints that must be satisfied are: the separation
between different STRAM Clock phases must be greater than the sum of
the clock skew plus the setup time of the STRAM, STRAM Clock pulses
must be at least twice this width in order to guarantee that the
latch is able to accept data for a period of time equal to the STRAM
Clock pulse separation while operating the latch with an optimal
width clock pulse so that the delay through the latch will be
minimized. This is illustrated in the below.

——————— pmm—— e ————— e ——————
DIN | TN | T™N+1 | TN+2 |
------- ittt e e
—————— [€=>t———dmmm e ==~
TN | XXX | | XXX |
o ———————— ===t
——————————— +=—==4+ I<—>+———4-————mmmmm e
TN+1 | XXX | | XXX |
e —————— Fm———
——————————————————— +=-==+ I<->+=-—=F——mmmmm e ———
TN+2 | XXX | | XXX |
fmmm b ————— ===t

I<-> = Tsetup STRAM
| XXX| = Clock Skew

STRAM Pulse Separation >= Clock Skew + Tsetup STRAM =
= 1.5+ 0.4 = 1.9 ns
STRAM Pulse Width >=2*( Clock Skew +'Tsetup STRAM )
=2*( 1.9 ) = 3.8 ns

A further constraint on the STRAM Clock pulses is that they
must be formed off of the outputs of shift registers. This means
that the pulse width and separation must be in multiples of one
"N'th" of a machine cycle if a machine cycle is divided into "N"
parts. Therefore, the minimum clock separation is Tcyc/N seconds,
and the minimum STRAM Clock pulse width is 2*(Tcyc/N) seconds. This
means the minimum clock oscillator period is 1.9 ns.

A.0.0.6 Minimum Clock Period And Pulse Width Summary -

From the above analysis it can be seen that the minimum
oscillator period must be greater than 1.90 NS. This corresponds to
an oscillator maximum frequency of 526 MHZ. The STRAM Clock Low
state must be greater than 3.8 ns and the STRAM clocks should be
separated by 1/2 the width of the STRAM Clock Low state.
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A.0.1 Clock Reference Positioning Accuracy

The Clock Reference signals rising and falling edges are
aligned with the falling edges of the Clock at the Clock Module. In .
the clock shaping logic on the Clock distribution Chip and on the

Gate Arrays the edges of the Clock Reference and the Clock must

maintain a certain tolerance in order to guarantee correct operation

of the Clock shaping logic.

In the Clock shaping logic the Clock is connected to the Clock
input of a flip flop and the Clock Reference to the data input of
the flip flop. For correct operation the position of the Clock
Reference relative to the Clock must not violate the setup and hold
time specifications of this flip flop. For this to be true the
following two equations must be satisfied.

CLOCK REFERENCE POSITION TIMING DIAGRAM

|<==mmm= PERIOD CLK ----- > |
DPW(-)|<=|->| DPW(+)
e ———— ==t S etechet ot o +=—d——+ +—-——
| | XX | XX | I [ XX | XX |
CLOCK ==m———- + e it ittt + e ——— +
Thold->| |<- ->| |<- Tsetup
tmm——————— tmmmmm———— = G Bty o Pm———————— +
| KXXXXXXXX | XXXXXXXXX | | XXXXXXXXX | XXXXXXXXX |
REF =  =————————— Fmm——————— $m———————— + e ———— e ==
| <mmmm - | === > P
REFTOL(-) | REFTOL(+)
AT 526 MHZ
REFTOL(-) = (PERIOD CLK) - Thold = 1.90-0.0 = 1.90 NS
REFTOL(+) = (PERIOD CLK) - TSETUP = 1.90-0.4 = 1.50 NS

NOTE: REFTOL INCLUDES ANY TOLERANCES IN THE POSITION OF THE
FALLING EDGE OF THE CLOCK.

FIGURE 4

The relative position of the Clock and Clock Reference as seen
by the Clock Distribution Chip and Clock logic on the Gate Arrays
should not change when the Clock Oscillators frequency 1is changed.
This can only happen if the Clock and Clock Reference pass through
equal delay paths from the common point at which both originate.

Note, however, that the Clock Reference can be delayed any
integer number of Clock cycles without affecting this delay because
the Clock Reference is generated off of the edges of the Clock which
is always running.




APPENDIX B

MINIMUM OSCILLATOR PERIOD - AIR COOLED MACHINES

The minimum clock period that the Clock Oscillator can be run
at 1is dependent on a number of different constraints, any one of

which can set the limit.

These constraints often require state device timing parameters
for their computation. Because MCA III is not designed yet the
state device timing parameters will be derived by dividing those
given for MCA II cells by a factor of two. The values obtained are
summarized below:

LATCH FLIP FLOP
PARAMETER INT CELL O-CELL INT CELL O-CELL
Tpd clk-dout Max 800 750 800 750 PS
Tpd clk-dout Min 200 200 200 200
Tsetup 800 750 800 750
Thold 0 0 0 0
Clk PW Min 1250 750 1250 750

In addition the timing parameters for the STRAMS must be known.
They are given below:

STRAM TIMING PARAMETERS

Tpd clk-dout Min 300 PS
Tsetup 400
Thold 800
Clk PW Low Min 3000
STRAM Clock Offset 500

The minimum delay of an input cell is 0.05 ns and the minimum delay
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of etch between two adjacent chips on the same MCU is assumed to be

0.05 ns. The minimum delay of the etch between chips on two

different MCUs 1is assumed to be 0.45 ns. Clock skew for data

transfers on the same MCU is 1.4 ns and the clock skew for data .
transfers between two different MCUs is 1.9 ns. The nominal leading

edge of a STRAM TO clock occurs 0.9 NS before the nominal leading

edge of a TA clock inside of a gate array.

B.0.0.1 Minimum Clock Separation Required To Prevent Min Delay
Races -

In order to have a design that is free of min delay races a
minimum period of non overlap must be guaranteed between clocks of
state devices that are participating in a transfer. For the above
Clock Systems this time must be greater than the sum of the clock
skew plus the destination state device Hold Time minus the minimum
propagation delay from clock to data out of the source state device
minus any min delay between the source and load minus(STRAM to gate
array) or plus(Gate array to STRAM) any STRAM clock offset. This
time is also equal to the period of the Clock Oscillator because
this is the smallest Clock separation that can be achieved.

In equation form this is:

CLK PW >= ( CLKSKEW + THOLDdest - TPD clk to dout source
- TPD min source to load - Toffset )

which an MCA III internal cell latch to latch transfer is:

0.9 NS

On MCU: CLK PW >= ( 1.4 + 0.0 - 0.4- 0.1 - 0.0)

I

Between MCU: CLK PW >= ( 1.9 + 0.0 - 0.4- 0.5 - 0.0) 1.0 NS

MIN OSC PERIOD >= ( CLK PW ) = 1.0 NS

and for an output cell to internal cell latch to latch transfer is:

On MCU: CLK PW >= ( 1.4 + 0.0 - 0.2 - 0.1 - 0.0) 1.1 NS

1.2 NS

Between MCU: CLK PW >= ( 1.9 + 0.0 - 0.2 - 0.5 - 0.0)

MIN OSC PERIOD >= ( CLK PW ) 1.2 NS
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and for an output cell to STRAM transfer is:

1.0 NS

Oon MCU: CLK PW >='( 1.4 + 0.8 - 0.2 = 0,1 =0.9 )
1.1 NS

Between MCU: CLK PW >= ( 1.9 + 0.8 - 0.2 - 0.5 - 0.9 )
MIN OSC PERIOD >= ( CLK PW ) = 1.1 NS

and for a STRAM to internal cell latch to latch transfer is:

On MCU: CLK PW >= ( 1.4 + 0.0 - 0.3 - 0:1 + 0:9) 1.9 NS

2.0 NS

Between MCU: CLK PW >= ( 1.9 + 0.0 - 0.3 - 0.5 + 0.9)

MIN OSC PERIOD >= ( CLK PW ) = 2.0 NS

B.0.0.2 Optimal Clock Pulse Width -

In Venus there was a problem trying to figure out how much
logic would fit between two latches because the latches were clocked
with wide Clock pulses., The wide Clock pulses caused the output
valid time of a latch to be dependent on the timing of the logic
that preceded that latch because the latch was transparent for a
large part of a machine cycle. This meant that a designer might
have to trace a signal back through a number of cycles worth logic
in order to figure out just when the latches output would be valid.
This caused problems in logic design and timing verification.

With the above Clock Systems this uncertainty can be made zero
if on a machine cycle boundary at least one of the clock pulses are
kept sufficiently narrow. This will cause there to be a precise
timing Reference point per machine cycle. The "A" phase Clock has
been made narrow for precisely this reason.

The optimal Clock pulse width is one which has a width equal to
the sum of the Clock Skew plus the latch setup time. A pulse
narrower than this width will cause clock skew to be added to the
signal propagation delay through the latch and a pulse wider than
this width will cause the valid time of the data out of the latch to
be dependent on the valid time of the data at the latches input. 1In
this sense this clock pulse width can be termed optimal.

CLK PW OPTIMAL= CLK SKEW + TSETUPdest
which for MCA III internal cell latches is estimated to be:
CLK PW OPTIMAL = 1,9 + 0.8 = 2.7 NS.

OSC PERIOD OPTIMAL = (CLK PW OPTIMAL) = 2.7 NS.
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B.0.0.3 Clock Pulse Width Required To Operate A Latch Or Flip Flop

The MCA III latches and flip flops need Clock pulses which are
wider than some minimum value for reliable operation. This width
determines the extent to which the Clock pulses from the oscillator .
can be allowed to shrink by the time they arrive at the state
devices inside the Gate Arrays.

The minimum Clock pulse width required for MCA III internal and
I/0 cell operation will be estimated by taking 1/2 the value given
in the MCA II manual. This is the best that can be done until
better values can be obtained from MCA III circuit simulations.

MINIMUM CLOCK PW REQUIRED TO OPERATE A STATE DEVICE

MCA II MCA III
INT CELL 1250 1250 PS
O-CELL 1500 750 PS

B.0.0.4 Minimum Clock Pulse Width To A STRAM -

STRAMS need Clock pulses in order to operate. Current plans
call for one set of Clock outputs to drive 2 STRAMS. In order to
not lose noise margin on the clock lines the Clock pulse must reach
full amplitude at the STRAMS. The Clock outputs are driven from
source terminated ECL outputs to the loads through lossy
interconnect. The STRAMS should appear to be a lumped capacitive
load. As a first approximation the source, lossy line, and STRAMS
can be modeled as a voltage source driving a capacitive load through
a resistor. Where the resistor is the sum of the source impedance
and the lossy line resistance. By requiring that the clock pulse
width at the STRAM be at least 4 RC time constants wide one can be
reasonably sure that the voltage at the load will reach nearly full
amplitude.
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This calculation proceeds as follows:
MINIMUM CLOCK PULSE WIDTH AT STRAM
'@ cin sTrRaM = 3.0 PF MAX
Cin Tab = 0.113 PF MAX
Cetch pin-pin = (0.85 inches)*(182 PS/inch)/(47 ohms) = 3,87 PF
Cload = 2*(Cin STRAM + Cin Tab) + 1*(Cetch pin-pin) = 10.1 PF

Rs = 67 ohms Max
Rline = 3.0 ohms/inch * 7 inches = 21 ohms

Rtotal = Rs + Rline 21 + 67 = 88 ohms

4*Rtotal*Cload = 4*(88.0 Ohms)*(10.1 PF)=
3.55 NS

Min STRAM Clock PW >
>

nn

Min Oscillator Period >= 3,55/2= 1.78 NS

Note that the above pulse width is greater than the 3.0 NS
minimum pulse with that the STRAM requires for correct operation.

B.0.0.5 Minimum Separation And Low State Width Of STRAM Clocks -

In order to always be able to pick a STRAM clock no matter at

what time in the <cycle the inputs to a STRAM become valid the

.separation and width of the STRAM clocks must satisfy certain
constraints.
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The constraints-that must be satisfied are: the separation
between different STRAM Clock phases must be greater than the sum of
the clock skew plus the setup time of the STRAM, STRAM Clock pulses .
must be at least twice this width in order to guarantee that the
latch is able to accept data for a period of time equal to the STRAM
Clock pulse separation while operating the latch with an optimal
width clock pulse so that the delay through the 1latch will be
minimized. This is illustrated in the below.

------- e e e T T
DIN | TN | TN+1 | TN+2 |
------- B e e
—————— <=t
TN | XXX | | XXX |
Fmm b ——— ———
----------- +==—+ b e bt T —
TN+1 | XXX | | XXX |
b +=-==+
------------------- +=—==+ I<=>4--c—tmm e
TN+2 | XXX | | XXX |
Fommm e +===+
I<-> = Tsetup STRAM

| XXX | Clock Skew

STRAM Pulse Separation >= Clock Skew + Tsetup STRAM =
=1.9+ 0.8 =2.7 ns
STRAM Pulse Width >=2*( Clock Skew + Tsetup STRAM )
=2*( 2.7 ) = 5.4 ns

A further constraint on the STRAM Clock pulses is that they
must be formed off of the outputs of shift registers. This means
that the pulse width and separation must be in multiples of one
"N'th" of a machine cycle if a machine cycle is divided into "N"
parts. Therefore, the minimum clock separation is Tcyc/N seconds,
and the minimum STRAM Clock pulse width is 2*(Tcyc/N) seconds. This
means the minimum clock oscillator period is 2.7 ns.

B.0.0.6 Minimum Clock Period And Pulse Width Summary -

From the above analysis it can be seen that the minimum
oscillator period must be greater than 2.7 NS. This corresponds to i
an oscillator maximum frequency of 370 MHZ. The STRAM Clock Low
state must be greater than 5.4 ns and the STRAM clocks should be
separated by 1/2 the width of the STRAM Clock Low state.
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B.0.1 Clock Reference Positioning Accuracy

The Clock Reference signals rising and falling edges are
aligned with the falling edges of the Clock at the Clock Module. In
the clock shaping logic on the Clock distribution Chip and on the
Gate Arrays the edges of the Clock Reference and the Clock must
maintain a certain tolerance in order to guarantee correct operation
of the Clock shaping logic.

In the Clock shaping logic the Clock is connected to the Clock
input of a flip flop and the Clock Reference to the data input of
the flip flop. For correct operation the position of the Clock
Reference relative to the Clock must not violate the setup and hold
time specifications of this flip flop. For this to be true the
following two equations must be satisfied.

CLOCK REFERENCE POSITION TIMING DIAGRAM

| €===me= PERIOD CLK ----- >|
DPW(=) |<-|->| DPW(+)
Fem—m—————— i Fmm——————— === -
| | XX | XX | | | XX | XX | |
CLOCK  --—-—=-- + e + i Atk ST —— +
Thold->| |[<- ->| |<- Tsetup
Fmm——————— tmmm—————— tm———— trmm—————— o —————— -
| XXXXXXXXX | XXXXXXXXX | [ XXXXXXXXX | XXXXXXXXX |
REF = == Fomm——————— tmm——————— + dmm—m——————— Fmm——————— tm————
|<==mmme e | == >|

REFTOL(-) | REFTOL(+)
AT 526 MHZ

REFTOL(-) = (PERIOD CLK) - Thold = 2.7-0.0 = 2.7 NS
REFTOL(+) = (PERIOD CLK) - TSETUP = 2.7-0.8 = 1.9 NS

NOTE: REFTOL INCLUDES ANY TOLERANCES IN THE POSITION OF THE
FALLING EDGE OF THE CLOCK.

FIGURE 4

The relative position of the Clock and Clock Reference as seen
by the Clock Distribution Chip and Clock logic on the Gate Arrays
should not change when the Clock Oscillators frequency is changed.
This can only happen if the Clock and Clock Reference pass through
equal delay paths from the common point at which both originate.

Note, however, that the Clock Reference can be delayed any
integer number of Clock cycles without affecting this delay because
the Clock Reference is generated off of the edges of the Clock which
is always running.
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NOTE THIS VERSION OF THE SPEC INCLUDES CHANGES RESULTING FROM DEC'S
VISIT TO JAPAN IN FEB 1986, AND ANY SUBSEQUENT MEETINGS AND LETTERS.
IT IS BEING REVISED IN JUNE 1986.

SPEC CHANGES

COVER Revision number and date

1 Eliminate section 3.7.

2 Sections 1.2 and 1.4

5 Delete A-PS-2100002-GS, DELETE X-XX-XXXXXXX, add

A-PS-2100013-GS. Section 3.1.1, all paragraphs.

Section 3.1.4.
Section 3.4.2, section 3.6, and section 3.7.
Section 3.8, added reference to marking location.
Section 3.8.2, changed referenced specification
Add low end to temperature range. Delete reference

to storage. Add note 5.

11 Change temperature range, and supply voltage range.

13 Delete former note 2.

16 Add resistor RK.

20 Change VBB

21 Change tracking rate and IIH for clk. ADD RK,

22 Change tracking rates and temperature range

23 Changes in AC parameters

24 Changes in AC parameters

25 Change note 4. Added notes on Rin, Vee tolerence,

and temperature range.

27 Change temperatures.

. 1 Change copper and polyimide thickness.
. Add figure V, shows input waveform.

=
oW dMm

33 Revised connection diagram, added Rk and
proposed change in VCC and VEE locations
34 Revised connection diagram, added Rk and

proposed change in VCC and VEE locations

SOME MCU PROCESS TEMPERATURES ARE UNKNOWN, THUS THE
TERM TBD APPEARS ON PAGES 5 AND 27.
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1.0 GENERAL DESCRIPTION
1.1 OVERVIEW

This specification describes a family of synchronous, self-timed,
static, random access memory devices, STRAMS. The STRAM is similar to the Q
traditional RAM in that it has chip select, input address and data, and
output data. However, the design of the STRAM includes several non-
traditional input signals, such as, write, a differential clock, and a
reference voltage.

The core structure of the STRAM includes decoders, memory cell
array, and read/write circuitry. The core is surrounded by latches which
store address, data-in, control signals, and data out. During a write
operation, an internal pulse generator, which is driven by the external
differential clock signals, causes information stored in the data-in latches
to be written to the array, and the output latches. During a read operation,
the selected word is stored in the output latches. See Figures I and II.

The output circuit configuration provides the option of employing
a series, or shunt terminating scheme. In addition, the outputs may be
wire-or connected.

The STRAM shall be provided as TABBED, passivated die, mounted on a
slide carrier.

1.2 ARCHITECTURE

There are two STRAM architectures defined in this specification,
the smaller is 1K X 4 bits, and the larger is 4K X 4 bits. The two designs
are the same except for number of address pins and some propagation delays.

1.3 CLOCK ' .

The two clock input pins allow the clock signal to be supplied from
a differential source. For those applications where the clock must be
distributed in a single ended manner, an internal reference voltage, VBB, is
available to replace the complimentary clock input signal.

1.4 OUTPUT CONFIGURATION

Figure III (A) shows a typical output, with its associated current
source, and series termination resistor. The current source provides a low
level drive source when series termination is being used. The termination
resistor absorbs reflections from the load at the far end of the net.

Figure III (B) shows how these components would be wired when source
series termination is being used.

page 2




1.4 OUTPUT CONFIGURATION (Continued)

Figure III (C) shows how these components would be wired when far
end shunt (parallel) termination is used.

. Figure III (D) shows how these components would be wired when a )
Wire-Or of several outputs is needed and source series termination is being
used.

1.5 OPERATION

Data and address flows to the memory array through input latches. The .
WRITE signal determines whether the STRAM does a read or write operation, while
the clock initiates the cycles.

Besides pinning, the principal difference between the STRAM and its
traditional counterpart is the assertion of the inputs and valid time of the
outputs with respect to Clock, and the pulse width requirements of the clock.

Basically, the STRAM is fully self-timed. Write operations are
initiated by the rising edge of CLK H. The CLK H high state must be of
sufficient duration to allow the new word to be written to the memory array.
Read operations are initiated on the falling edge of the clock, however, the
output data does not change until the CLK H rising edge.

Internally, Address (ADR), Data-In (DIN), WRITE, and Chip-Select (CS)
are passed through the STRAM input latches when CLK H is low, and are held by
the input latches while CLK H is High. The Data-Out (DO) latches are held when
CLK H is Low, and become transparent when CLK H is High.

. In order for the STRAM to work properly, control pulses for writing to

ue array must be generated and be precisely delayed from the Clock rising
edge. For example, assertion of write pulse should occur just after Address
(ADR) and Data-In (DIN) are valid at a memory cell. The circuitry for forming
this write pulse is shown in both Figures I and II. The row delay line in
Figure I can be implemented by a chain of gates. Its purpose is to provide a
delay that is slightly longer than the delay incurred in sending the address
through the address decoder and driving a row of RAM cells.

The circuit in Figure II shows how a write pulse of the required width
might be formed. This circuit works where relatively wide pulses are required.
If a narrow pulse is required then other, more simple, schemes can be used.

Operation of the STRAM is show in the timing diagrams, Figures IV, X,
XI, and XII. A read operation proceeds as follows. When CLK H goes low, the
Data-In (DIN), Address (ADR), Chip-Select(CS), and WRITE latches open to allow
propagation of these signals to the storage array, without waiting for the CLK
H rising edge. At at same time, the Data-Out (DO) latches close, to hold the
read data from the previous cycle. When CLK H goes high, all inputs are
latched, and the Data-Out(DO) register latches are opened. This allows new
read data to propagate to the outputs. The previous read data that was being
held in the Data-Out (DO) latches is overwritten.
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1.5 OPERATION (Continued)

The timing of the RAM Data-Out (DO)'s depends on the width of the
clock, CLK PW L. Two cases are shown in Figure XII, and described below.

If CLK H has a low state whose width is less than the memory array
access time, then the Data-Out (DO)'s become valid a storage array access ti.
TACCmax, after the falling edge of the clock.

If CLK H has a wide low state, that is the width of the CLK H low state
is greater than the access time of the memory storage array, then the Data-Out
(DO) register will be loaded on the rising edge of the clock. The Data-Out
(DO)'s will become valid a latch and an output cell delay, TDRmax, after the
CLK H rising edge. The data will remain valid until the rising edge of CLK H
in the next cycle.

If Chip-Select (CS) is false on the CLK H rising edge, and a read
operation is specified then a low will be loaded into the Data-Out (DO)
register.

If Chip-Select (CS) is true on the CLK H rising edge, and a read
operation is specified, then the read data from the memory array will be loaded
into the Data-Out (DO) latches.

The Write operation occurs during the period of CLK H High, only if
WRITE has been asserted prior to the CLK H transition from low to high. The
High state of CLK H must be of sufficient duration to allow for the worst case
storage cell writing time, including the tolerance on the write strobe
generation.

During a write cycle, the data being written into the STRAM appears at
its outputs when CLK H goes high, provided that Chip-Select (CS) is asserted
prior to the CLK H transition from low to high., If Chip-Select (CS) is fals.
when CLK H transitions from low to high, and a write operation is specified,
then the write operation will not be performed and the Data-Out (DO) latches
will be loaded with a logic low.

1.6 FUNCTIONAL COMPATIBILITY
The DC characteristics of the input and output signals of the STRAM are
specified to be compatible with the industry standard 100K ECL family of

devices. The power supply, however, is specified at negative 5.2 volts,
similar to 10K ECL.
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2.0

3.0

APPLICABLE DOCUMENTS (PER LATEST REVISION ON DATE OF ORDER)

Digital Equipment Corporation:
A-PS-21-00013-GS General Specification for Custom
Integrated Circuits
(Note: This document includes the
Qualification Requirements for
‘Mechanical Testing of TABBED
Semiconductor Packages)

Y-YY-YYYYYYYY Specification for Slide Carrier *
2-22-2Z22222Z2 Specification for Tab Lead Frame *
* Indicates document to be written.

Military Standards:

MIL-STD-883 Test Methods and Procedures for
Microelectronics

REQUIREMENTS

The item described herein shall meet the applicable requirements of
Digital Specifications A-PS-21-00013-GS, and parameters specified
herein. 1In the event of a conflict, the requirements of this document
shall take precedence.

3.1 MECHANICAL
3.1.1 General Packaging Requirements:

STRAMS shall be provided as TABBED, passivated, and
encapsulated die, mounted on a slide carrier.

Die bonding pads shall be provided with bumps of gold,

or alloy to accommodate connection of the TAB leads to

the die. In order to inhibit corrosion and electro-

migration in a non-hermetic environment, the chip surface,

including the TAB lead to bonding pad interface, shall be
coated with an encapsulation material which is to be

specified by the vendor, and approved by DEC. Any other

die coating, such as polyimide for alpha particle shielding,

shall also be specified by the vendor, and approved by DEC.

The die and TAB assembly must withstand TBD deqg C for 10
minutes without degradation.
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3.1 MECHANICAL (Continued)
3.1.2 Configuration and Dimensions:
TAB lead frame shall provide connection for the bonding

pads shown in Connection Diagrams, see Figures VI and VII.
Exact placement of pad locations and other physical
dimensions are to be determined by DEC after negotiations
with vendors.

3.1.3 Die Mechanical:
Die thickness shall be 0.500 mm, +/- 0.025 mm.

Planar dimensions of die are to be determined by DEC
after negotiations with vendors.

3.1.4 Die Attach Method:
The die will be epoxied to a substrate for cooling.
The back of the die will be polished to a 1.5 micron
finish, and the flatness will be less than 10.0 micron.
The back of the die will be electrically isolated
from the substrate.
3.2 ELECTRICAL
3.2.1 Absolute Maximum Ratings: Per Table I On Page 10.
3.2.2 Operating Conditions: Per Table II On Page 1l.
3.2.3 Pin Signal Definitions: Per Table III On Pages 12 and 13.
3.2.4 Parameter Definitions: Per Table IV On Pages 14 - 18.
3.2.5 DC Characteristics: Per Table V On Pages 19 - 22,
3.2.6 AC Characteristics: Per Tables VI and VII On Pages 23 - 25.
3.2.7 Truth Table: Per Table VIII On Page 26.

3.2.8 Logic Symbol: Per Figures VIII-A, AND VIII-B On
Pages 35 - 36.

3.2.9 Functional Block Diagram: Per Figure IX on Page 37.
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3.3 ENVIRONMENTAL

The die and TAB assembly shall withstand the temperature and
humidity conditions described in Table IX.

3.4 RELIABILITY

3.4.1 Hard failure rate - Less than 40 FITS at a junction
temperature of 85 deg C., and dew point of 35 deg C.

3.4.2 Soft failure rate - Less than 300 FITS over the range
of temperatures and voltages specified in Table II.

3.5 MANUFACTURING PROCESS COMPATIBILITY

Manufacturing process compatibility requirements are to be
determined.

3.6 MARKING

3.6.1 DIE - Each die shall be marked with the vendor name or
symbol, and part number with revision level.

3.6.2 TAB Lead Frame - Each tab lead frame shall be marked
with the vendor name or symbol, date code, and DEC part
number. This marking shall be located on the polyimide
support ring, and shall consist of a 10 OCR-A alpha-
numeric character field. Character size shall be

0.81 mm x 0.81 mm. A pin 1 identifier shall be an
an integral part of the tab assembly.

3.6.3 Carrier - Each carrier shall also be marked with a pin 1
identifier. The die lead frame assembly shall be mounted
in the carrier, and oriented so that the pin 1 identifier
on the carrier agrees with the corresponding marker on
the TAB.

3.7 PACKAGING AND SHIPPING

Each STRAM, along with it's TAB frame lead assembly, shall be
packaged in an individual carrier which provides protection from
mechanical damage, and electrostatic discharge. Carriers will
conform to the requirements outlined in document Y-YY-YYYYYYY.
(Note, document to be written.)
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3.8 TAB LEAD FRAME

The chip shall be delivered on a TAB lead frame in a slide carrier.

See Figures XV-A, XV-B, AND XVI. The TAB will be a one metal-layer lead
frame with a polyimide insulating layer suitably adjoined. The insulat’
layer will be mounted on the top of the copper frame (furthest from the

active surface of the device when the TAB is assembled). The TAB/device
assembly shall include the following features:

Inner lead bond (ILB) - Copper lead will extend toward die,
beyond the polyimide support ring, to be bonded to
the die bonding pads. ILB metallurgy dependent
on the bond process.

Lead fanout - Leads may fanout from fine pitched ILB to
more coarse pitched OLB. A polyimide support ring
is required in this area. Marking is located on the
support ring in this area.

Outer lead bond (OLB) - The OLB is the part of the TAB
which mates with the substrate. The OLB must
match with specified pad locations, to be determined.

Excise area - The Tabbed STRAM is removed from the tape
by a punching process called excising. The excise
area is in the window immediately outside the OLB.

Test probe pads with polyimide support - The STRAM must be
tested on the tape, before excising. An array
of pads will be located outside the OLB for

testing. .

Slide carrier - The tape must be mounted on a standard
slide carrier. DEC to provide critical dimensions.
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3.8 TAB LEAD FRAME (Continued)
3.8.1 TAB Frame Mechanical Design :
. The mechanical requirements of the TAB lead frame are
shown in Table X, and Figures XV-A, XV-B, and XVI.
3.8.2 Qualification Requirements and Methods:
The mechanical integrity of the TAB-mounted STRAM will undergo

qualification testing as outlined in document A-PS-21-00013-GS.

3.8.3 Tape Format:

The TAB tape format will comply with the features and dimensions
indicated in Figures XV-A, XV-B, and XVI. 1In addition, it must be
compatible with the slide carrier described in Section 3.7.

4.0 QUALITY ASSURANCE PROVISIONS

Per Digital Specifications A-PS-21-00013-GS.
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TABLE I

ABSOLUTE MAXIMUM RATINGS

o e e o ———————— t——————— +
| PARAMETER | I |
S s Sl s S oy iV + RATING | OUNIT |
| DESCRIPTION | SYMBOL | | |
e —————————— o ——— tmmm e ———— o ———— -
| Supply Voltage | VEE | +0.5 to -7.0 | vdc I
e e e —— tmmm————————————— o ———— +
| Input Voltage | VIN | +0.5 to VEE | vdc |

| Output Current, I I I |
| Series Terminated | | | |
[ Continuous | 10(S) | 30 | mA |
[
|

| Output Current, | | | |
| Parallel Terminated| | |

| Continuous | 10(P) | 30 | mA |
|
|

———————————————————————————————————————————————————— +
Surge (Pulsed) | 10(P) | 100 | mA |
e +
| Temperature Range | I | |
| Operating | Tj l 0 - 115 | deg C |
o e +

1. Stresses greater than those listed under "Absolute
Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only. Functional
operation of the device at these or any other
conditions beyond those indicated in Tables II and V
is not implied.

2. All voltages are specified with respect to Network
Ground, VCC.

3. The device must survive any combination of voltages
and temperature within the ratings indicated above. As
indicated in the table, the input voltage must not be
allowed to go more negative than VEE.
4, Also see Table IX, Environmental Reguirements.

5. For surge conditions, pulse width is 10uSec, duty
cycle is 1%.
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TABLE 1I1I

REQUIRED OPERATING CONDITIONS

e tm——————— +
PARAMETER I | |

R e e~  Emem—— + RATING L o
DESCRIPTION | SYMBOL | | I
e e mm— e e ———— +
Supply Voltage | VEE | -5.62 to -4.78 | Vdc |

e - tm—m————— e ——— mm—————— +
Temperature | Tj | 20 to 90 | aegC |
e dmmm————— b fmmm————— +

Notes for Table II:

1. Supply voltage is specified with respect to network

ground, VCC.

2. No backside electrical contact will be guaranteed, thus,

4,

the substrate connection to VEE must be provided by a
topside electrical contact.

3. Prolonged operation of the device outside the limits
specified in Table II may affect device reliability.

Also see Table IX, Environmental Requirements.
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TABLE III
PIN SIGNAL DEFINITIONS

SIGNAL PINS:

Assert

Signal Name Level Definition

ADR <I> H One of M address input lines

DIN <I> H One of 4 data input lines

CS L Chip select

CLK H H Clock signal input, initiates read and
write operations

CLK L L Compliment of clock signal input, used for
differential clock operation

VBB - Internally generated reference voltage, used
in place of CLK L in single-ended clock systems

WRITE L When asserted, allows writing new word into array
and output registers. When un-asserted, inhibits
writing new word to array

DO(ST) <I> H One of four outputs, used in series
termination configuration

DO(PT) <I> H One of four outputs, used in shunt
(parallel) termination configuration

DO(CS) <I> - Connection to one of four constant

current sources
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@ =r/cround pins:

TABLE III

PIN SIGNAL DEFINITIONS (Continued)

NAME VALUE Description

vCC GND Network.ground for array and logic.
vCcCc(0) GND Network ground for output circuits.
VEE -5.2V Power Supply

Notes for Table III

l. Assertion Level.
High (H) assertion signals are true, or asserted, for
high level voltages as specified in Table V, and false,
or negated, for low level voltages as specified 1in
Table V. Low (L) assertion signals are true, or
asserted, for low level voltages and false ,or negated,
for high level voltages.

2. Unused Inputs.

. Unused signal inputs will be permanently connected to

a power supply, set at -3.4V, in order to provide proper
logical operation of the device. Such connections must
not effect the long term operation or reliability of the
device.,

3.

Unused DO(CS) Connections.

Any unused DO(CS) connections must be permanently
connected to VCC, network ground.
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VIL

VOH

VOL

VI(H)Max

VI(H)Min

VI(L)Max

TABLE IV
PARAMETER DEFINITIONS

NAME/DEFINITION

HIGH LEVEL INPUT VOLTAGE

An input voltage level within the more positive
(less negative) of the two ranges of values used
to represent the binary variables.

LOW LEVEL INPUT VOLTAGE

An input voltage level within the less positive
(more negative) of the two ranges of values used
to represent the binary variables.

HIGH LEVEL OUTPUT VOLTAGE

The voltage at an output terminal with input
conditions applied that, according to the
specification, will establish a high level at the
output.

LOW LEVEL OUTPUT VOLTAGE

The voltage at the output terminal with input
conditions applied that, according to the
specification, will establish a low level at the
output.

The most positive gate input level which will
occur under normal operating conditions.

Positive edge of the transition region. Input
voltages equal to or more positive than VI(H)Min
will produce an output level which is equal to
or more positive than VO(H)C, for a non-inverting
gate, or more negative than VO(L)C for an
inverting gate. If a gate input is taken
more negative than VI(H)Min, the output level shall
begin to move towards VO(L) for a non-inverting
gate, or VO(H) for an inverting gate.

Negative edge of the transition region. Input
voltages equal to or more negative than VI(L)Max
will produce an output level which is equal to
or more negative than VO(L)C, for a non-inverting
gate, or more positive than VO(H)C for an
inverting gate. If a gate input is taken
more positive than VI(L)Max, the output level shall
begin to move towards VO(H) for a non-inverting
gate, or VO(L) for an inverting gate.
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TABLE IV:

PARAMETER DEFINITIONS (Continued)

SYMBOL NAME/DEFINITION

VI(L)Min The most negative gate input level which will
occur under.normal operation.

VO(H)Max The most positive output level which will occur
with an input voltage equal to VI(H)Max, for a
non-inverting gate, or VI(L)Min, for an
inverting gate.

VO(H)Min The least positive output level which will occur
with an input voltage equal to VI(H)Max, for a
non-inverting gate, or VI(L)Min, for an
inverting gate.

VO(H)C The most negative high logic level which will
occur at a gate output with an input voltage equal -
to VI(H)Min, for a non-inverting gate, or
VIi(L)Max, for an inverting gate.

vo(L)C The most positive low logic level which will
occur at a gate output with an input voltage equal
to VI(L)Max, for a non-inverting gate, or
VI(H)Min, for an inverting gate.

VO(L)Max The most positive output level which will occur
with a voltage input equal to VI(L)Min, for a
non-inverting gate, or VI(H)Max, for an
inverting gate.

VO(L)Min  The most negative output level which will occur
with an input voltage equal to VI(L)Min, for a
non-inverting gate, or VI(H)Max, for an
inverting gate.

IIH HIGH LEVEL INPUT CURRENT
The current into an input when a high level voltage
is applied to that input.

IIL LOW LEVEL INPUT CURRENT

The current into an input when a low level voltage
is applied to that input.
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TABLE 1IV:
PARAMETER DEFINITIONS (Continued)

SYMBOL NAME/DEFINITION

IEE POWER SUPPLY CURRENT
The current into the VEE supply terminal of the
device.
I0(S)H HIGH LEVEL OUTPUT CURRENT

Output current in series terminated configuration.

10(S)L LOW LEVEL OUTPUT CURRENT
Output current in series terminated configuration.

I0(P)H HIGH LEVEL OUTPUT CURRENT
Output current in parallel terminated configuration.

1I0(P)L LOW LEVEL OUTPUT CURRENT
Output current in parallel terminated configuration.

ICS PULL DOWN SOURCE CURRENT
A constant current, flowing into the current source.

IBB VBB REFERENCE CURRENT
Current into the VBB reference terminal.

PWD POWER DENSITY
Power dissipated in the die, per unit area.

RS SOURCE TERMINATION RESISTOR
Value of resistor as measured between DO(PT) and
DO(ST).

tR RISE-TIME

The time between a specified low-level voltage and a
specified high-level voltage on a waveform that is
changing from the low level to the high level.

tF FALL-TIME
The time between a specified high-level voltage and
a specified low-level voltage on a waveform that is
changing from the high level to the low level.

RK CLOCK TERMINATION RESISTOR

Value of resistor as measured between RK(1l) and
RK(z)l
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SYMBOL

RIN

CLK PW H

CLK PW L

TSA

TSDI

TSW

TSCS

THA

THDI

TABLE 1IV:

PARAMETER DEFINITIONS (Continued)

NAME/DEFINITION

—— i ——————— e — — ————————————————————————

INPUT CAPACITANCE
The capacitance measured at the specified Package
pins with power applied to the device.

REAL INPUT IMPEDANCE

The real portion of the input impedance measured at
the specified package pins with power applied to the
device.

CLOCK PULSE WIDTH HIGH
The portion of time during which the input clock
signal (CLK H) is within the VIH range.

CLOCK PULSE WIDTH LOW
The portion of time during which the input clock
signal (CLK H) is within the VIL range.

ADDRESS SET UP TIME
Period of time, during which address (ADR) must be
true, prior to low to high transition of CLK H.

DATA SET UP TIME
Period of time, during which data (DIN) in must be
true, prior to low to high transition of CLK H.

WRITE SET UP TIME
Period of time, during which WRITE must be
true, prior to low to high transition of CLK H.

CHIP SELECT SET UP TIME
Period of time, during which chip select (CS) must be
true, prior to low to high transition of CLK H.

ADDRESS HOLD TIME
Period of time, during which ADR must be held
true, after low to high transition of CLK H.

DATA HOLD TIME

Period of time, during which DIN must be held
true, after low to high transition of CLK H.
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TABLE IV:
PARAMETER DEFINITIONS (Continued)

SYMBOL NAME/DEFINITION

TSW WRITE HOLD TIME
Period of time, during which WRITE must be held
true, after low to high transition of CLK H.

THCS CHIP SELECT HOLD TIME
Period of time, during which CS must be held
true, after low to high transition of CLK H.

TCYC CYCLE TIME
Minimum cycle time which results in reliable operation
of the STRAM. TCYC is the sum of CLK PW H and CLK PW L.

TDR OUTPUT DELAY
Delay form rising edge of CLK H to output.
(This parameter defines the delay through the clock
buffer and clock to output path of the output latch.)

TACC ADR ACCESS TIME FROM ADDRESS
Propagation delay from ADR transition to output, with
TSA minimum. (This parameter defines the delay through
input latch, the memory array, and output latch.)

TACC W ACCESS TIME FROM WRITE
Propagation delay from WRITE transition to output with
TSW minimum. (This parameter defines the delay through
input latch, output mux, and output latch.)

TACC CS ACCESS TIME FROM CHIP SELECT
Propagation delay from CS transition to output with
TSCS minimum. (This parameter defines the delay through

input latch, output mux, and output latch.)

TACC CLK ACCESS TIME FROM CLOCK
Propagation delay from falling edge of CLK H to
output, with CLK PW L at minimum value. (This parameter
defines the delay through the clock buffer, clock to
output path of input latch, memory array, output mux
and output latch.)

TACC DIN ACCESS TIME FROM DATA IN
Propagation delay from DIN to output with
TSDIN minimum. (This parameter defines the delay
through input latch, output mux, and output latch.)
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TABLE V

DC CHARACTERISTICS

|[HIGH LEVEL OUTPUT
=VOLTAGE

All outputs
including wire-or
configuration with
one output in

|
I
|
|
i Logic High State
|

|

e = ——
| LOW LEVEL OUTPUT
}VOLTAGE

All outputs
including wire-or
configuration with
all outputs in

|
I
I
|
| Logic LOW State
I
|
I

Bt W . 5L DA 0. B ' ¢
|[HIGH LEVEL OUTPUT

| THRESHOLD VOLTAGE

I

All outputs
including wire-or
configuration with
one output in

|
|
I
I
I Logic HIGH State
I
I
|

- —— i ——————— —————— —

—————————————

REFER TO NOTES
1 THROUGH 6

VI (H)Max
or VI(L)Min

VIN

IO(S)H -10uA

(See Fig. XIII)

Wwith DO(PT)
terminated to
-2V thru 50 ohms
(See Fig. XIV)

VI(L)Min
or VI(H)Max

VIN

I0(S)L =-10uA
(See Fig. XIII)
With DO(PT)
terminated to
-2V thru 50 ohms
(See Fig. XIV)
VIN VI(H)MIN
or VI(L)MAX

IO(S)H -10uA
(See Fig. XIII)

With DO(PT)
terminated to
-2V thru 50 ohms
(See Fig. XIV)



TABLE V
DC CHARACTERISTICS (Continued)
o o —————————— e —————— ===t
| PARAMETER | TEST CONDITION | REQUIREMENTS | I
o —— e ————————————— fmm—————— e Fm———— R + |
| | SYMBOL | REFER TO NOTES | | | |
I NAME | | 1 THROUGH 6 | MIN | MAX |UNITI
e — - — fm——————— e —————— tm————— tm————— e
| LOW LEVEL OUTPUT [vo(L)C | VIN = VI(L)MAX | | I |
=THRESHOLD VOLTAGE I ; or VI(H)MIN : } I i
| All outputs | [ | | | I
| including wire-or | | I10(S)L = -10uA | |-1610 | mv |
I configuration with]| | (See Fig. XIII) | | | I
| all outputs in | i e i P i s F ey
I Logic LOW State | | wWith DO(PT) | I I I
| | | terminated to | |-1610 | mv |
| | | -2V thru 50 ohms]| I | |
| | | (See Fig. XI1V) | | | |
e e - mmm————— e et e tm—————— tm————— +=—===+
|HIGH LEVEL INPUT I I | I I |
}VOLTAGE I VI(H) I I—1165 I -880 I nv |
I
e tmm——————— tmm e, ——————— i i = e
| LOW LEVEL INPUT I | I [ I I
| VOLTAGE | vI(L) } I-1810 {—14?5 | mv I
| I I
Fmm = —————— mm—————= o - m————— +o———— +——==+%
| REFERENCE VOLTAGE | vBB | VBB Terminal |-1370 [-1270 | mVv |
| | | connected to | I I I
I | | -5.2v, through | | | |
| | | 78K ohms. | | | |
B e tmm—————— e o ——— e e t=————t
|LOW LEVEL INPUT l1I1(L) | VIN = VIL(MIN) | -0.5 | 50 | uA |
| CURRENT | I I I I |
e ettt Dt b ————— e et tm————— e e
|HIGH LEVEL INPUT [I1(H) | VIN = VIH(MAX) | O | 50 | uA |
| CURRENT | I I | I I
e ———————— e tm—————— e ———— o ———— o ——— +————t
|HIGH LEVEL INPUT |11(H) | VIN = VIH(MAX) | 0 | 220 | uA |
| CURRENT | I I | I I
| (CLK AND CLK ONLY) | I | | I |
e = tmm—————— D fm————— +————— ===
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TABLE V

DC CHARACTERISTICS (Continued)

o e o Fmmm +————+
| PARAMETER | TEST CONDITION | REQUIREMENTS| |
B e pm——————— oy tm————— m———— + |
| | SYMBOL | REFER TO NOTES | | | |
I NAME | | 1 THROUGH 6 | MIN | MAX |UNITI
B e b e tm—————— e e tm————— tm———— +=————
|OUTPUT EMITTER | IOEF | VCC = Open | -0.5 | +10.0| uA |
| FOLLOWER LEAKAGE [ | VEE = Open | | | |
| CURRENT | | vcc(o) = 2v | | | |
| | | Output = 0OV | | | I
: : ’ Inputs = Open I i : }
| | INote: Only Output| I | |
I | |Under Test To 0V, | | | |
| | |All Others Open | I | |
o e tm——————— o ————————————— Rt tm————— tm———
| POWER SUPPLY CURRENT | IEE | VIN = VI(H)MAX, | | -465 | mA |
| | | All Inputs | | | I
| | [ I [ | |
[ [ I | | [ |
Fomm e tmm—————— e e tm—————— tm————— t=———t
| PULL DOWN SOURCE | ICS | po(cs) = -1.30v | 8.5 | 11.5 | mA |
| CURRENT | | | I | |
| | | | I [ |
e Fm——————— e ———————— tm————— i i +———=t
| POWER DENSITY | PWD | VIN = VI(H)MAX | | 15.0 | w/ |
| | | all inputs, | | lem*2 |
I | | I | [ |
e o e tm—————— Fem————— t————t
| SOURCE TERMINATION | RS | Measured between| 25.5 | 34.5 |ohms|
| RESISTANCE | | DO(PT) - DO(ST)| | I |
| | | with I(RS)=20uA | I | I
e tm——————— e e t—————— = —— +=—=——=x
| CLOCK TERMINATION | RK | Measured between| 96.0 | 144.0|ohms|
| RESISTANCE | | RK(1l) - RK(2) I | | I
I | | with I(RK)=10mA | I I |
e —————— tmmm————— e, ——————— o et +m———
| REFERENCE VOLTAGE I | VBB Terminal | | | I
| TRACKING RATE | dVvBB | connected to | I I I
| | /AVEE | -5.2Vv, through | 0 | +25 [mv/V]I

| I | 78K ohms. | | I I
e tm——————— e~ - temm————— +——==+
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TABLE V

DC CHARACTERISTICS (Continued)

e e B ===+
| PARAMETER | TEST CONDITION | REQUIREMENTS | |
ettt e Fommm o= — Fomm——— fmm———— 4————t
I | SYMBOL | REFER TO NOTES | I I |
I NAME | | 1 THROUGH 6 | MIN | MAX |UNIT|
ettt o —— et pm———— m————— -
| OUTPUT VOLTAGE | | with DO(PT) | | | |
| TRACKING RATE | dvo(H) | connected to | [ I |
| | /A&VEE | DO(CS) | © |  +25 |mv/V]|
| | | (See Fig. XIII) | | | |
| fmmmm———— e e e o o o fmm——
| | | With DO(PT) I | I |
| | dvo(L) | connected to | | | |
| | /AVEE | DO(CS) | 0 |  +55 |mv/V|
| I | (See Fig. XIII) | | | I
| e e ——— o s S e P
| [ | with DO(PT) | [ | |
| | dVO(H) | terminated to | | I |
| | /GVEE | -2V thru 50 ohms| O | 425 |mv/V]|
| | | (See Fig. X1V) | | | |
| tmm—————— e e pm————— fmm———— bm————
| I | With DO(PT) | I | |
| | dvo(L) | terminated to [ I | |
| | /JAVEE | -2V thru 50 ohms| 0 |  +55 |mv/V|
| | | (See Fig. XIV) | | | |
| == Fmm—————— e —————————— tm————— m————— +————t

1. Parameters specified for Tj = 20 degrees Celsius to
90 degrees Celsius, and VEE = -5.2V +/-10mV,
unless otherwise specified. Parameter values over
the VEE range are defined by the voltage tracking rates.
2. All voltages referenced to the VCC terminal.
3. Unless otherwise specified, VEE is connected to -5.2V.

4. Unless otherwise specified, DO(CS) is connected
to VCC level (ground).

5. Positive current flows into any terminal, negative
current flows out of any terminal.

6. The Min/Max limits are algebraic quantities.
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TABLE VI

AC CHARACTERISTICS - 1K X 4 STRAM

e ————————— -

. PARAMETER

i G g i A i
CLK PW H
CLK PW L
TSA

TSDI

TSW

TSCS

THA

THDI

THW

THCS

TDR

TACC ADR
TACC W
PACC: €S
TACC DIN
TACC CLK
TCYC
tR(out)
tF(out)
CIN

CIN

RIN

SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE

SEE

FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE

FIGURE

See notes on page 25
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x X X

XII

XII

XII

XII

XII

XII

XI

N 1 REQUIREMENTS
MIN | MAX
___________ Vip B WL,
l
Tl L . L
T ety
S L
PR ol
Ok i o P
T e
L8 s
0.8 { i
0.8 l e
G M fiee
0.3 E 145
e Pl
0.3 i 3.0
0.3 E 3.0
0.3 : 3.0
i I 6.5
0.0 B
0.3 I 1.5
a3t s
= I 1.3
e I 2.3
Positive I s
___________ ARED b

ns
ns
ns
ns
ns
ns

ns

ns
ns
ns
ns
ns
ns
ns
ns

ns

|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
|
[
|
|
ns |
|
|
|
I
|
|
|
|
|
|
|
|
i
|
[
|
|
|
|
|
|
l
1
1
l



TABLE VII

AC CHARACTERISTICS - 4K X 4 STRAM

tmmm e ————————— e tmm————————— Fm—————————— +—————— “+
| | | REQUIREMENTS I |
| PARAMETER | NOTES: | MIN | MAX | UNITS |
- e o ——— tm——m———————— tm————— e
l I l I l I
| CLK PW H I SEE FIGURE XI | 10.5 | e | ns |
1 CLK PW L I SEE FIGURE XI i 3.0 } - : ns :
| : TSA I SEE FIGURE X I 0.4 I e # ns I
| } TSDI I SEE FIGURE X ; 0.4 I —— : ns I
i TSW } SEE FIGURE X ; 0.4 ; ——- i ns I
i TSCS { SEE FIGURE X : 0.4 I - I ns :
: THA : SEE FIGURE X : 0.8 : e } ns :
: THDI : SEE FIGURE X { 0.8 : - } ns I
} THW i SEE FIGURE X i 0.8 ; - : ns I
} THCS I SEE FIGURE X I 0.8 : - : ns i
i TDR { SEE FIGURE XII : 0.3 : 1.5 { ns {
} TACC ADR : SEE FIGURE XII i - : 10.5 : ns I
{ TACC W = SEE FIGURE XII I 0.3 : 3.0 ; ns ;
{ TACC CS : SEE FIGURE XII : 0.3 : 3.0 : ns l
: TACC DIN : SEE FIGURE XII i 0.3 ; 3.0 : ns :
I TACC CLK I SEE FIGURE XII I e : 11.0 : ns :
: TOYE I SEE FIGURE XI ; 13.5 } s : ns :
{ tR(out) } : 0.3 : 1.8 { ns i
{ tF(out) E I 0.3 : 1:5 } ns :
: CIN i ; s : 1.3 : pf {
; CIN : CLK AND CLK ONLY I - I 2.3 : pf :
} RIN I : Positive { -— i ohm I
| 1 ! I | !
Fmm e - R e tmmm e ———— tm—— tm—————— +

See notes on page 25
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Notes For AC Characteristics:

1.

AC characteristics are measured from the mid point
of the input waveform to the midpoint of the output
waveform, except for tR and tF.

Rise and fall times are measured between the 20% point
and the 80% point of the waveform.

Output waveforms are required to be monotonic.

AC parameters are defined with an input rise, or fall
time of 700 ps, see Figure V.

CIN is measured at the die bonding pad. Tab lead
capacitance is not included in the value specified
in Tables VI and VII. Measurement technique to

be defined.

RIN, the real portion of the input impedance, measured
at each input pin, with power applied to the device,
must be positive for frequencies up to 2.0 GHz, over

the input voltage range. Measurement technique to be

defined.

For AC parameters, assume output is configured in the
series termination configuration. See Figure XIII.

8. AC parameters are defined with VEE = -5,2V +/- 8%,
over the required operating temperature range.
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TABLE VIII

STRAM TRUTH TABLE

INPUTS
CHIP RAM OUTPUT
SELECT WRITE ARRAY REGISTER
H H READ LOW
H L READ LOW
L H READ RAM
L L WRITE DIN
KEY:
RAM = LOAD D-OUT REGISTER FROM ADDRESSED RAM LOCATION
DIN = LOAD D-OUT REGISTER FROM OUTPUT OF D-IN REGISTER
LOW = LOAD D-OUT REGISTER WITH A LOGIC LOW LEVEL
READ = READ FROM THE ADDRESSED LOCATION
WRITE = WRITE THE ADDRESSED LOCATION
NOTE:

WRITES ARE INITIATED BY THE RISING EDGE OF THE
CLOCK IF THE ENABLING CONDITIONS ARE TRUE.
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TABLE IX

ENVIRONMENTAL REQUIREMENTS

Fmm et D e e +
| CONDITION | TEMPERATURE | HUMIDITY |
| | deg C. I |
Fmm——————————— - et ettt e +
: Operating } 20,<'Tj < 35 { 95% R.H. {
| See Note 1. | 35 <Tj < 90 | Dew point = 35 deg C. |
I | = | |
e ————————— e —————————— o +
| Storage | =65 < Ta < 35 | 95% R.H |
[ I - - | |
| See Note 2., | 35 < Ta < TBD | Dew point = 35 deg C.|
I | - l l
e ———— e ——— o ————————————————— +
| Assembly | Ts < TBD | Dew point = 35 deg C.|
| process | - | |
| [ | |
| See Note 3. | | |
Fmmmm—————————— o ——————————— e ———————————— +

Notes for Table IX:

1. The device shall continue to meet all DC and AC
characteristics specified herein, when operated
over this range of temperature/humidity conditions.

Tj is junction temperature.

2. After prolonged storage at the conditions specified,
device shall meet all DC and AC characteristics
specified herein. Failure rate shall not be degraded
by storage. Ta is ambient temperature.

3. During assembly process, the die and lead frame will
survive contact with surfaces at the temperature
specified for ten minutes maximum. Ts is surface
temperature.
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I
I
I
I

________________________________________________________ +
I DIMENSIONS |
PARAMETER i i b e e e +
| Min Max | Units I
o ————————————————— o ————— pmmm—————— e —— +
Copper Lead Thickness I See Note 1. |  micron |
Polyimide Thickness I See Note 2. I micron |
e — tm——————— +——————— b - -
Plating: Sn over Ni I | | |
Sn I 1.0 | - | micron |
Ni | 1.0 | - I micron |
it fmm—————— mm——————— fmmm————————— +
Inner Lead: | I | |
Pitch | 100 | - |  micron |
width I 50 | - |  micron |
e pmm—————— fmmm————— rmmm————————— +
Outer Lead: | I | |
Pitch | 450 | = |  micron |
width I 90 [ - 110 | micron |
Length i 750 | ~ I micron I
o — - e —————— fommmm———— o +
Excise/OLB window: I | | |
width | 1000 | = |  micron I
Fmmm e o ————— +——————— Fmmmmm - +
Test pad: | | I I
Length | 400 | - | micron I
Width | 400 | = | micron |
Pitch | TBD | TBD | micron |
B e Fmmm————— Fmm - Fmm———————— +
1. Copper lead thickness is 35 micron nominal.
2. Vendors may supply tab lead frame with either 75 micron,
or 125 micron (nominal) polyimide thicknesses.
3. Plating requirements may vary due to bonding and

TABLE X

TAB LEAD FRAME MECHANICAL DIMENSIONS

testing process variations,
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FIGURE VIII-A
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From: AQUA: :HPSCAD: :KECK "Dale MRO1-3/T2 297-4106" 5-MAR-1991 13:58:4
1.30

To: MXZLPX::Fontaine, Aqua::Firstenberg
cC: VCSESU: : Scott :
Subj: New versions of STRDABRA and STRINI for Medusa builds:

'l ie, Mark,

I have modified the STRDABRA and STRINI as Charlie requested. The new versions
are in AQUA::CARIBBEAN: [DV.TOOLS]). (Program STRMEM was also modified, but I
don’t know of any users.) ; - o

The new versibns are fully backward compatible; all existing procedures that run
these programs will continue to work exactly as before.

The change involves the /SCAN_FILES.qualifier. ‘This qualifier is used to
specify the location of the .IDXSCAN files for each MCA type that must be made
available to the program. :

The previous program versions required that all the .IDXSCAN files be placed in
a single directory and the files had to have a filename matching the name of the

MCA. This did not allow referencing the files where they reside in CCN.

The new method expands these capabilities by replacing any "*" character in the
file-spec provided with the /SCAN FILES qualifier with the name of the MCA.
This allows the building of file names. These file names point to specific
files, specific directories, or to logical names.

Following is. an extraction from HELP on STRDABRA:

.N__FILES=:EJ'. le-spec

Specifies a default file specification to be applied to all RTL to STR
translation data files. These are indexed files containing informatiom
about scan-latch and supermacro bodies. These files are created using
the SCANDATA procedure.

This file-spec is really used to specify many different input files.
A uniquely named file must be read for each MCA type referenced in
the .INI file. Specify a wildcard character "*" in the file-spec
where the name of the MCA appears. STRDABRA will replace each "*"
character with the name of a specific MCA, e.g. ADRX. By default,
/SCAN FILES=*.IDXSCAN is assumed.

An error message is reported if no "*" character is included in
file-spec and the file name is specified. If no file name is
specified, it is assumed to be "*". If no file type is specified, it
is assumed to be .IDXSCAN.

Examples:
/SCAN FILES=SCANFILES:*.IDXSCAN
specifies that all translation data files are in a directory
pointed to by a logical name SCANFILES, and with a name the same
as the MCA; i.e. SCANFILES:ADRX.IDXSCAN

/SCAN_FILES=HCA$*:MCA_*.IDXSCAN
specifies that each translation data file is in a specific
. directory pointed to by a logical name that begins with MCA$ and
| ends with the name of the MCA and has a name beginning with
MCA ; i.e. MCASADRX :MCA ADRX.IDXSCAN

/SCAN FILES=PTR$*IDX
specifies that each translation data file is specified by a name




that begins with PTRS$ and ends with the MCA and IDX; i.e.
PTRSADRXIDX. Since there is no punctuation in this name, a logical
named PTRSADRXIDX may provide the full or partial specification.
(e.g. PTR$SADRXIDX may be defined as IDX$DISK:MCA ADRX.IDXSCAN). If
no logical name exists, then the file PTRSADRXIDX.IDXSCAN

in the default directory will be opened.
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Nautilus Design/Simulation Strategy

CAD

Hardware Functional| p<——————— Hardware Engineers
Specification

PN

Engineers
|—> DECSIM Behavioral Gate Level Schematics ==
Model,of CPU (using VALID)
Extraction
Y Y
( DECSIM ' ‘ DECSIM '
I
| Y
CPU Behavioral CPU Structural
Simulation Simulation
(20 cyes/780 CPU sec) (3 cycs/780 CPU min)

Behavioral Model:

« Fast, but not totally accurate

« Used mainly for micro-code debug

‘ « Over 5 mil

lion AXE cases run

Structural Model:

\ - Accurate, but painfully slow

« Many approaches used to find bugs
« < 1000 AXE cases run (still best bug finder!)

MEDUSA/Background
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So Why Is Structural Model So Slow (circa 1984)?

«  When few network nodes appear in a model,
the node’s function outweighs communication
overhead in terms of execution time

« As nodes become simpler and more numerous,
event driven communication overhead begins
to dominate execution time

e In a full structural simulation, an estimated
100 VAX MACRO instructions (including CALLX,
RET and Queue instructions) execute whenever
a node’s output changes, while the node’s
function might only require a single instruction

« In effect, event driven simulation re-determines
the topology of the network during each
simulated machine cycle

« |If the topology of the network could be determined at
compile time, the communication overhead could
be eliminated and much execution time saved

« Such a compiled logic simulator, called PRESTO,
was written in Littleton in 1984 and proved to
be 60 times faster than the equivalent DECSIM
structural model for Nautilus

MEDUSA/Background MAF 3
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( Aquarius Design/Simulation Strategy ¥

Hardware
Engineers

Behavioral Models Purely Behavioral
of System Components - DECSIM Simulation Model
("executable spec”) (9 cycs/8650 CPU sec)

Hardware Mixed Mode Beh/RTL
Engineers s DECSIM Simulation Model
(speed varies)

Y

Extraction

RTL Schematics Purely RTL
[tech. independant] :@—b Simulation Model
(using CAE2000) (100x slower than beh)

Synthesis
Y
{ Gate Level Design Extraction DECSIM Structural .
[tech. dependant] »{ DECSIM Simulation Model
(CADEX based) (200x slower than beh)

|

i

| Physical ZIF ZYCAD Structural

| Tools Simulation Model

| (behavioral speeds)

Notes:

« Run AXE/MAX on behavioral, mixed mode and
RTL models (to verify logic design)

- Run MACRO diagnostics on ZYCAD (to ensure that
synthesis has not introduced functional bugs)

MEDUSA/Background MAF 4
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Concerns Regarding Aquarius Simulation Strategy (1986):

AXE/MAX could not be used with ZYCAD, so that
our best bug finders could not be applied to the
most accurate simulation model

Synthesized design may not be adequately tested
by MACRO diagnostics running on ZYCAD

Unclear that a system model would fit in ZYCAD
Unknown how fast RTL simulation would run

ZYCAD is a singular resource, while we have
access to a lot of VAXes . . .

MEDUSA Goals:

Encourage gate level simulation by:

« Providing an alternative simulator with sufficient
performance (throughput, if not speed)

« Enabling AXE/MAX to be used on our most
accurate simulation model

- Allowing exploitation of available VAX resources

Complement (as opposed to replace) DECSIM/ZYCAD
simulation model use

Be general enough to be used outside of Aquarius
project

MEDUSA/Background MAF 5



Digital Equipment Corporation - Confidential and Proprietary

MEDUSA Objectives and Non-goals

Objectives (prioritized):

1. Performance (throughput, if not speed)

2. Support Aquarius effort

3. Generality

4. Reasonable model compilation time
(overnight at very worst)

Non-goals:

[ ]

DECSIM compatibility

Timing verification

"On the fly" patching capability
Fault simulation capability

RTL support

MEDUSA/Background
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P MEDUSA/DECSIM Comparison

MEDUSA DECSIM
ltem to Compare (compiled logic) (event driven)
Simulation States 0 and 1 0,1,Uand Z

Number of times an
individual node can be Once (and only oncel) 0 to many
activated per cycle

Simulated cycle Constant Depends on number
execution time of events . . .
Pulses within a Cycle Not possible Possible/probable
Simulation of Difficult at best No problem!

asynchronous logic

Simulation time Simulated machine cycle As fine grained as
granularity (possibly sub-cycle) you likel
Behavioral modeling Yes (but in MACRO or Yes (in DECSIM’s
possible a high level language) behavioral language)
Mixed mode debugging Split between MEDUSA Well integrated
integration User Interface and

VAX DEBUGGER

MEDUSA/Background MAF 7
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. MEDUSA Network Compilation Overview i

NETWORK_COMPILER.EXE

1) Read Parts Library —————  _LIB file pointed to by NET_COMP$LIB

| .NDF (Network Description File)

2) Read Design Description: pointed to by NET_COMP$NDF
/ (read hierarchically)
a) .NDF file(s)

b) .INI file(s)
' \ .INI (Network Initialization) file
pointed to by NET_COMPS$INI

(indirect files allowed)

3) Node fixup

4) Order Network Nodes

5) Compress Network

6) Generate Code and Output
.MAR file

simulator MAR <€———————  specified by NET_COMP$CODE

7) Assemble .MAR file

simulator.OBJ MEDUSA's User/AXE Interface
Y UIF.OBJ (User Interface Routines)
/ UIF_TABLE.OBJ (LIB$§TPARSE tables)
8) Link Simulator application_specific.OBJ
¢——— ("behavioral" models written
l in a high level language)

simulator.EXE

MEDUSA/Network Compiler Specifics MAF 8
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"Required" inputs —-<

-
"Ignored” inputs —<

Simple Node Ordering

B .

—
—— i
)— "Active high" outputs

o —
"Used" inputs 4< Network Node

e

. e

>— "Active low" outputs
—

e

Node ordering terms:

All required inputs must be available before the
node can fire (i.e. it’s output pin values can be
determined)

Used inputs appear in the node’s functional
equations but are not required for the node to fire

Ignored inputs can be discarded immediately as
network is being read . . .

Once a node fires, all of it’s outputs can be marked
as available, potentially causing other nodes to fire

Note that the node’s function does not need to be
known for the node to be ordered . . .

MEDUSA/Network Compiler Specifics MAF 9
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MEDUSA Parts Library (.LIB) File Syntax

part name

number of "required" input pins

number of "used" input pins

number of "ignored" inputs pins

number of internal states to be defined

number of active high outputs

number of active low outputs

number of equations describing part’s function
comment (all characters after ’'!’ are ignored)

| ﬁ YYYYY | Note: if number is zero, corrolponding line
below will be omitted .

B200,5,0,0,0,2,2,1 checked 4/3/87

gate,6 Mcell -§—— part’s "generic" and "technology" types (unused)

A,B,C,D,E -t—— list of required input pins (if any)

YA, YB " -—— list of active high output pins (if any)

YANOT, YENOT -—— list of active low output pins (if any)

(YA, YB, YANOT, YBNOT) = (A+B+C+D+E) ; -%—— equations - one per line (if any)

BNF for Library Part Equations

l) statement — target assign_op expression ;

2) target — ( target_list ) | target_list

3) target_list —®name { , name }

4) identifier = name | number Equation Operators

5) name —> letter { letter | _ | digit | < | >}

6) number —0 | 1 # = 1's complement

7) expressicn —® term { bool_op term } * = and

8) term —p factor | ~ factor ~ % = ~and (VAX BIC)

9) factor — ( expression ) | identifier g = xor (VAX XOR)

10) bool_op —_— | * | B | ~ * + = or (VAX BIS)

11) assign_op —_— | A = = - assign (VAX MOV)
~ = = “aggign (VAX MCOM)

Legal "generic" types are: GATE, MUX, FLIP_FLOP, TB_LATCH, TA_LATCE and STRAM -

Legal "technology"™ types are : MCELL, ICELL, OCELL, CCELL and STRAM ==

Notes:

Pin names must be scalar (vectors not allowed)
« No timing information provided .

« No line continuation character supported

« Equations must be on a single line

MEDUSA/Network Compiler Specifics MAF 10
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Do —=~ 0

D1 —= 1

SDIN —

SEL1 —»=0
SEL2 =0

SLD —>o =0
—0

LDH =it

Example Library Part: H945 (scan latch)

YA

-

e

O = YANOT

o] = YBNOT

I Original H945 Schematic I

SCAN_DATA

L >0
LDL —=0
SLD —=0
SEL1 —»O
SEL2 —=0

X .
(o] —: YANOT
1
YBNOT
LDH

= YB

if SDIN, SLD and LDL are ignored, and latches are represented as 2x1 muxes:

I Modified H945 Schematic I

LIB file entry for H945

Ta_latch,Mcell

LDH

Do,D1,SEL1,SEL2
SDIN,SLD,LDL
SCAN_DATA,SCAN_FLAG
YAYB

YANOT,YBNOT

H945,1,4,3,2,2,2,2
|

‘ (SCAN_DATA,YA,YB,YANOT YBNOT )=
|

(SCAN_FLAG)=0;

| changed 12/8/87

| Generic and technology types
| '‘Required’ inputs

1'Used' inputs

| "ignored’ inputs

| Internal states

| Active high outputs

| Active low outputs

((((DO*A{SEL1+SEL2)) +(D1*(SEL1+SEL2)))*
(LDH*ASCAN_FLAG))+(SCAN_DATA"A(LDH"*SCAN_FLAG)));

SCAN_FLAG added to
emulate scan function lost
by ignoring SDIN and SLD

Note: in reality,
equations must be
on a single linell

MEDUSA/Network Compiler Specifics
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( MEDUSA Network Description File (.NDF) Syntax

/SIGNALS/

$SIG signal_name

$10 signa'l__name

/NODE-DATA/
$REF logical_reference_designator

$PART library_part_name
$PIN pin_name/signal_name

$REF log}cal_reference_designaior
{ $PART library_part_name
$PIN pin_name/signal_name

JEND-NODE-DATA/

[$SYN signal_name=signal_name]

MEDUSA/Network Compiler Specifics

Notes on Network Description File (.NDF) Syntax

All signal_names used must be declared
either SIG or 10:
1) SIiGnals are internal to this network

2) 10 signals are pins to this network

Any unused, non-l0 output signals can be
removed, along with their PIN references

Any unsourced, non-|O input signals can be
removed, with their PIN signal_name setto 0

All 'signal_name’s and 'pin_name’s must be:
1) scalar (vectors not allowed)
2) enclosed in double quotes

'Logical_reference_designator’s and
'library_part_name’s should NOT be
enclosed in double quotes . . .

SYNonyms are optional . . .

Comments are allowed and are delimited by '’
(all characters after the '!’ are ignored)

MAF 12
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. Hierarchical .NDF Files

« Each hierarchical design element must have a:
« File name of design_element.NDF
- Logical name NDF$design_element pointing to it

- Design hierarchical extensions similar to DECSIM:

Nested hierarchical design element’s logical
reference designator are concatenated with ’.’s
to form fully extended signal and STRAM names

« There is no modular compilation (since all network
nodes must be available during node ordering),
so individual .NDF files may be read many times

. « If any design element is not in the parts library and
does not have a .NDF file associated with it:

The design element’s pins are treated as 1/O pins
of the overall model (to ensure that behavioral
models will have access to them!)

« Up to 8 hierarchical levels are currently supported

MEDUSA/Network Compiler Specifics MAF 13
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MEDUSA Network Initialization (.INI) File Syntax

Notes on Network Initialization (.INI) File Syntax

@file_name ["scope_name"] Indirect .INI files can be specified . . .
. Scope_name will precede signal_names in new file:
1) scope_name must be enclosed in double quotes
2) if not specified, current scope used

[TIMEx-=INITS/ 'X’ can range from -1 to 255 (i.e. byte integer)
"signal_name" [= value]
‘ Signal_names must be:

1) scalar (vectors not allowed)
. 2) enclosed in double quotes
/TIMEx=INITS/
"signal_name" [= value] Values are:

; 1) optional

2) canonly be O or 1
’ 3) thought of as compile-time constants
/END~-INITS/ Comments are allowed and are delimited by '’
(all characters after the 'l" are ignored)

Notes:

INI files used to supply additional information
which may not be apparent from the .NDF files

-« The time segment constraints specified for a signal
are actually applied to the network nodes they drive

« The largest value for '’x’ among all .INI files read
will determine the number of node ordering passes
required to order entire network

- 8 levels of .INI file nesting currently supported

MEDUSA/Network Compiler Specifics MAF 14
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. Latch Based Desigh Example

External “Ta" Gates “Tb"
or Fixed »1 Latches with "Ta" Latches

Input Gates : Inputs

: =

"Ta" clock "Tb" clock

Rl

f. : : :
:‘Ta :.Tb

) ——————— | ——- 2 > 3 —>

ot e * T t

"Time Segments”

A
1

Y
A

Time Segments are used to establish:
« Delays between clocks in a multi-clock system

« Synchronization points with behavioral models
(similar to DECSIM "wait" statements)

Use of "used" (versus "required") pins within library
parts can effectively break loop-back path associated
with synchronous designs (see previous H945 example!),
so that node ordering has a starting point

MEDUSA/Network Compiler Specifics MAF 15
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Generic Aquarius MCA .INI File .

/TIME-1-INITS/ !**%* Segment -1 initializations **=x
"RING_OSC_ENABLE H" = 0 !
"SCAN_DATA_IN H" = 0 ! Disable ’‘ring osc.’ circuit -
"E0440_YD H" = 1 !

| o oo o o om o am m e omm e e owe e ome e e e s e m e e
"Tl1 " = 0 !
"T2_H" = 0 !
"T4 H" = 0 ! Disable on-MCA clock generation circuit
"T5 H" = 0 !
"T6_H" = 0 !

!

/TIMEQO-INITS/ *** Segment 0 initializations ***

1
"SYS_TA_CLK_1 H" = 1 !
"SYS_TA_CLK 1 L™ = 0 ! Supply Ta clocks at “time 0’
"SYS_TA_CLK_2_H" = 1 !
"SYS_TA _CLK 2 L" = 0 !
"TO_H" = 0 ! Supply "t0" Ta clocks at ‘time 0°
"TOA_L" = 1 !
LRSI Gl B I o O 1 T I o O O R OO B
/TIME2-INITS/ I*** Segment 2 initializations *=*=*
3¥S_TB_CLK 1 H" = 1 !
SYS TB_CLK_ 1 _1L" = 0 ! Supply Tb clocks at ‘time 2°
"SYS_TB_CLK 2 H" = 1 !
"SYS TH CLE 2 L™ = 0 !
"T3_H" =0 ! Supply t3" Tb clock at ‘time 2’
/END-INITS/ ! End of MCA initialization

Notes:

« If 'ring oscillator’ circuit was not disabled, it
would be called out as on illegal loop during
network node ordering . . .

« Time segments 1 and 3 can be used to place
RAMs relative to TA and TB latches . . .

MEDUSA/Network Compiler Specifics MAF 16
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"DSTO"
"DST1"
"DsST2"
"BSTIT
"SRCS"
"STGO"
"STG1"

@NDFSBUILD:MCA
@NDFS$SBUILD:MCA
@NDFSBUILD:MCA
@NDFS$SBUILD:MCA
@NDFSBUILD:MCA
@NDF$BUILD:STGX
@NDFS$SBUILD:STGX

JTIME1-INITS/

"STRAM2_CLK2_H<0>"
"STRAM2 CLK2_ H<1>"
"STRAM2 CLK2_L<O0>"
"STRAM2 CLK2_L<1>"

/TIME2-INITS/
"STRAM3_CLK1_H<O>"
"STRAM3_CLK1_H<1>"
"STRAM3_CLK1_H<2>"
TRAM3_CLK1_H<3>"
Qrma CLK1_H<4>"
TRAM3_CLK1_L<O>"
"STRAM3_CLK1_L<1>"
"STRAM3_CLK1_L<2>"
"STRAM3_CLK1_L<3>"
"STRAM3_CLK1_L<4>"
"STRAM3_CLK3_H<O0>"
"STRAM3 CLK3_H<1>"
"STRAM3_CLK3_L<O0>"
"STRAM3_CLK3_L<1>"

/END-INITS/

(= o

COHHOOOOOKRKHHHK

Example Aquarius MCU .INI File

*** Segment 1 initializations ***

Initialize DST MCAs

Initialize DST STGXs

Treat T2 clocks as

'pre-Tb’'

clocks!?

**x* Segment 2 initializations ***

Treat T3 clocks as Tb clocks!?

End of DST MCU initialization

MEDUSA/Network Compiler Specifics
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Node Fixup Compilation Phase .

IN1 =

IN2 =~

IN3

IN4 —=

Y

IN1

_\ e ouT1 _\ - ouT1
L | £

Y
Y

J IN1 ==
ouT1

IN2 =g

IN3 i IN2 i
- OUT2 - OUT2 == OUT2
ING —= ING —t—m

IN2

A |

Yy v

If IN1, IN2, IN3 and IN4 are all But if node contains independant Splitting node in two solves problem.

requ

ired, node will never fire . . . elements, the apparent loop is legal.

Node fixup functions performed:

- Split segmented nodes (Aquarius specific): .
« ’'L8xx’s into 'L8xxA’s and 'L8xxB’s
« 'xx47’s into 'xx47A’s and 'xx47B’s

« Split TA/TB latch pair nodes (Aquarius specific):

« 'C727D’s, ’C727D2A’s and 'C727M'’s into
"C727NP_TA’s and 'C727P_TB’s

« 'C727MPx’s into 'C727P_TA’s and 'C727P_TB’s
« ’'C727DA’s into 'C727NP_TA’s and 'C727NP_TB’s
« ’C728DP’s into 'C728DP_TA’s and 'C727P_TB’s

« Insert 2 input OR gate at each wire-tie junction
(only supported wire-tie function currently)

MEDUSA/Network Compiler Specifics MAF 18
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Example .NDF File for Segmented Part

/SIGNALS/

$10 "DoA"
$10 "D1A"
$10 "DOB"
$10 *D1B"
$10 *DoC"
$10 "D1C"
$10 "DoD"
$10 *D1D"
$10 "SEL"
$10 "YAD"
$10 "YA1"
$10 "YAONOT"
$10 "YATINOT"
$10 *YBO"
$10 *YB1"
$10 "YBONOT"
$10 *YB1NOT"
$10 "YCO0"
$I0 *YC1*
$10 "YCONOT
$10 "YCINOT
$10 *YDO"
$10 "YD1"
$10 "YDONOT"
$10 "YDINOT

/MNODE-DATA/

$REF MUXA

$PART H252A

$PIN "DOA"DOA"

$PIN "D1A*/"D1A"

$PIN "SEL*/SEL"

$PIN *YAQ*~YAQ®

$PIN "YA1"/YA1"

$PIN "YAONOT FYAONOT
$PIN "YAINOT FYATNOT

$REF MUXB

$PART H252A

$PIN "DOA"/"DOB"

$PIN *D1A*/"D1B"

$PIN "SEL"/"SEL"

$PIN "YAQ'/YBO"

$PIN "YA1""YB1"

$PIN "YAONOT /" YBONOT"
$PIN "YAINOT /YB1NOT"

$REF MUXC

$PART H252A

$PIN "DOA""DOC®

$PIN "D1A""D1C*

$PIN "SEL"/"SEL"

$PIN "YA1*/"YCO®

$PIN "YA1*rYC1*®

$PIN "YAONOT FYCONOT"
$PIN "YAINOT FYCINOT"

$REF MUXD

$PART H252A

$PIN *DOA*/"DOD*

$PIN *D1A*/"D1D"

$PIN "SEL"/SEL"

$PIN "YAQ"rYDO"

$PIN "YA1"rYD1*®

$PIN "YAONOT /YDONOT"
$PIN "YAINOT FYDINOT"

/END-NODE-DATA/

DOA

D1A

DoOB

Di1B

DoC

DiC

DoD

D1D

SEL

H252

Ab Ab Ak

H

MEDUSA/Network Compiler Specifics

== YAD
- YAl
== YAONOT
=== YATNOT

—= YBO
- YB1
- YBONOT

—» YBINOT

—= YCO
- YC1
—» YCONOT
- YCINOT

== YDO
== YD1
—» YDONOT
—» YDINOT

DOA —

D1A —

BEL =

H252A

— Y AQ
—= YAl
== YAONOT

- YAINOT
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Possible Node Ordering Methods

@
Yy

Y

T
S
YY)
)]
(2]

Y

10

YY
Yy

H—>1 8

Y

J —>1 11

Assuming that A, B, C, D, E, F, G, H, |, J, K and L are all initially
available and node numbers indicate appearance in 'unordered’ linked list:

Examples of Possible Search Methods
Linear Search with
Strict Linear Search gate level sensitivity Recursive Search
Pass 1:1,2,4,7,8,9,11 Pass 1:1,4,7,8,11 Pass 1:1,2,4,7,5,3,
Pass 2: 5,10 Pass 2: 2,5,9 8,9,11,10,6
Pass 3: 3,6 Pass 3: 3,10
Pass 4: 6
Allows for 'on the Moves sources and
Simplest method fly' model patching! loads closer together
(higher performance!)

MEDUSA uses the recursive search method
« Faster compilation time (fewer passes)
. Faster simulation execution time!
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MEDUSA Node Ordering Specifics
First, for each unsourced input pin:
« If non-model I/O pin, assign it a value of zero

« If model I/O pin, assume that a behavioral model will
drive it (i.e. do not assign specific value to it)

« In either case, mark pin as available . . .
Node ordering process:

«  For time segments -1 to maximum specified:

« For each node in 'unordered’ linked list:
If node’s count of outstanding inputs is zero and
timing constraint <= current time segment:
Fire node

« Place 'segment end’ marker node at the end
of ‘ordered’ linked list

« If 'unordered’ linked list not empty, issue warning
message and display contents of unfired nodes . . .

Node firing specifics:

« Remove node from 'unordered’ linked list

« Place node at end of 'ordered’ linked list

- Broadcast fact that each output is available:

« Decrement count of outstanding inputs for any
node sourced by any of the firing node’s outputs

- |If count decremented to zero and time segment
constraints met, recursively fire that node

MEDUSA/Network Compiler Specifics MAF 21
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Network Compression Compilation Phase .

Searching backwards through ’ordered’ linked list,
for each node in network:

- If none of the node’s output pins source anything
and none of them are model I/O pins:

« Delete node’s output pins

« Delete node’s input pins (which may cause other
nodes ’‘upstream’ to have unused outputs!)

« Delete node from ’ordered’ linked list
« Otherwise, leave node as is

‘Ordered’ linked list now ready for code generation . . .

MEDUSA/Network Compiler Specifics MAF 22
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. Storage Allocation Alternatives

“Horizontal” Storage Allocation

1 X<7:0> :Y<7:0>

| | Z<2>= X<0>*Y<i>

ROTL Y.#-1,r0
Yy MCOMB X, r1

U BICE r1,r0

BICB #-2,r0
ROTL r0,#2,r0
BICB #4.Z
1 Z2<7:0> BISB r0,Z |INSV rO#2#1.Z

versus

"Vertical” Storage Allocation

. 1 X<0> 1 Y<l>
L

Z<2>%— X<0> " Y<i>

Yy MCOMB X<0>,r0

‘ | BICB r0,Y<1>,2<2>

1 Z<2>

Benefits of "vertical" storage allocation:
- Easier to generate code
« Code produced executes faster

But what about the "unused" bits? . . .
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Multiple, Simultaneous Simulations

1 X<0> 1 Y<l>

Z<2> X<0> " Yci>

MCOMB X<0>,r0
BICB r0,Y<i1>,Z<2>

1 Z<2>

Notes:

Each bit within the byte represents the signal’s state |
for eight independent, but functionally identical, .
simulation models

VAX MACRO instructions operate as bit-wise parallel
processors (same code generates eight results as
quickly as one!)

Works for word and longword data as well

Nomenclature:

Byte data: 8 machine model (0 to 7)
Word data: 716 machine model (0 to 15)
Longword data: 32 machine model (0 to 31)

MEDUSA network compiler allows choice of data size
(i.e. amount of parallelism possible)
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. So What’s in a Name?

Wanted a name that reflected simulator’s multi-faceted
nature:

MEDUSA: in Greek mythology, most famous of the three
GORGON sisters. Once a beautiful woman, she offended
Athena, who changed her hair into snakes and made her
face so hideous that all who looked at her were turned
to stone. Because of this power, her image frequently
appeared on Greek armor.

(CERBERUS and HYDRA were also considered, but were
names of previously canceled DEC projects . . .)

. MEDUSA speed versus throughput:
« Speed refers to performance of a single machine

«  Throughput refers to aggregate performance of
multiple machines
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Code Generation Notes

VAX GPR usage in generated code:

RO - reserved for MCOMXx target during
code generation for AND operator

R1 through R8 - temporary values
(within one equation)

R9 through R11 - fixed base registers
(covers 192K bytes of signal data with
byte/word displacement specifiers)

R12 (AP) - floating base register
(autoincrements through signal data)

Check number of equations for each node in
‘ordered’ linked list:

If non-zero, generate code for them one at a time

If zero, but node is a STRAM, output appropriate
STRAM code model (Aquarius specific)

Otherwise, output warning message and ignore node
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Code Generation Notes (cont.)

Optimizations performed:

Assign functionally equivalent signals to the same
storage (i.e. avoid generating MOVx instructions)

Keep track of 1’'s complemented versions of
signals (i.e. avoid generating multiple MCOMXx
instructions for the same signal)

Perform optimizations on a per-equation basis

Bind signals to signal storage locations as late
as possible (results in sequential D-stream
writes during simulator execution)

Generate smallest operand specifiers possible
(in terms of I-stream bytes)

Optimizations not performed:

Storing frequently used signals in registers
Common sub-expression recognition
Optimizations between equations
Optimizations between nodes
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Equation Optimizations Performed

«  NOT Operator Optimizations:

1. (*0) — 1
2. M)—0
3. (MX)— X

OR Operator Optimizations:
1. (1+X) or (X+1) — 1
2. (0+X) or (X+0) — X
3. (X+X) —> X [where X not an operator node]
4. (MX+Y) —> (Y+2AX) —> A(XA*Y)
5. (AX+AY) —> A(AXAYY)
« AND Operator Optimizations:
1. (0*X) or (X*0) —> 0
(1*X) or (X*1) —> X
(X*X) —> X [where X not an operator node]
(X*AY) —> (AY*X) —> (YA*X)
(AX*AY) —> A(X+Y)

- os e N
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. Equation Optimizations Performed (cont.)

«  "NOT AND" Operator Optimizations:

(XA*AY) —> A(X+Y)
(AXA*AY) —> A(AX+Y) [—> (YA*X)U]
«  XOR Operator Optimizations:

1. (17*X) or (XA*0) — 0

2. (XA*X) —> 0 [where X not an operator node]
3. (0MX)—> X

4. (XA*1) —> AX

5.

6.

1. (X@X) —> 0 [where X not an operator node]
2. (0@X) or (X@0) —> X
3. (1@X)or (X@1) —> AX
4. (X@MY) —> (A\Y@X) — MX@Y)
5. ("X@"Y) — (X@Y)
« ASSIGN Operator Optimizations:
1. =(AX) — A=X

Notes:
Only single level optimizations performed
Optimizations listed in priority order
Heuristic - push NOTs upwards
Remember there is no VAX "AND" instruction!
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~:_ Code Generation Example

B451,7,0,0,0,2,2,1 Ichecked 4/3/87

mux, Mcell

po,p1,p2,03,82,81,EN

YA, YB

YANOT, YENOT

(YA, YB, YANOT, YBNOT ) =( ( (DO*~82*~5]1) + (D1*~52*581) +(D2*S2*~51)+ (D3*82*5l) ) **EN) ;

When .LIB file originally
read, equation was optimized
and stored as follows:

<=

.

' (YA, YB, YANOT, YBNOT) = (EN~* ( ( (S2+51) ~*D0) + ((D1*(S2~*S1) )+ ((D2* (81+*s2) )+ (D3*(82*51)))))):

Instance of H451 Build ‘abstract syntax tree’

of particular part’s equation
Do and populate with specifics
0 — of part’s instantiation
D1
A = TR
D2 X [ (X,Y)=(0"*(((C+D)**0)+((A*(C**D) )+ ((B*(D**C))+(B*(C*D)))))):
B — O—3= Y
D3 YANOT
B—a={ (A
Optimize populated AST
f
| s2
c
sl
D (X, ¥)=((A*(C**D) )+ ((B*(D"*C) )+ (B*(C*D)))):
EN

0

Allocate registers for
AST's 'operator’ nodes

<=

(X, Y)=((A*(C**D) )+ ((B*(D**C) )+ (B*(C*D))));
rl rl =3 2

r2 =3 r3 r3

Generate code

(then go back to step 1
with part’s next equatien,
if it has any more . . .)

<=

BICx3 C,D,rl
MCOMx A,r0
BICx2 r0,rl
BICx3 D,C,r2
BICx2 “B,x2
MCOMx C,r0
BICx3 r0,D,r3
BICx2 “B,r3
BISx2 1r2,r3
BISx3 rl,r3,X
MCOMx X,Y

%' is 'B’, 'W' or ’'L’, depending on data size selected
%’ operator forces 1’s complement of left operand
'BICx3 r0,rl,rl’ compressed

Assume 1’s complemented B, ’'“B’, previously generated
%! operator forces 1’s complement of left operand

Assume 1’s complemented B, '~B’, previously generated
'BISx3 r2,r3,r3’ compressed

'BISx2 rl,r3'/'MOVx r3,X’' compressed

Record that X and Y complemented versions of each other

me Wa We Wa We W We W We Wa We
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i RO: temp value . . .
H R2: machine shift count
; R4: 1’s complimented machine mask
3 R6: -1
i RE: leop count
CLRL rg
MOVL #-1,R6

SUBL3 ‘1,HEDUSASM&X_NUM_HACHIHES,r?
log_ref$SLOOF_TOP:

ROTL r8,41,r3

MCOML r3, r4d

% Stylized STRAM Model Code

Rl: ram index

R3: machine mask

R5: current data address
R7: loop count limit

; Initialize loop count
; Save I-stream immediate bytes!
; Compute loop count limit

; Compute current machine’s mask
; Compute complimented mask

= [if cs used:
BICx3 rd,cs,r0
BEQL log_ref$ENABLED
[do n=0 to data_bits-1 by 1:
if g<n> used:
BICx2 r3, q<n>

Check current machine’s CS
1f clear, RAM is enabled!!

If Q<N> output used:
Clear machine’s Q<N> bit

Disable finished - close loop
All machine’s processed - exit

me me e e wa e s W W

end)
ACBL r7,41,r8,log_ref$LOOP_TOP
BRW log_ref
log_refSENABLED:
= end)

MNEGL rh,;r2
SUBL3 r8,$31,r0

; Compute machine’s shift count
; Shift current machine’s

MOVAL  MEDUSASRAM_DATA+
ram_start*data_size_val,r5
MULLZ2 $data_bits,rl
BICx3 rd,wr,x0
BEQL log_refSWRITE
ilog_refSREAD:

ROTL r0, addr<0>,r0 3 ADDR<0> intoc highest RO bit
= [de n=1 to addr_bits-2 by 1l:
ROTL r2,addr<n>,rl ; Put current machine’s ADDR<N>
3 into lowest Rl bit
ASHQ ré,x0,r0 ; Accumulate result in RO
= end]
. ROTL r2,addr<addr bits-1>,rl Put current machine’s
- ADDR<N-1> into lowest R1 bit
BICL2 $-2,rl Clear all but lowest R1l bit
ASHQ $<addr bits-1>,r0,r0 Shift ZEXTed RAM index inte Rl

Compute starting address of
RAM’s '0th bit/0th element’

Account for RAM's width!!

Check current machine’s WR

I1f clear, RAM write requested!

Read RAM element indexed:

e e ma we e Wa e We We W

— [do n=0 to data_bits-1 by 1:
if g<n> used:
BICx3 rd, (r5)+[xrl],r0
BICx2 r3,g<n>
BIsx2 r0,g<n>
else:
ADDL2 #data_size_val,r5

— end]

If Q<N> output used:
RO gets isclated read data
Clear machine’s Q<N> bit
Load isclated data into Q<N>
Else:
Skip over RAM element’s bit

we wa W Ws We Wa

ACBL rT,il,rB,log_rostDOP TOP
BRB log_ref -
log ref$WRITE:
— [do n=0 to data_bits-1 by 1:

; Read finished - close loop
; All machine’s processed - exit
; Write RAM element indexed:

BICx3 r4,d<n>,r0

BICx2 r3, (£5) [rl)]

BIsx2 r0, (r5)+[rl]
if g<n> used:

BICx2 r3,qg<n>

BISx2 r0,g<n>

RO gets isclated write data
Clear machine’s RAMs nth bit
Load write data into nth bit
If Q<N> output used:
Clear machine’s Q<N> bit
Load write data into Q<N>

wa s We Wa ws We

— end)
ACBL r7,41,r8,log_ref$LOOP_TOP
log_ref:

MEDUSA/Network Compiler Specifics

; Write finished - close loop
; All machine’s processed - exit
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MEDUSA Simulation Loop Code ™

.PSECT MEDUSASCODE, NOWRT, EXE

.ENTRY MEDUSAS$S$SIM, "M<r2,r3,r4,r5,r6,r7,r8,r9,rl10,rll>

MOVAL MEDUSAS$SIG_DATA+32768,r9 ; Set up ’'fixed base’ registers
ADDL3 #65536,r9,r10 : R9, R10 and R1l1l

ADDL3 #65536,r10,rll )

MEDUSA_LOOP_START: ; Set up 'moving base’ reg. AP
MOVAL MEDUSA$SIG_DATA+ (data_size_val*2),ap

Time Segement -1 code

; End of simulation time segment -1
CALLS #0,MEDUSASSUSC ; Call "user supplied code’
INCL MEDUSAS$SEGMENT_NUM ; Update time segment indicator

Time Segement 0 code

; End of simulation time segment 0
CALLS #0,MEDUSASSUSC ; Call ‘user supplied code’
INCL MEDUSA$SEGMENT_NUM ; Update time segment indicator

Time Segement n code

; End of simulation time segment n

CALLS #0,MEDUSAS$SUSC ; Call 'user supplied code’
MOVL #-1,MEDUSA$SEGMENT_NUM ; Init. time segment indicator
MOVAL MEDUSASCYCLE_CNTS, r0 ; Bump individual machine

INCL (r0)+ : cycle counters

; (for each possible machine)

SOBGTR MEDUSA$BURST_CNT,MEDUSA_LOOP_END

RET
MEDUSA_LOOP_END:
~ BLBC MEDUSASRET_TO_UIF,MEDUSA_SKIP_UIF_RET
RET
MEDUSA_SKIP_UIF_RET:
T JMP MEDUSA_LOOP_START
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» Example NETWORK_COMPILER.EXE Output

$SET NOVERIFY

12-NOV-1988 17:11:57.80 User: FIRSTENBERG
Accounting information:
Buffered I/0O count: 246 Peak working set size: 2018
Direct I/0 count: 83 Peak virtual size: 2850
Page faults: 14673 Mounted volumes: 0
Images activated: 6 -
Elapsed CPU time: 0 00:00:06.72 Connect time: 0 00:00:11.57

Tk kR ko kR kA Ak A A A A A AR R A A AR AT A A KA R AR R AR ARAR AR I AR AR AR AR AR AR AR A KA AR A AR AT H K

* Process update X

- S U R T S = e it g (5 4 iy *

" Buffered I/O delta: 251 Peak working set delta: 2018 i

* Direct I/0 delta: ' 85 Peak virtual size delta: 2850 %

- Page Fault delta: 14763 ®

* CPU seconds delta: 6.81 Connect seconds delta: 6.81 *

b

I R e e R R R R R R RIS S TS SIS SRS SR R R R R b

$NCOMP-I-LIBREAD Reading parts library

$RLIB-I-NUMPARTS 450 library parts loaded

R A A A A AR AR R A AR A A A AR AR A R R AR E AR A A A A R A A A AR A AR R AR AR KRR A A A IR A R A A A AR AR A AT R A A AT A kxR

® Process update %

g i TR S 1 N r b g e .. L R s O 0 2 *

* Buffered I/0 delta: 2 Peak working set delta: 0 »

» Direct I/0 delta: 14 Peak virtual size delta: 0 i

» Page Fault delta: 1380 *
'y * CPU seconds delta: 12.53 Connect seconds delta: 13.46 *
| kA kA A Ak A kA A R A A A A A A A kA A A A A A A A A A A AT AR A A A A A A AR A AT A AR A A AR A I AR R I A AR AR AR
. $NCOMP-I-NETREAD Reading network description

$RNDF-I-NDFOPENNED NDFSROOQOT: [CPU]CPU.NDF;15 openned

SRNDF-I-NDFOPENNED NDFSROOT: [CPU.EBOX.CTL]CTL.NDF; 6 openned

%$RNDF-W-NDFNOTFND NDF$CDC:CDC not found

$RNDF-I-NDFOPENNED NDFS$ROOT: [CPU.EBOX.CTL.ISSA]ISSA.NDF;4 openned

$RNDF-I-NDFOPENNED NDFSROOT: [CPU.EBOX.CTL.ISSB]ISSB.NDF;5 openned

$RNDF-I-NDFOPENNED NDF$ROOT: [CPU.EBOX.CTL.ISSC]ISSC.NDF;3 openned

: (3997 files)

$RNDF-I-NDFOPENNED NDFSROOT: [CPU.IBOX.XBR.PCHI]PCHI.NDF; 9 openned
$RNDF~-I-NDFOPENNED NDFSROOT: [CPU.IBOX.XBR.PCLO]JPCLO.NDF;10 openned
$RNDF-I-NDFOPENNED NDFSROOT: [CPU.IBOX.XBR.VICT]VICT.NDF;8 openned
%RNDF-W-NDFNOTFND NDFSCDC:CDC not found
$RNDF-I-NDFOPENNED NDFSROOT: [CPU.IBOX.XBR.XDTA]XDTA.NDF; 9 openned
% RNDF-I-NDFOPENNED NDFSROOT: [CPU.IBOX.XBR.XDTB]XDTB.NDF; 4 openned
$RNDF-I-NDFOPENNED NDF$ROOT: [CPU.IBOX.XBR.XSCA]XSCA.NDF;10 openned
SRNET-I-NETSTATS Total number of internal signals read: 341341

Total number of I/0O signals read: 2083

Total number of network nodes read: 132780

Total number of node pins read: 993209

Total number of node pins ignored: 266787
A AR A A AR A A AR A AT A AT T A A AR AR A A A ARk Ak kA kA A kA Ak ek ke d ko hkd ko %%
* Process update
- . eee.ee.e.eees--- - *
* Buffered I/O delta: 16291 Peak working set delta: 61982 *
* Direct I/O delta: 9456 Peak virtual size delta: 109191 g
* Page Fault delta: 154991 X
* CPU seconds delta: 2167.92 Connect seconds delta: 2485.28 %
A A A A A A A A A A A A A A A A A A A A AT AR A A A A AT A AT T AT A A A AT A A AT A A AT A A A A A A A A A Ak Ak kA Ak hk k%
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Example NETWORK_COMPILER.EXE Output (cont.)

$NFIX-I-FIXUPSTATS Total number of new signals added: 4665
Total number of network nodes added: 34826
Total number of new node pins added: 8674
Total number of node internal states: 73929

AR A A A A R A A A A A A A R A R A AR A A A R A A A AR A A A A AR AR AR A A A A AR AR A AR KRR A A AR AR A AR AR A ARk ke kkhk

* Process update *
A ot o e P D  r  y *
* Buffered I/0 delta: 233 Peak working set delta: 0 *
* Direct I/O delta: 116 Peak virtual size delta: 93720 W
* Page Fault delta: 772010 *
% CPU seconds delta: 726.12 Connect seconds delta: 838.09 *
AR A A A A A A A R R A R A A R A R A R A AR A AR A A R AR A A A A A AR A A A AR A A AR A A A AR AR R A AR A AR A AR A A A A A Ak ke ko
$NCOMP-I-ORDERNET Ordering network nodes
$ONET-I-ALLIPINSCHK Beginning "all input pins" network check
$ONET-I~-SEGMENTSTART Beginning "time segment -1" node ordering . . .
$ONET-I-SEGMENTSTART Beginning "time segment 0" node ordering . . .
$ONET~-I-SEGMENTSTART Beginning "time segment 1" node ordering . . .
$ONET-I-SEGMENTSTART Beginning "time segment 2" node ordering . . .
%ONET-I-SEGMENTSTART Beginning "time segment 3" node ordering . . .
A A A AR A AR R AR A A AR AR kA kA kA Ak kA AR A A A A A A A A AR KA KA AKX AR AR AR IR AR AR AR AR TR h o *
i Process update *
*x D e e e e e e ———————— %*
* Buffered I/0 delta: 3 Peak working set delta: 0 x
% Direct I/0 delta: 9 Peak virtual size delta: 0 *
* Page Fault delta: 403930 ¥
% CPU seconds delta: 58.04 Connect seconds delta: 111.90 *
*****'k**t************ttt**********************************t****t***************k
$NCOMP-I-COMPRESSNET Compressing network . . .
$CNET-I-NOOPINSCEK Beginning "no output pins" node check
$CNET-I-NETSTATS Total number of node pins removed: 58844
Total number of "unused outputs" nodes removed: 4700
e : E L R R R R e e R R s 222 22X R 22222222 RS 2 R 2 2 2 R 2 2 2 R R 2 2 8 B 2 2 Bt b i b b i i i b b i
% Process update ®
* D e ——————————— *
* Buffered I/0O delta: 1 Peak working set delta: 0 *
* Direct I/0O delta: 5 Peak virtual size delta: 0 *
* Page Fault delta: 54224 i
& CPU seconds delta: 34.00 Connect seconds delta: 53.85 *
***********w*****************i:***************t********k*************************
$NCOMP-I-OUTPUTCODE Outputing code for ordered network nodes
$CGEN-I-CGENSTATS Number of nodes going into code generation: 162576
Number of nodes "in-line" code generated for: 112740
Number of RAM nodes: 330
Number of MACRO instructions generated: 633739
Estimated I-stream bytes generated: 3781730
Number of signal storage bytes allocated: 177788
Number of RAM storage bytes allocated: 2732032
t****tl’**t**********************************************************************
% Process update *
s e e ———————— - *
* Buffered I/0 delta: 2870 Peak working set delta: 0 *
* Direct I/O delta: 11475 Peak virtual size delta: 1 *
* Page Fault delta: 403051 &
* CPU seconds delta: 1962.27 Connect seconds delta: 2650.45 L
****I:Rk***t*********'kR**********************************************************
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Example NETWORK_COMPILER.EXE Output (cont.)

12-NOV-1988 18:54:53.01 User: FIRSTENBERG
Accounting information:
Buffered I/0C count: 19659 Peak working set size: 64000
Direct I/O count: 21165 Peak wvirtual size: 205762
Page faults: 1804542 Mounted volumes: 0
Images activated: 8
Elapsed CPU time: D 01:23:07.91
Connect time: 0 01:43:06.84

Directory WORKSPACE: [WORKSPACE .MEDUSA]
CPUB.MAR;1 94496 (,RWED,R,)

Total of 1 file, 94496 blocks.

SDELETE-I-FILDEL, WORKSPACE:[WORKSPACE.MEDUSA]CPU8.MAR;1 deleted (94497 blocks)
FIRSTENBERG 3job terminated at 12-NOV-1988 19:34:14.87
Accounting information:

Buffered I/0 count: 21339 Peak working set size: 64000
Direct I/O count: 31019 Peak page file size: 205762
Page faults: 2093187 Mounted wvolumes: 0
Charged CPU time: 0 01:55:11.01 Elapsed time: 0 02:22:28.65
Notes:

-  Aquarius vector CPU being compiled

« 450 MCAS3 library parts (but many are high and
low power versions of each other)

«  Over 4000 .NDF files read (mainly because STGX
and VRGX are described by hierarchical .NDF files)

. One third of nodes entering code generation
produce no code

.  Approximately six bytes per generated instruction
.  Over 3.6 Mbytes of I-stream generated

. Generated .MAR file almost 100K blocks

. Process’s peak virtual size ~2/3s of VMS V4 limit

. ’Process update’ statistics will be examined later . .
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Final Simulation Layout

simulator.OBJ (model specific) MEDUSA User/AXE Interface

PSECT layout and attributes:

UIF_TABLE.OBJ

MEDUSA$CODE
(NOWRT, EXE) LIB§TPARSE command syntax tables

Main Simulation Loop

UIF.OBJ

MEDUSASDATA
(WRT, NOEXE, LONG) LIB$TPARSE action routines -
User/AXE interface routines

Signal and RAM data storage,
plus misc. simulator state

7 NG
MEDUSASDEBUG
(NOWRT, NOEXE, LONG)
Signal/RAM name to storage
location mapping information
{ e *

MEDUSA$GS_HEADER_DATA usc.OBJ (project specific)
(NOWRT, NOEXE, PAGE)
Global Section header template User Supplied Code

"Behavioral" models written
MEDUSAS$GS in a high level language
(WRT, NOEXE, PAGE)

Actual Global Section
storage, mainly VAXMEM R
(4117 pages per machine)

MEDUSASUSC_DATA i
(WRT, NOEXE, PAGE) (
“User Supplied Code" data area \

(1000 pages per machine)
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User Interface Layout

User Interface Utilities MEDUSA User/AXE Interface

MEDUSASS$UIF_BIN_TO_STR **
MEDUSASSUIF_BIN_TO_HEX ** UIF_TABLE.OBJ
MEDUSASSUIF_CHECK_MACH_NUM **
MEDUSAS$S$UIF_CHAR_STR_HASH

MEDUSASSUIF_GET_CPU_TIME LIBSTPARSE command syntax tables

MEDUSAS$SUIF_FIND_SIGNAL

MEDUSAS$SUIF_FIND_RAM **
MEDUSAS$SUIF_GET_RAM_PNT **
MEDUSASSUIF_INSERT_STOR_INFO UIF.OBJ
MEDUSASS$UIF_INSERT_STOR_LIST
MEDUSA$S$UIF_REPLICATE_STOR_INFO

MEDUSASSUIF_DEL_STOR_INFO LIBSTPARSE action routines

MEDUSAS$SUIF_DEL_STOR_INFO_LIST User/AXE interface routines
MEDUSASSUIF_BUILD_STORAGE_NAME

MEDUSASSUIF_ALLOCATE_PNT_ARRAY
MEDUSAS$SUIF_DEL_PNT_ARRAY
MEDUSASSUIF_INIT_SIG_PNT **
MEDUSA$SUIF_INIT_SIG_PNT_ARRAY **
MEDUSASSUIF_POPULATE_STOR_LIST
MEDUSASSUIF_EXAMINE_PNT_ARRAY **
MEDUSASSUIF_EXAMINE_GS_STOR
MEDUSAS$SUIF_EXAMINE_RAM_INDEX **
MEDUSAS$SUIF_DEPOSIT_PNT_ARRAY **
MEDUSAS$SUIF_DEPOSIT_GS_STOR
MEDUSASSUIF_DEPOSIT_RAM_INDEX
MEDUSASSUIF_DISPLAY_SYS_MSG **
MEDUSASSUIF_ALLOCATE_PARAM_ELEM ** ** indicates routines currently used
MEDUSASSUIF_CHECK_PARAM ** by Aquarius 'user supplied code’
MEDUSASSUIF_CHECK_PARAM_LIST **

MEDUSASSUIF_DEL_PARAM_LIST **

Main User Interface Routines

MEDUSASSUIF (simulator's main procedure)

MEDUSASSUIF_PARSE_CMD AXE Interface Routines
MEDUSASSUIF_EXECUTE_CMD
MEDUSAS$SUIF_INDIRECT_COMMAND MEDUSASSAIF_GET_UIC

MEDUSASSUIF_EXAMINE_STOR_LIST MEDUSASSAIF_UPDATE_AXE_STATUS
MEDUSASS$UIF_EXAMINE_COMMAND MEDUSASSAIF_DUMP_AXE_STATUS
MEDUSAS$UIF_SET_TWM_COMMAND MEDUSASSAIF_TIME_GS_XXLOAD
MEDUSASS$UIF_SHOW_TWM_COMMAND MEDUSASSAIF_DUMP_FINAL_STATUS  /
MEDUSASSUIF_CANCEL_TWM_ALL MEDUSASSAIF_FORMAT_CASENUMBER

MEDUSASSUIF_CHECK_TWM_LIST MEDUSASSAIF_AXE_INIT
MEDUSASSUIF_DEPOSIT_STOR_LIST MEDUSASSAIF_AXE_WAIT **
MEDUSAS$SUIF_DEPOSIT_COMMAND MEDUSASSAIF_AXE_TEST_END **

MEDUSASSUIF_SIGNAL_SYNONYM MEDUSASSAIF_AXE_TERMINATE **

MEDUSASSUIF_SYNONYM_COMMAND

MEDUSASSUIF_SIGNAL_BACKMAP LIBSTPARSE Action Routines
MEDUSAS$$UIF_MOVE_COMMAND

MEDUSAS$SUIF_GET_CYCLE_CNT ** MEDUSA$$PRS_ALLOCATE_STOR_INFO
MEDUSAS$SUIF_SHOW_TIME MEDUSASSPRS_ALLOCATE_PARAM_ELEM
MEDUSASSUIF_SET_TIME MEDUSAS$PRS_SAVE_ROUTINE_NAME
MEDUSAS$SUIF_SET_MACHINE ** MEDUSAS$PRS_NEGATE_NUMBER
MEDUSAS$SUIF_ENABLE_MACHINE MEDUSASSPRS_SAVE_PARAM_NUM
MEDUSAS$SUIF_DISABLE_MACHINE ** MEDUSASSPRS_INIT_PARAM_STR

MEDUSASSUIF_SHOW_PREFIX_COMMAND MEDUSASSPRS_BUILD_PARAM_STR
MEDUSASSUIF_SAVE_MACHINE ** MEDUSASSPRS_SAVE_FILESPEC
MEDUSAS$SUIF_RESTORE_MACHINE MEDUSASSPRS_BUILD_STORAGE_NAME

MEDUSAS$$UIF_LOAD_ABS MEDUSASSPRS_BUILD_NAME
MEDUSAS$SUIF_LOAD_TEXT MEDUSAS$SPRS_SAVE_NUMBER
MEDUSASSUIF_LOAD_EXE MEDUSAS$$PRS_SAVE_MACH_NUM
MEDUSAS$$UIF_ADD_GS_XXLOAD_CMD MEDUSAS$$PRS_SAVE_DYNAMIC_MNUM
MEDUSASSUIF_LOAD_GS_XXLOAD MEDUSASSPRS_SAVE_ARRAY_INDEX
MEDUSASSUIF_GS_XXLOAD ** MEDUSASSPRS_SAVE_BIT_SUBSCRIPT

MEDUSASSUIF_SPAWN_COMMAND MEDUSA$$PRS_SAVE_SRC_STOR_INFO

MEDUSA/User Interface Specifics
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MEDUSA User Interface Command Syntax

« (@file_spec
« BACKMAP number

« CALL routine_name [param_spec]

MATCH
TRACE

WATCH
PREFIX [/ALL]

« DEPOSIT [mach_switch] stor_name = number
. DISABLE {AXE_MACH'NE } [mach_num]

. CANCEL /ALL

MACHINE
. ENABLE {AXE_MACH'NE } [mach_num]
MACHINE
« EXAMINE [mach_switch] stor_list
. EXIT
. GO
. GS_LOAD
. GS_UNLOAD
( (/ABS , w
JEXE [/BASE=number] ( [mach_switch]
» LOAD { | TEXT
/GS_LOAD
| /GS_UNLOAD
file_spec
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MEDUSA User Interface Command Syntax (cont.)

«  MOVE [mach_switch] [move_switches]
stor_list => stor_list

« QUIT
- RESTORE [mach_switch] file_spec

« SAVE [mach_switch] [[KEEP=number] file_spec

MACHINE mach_num

MATCH [mach_switch] stor_name = number
NOVERIFY

: SET PREFIX [namE]

TIME [mach_switch] number

TRACE [mach_switch] stor_list

VERIFY

WATCH [mach_switch] stor_list

« STEP [number]
MATCH }

TIME -
. SHOW ! | TRACE [mach_switch] |

WATCH
| PREFIX

« SPAWN [/NOWAIT] [/OUTPUT=file_spec] [char_str]
« SYNONYM stor list
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MEDUSA User Interface Command Syntax (cont.) @@

Where:

hexadecimal nhum#16
a. number —> [octal_num#a }
decimal_num[#10]

b. stor list —> stor_name {, stor_name }

stor_name ->
name [ [number[:number]] ] [ <chumber[:number]> ]

letter
d. name—>[- ]{Ietterldigit|_|%|.|-]$}

%
mach_switch —> /MACHINE:mach_num
mach_num —> number | ALL | DYNAMIC .

routine_name —> letter { any character except ( }

sa ™~ 0

param_spec —> ( [ parameter { , parameter } ] )

parameter —> number | char_str
char_str —> " { and character except " } "

T =
L]

k. move_switches —> move_switch { move_switch }

(/ODDPARITY
/INVERT

l.  move_switch —> | JEVENPARITY
/ACCUMULATE
/CHECK
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. Stor_name Classes

Signals:

« Scalar specifications:
« name
. name<number> (Where O<=number)
« name and name<0> are different!!

.  Vector specification: name<number1:number2>
(where O<=number2<number1)

RAMs:
. . RAM's logical reference designator used as storage
name

- Specification:
name[number1[:number2]][<number3[:number4]>]

« [ and ]’ distinguish RAMs from signals

« O<=number2<numberi<RAM’s total elements
« O<=numberd4<number3<RAM'’s total bit width
. Element range specification optional

.  Bit range specification optional

. If no bit subscripting, full width used
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Stor_name Classes (cont.)

Global Section Storage:

« Same format as RAMs, but names are reserved:

« Same format as signals, but name is reserved: .

VAXGR[15:0]<31:0> (VAX GPRSs)
VAXPRVGPR[255:0]<31:0> (VAX IPRs)
VAXVECTOR[2047:0]<31:0> (Vector regs.)
VAXVECCNTL[3:0]<31:0> (Vector control)
VAXMEM[524287:0]<31:0> (Main memory)
VAXCASENUMBER[1:0]<31:0> (AXE/MAX case#)

VAXPSL<31:0> (VAX PSL)

General notes:

« Bit ranges greater than 32 are broken up
into 32 bit chunks

« Wildcarding not directly available . . .
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User Interface Concepts

- ENABLE/DISABLE MACHINE: indicates whether or
not user is interested in machine’s activities
(machines are always doing something!)

- ENABLE/DISABLE AXE_MACHINE: establish/terminate
communications with associated AXE/MAX process

- SET MACHINE: sets default 'scope’ to particular
machine (most commands understand ’all machines’
scope also)

« PREFIX stack: maintains character strings to precede
storage names by default (similar to DECSIM SCOPE,
but does not work exactly the same . . .)

- STEP: simulate specified number of machine cycles
(default is a single cycle)

« TRACE point: if storage entity has changed during
the last simulated machine cycle, display new value

« WATCH point: like TRACE point, but also returns
control back to user interface

« MATCH point: like WATCH point, except triggered
by storage entity matching a specified value
(versus simply changing)
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Miscellaneous User Interface Commands .

- CALL: method for executing specific user supplied
code routines

« LOAD/ABS: method for loading a .ABS file
(created by EXETOABS) into particular machine’s
global section data area

« LOAD/EXE: method for loading a .EXE file
(binary memory image) directly into VAXMEM
(with an optional, non-zero starting address)

« LOAD/TEXT: method for loading RAM structures
(patterned after DECSIM command by same name)

« GS_UNLOAD: 'macro’ which moves data from the
global section data area into or manipulates .
simulation signal or RAM storage (i.e. prepare
AXE/MAX cases or .ABS file data for simulation)

« LOAD/GS_UNLOAD: loads GS_UNLOAD ’'macro’

« GS_LOAD: 'macro’ which moves data from simulation
signal and RAM storage into the global section data
area (i.e. allow AXE/MAX to check case results)

« LOAD/GS_LOAD: loads GS_LOAD ’'macro’

« SYNONYM: display all the storage names assigned to
the same location as the storage name specified
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MEDUSAS$SIG_DATA::
7 n 0

/NVV VA
AVAVAVA
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.SAV File Format

UIFSMAJOR_REV
UIF$MINOR_REV

MEDUSASTIME_STAMP

[14 character time/date string]
[User Interface constant]
[User Interface constant]

MEDUSAS$CYCLE_CNTS(n) [Machine specific longword value]

MEDUSAS$SIG_DATA_ELEMENTS

(assembled bit-wise)

A

A RESTORE command
will issue a warning

if the time stamps

and major revisions

in the .SAV file

and target simulator
do not match (no
simulator storage

is effected)

Y
Header page

MEDUSASRAM_DATA::
7 n 0

AAAA
A

MEDUSASRAM_DATA_ELEMENTS

# S|G data pages

(assembled bit-wise)

MEDUSAS$GS_START::

Machine 0 GS

MEDUSASGS_SIZE (bytes)

»! RAM data pages

Machine 7 GS

Machine n GS =

feurrently 4117 pages]

MEDUSA/User Interface Specifics

= GS data pages

USC data pages [

MEDUSASUSC_DATA_SIZE (bytes)
[currently 1000 pages]

MEDUSASUSC_DATA_START::

Machine 0 USCD

Machine n USCD [

Machine 7 USCD
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AXE/MAX Interface

"AXEgrpmem_MO00"

»1 GLlobal Event Flag Cluster |

7l8[s4[2[2|* [

MEDUSA model
(8 machines)

- Global Section Data 0 -

paging file: AXEgrpmem_MO00.;
(4117 blocks)

*AXEgrpmem_M07"

AXE/MAX
process 0

»1 Global Event Flag Cluster =

For each AXE/MAX machine desired:

= Global Section Data 7 -

paging file: AXEgrpmem_M07.;
(4117 blocks)

AXE/MAX
process 7

. RESTORE ’initialized machine’ .SAV file

« SPAWN/NOWAIT AXE/MAX process

. ENABLE AXE_MACHINE

Notes on Global Event Flag Cluster name format:
« Process specific name uses octal UIC group/member

number ('grpmem’)

« Machine specific, two digit decimal nhumber, must
appear at the end of the name . . .

User interface routines are available to control

communications with AXE/MAX process, as well as

data movement to and from global section

MEDUSA/User Interface Specifics
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. User Interface Deficiencies:

+ Log file support

« PRINT command

« CANCEL TRACE/WATCH/MATCH stor_list
« Generalized 'macro’ support

« Wildcarding within storage names

- Storage name abbreviations

« HELP command

« Any others?

None of the above were required (or seriously missed?)
for debugging Aquarius MEDUSA models . . .
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Notes on User Supplied Code

Goals for supporting user supplied code:

« Provide access to all simulation resources,
either directly or indirectly

« Yet isolate user from implementation details
whenever possible (user interface routines are
layered as simulator ’system services’)

« Put as few restrictions on the user as possible
« But must be able to save state of behavioral models,
just as user interface does for other simulation state

|
'User Supplied Code’ Data usage: .

« User must determine behavioral model states which
need to be saved

- Design data structure representing that saved state

- Negotiate with other behavioral model designers
USCD offset where virtual structures will reside

« User interface can then SAVE and RESTORE entire
simulation state without involving behavioral
models directly . . .
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Aquarius CPU Model User Supplied Code Layout

usc.OBJ (project specific)

MEDUSAS$S$USC

IF MEDUSA$SEGMENT_NUM = -2 User Supplied Code

THEN initialize all usc routines

IF MEDUSASSEGMENT_NUM = -1 -

THEN for each active machine: *Behavioral” models written
call EBOX_PC_MSG in a high level language

IF MEDUSASSEGMENT_NUM =0

THEN for each active machine:

call PJBOX_MODEL

call REC_MODEL Y
call TBMON_MODEL
IF MEDUSA$SEGMENT_NUM = 3 MEDUSA$SUSC_CALL_ROUTINE
THEN for each active machine:
call TEST_END_DETECT Based on routine name, dispatch to
call TBMON_MODEL to appropriate handler:
check for need to 'periodic save’ Check for correct number of parameters
check machines in 'AXE wait' state: Apply defaults for missing parameters
IF AXE/MAX has responded: call routine . . .
bring machine back on line Else unknown routine: inform user

Two routines required to link simulator without errors:
- MEDUSA$$USC

« MEDUSAS$SEGMENT_NUM is an implied
parameter (none are explicitly passed)

« MEDUSAS$SEGMENT_NUM used to determine
what actions, if any, should occur during
this call to MEDUSAS$$USC . . .

- MEDUSAS$$USC_CALL_ROUTINE
- ’Parameter list’ passed as parameter

«  First parameter list entry is name of user
supplied code routine to be called

« User responsible for actual routine calls,
though there are user interface routines
which help manipulate parameter list . . .
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Aquarius CPU Model CALLable Routines

$SRUN/NODEBUG NDFSREL:AQUARIUS
MEDUSA User Interface version 1.19

Initializing "user supplied code™ routines:
Initializing TEST_END_DETECT routine . . .
Initializing EBOX_PC_MSG routine . . .
Initializing GPR_xxx_ MAP data structures . . .
Initializing UTEMP_REG_MAP data structure . . .
Initializing VRGX_MAP data structure . . .
Initializing CACHE_xxx_ INFO data structures . . .
Initializing PJBOX_MODEL routine . . .
Initializing REC_MODEL routine . . .
Initializing TBMON_MODEL routine . . .

Initializing user interface itself . . .

machine0> call directory
Current "user supplied code™ callable routines:

DUMP_STREG("EBOX_or_IBOX".streg_bank_num,machine_number}
DUMP_VAXMEM{"file_name",start_va,endﬂva,pa_to_va_offset,machine_num]
FAST'SWEEP{machine_number}
LOAD_UTEMP_REG(register_num,value,machine_number}
MOVE_GPRS_FROM_GS (machine_number)
MOVE_GPRS_TO_GS (machine_number)
MOVE_VRGX_FROM_GS (machine_number)

(' MOVE_VRGX_TO_GS (machine_number)

| PEEK (set number,physical_address,machine_number)

' PERIODIC_SAVE(save_period,“file_name“,saves_to_keep,machine_number}
PJBOX_DEBUG(numeric_parameter,machine_number)
PJBOX_?LAGS(numeric_parameter,machine_number]
PJBOX_INIT()
PJBOX_JDUMP(transaction_count,machine_number)
PJBOX_LATENCY(memcry_latency,machine_number)
PJBOX_SWEEP (machine_number)
PJBOX_WIO(register_address,data,machine_pumber)
REC_DUMP (machine_number)
SAVE_AXE_CASE(case_number,restart_number,machine_number)
STALL_CNT(stall_cnt,sweep_cnt,machine_num)
TBMON (machine_number)
WILDCARD("storage_name_str“)

machine0> exit

$
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Aquarius "Hi-tech” Components

« MCAII

256 signal 1/Os (TAB)

414/200/224 MCELLs/OCELLs/ICELLs
8 to 10K equivalent gates

200 psec gate delay

33 watts maximum

« STRAMs

TABBED 1/Os

Latches on ADDR, DATA IN and DATA OUT
Self timed writes

1Kx4 @ 4.5/5.5 nsec (read access from ADDR)
4Kx4 @ 9.5 nsec (read access from ADDR)

- HDSC/MCU

4 in. x 4 in. Polyimide/Copper substrate

CDC plus 8 MCA llis (or 9 STRAMs/MCA lii)

804 1/0s

9 layers (1 signal pair/1 pad/6 power and ground)
300 watts maximum

FRU

Requires TABBED chips

. Modules

24 in. x 24 in. (maximum)

24 layers (5 signal pairs/1 clock/2 pad/11 ref.)
CPU - 16 MCUs

SCU/Memory - 6 MCUs
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Aquarius CPU Floorplan

& 1Kxd @ 1Kxd
oCcTL os0E XDTE IBFB PCLO Strams PCBP Strame VMLA VMLE DIv1
(1BOX) (BOX) |9 1Kxd (1BOX) |9 1Kxd (VBOX)
ETGI oPU OS0A XSCA XBR Strams PCVC vic Strams MULE VML MUL4
9 1Kxd| (9 TKxd
8TG2 OPUA OPUB XDTA IBFA PCHI Strams | | Strams MuLS DivU MUL3
B 1Kxd § aKxd| |6 aKxd| |9 4xxa 4 AKxd
Strams FXUP VAPO Strams Strams Strams I1S8C 4 1xkx4| | OPCS VRG4 VRGS VRGE
Strams
(MBOX} |9 1Kxd {MBOX) (EBOX) (VBOX}
FALT VAP Strams PADO DTE DTMO 1854 cTL oPTR VRG3 VRG VRGT
9 1Kxd B AKxd4 B AKxd
WRTQ ccso Strams Strams DTM1 Strams 155D 1S58 ISSE VRGO VRG1 VRG2
§ 4Kxd B 4Kxd 9 1Kxd ¥ AKxd
Strams PAD1 Strams sTal SRCS Strams RLOG [11-1.7% uscE Strams veTC VCTA
6 dKxd| (MBOX) (EBOX) (EBOX) |6 dkxd € 4Kxd| (EBOX)
Strame DTA DTM2 TGO DsT DSTO ALY INT Strame Strams ucs VCTE
§ 4Kxd B aKxd B 1Kxd o drxd| |3 akxa
Strams DTM3 Strams DsT2 DST3 DsT1 ISHF usoc Strams Strams Strams
9 IKxd
Sirams CTMA CTMY MuL2 MUuLY MULD ESRA FSRE DUNP VESA VFSB VFAD
B aKxd| (MBOX) |9 1Kxd (EBOX) (EBOX) (VBOX)
1 1Kxd cTU Strams MACC MUL RET1 FADR FAD Divo VKA VAD VFPK
Strams
B AKxd
WBEM WBES MPCK RETO FPCK Strams DPCK VMKE

MEDUSA/Aquarius Results MAF 52



Digital Equipment Corporation - Confidential and Proprietary

Aquarius SCU Floorplan

DS00 IRCO JDAO DS06 IRC1 JDA2
DSo01 DAD JDBO Dso7 DA1 JDB2
Dsoz MDPO JDCO Dsoe MDP2 JDC1
8 1Kx4 B 4Kx4
Strams CTLD CTLE ADR1 ADRO 1 1Kx4
Strams
B 4Kx4
MICR CcCu CTLC 1 1Kx4 TAG MTCH
Strams
8 1Kx4 B 4Kx4
Strams DSCT CTLA ADR2 ADR3 1 1Kx4
Strams
Dso03 MMCO JDA1 Dso08 MMC1 JDA3
DS04 DBO JDB1 DS10 DB1 JDB3
DSo05 MDP1 MCDO DS11 MDP3 MCD1

MEDUSA/Aquarius Results

MAF 53



Digital Equipment Corporation - Confidential and Proprietary

MCA Equivalence Calculations

Design Type (including "MCA equivalence” value)
OPU DST Stram Total
System MCHAs STGXs STGXs MULXs DIVXs VRGXs Clusters MCA
Component (1) (1.5) (4) (3) (2) (2) {.1) Equivs
* OFU 5 2 0 0 0 0 0 8.0
XBR i 0 0 0 0 0 1 7.1
vIC 2 0 0 0 0 0 5 2.5
IBOX 14 2 0 0 0 0 6 17.6
VAP 5 0 0 0 0 0 3 5.3
DTBE 3 0 0 0 0 0 5 3.5
DTIA 3 0 0 0 0 0 5 3.5
CTU 4 0 0 0 0 0 3 4.3
MBOX 15 0 0 0 0 0 16 16.6
CTL 7 0 0 0 0 0 5 7.1
DST 5 0 2 0 0 0 1 13.1
INT 6 0 0 0 0 0 2 6.2
ucs 3 0 0 0 0 0 4 3.4
MUL 4 0 0 3 0 0 0 13.0
FAD 6 0 0 0 1 0 1 8.1
*x EBOX 31 0 2 3 1 0 9 50.9
VML 3 0 0 “ 1 0 0 17.0
VRG 0 0 0 0 0 8 0 16.0
VAD 6 0 0 0 0 0 0 6.0
VBOX 9 0 0 4 1 8 0 39.0
DAX 8 0 0 0 0 0 0 8.0
DBX 8 0 0 0 0 0 0 8.0
ccu 6 0 0 0 0 0 2 6.2
TAG 5 0 0 0 0 0 3 5.3
SCU 43 0 0 0 0 0 5 43.5
** CPU €9 2 2 7 2 8 31 124.1
e System 112 2 2 7 2 8 36 167.6
Notes:
-

. OPU uses one third of STGX’s capabilities
(the rest is optimized away)

«  Stram clusters have little effect on model size/speed

. IBOX+MBOX/EBOX/VBOX/SCU roughly equal in size
** models were compiled and timed (along with OPUA)
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Aquarius Vector CPU Model Build Process

NETWORK_COMPILER

CPU.MAR

MACRO Assembler

CPU.CBJ

VAX LINKER

.LIB file
.NDF file(s) =s—i MODGEN «— . CDXSAVE file(s)
.INI file(s) (APPL=NDFGEN)
[or .S2M(s)]
SCANDATA
E//M/VBOX.INI
(RTL init.)
.GS_xxLOAD_SRC
files
.IDXSCAN file(s)
A/ Y *
UIF.OBJ
UIF_TABLE.OBJ
AQUARIUS_USC.OBJ STRINI STRDABRA

PJBOX.OBJ
REC.OBJ

(/APPL=FIRST)

E/I/M/VBOX.INI

(struc. init.)

AQUARIUS.EXE
(simulator itself)

Y Y

AQUARIUS.EXE

(plus untranslated MISC.IND)

EBOX_UCODE.RAM, CONSTANT.RAM

l

.GS_xxLOAD files
(for AXE/MAX process)

AQUARIUS.ULD
CONSTANT.ULD
FRAM.ULD

'

'

AQUARIUS.SAV

and FRAM.RAM

MEDUSA/Aquarius Results
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Model Build Process Notes:

« CPU.CDXSAVE indirectly generated by
UTILGEN/WRITE_CONNECTIVITY

« Other .CDXSAVE and .S2M files come from
physical CAD processes

« Hand generated files:

.+ MCA3.LIB
MEDUSA compile-time .INIs
xBOX.INIs (RTL initialization)

.RULs:

« EBOX UCODE.RUL
« CONSTANT.RUL

« FRAM.RUL

MEDUSA/Aquarius Results

.GS_xxLOAD_SRCs (from xBOX.DABRA files)
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. Aquarius Vector CPU Configuration
clcjcjcjcjcjcjc Gate Level
plP|lP|P|P|P|P| P [=—Representation
ujujujujujujuilu of E//M/V Boxes
71815 14]8)|2]1 0

o
:
[
:
-
-
-
: o
-
=

i S N e R |

C PJBOX Behavioral Model )

A A A A A A

Gl|Gg|Gg|]G|G|G|G]|G Global Section Data, including
s|s]s|s|s|s|s|S f=—2Mbytes of VAXMEM per machine
Tilels14]3 1211 (simulated main memory)

. ujujujujujujulju
s|s|s|s|s|s]s|s "User Supplied Code" Data
cljclcljclc|c]|cC|C p=——: (1000 pages per machine)
p|jo|o|pDjD}|D}D|D
716|543 ]|2]1 0

Notes:

« Vertical boxes represent code and data for a
single machine (supplied by network compiler)

« Ovals represent code and data for behavioral
models (incorporated by linker)

- 8 machine model drawn
PJBOX only supports single CPU configurations .

MEDUSA/Aquarius Results
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Options for Building System Model .

Build 'real’ single, dual and quad CPU systems:

Separate models mean three different compiles
Dual and quad models would be slow

Would probably exceed VMS V4 process virtual
memory limit for dual/quad system model build

Instead, use inherent parallelism exhibited in CPU model:

Compile ’'system’ containing disconnected CPU and
SCU designs

Use behavioral models to make virtual connections
between CPUs, SCUs and VAXMEMs .

Results in:

« A compilable model
« Only one compile required
- Single, dual and quad models equally fast!

- Can configure different system types within
a single simulation session

Drawbacks are that:
- Fewer tests can be run in parallel

« Separate SAVEs are required to snap-shot
the state of dual and quad models
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Aquarius System Configuration

c G < c [+ c [+ c
P P F P P P P P
u U u U U u U u
7 6 5 4 3 2 1 0
A . A . A A : A A | A
7 3 6 . 5 4 : 3 2 1 0
Y : | : | | : | Y Y A

: ' Y IYYY!
b i 6: 5| 4: 3|2|1|0
. Yy YvY:* YYyYVvYy
32101 3210)]%210| 32101383210 23210]13210}]3210

~NCcoOom
oCO®m
nCcom
~sCO®m
wcCcO®m
mMCO®m
-CcOowm
oCcoOo®m

-

MEM Behavioral Model (virtual connections between SCUs and VAXMEMs)

A A

7 6 - 4 0
| ' Y : | : Y
G G G G G G G G
S s s s s s s
5 1
u u u u u u u ]
s s S s s s s s
c c c [ c c c G
D D D D D D D D
7 6 5 4 3 2 1 0
\ / \ L A AR /
Uni-1 Uni=0 Dual-0 Quad-0

| Note: SCU/GS/USCDs 5, 8, 2 and 1 are ignored/unused
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Real versus Simulated System Block Diagrams
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BLOCK DIAGRAM OF FULLY CONFIGURED SYSTEM

Memory Array

A

Y

XMI0 > XMI1
5 | - A

&8 BN A S,
XMIa XMI2

SPUT

MEDUSA/Aquarius Results

—» "Port Testers”

CPUOD = T 3] XJAOQ ==
CPU1 = L XJA1 =
cpPuU2 - sScu - XJAZ [=
CPU3 = - 1 XJA3Z ==
=< SPU
BLOCK DIAGRAM OF COMPARABLE MEDUSA SYSTEM
MEM VAXMEM
A “Memory Array”
™
\i
CPUQ = - JXDITO \
C
CPU1 [ A |t JXDIT1
B
CPU2 fa—| L | Scu JXDIT2
E
CPU3 - JXDIT3
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Why Were Port Testers Used?

XJA, SPU interface and Memory arrays do not use
’hi-tech’ components:

« New library parts required
- Different clocking scheme potentially used
- Different cycle times potentially used

System model by itself was at VMS V4 process
virtual memory limit (probably could not have
added anything else!)

XJA and SPU interface have been built and are
working in the lab (XJA team slogan: 'the scum
have won!’), so that it was felt remaining bugs
were most likely in the SCU

Modeling memory arrays, even if possible, would
have caused significant AXE/MAX performance
degradation (with questionable gain)

Port testers can:
 More directly control interface

« Stress interface more heavily than actual
device (while still within interface specs)

« Actasdemons. ..
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Network Compile Time Statistics

Network OPUAS OPUE EBOXE& CPU8 sYsS8
Compiler Phase Values % Values % Values % Values % Values %
1) Read Parts 12.62 4.96 12.61 2.50 12.51 .64 12.53 .18 12.59 <11

Library 14.75 4.76 13.41 b e ) 13.47 .54 13.46 A5 13.49 .08
1388 6.83 1721 3.33 1408 .60 1380 .06 1538 .03
2) Read .NDF and 15.11 5.94 90.15 17.92 388.94 20.13 2167.92 31.23 3281.09 31.18
.INI files 16.38 5.29 104.96 16.61 437.39 17.58 2485.28 27.92 3711.17 22.3%5
847 4.17 8797 16.04 37033 15.94 154991 T2 515733 13.00
3) Node Fixup 27.48 10.80 57.34 11.40 185.07 9.57 726.12 10.46 1287.03 12.23
29.27 9.46 62.53 9.89 204.70 8.22 838.09 9.41 1927.11 11.61
839 4.13 14702 26.80 44684 19.24 772010 36.24 1449470 36.54
4) Order Network P .05 1.34 .26 9.03 .46 58.04 .83 123.45 1.17
Nodes .16 .05 1.48 .23 31.87 1.28 111.90 L eD 1327.38 7.99
0 .00 3 .01 39206 16.88 403930 18.96 713168 17.98
5) Compress .61 .23 .54 .10 6.46 .33 34.00 .48 57.56 .54
Network <13 .22 .60 .09 7.56 .30 53.85 .60 897.58 .58
1 .00 1 .00 24 .01 54224 2.54 94941 2.39
6) Output .MAR 159.69 €2.78 145.54 28.94 616.04 31.68 1962.27 28.27 3032.21 28.81
file 186.28 60.21 185.66 29.38 £28.88 33.32 2650.45 29.78 5737.17 34.56
g2 .40 41 .07 13908 5.98 403051 18.92 731923 18.45
7) Assemble .MAR 26.03 10.23 179.07 35,60 687.73 35.59 1923.10 27.71 2656.66
file 31.12 10.05 203.70 32.23 813.41 32.69 2361.81 26.54 3261.71
2443 12.03 12935 23.58 66669 28.71 288645 13.55 392309
Link Simulator 12.66 4.97 16.31 3.24 26.30 1.36 55,94 .80 72.14
30.69 9.92 59.50 9.41 150.34 6.04 3g3.72 4.31 522.66
14694 72 .40 16637 30.33 29260 12.60 51888 2543 67204
Total (CPU secs) 254.33 100 502.90 100 1932.08 100 6939.92 100 10522.73 100
(Connect secs)| 309.36 100 631.84 100 2487.62 100 8898.56 100 16598.27 100
(Page faults) 20294 100 54840 100 232192 100 2130119 100 3966286 100
Subtotal (1+44+5) 13.36 5.25 14.49 2.88 28.00 1.44 104.57 1.50 193.60 1.83
15.62 5.04 15.49 2.45 52.90 2.12 179.21 2.01 1438.45 8.66
1389 €.84 1728 3.15 40638 17.50 459534 21.57 809647 20.41

Notes:

« Values being tabulated:

CPU time (in seconds)
Connect time (in seconds)
Page Faults

« Overall percentages for each value above
« MACRO assembly and LINK statistics are included

MEDUSA/Aquarius Results MAF 62




Digital Equipment Corporation - Confidential and Proprietary

. Network Compile Time Statistics

A (CPU/Connect Time versus Model Size)

g po-LLOUSANDS : ‘ '

a ¢4 Connect Time : : :

Lrl 18- D—.D CPU Tiwre --------...-Io------on.--o.;-vtn.q:.---;---nbln---.---ql ---------------------

: : : Y

a

&

-

*_

O

1)

w0

iy

AR = '. ; : '.

- 0 200000 400000 e00000 800000 1000000
. Model size (irmn MACRO instructions?

Notes:

« Compile time increases (almost) linearly with
model size

- Excessive page faulting accelerates connect time
« MACRO assembly and LINK time included
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{
Network Compile Time Statistics .
(Percent CPU Time per Compilation Phase)

Link Simulator
) Assemble MAR
@ Output MAR
O Node Fixup

74 Read NDF/.INIsz|
Bl Lib/Order/Crprs

-------------------------------

--------------------

-------------------------------------

i

i/

i/

{ I.' ---------- e ot S AR R L LR

4

s R | fﬁ e 8
i L g7 vm G S

OFUS EEOXE

FPercent CPU Time

CPUS

Model Being Compiled

Notes:

« CPU time eventually split among I/O intensive
| activities:

« Reading .NDF and .INI files
- Code generation and writing .MAR file
« Assembling .MAR file

«  Network compiler could output .OBJ file
directly to reduce overall compile time . . .
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. | Run Time and Model Size Statistics

MEDUSA | Cycles VAX 8800 VAX 8650 VAX 6200 uVAX Il
model Simed CPU secs | Cycles/sec | CPU secs Cycles/sec | CPU secs Cycles/sec CPU secs | Cycles/sec
OPUAS 500000 892.63 560.14 985.24 507.49 1674.49 298.60 3443.38 145.21
OPUA16 500000 933.18 535.80 1174.68 425,65 1675.67 298.39
OPUA32 500000 724.85 689.80 1257.26 397.69 1744.00 286.70
OPUsB 50000 9298.72 53.78 1012.48 49.38 1643.32 30.43 3024.27 16.53
OPU16 50000 970.61 51.51 1114.42 44.87 2081.62 24.02
OPU32 50000 1014.52 49.28 1207.25 41.42 2249.94 22.22
EBOX8 10000 1130.13 8.85 1200.12 8.33 2817.03 3.55 3772.02 2.65
EBOX16 10000 1308.61 7.64 1359.31 7.36 3073.43 3.25
EBOX32 10000 1510.12 6.62 1647.30 6.07 3765.76 2.66
CcpPuUs 5595 1936.21 2.89 1845.00 3.03 4269.91 1.81 6233.66 0.90
CPU16 5595 2568.79 2.18 2464 .55 2.27 5312.66 1.05
CPU32 5595 3185.75 1.76 3099.32 1.81 6733.43 0.83
SYss 6287 3113.30 2.02 3051.38 2.06 6913.04 0.91 42243.75 0.15
SYS16 6287 3973.65 1.58 3877.69 1.62 8351.37 0.75
sYs32 6287 4781.41 1.81 4719.12 1.88 10245.01 0.61
USA | Nodes into | Nodes code Signal RAM MACRO |-stream Bytes per File Sizes (in blocks)
el Code gen. gen. for Storage Storage Instrs. Bytes Instr. .MAR .0BJ .EXE
OPUAS 1584 1068 1788 0 5337 30365 5.69 950 432 869
OPUA18 (67.42%) 3576 0 31034 5.81 967 447 879
OPUA32 7152 0 31467 5.0 992 476 2083
OPUSB 16044 10004 15674 0 42838 262671 6.13 8053 3057 3434
OPU16 (62.35%) 31348 0 262745 €.13 8040 3071 3447
OPU32 62696 0 262960 6.14 7995 3098 3469
EBOXs 62356 43469 71941 823296 249181 1507856 6.05 32958 11826 12044
EBOX16 (69.71%) 143882 1646592 1508417 6.05 33259 11841 12056
EBOX32 287764 3293184 1666344 6.69 33367 12182 12388
CPUB 162576 112740 177788 2732032 633739 3781730 5.97 94496 34366 34613
CPU1E (69.34%) 355576 5464064 4458590 7.04 94650 35734 350956
CPU32 711152 10928128 4892800 7.72 94789 36624 36826
sYss 238294 165836 256079 3211264 859773 5636977 6.56 129771 47724 48256
sYS1é (69.59%) 512158 6422528 6430671 7.48 129928 49319 49821
sysaz2 1024316 12845056 6868957 7.99 130076 50219 50702
MAF 65
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Run Time and Model Size Statistics (cont.) $

Run Time Notes:
« OPUAX, OPUx and EBOXx models were simply cycled

« CPUx and SYSx models were real simulations
(running QRT MACRO diagnostic)

« Only 8 machine models run on Micro-VAXII
(due to excessive virtual size of other models)

« 8,16 and 32 machine models have decreasing
cycles/CPU second values (except OPUA on
VAX 8800, which happens to fit in cache)

Model Size Notes: .

« No code is produced for 30% of nodes going
into code generation

« Greater increase in bytes per instruction when
signal storage size exceeds 192K bytes
(i.e. exceeds word displacement range of
three fixed base registers)

« Compiling CPUx and SYSx models required
a lot of disk space
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Cycle=s"CPU second wversus I-stream Size
(VAX £800/86€50/6200/uVAXII results)

T 1000
= 0—0 8800 (mach8)
0 5001 ¢ GEE0 (mMachE)
¢ ¥- -¥ €200 (mzch®)
QU 2004 0----0 yVII (mache)
" 100 | ’
= U T T S PP R OO PP S " S P PP desrnneanas :. ........................
o 3 : !
E:: ;U'""""“""""""""'""'""'"""'"i’".‘@:::"'\. ,“"E"'“'“";' """""""""""""
n 10 ; oA ygechiesosssas Seosenngusinss
T e R W R T T DR |y emsenssansorensibli BN A e
:f_.l c ----------h----------------------------------E- ---------------------------------- ?-.--w--------i ---------
D Bt : : -:
z 5 ; 2 5 2 g |
10000 100000 1000000 10000000
. I-=tream EBEyte=s in Simulation Loop
Notes:

« Logarithmic scaling for both axes

- Straight line relationship (slope = -1)
between model speed and I-stream size

« VAX 8800 and 8650 performance essentially the same,
except that:

- 8800’s larger cache better for smaller models

« 8800’s multi-processor memory contention
worse for larger models . . .
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Cycles/CRU second versus I-=stream Size
(VAX 8800/8650/6200/uVAXII results)

-l:_'l 100 TENTHE —
C 0—0 8300 (mache)
1] 5oJ.m ¢4 8650 (machE)
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L
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11
e
i 1
Q { : :

| 2000000 B000000
1000000 10000000 .
I—-=tream EBEyte=s in Simulstion LoopE
Notes:

« Detail of previous graph’s lower quadrant
« Straight line relationship holds for 8800/8650/6200

- System model size exceeds working set and
begins page faulting on Micro-VAXII
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MEDUSA Usage and Bugs Found Statistics

Week's MEDUSA AXE MEDUSA MAX Misc MEDUSA Misc
Date Cases Running | Bugs Cases | Running | Bugs MACRO MACRO |DECSIM/
(Friday) /week total /week /week total /week |CPU diag|sYs diag| ZYCAD
06/10/88 0 0 0 71 71 0 2 0 0
06/17/88 0 0 0 471 542 3 3 0 0
06/24/88 0 0 .0 89 631 0 5 0 0
07/01/88 0 0 0 5143 5774 5 3 0 0
June total 0 0 0 5774 5774 8 13 0 0
07/08 88 0 0 0 8528 14302 10 1 0 0
07 15/88 0 0 0 16233 30535 4 2 (1] 0
07/22/88 0 0 0 11854 42389 9 1 0 1
07/29/88 1710 1710 0 32244 74633 ] 3 0 0
July total 1710 1710 0 €88B59 74633 31 7 0 1
08/05 g8 1780 3490 2 31927 106560 2 ! 0 1
08 12 88 1946 5436 2 28850 135410 2 1 1 0
08 19/88 1377 6813 1 20524 155934 4 4 0 0
08/26/88 9181 15994 4 36860 192794 5 2 1 0
09/02/88 9000 24994 4 31204 223998 0 1 1 0
Aug total 23284 24994 13 149365 223998 13 11 3 1
09/09 88 6467 31461 2 37947 261945 2 3 5 0
09 16/88 10709 42170 7 44960 306905 1 L 2 0
09/23 88 26535 68705 3 40163 347068 2 2 1 0
09 30/88 2000 70705 +] 47039 394107 2 0 3 0
. Sept total 45711 70705 12 170109 394107 7 9 11 0
10/07 88 0 70705 o] 37371 431478 3 2 1 0
10 14 88 10300 81005 0 40705 472183 3 0 4 0
10 21 88 36304 117308 0 45851 518034 2 1 3 0
10 28/88 19780 137089 0 46658 564692 1 0 8 0
Oect total 66384 137089 0 170585 564692 ] 3 1lé 0
11/04 &8 42560 1796459 0 42685 607377 1 0 5 0
11 11 88 22549 202198 1] 83509 690886 1 0 5 o0
11 18/88 25000 227198 (o] B3342 774228 2 1 4 0
12/02/88 9100 236298 0 69941 844169 4 2 B 0
Nov total 99209 236298 0 279477 844169 & 2 22 0
12/09 8g 11000 247298 o] 51938 896107 0 2 (3 0
12 16 B8 7500 254758 0 £3418 9489525 1 0 5 0
12 23 88 0 254798 0 47685 997210 1 1 5 0
12 30/88 7500 262298 0 15258 1012468 0 4 [ 0
Dec total 26000 262298 o] 168299 1012468 2 7 22 0
Grand Tot. 262298 262298 25 1012468 1012468 T8 53 74 2
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MEDUSA MAX/AXE Casses Run
June 1988 through December 19EE

L
S 1,00 LARLINS -
& e e R R A
¥m m¥ Total AXE caces
1] 0.80- ¢—¢ MAX cases/mortn|
g O N eyl
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|
i
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. o m - s
N I LN T e PPL keI
1 Y
; g -D- gy
5 0- : : , 5
z June 1988 July 1988 Aug 1988 Sep 1986 Oct 1988 Nov 1988 Dec 1968 .
Mot h
Notes:

« Over one million MAX cases run in seven months
« Steady progress was made running MAX

. MAX cases alone represent 2 minutes of real
Aquarius CPU time simulated!

. AXE run sporadically to fill holes in MAX coverage
« Yet over 260000 AXE cases were run . . .
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MEDUSA MAaXARXKE Cases Run
June 1388 through February 1390
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l.fl

Eug=s Reported (using MEDUSA modesl=sD

77 CPU MACRD
1 Ae———— | A SR S [ Bl Sy MACRD

o’

June 19E€ through December 1988

MAX (CPU)
Rt s e~ S TR S

'.'lﬂ_

---------------------------------------

ee Y
T /,
W i

1988 Sep 1988 Oct 1988 Nov 1988 Dec 1988

Mormt bk

Notes:

Structural and Micro-code QAR data bases used

CPU debug based on MACRO diagnostics prior to
June (~20 bugs found in April and May)

CPU bugs trail off beginning in October

System debug ramps up during months of
August and September . . .

[November data clipped by legend - total is 33 bugs]
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Bugs Reported {(using MEDUSA models)
June 1988 through February 1990
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Significant Dates in MEDUSA Evolution/Usage

Date Event
March, 1986 MEDUSA development begins
July 17, 1987 MEDUSA goes public. . .

December 24, 1987 Portion of QRT runs on CPU model - MEDUSA lives!

April, 1988 PJBOX added to CPU model
. (programs can now run out of memory, versus cache)

May, 1988 VBOX added to CPU model

June 9, 1988 AXE/MAX interface available (single simulation machine only)
June 24, 1988 Multiple simulation machine AXE/MAXing begins

June 26, 1988 HW cluster (10 VAX 8800s) becomes available

July 22, 1888 GS_xxLOAD process reduced from 30 to 10 CPU seconds
August 6, 1988 PJBOX default memory latency changed from 0 to 10 cycles
September 1, 1988 First system model available (duals/quads supported)
October 1, 1988 Start compiling 16 (versus 8) machine vector CPU models
October 26, 1988 500000th MAX case/42 seconds of Aquarius time simulated
November 3, 1988 GS_xxLOAD process reduced from 10 to 1.3 CPU seconds
November 24, 1988 MAX, with Character String generation, becomes available
January 4, 1989 1 millionth MAX case/2 minutes of Aquarius time simulated
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MEDUSA AXE/MAX Run-time Statistics

MBOX fast cache sweep completed for machine 8 during cycle number 59816!!

§ATIF-I-AXEPROCEXIT AXE/MAX process exited - shutting down machine 8
$AIF-I-AXESTATDUMP AXE status dump for machine 8:
Total number of AXE/MAX case run: 40 (a)
Total number of AXE/MAX restarts: 503 (b)
Total "useful" simulation cycles: 1133730 (c)
Total cycles waiting for AXE/MAX: 190 (d)
$UIF-I-NOACTMACHS No more active machines - returning to user interface
EXIT
SAIF-I-FINALSTATDUMP Final AXE status dump:
Total number of AXE/MAX cases run: 1368 (e)
Total number of AXE/MAX restarts: 20006 (£)
Total "useful" simulation cycles: 17616570 (g)
Total cycles waiting for AXE/MAX: 17603 (h)
AXE/MAX restarts per case: 14.624 (i)
Simulation cycles per restart: 880.564 (3)
"Wait cycles" per restart: 0.880 (k)
Total CPU time (in seconds): 626650.870 (1)
AXE/MAX cases per CPU hour: 7.859 (m)
"GS unload and load" CPU time: 1.138 (n)
Effective cycles per CPU second: 29.172 (o)
Available cycles per CPU second: 30.057 (p)
SEXIT
MACRI job terminated at 3-JAN-1989 17:09:05.38
Accounting information: :
Buffered I/0O count: 13891 Peak working set size: 28853
Direct I/0 count: 54616 Peak page file size: 260972
Page faults: 282171 Mounted volumes: 0
Charged CPU time: T el 9:10.93 Elapsed time: 7 08:46:31.63
Y
Equations Used for Calculating Statistics
(a), (b), (c) and (d) are tabulated for each machine running AXE/MAX
(e) = summation of (a)s (1) = (£) ./ (e)
(f) = summation of (b)s (3) = (g) / (f)
(g) = summation of (c)s (k) = (h) / (f)
(h) = summation of (d)s
(m) = (e) / [ (1) / 3600 1]
{o) ‘= (g} /o Y =" [n).* (£) ] ]
(p) = [ [ largest (b) + (c) + (d) ] * num_machines ] / [ (1) = [ (n) * (f) ] ]
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Hindsight being 20/20:

MEDUSA’s impact on Aquarius simulation effort: 0

MEDUSA/Conclusions MAF 74

Synthesis was less of a problem than expected
(~15 functional bugs found, mainly in early
1987 using DECSIM structural models)

ZYCAD size limitations a real problem
(we have yet to get a vector CPU to work,
let alone a system model. . .)

RTL simulation much slower than expected
(though changes to the clocklng scheme
made a significant difference in mid-1988)

RTL boxes became available over an 18 month period,
forcing a dependence on mixed mode simulation

More readily accepted than anticipated

More of a replacement for DECSIM/ZYCAD than
expected (last behavioral and RTL model QARs
entered August 1988)

Use of AXE/MAX has made the difference in terms
of solidifying CPU design

Fast dual and quad system models allowed bugs
to be found which were not possible with DECSIM

Potential savings in proto-type debug time of
an estimated six months to a year

Final impact unknown until we have a proto-type!
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@ Compiled logic simulators have come of age within DEC:

 Littleton has continually enhanced PRESTO and use
it as their main method of simulation

« MEDUSA (as an advance development effort) has
proven it’s usefulness in Marlboro and probably
will not be the final version. . .

« Hudson is considering developing their own
compiled logic simulator . . .

What is needed for the future?

« Simulators which can be adapted to simulation
needs for each project development stage:

. - Behavioral modeling capabilities
- Fast mixed model simulation

- Slower, but patchable, model when bugs are
frequent

- Fastest, most accurate model possible when
design is stable (even at expense of flexibility)

« Model speed needed for diagnosing bugs as
well as for finding bugs in the first place . . .

- Investigate hardware accelerators for ultimate speed
(but recognize fact that they may not cover full
range of simulation needs)

« Combine efforts and share resources!!
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Hypothetical MEDUSA Execution Model on Aquarius CPU .

« Assume I-stream is infinitely long
(i.e. 100% I-stream cache/TB miss)

« 6 I-stream bytes per instruction
- Simple specifiers (mainly register and word disp.)
« Therefore, 1 D-stream reference per instruction

« 100% D-stream cache/TB hit
(degrade final figure by 20%)

4400000000011 1111111122 440
451234567880123456789801 451
: : - - linked refill

—— (25 cycles) —»

JBOX_MBOX_BOD_H I : : |

#
: :
MBOX_IB_RESPONSE_H | | [ : I : : I
MBOX_IB_DATA_H-:B:B:D:M : i ._C
PSR SR
e i
/

1BOX_IB_REQUEST_H : ]_l : | | : :
IBOX_OP_REQUEST_H : : : : | :

l

45 cycles to consume 64 |-stream bytes

plus 5 cycles per |-stream page for TB miss (0.625 cycles per 64 bytes)

3781730 bytes 45.625 cycles 16 nsec -1 simulated cycles
X X ) B0 —

CPUS8 simulated cycle 64 bytes Aquarius cycle Aquarius CPU sec

23.2 sim cycs/Aquarius CPU sec X 0.8 fudge factor

- 6.1 Aquarius to VAX 8650 speed ratio J

3.03 sim cycs/VAX 8650 CPU sec (measured for CPUB)
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PRESTO

Multiple, simultaneous simulation concept
OUTGEN

MODGEN/APPL=NDFGEN
UTILGEN/WRITE_CONNECTIVITY

STRINI/APPL=FIRST
STRDAB

AXE Interface routines
LOAD/TEXT command

CHROMA-to-CADEX converter
STGX/MULX/DIVX support
ULDSLICER

PJBOX model

CABLE and MEM models
JXDIT model

VRGX .NDF files

REC_DUMP code
TBMON code

SPUT model

"super-users"
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MEDUSA Talk Update (as of August 27, 1990)

MAF 18

— "Node fixup’ no longer splits segmented and TA/TB latch pair nodes.
— All such library parts have been replaced with hierarchical NDF files.
MAF 33 through MAF 35

— The number of NDF files read while compiling a vector CPU model has increased from
~4000 to ~21100, due to the new hierarchical .NDF files.
— The overall compile time for large MEDUSA models has been increased by up to 50%.
— The characteristics of the generated code has remained unchanged, except that there
are extra signal names associated with wiring inside the new hierarchical .NDF files.
MAF 42
— The list of global section storage entities has been extended to include:
VAXINITTB(31:0]<31:0>
VAXINVALTB<31:0>
VAXINITCACHE[63:0]<31:0>
VAXINVALCACHE<31:0>
VAXINTERRUPT<31:0>
VAXASCII[3:0]<31:0>
VAXEA[15:0]<31:0>
VAXBRSTATE<31:0>
Although they are recognized by the user interface, they are not currently used.
MAF 50

— A new user supplied code routine has been added:
CORRECT_VPSR(machine_number)
whose function is to clear VPSR<0> and set VPSR<7> if VAER<15:0> is not zero.

MAF 55
— STRINI accepts .INI files as input and outputs .IND files (not .INI files, as depicted).
MAF 62 through MAF 64

— Due to extra hierarchical .NDF files being read, these network compile time statistics
are out of date. The general trends indicated, though, are probably still accurate.

MAF 69 through MAF 70, MAF 72
— Over 5 million MAX cases and 7 minutes of real Aquarius time have been simulated.
MAF 73

— The 30 simulated cycles per VAX 8650 CPU second listed is for a 16 machine vector
CPU model. 50 cycles/CPU second has been observed for the scalar CPU model.

MAF 74

— In retrospect, an estimate of one to one and a half years of proto-type debug savings
would probably have been more accurate.

MAF 76
— A speed-up factor of 4.6 has been measured for the VAX 9000 versus the VAX 8650.







