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TO: Distribution DATE: 14 June 1979
FROM: George Hoff
DEPT: LSG Engineering Operations
EXT: 231-6524

LOC/MAIL STOP: MR1-2/E78

SUBJ: VENUS TECHNOLOGY REVIEW - 06 JUNE 1979

Attached is a summary of the issues discussed, positions taken,
and decisions made. I have also attached a copy of the slides
presented and handouts prepared for the meeting. The minutes
are highly condensed in order to get this information distrib-
uted in a timely manner. If anyone has corrections or additions
please contact me. 7
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TO: Distribution

SUBJ:

INTEROFFICE MEMORANDUM

DATE: 14 June 1979
FROM: George Hoff
DEPT: LSG Engineering Operations

EXT: 231-6524 _
LOC/MAIL STOP: MR1-2/E78

SUMMARY OF DISCUSSION AND DATA REVIEWED AT VENUS TECHNOLOGY

REVIEW 06 JUNE 1979

Attendees

02D:
LSG:

Microproducts:
MSD:
Purchasing:
o%r:

Goal for Meeting

Gordon Bell, Jim Cudmore, Ulf Fagerquist
Sas Durvasula, George Hoff, Vic Ku,

Jud Leonard, Pat Sullivan, Bill Walton,
Sultan Zia

Russ Doane

Brian Croxon

Dan Hamel, Steve Kavicchi

Alan Kotok

Review tradeoffs between three technology alternatives

for Venus:

MCA (Motorola), Siemmens 100K ECL array and

100K MSI (Fairchild).

Tradeoff Review included:

j Prime Vendor Status and second sources

2. Burdened Part Cost (Cost of each type of IC mounted
on tested module)

3. Venus Cost Estimate with each technology

4. Schedule differences

5. Development Cost

Review of Positions

Decision on how to proceed

Review of Data

(see slides attached)

The data presented indicated that with a average module cost
estimated ($350 for 8 layers) the MCA approach yielded a pro-
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cessor kernel cost of $9695 (5% above goal), versus $11592
(20% above goal) for 100K MSI. Siemmens was significantly
more expensive than the MCA and provides less functionality
(36 cells vs. 48 for the MCA) and was excluded.

The cost difference between 100K MSI and the MCA was noted
as not highly significant in the cost of the total system.
Pat Sullivan further projected the 100K MSI cost could be
brought down to the MCA cost by reducing module cost to $120
and application of 24 pin dips in lieu of chip carriers.

Pat was zlone in believing that this could be accomplished.
Another issue discussed was the value of chip replacement
(instead of modules) which Field Service has estimated to be
worth $20 million over the life of the product. The MCA
with I?L diagnostic logic and sockets maximizes our chances
of reaching this goal.

A review of schedule differences between the 100K MSI approach
and the MCA indicated only a slight advantage for 100K MSI

(1 month). This was not generally accepted and the consensus

appeared to be more like 3-6 months based on Comet experience.

The development cost for Venus with MCA was estimated at $14.3
million vs. $12.9 million for 100K MSI.

Position Summary

The vendor/second source situation is not optimum for any of
the technologies. Motorola (MCA) looks better than Fairchild
(100K MSI) primarily due to a potential 2nd U.S. source and a
history of more stability as a volume vendor. The fact that
we will not have a qualified part until October is a major
concern. (Hamel) Gordon suggested we exploit this decision
process to secure commitments from Motorola at the senior
management levels.

The data we have been able to generate to date indicates only
a moderate cost advantage (20%) for the MCA, however, to a
designer the actual potential looks greater. As the designers
learn to use the MCA the cost reduction yield relative to 100K
MSI will increase. The MCA is the choice of the designers
because it is the most competitive solution with the greatest
potential and we have a running start in the CAD tools area.
The MCA also reduces the level of module interconnect-required
which should enhance our chances of volume module build by

Digital -- this is critical to Venus. (Durvasula, Hoff, Leonard,

Kotok)
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Pat Sullivan's position that 100K MSI was a better solution

in terms of schedule, risk, and potential cost was not changed
as a result of the discussion above. Pat suggested that a
Hybrid approach of 100K MSI and Siemens arrays for control
might be optimum. Gordon rejected this proposal on the grounds
that it resulted in maximum risk; i.e. we would need to develop
two volume technologies to get Venus to market.

The potential application of 100K MSI for the 2080 was also
discussed. Since the 2080 is less cost sensitive, has lower
volume and critical time to market requirement a different
technology choice may be appropriate. The 2080 could possibly
use multiwire for production relieving the requirement for a
fine line multilayer 100K module. A multiwire 100K MSI approach
for the 2080 would eliminate conflict for both chip layout and
module layout resources between Venus and 2080 in Marlboro.

We need to build up our knowledge in complex design tools and
processes. The oxide isolation process is a critical "next

step" in our pi-polar process development. We must go forward
into advanced technology and drive prices down. (Croxon, Cudmore,
Doane)

The real tradeoff is between the short term and long term. All
indications are that the future is gate array and beyond. We
must stage this product to build the knowledge base for the

next product. We can not skip a technology step and expect to
make a double jump in the next generation machine. The Comet
experience indicates we can expect incremental development

cost and longer time to market (3-6 months), however, this is

the risk we must take to meet the competition. The Venus
schedule and budget must be tested versus what happened on Comet.
(Bell, Fagerquist)

Decision

Gordon's position was to proceed with the design using the MCA.
o’p approval and Operations Committee approval must be attained
before the decision is final. Gordon will recommend approval
of the MCA technology for Venus. Gordon also recommended that we
actively pursue putting the Bipolar RAMs also in the sockets as this would
yield a substantial savings in the field service replacement costs.




w BEELEED INTEROFFICE MEMORANDUM

TO:

SUBJ:

Ulf Fagerquist DATE: June 11, 1979 ‘;ﬂﬁ
; FROM: Bill Green
Distribution DEPT: LSI Mfg. & Eng.
EXT: 2220

LOC/MAIL STOP: ML1-4 B34

I.C. Technology for Venus

The long range technology objective of the LSI Group may be
summarized in two statements: . .

l. To develop silicon processes that are close to those
of the industry leaders. This requires continued im-
provements in device density, speed, and power.

2. To develop design processes and tools of a structured
(CAD-able) nature that will allow low cost, quick turn
around custom chip design.

In addition to supporting these objectives with PL97 and 98
funds, experience dictates that we explore actively opportunities
to integrate these efforts with product programs. In such pro-
grams the reality of the market place more effectively refines
our efforts than is possible elsewhere. This memo will relate
the technology objectives above to the choices you are making
with respect to Venus and to a lesser extent 20/80.

The alternatives you are examining for the Venus CPU are:

1. 100K MSI
2. Siemens gate array + MSI
3. Motorola gate array + MSI.

Alternative 1 does not in any way support the technology object-
ives stated above. Furthermore, it does not leave any residuals —
insofar as we can judge — for future machines. We believe, in
fact, that it merely delays an inevitable move to LSI and probably
makes that step steeper when finally taken. If either alternative
2 or 3 produces an equivalent system, they are much more support-
ive of our objectives.

Both alternatives 2 and 3 support the LSI technology objectives.
With regard to silicon processes, both the Motorola and Siemens
processes represent a substantial advance over the Comet process.
A detailed comparison from available sources shows the two to be
literally identical step by step except for the resistivety of the
starting material. Thus the work already expended on the Motorola
process should contribute equally well to progress on the Siemens
process. Until we know more details, it is not equally clear

"whether the equipment ordered for the oxide isolation step is also

useful. Given the fact that both will take DEC to the same end
point of performance, the maturity of the Siemens process recom-

mends it.
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- To illustrate the advantages for future DEC products accruing from
the acquisition of the process, a simple comparison is made below
between the Comet array and a proposed Siemens TTI array.

Comet Siemens
Gates ) 480 700+
Pins 48 64
Power l.6-2.0w l.5w
Speed 3-7 ns. 1 ns.

Such an array might be useful for a next generation Comet.

With regard to caDp process technology, both gate arrays will lead
to useful progress. The efforts already expended on the Motorola
array have been substantial and are essentially complete. No such
work has been done in DEC on CAD for the Siemens array. This will
require additional effort to achieve an equivalent posture.

A table is attached to compare the technology for business arrange-
ments possible with Siemens and Motorola. The Motorola agreement

is known in detail. The Siemens proposal, while remarkably complete
on short notice, is yet to be negotiated in detail. Note that
though the Siemens agreement calls for a royalty while the Motorola
one does not, there is some equivalent offset since we believe we
experience some small Price increase on guaranteed business. From

a business point of view neither the cost nor obligations are suf-
ficiently different to discriminate between the two.

Summary and Recommendation g

The execution of Venus in 100K MSI does not enhance the DEC tech-
nology position in LSI nor leave any residuals toward future

systems. Either gate array proposal supports both LSI silicon and
design process objectives and builds residuals toward future systems.
While both silicon processes are in principle identical, the Siemens
Process is substantially more mature and proven by a reasonable
amount of production. As an offset, the CAD to support logic design
is more advanced with Motorola. The business positions with both
vendors are nearly equivalent with Motorola representing a broader
potential as a partner. 1In summary, the LSI group finds little :
sharp distinction between the support for its programs between i
Motorola and Siemens and will support equally either choice.

WBG:cg - _ _ =2
Attachment (1) . - =
_—Distribution: . 3 |

CC: Gordon Bell
Pat Buffet
Jim Cudmore
Dan Hamel
George Hoff v~ -
Ruth Rawa
Rod Schmidt
Jack Schneider
Bobby Snow
Joe Zeh
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Attachment 1.

Provides gate array design
Provides ECL process
Provides technical consultation

Gate array business
Cash payment

Royalty
Standard Device Business
Unibus license

Other

Provides CAD programs

ECL RAM business

Motorola

yes

yes

yes -
FY81 70%
FY82 50%
FY83 50%

$150,000

no
$5M
yes

preferential
qualification on
new standar¥d de-
vice

no

40% FY81-83

" Siemens

yes
yes
yes

about 50%

about $100,000

about 3% on I.C.'s
produced by DEC
no

no

unknown

yes

not clear
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P‘t;zgcw CosT CoMPRARISON IS DoONE
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LOADED <osT /Device

ANALYSIS
noT SIE-M  SIE-36 00K 1N |0OKk v
cHie 24 PIN
CARRIER Dp?
P.L. . - b
@GUERD 35 350 350 350 120
SOCKET 96 96 % s -=-e
CAPS 25.7 25.7 257 3 s
RESISTORS 29 2 24 2 - 47
ASSEMBLY/TEST 70 2 o 160 97
DIAGROSTIC |
LOGIC s 5 108 176 3
349
1.C.'s 1056 1088, 1344
INCOMAING
NSPECTION 106 109 134 32.8 35

TOML. g UZJ #1907 $251.7 $1010.0 § 680"

COST/DEVICE 5.0 61.0 69.74 6.3 -453
GsT oF POMER/DEVICE 5.0 3.0 4.0 .80 - 80
TOTAL COSV/ -
DEVICE =\ |
XY % S A R 7

2. 32 SEMENS ARRAY RER ExTENDED HEX |
3. 162 SsI,ms|! PeER ExTeENDED HHEX

b 8 LAER (6 SI6GNRL Lavers)y P.c. BoARD .
5% cost Based on Tdssmwnry OF MmouNTMNG I

ouPIN DIPS oN GLAYER EXTENDED HEX.
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DATA PATH TRIAL DESIGNS
RATIO MSI/GATE ARRAY

MCA SIEMENS 100K MCA SIEMENS
VENUS IBOX DATA PATH G
CHIP COUNT 16 (13) 20 130 8.1 (10) 12
DELAY (NS) 50 (57) 49 58 1.16(1.02)1.18
VENUS EBOX DATA PATH
CHIP COUNT 13 80 6.2
DELAY 50 57 1.14
VENUS MBOX DATA PATH |
CHIP COUNT 8 8 90 11.3 11.3
DELAY 30 29 .. .96
DOLPHIN MBOX DATA PATH
CHIP COUNT 17 26+7msi 505 29.7 18.7
DELAY 76 60

CONTROL TRIAL DESIGNS
MULTI-MEM CONTROL

CHIP COUNT .4 .6 11 27 18

DELAY 24 22 25 1.04 1.14
KL10 MB CONTROL

CHIP COUNT .5 1.0 19 38 19
MICROSTACK CONTROL

CHIP COUNT .26 5.4 2
IBOX VALID CONTROL ‘

CHIP COUNT .8 16 32
NOLPHIN BUS INTERFACE

CHIP COUNT 1 17 17

WEIGHTED MEAN FUNCTIONALITY RATIOS

DATA PATH: 1x MCA = 8.1x 100K MSI (excluding Dolphin MBOX)
1x MCA = 1.3x SIEMENS .
CONTROL: 1x MCA = 26x 100K MSI

1.8x SIERENS

1x MCA




CPU DESIGNERS POLL

“WHAT PROPORTION OF CHIPS IN A TYPICAL CPU
ARE USED FOR DATA PATH AS OPPOSED TO CONTROL?"

PAUL BINDER: 1/3 TO 1/2 IS CONTROL _
JEFF MITCHELL: ABOUT HALF CONTROL
ALAN KOTOK: ABOUT 50 - 50

KL10 MODULES: 30% RAM
37% CONTROL
33% DATA PATH

780 MODULES: 22% RAM/PROM
44% CONTROL
33% DATA PATH




THEN

EXAMPLE:

IN ORDER TO COMPARE COSTS, WE WANT
THE OVERALL RATIO (R) OF MSI TO GATE
" ARRAY CHIPS TO IMPLEMENT EQUAL FUNCTION.

FRACTION OF MSI CHIPS NEEDED FOR CONTROL

1 - Fc = FRACTION OF MSI CHIPS FOR DATA PATH
RATIO OF CONTROL MSI PER GATE ARRAY ..

RATIO OF DATA PATH MSI PER GATE ARRAY

F 1-F 1
— d:—
RC' Rd R
. » RcRy

RgF. + R_(1-F_)

GIVEN A 1000-CHIP MSI CPU, HALF CONTROL AND HALF

DATA PATH, HOW MANY MCA'S ARE REQUIRED TO REPLACE IT, AT A

RATIO OF 8.1 FOR DATA PATH AND 26 FOR CONTROL?

DATA PATH MCA'S = 500 / 8.1 = 62

CONTROL MCA'S = 500 / 26 =19
TOTAL MCA'S 81
OVERALL RATIO (R) = 1000 /7 81 = 12.3




LOGIC COST COMPARISON: GOAL = $9200

MCA IMPLEMENTATION
USING MARCH 10 ESTIMATES

70 MCA @ $59 $ 4130 ‘,1,4/)
235 4K RAM @ $19 4465 -~ BURDENED 4
100 1K RAM @ $11 1100  $5/CHIP

$ 9695

100K EQUIVALENT IMPLEMENTATION
@ FUNCTIONALITY RATIO..= 12.3

861 MSI @ $7 $ 6027
TOTAL RAMS 5565 1 rd?

$ 11592
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ASSUMPTIONS:
1.
2.

7.
8.
9.

lo.

MCA VENUS PERT

MCA, 10K Technology

Do all MCA design for breadboard with emulator backup
for failing MCAs.

Maximum of 40 MCA types to do the design.

FYg80, 81, 82 loading 10 Engineers and 7 Technicians
for MCA design. g

Start first MCA layout by 15 OCT, 4 pipes in layout.

6 weeks layout time, 4 weeks for calma operation,
12 weeks in MOTOROLA for chips.

Breadboard is multiwire and proto is etch.
3 passes to get MCAs right for FCS.

No schedule improvement in MOTOROLA during the first
two years.

MCA development cost 80K/MCA.

|
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Assumptions =

1)

2)

3)
4)

3)

100K SSI and MSI chips

Total chip count = 11/780 = 2087 chips
(excluding RAMS and ROMS) -

160 chips/module, 4 signal layer/module
Total CPU module count = 16
20 weeks per layout, 6 IC designers

EBs are multiwire, Prototypes, Pilots, ¢Cs
Systems are etched

Vic Ku
6/12/79




B VENUS PROJECT MAJOR MILESTONES

with MCA o with 10€K

Conceptual Design Done 7/79 " 7/79
Specifications Available 9/78 9/79
Complete Data Path Design 2/80 3/80
Complete Control Path Design 5/80 5/80
BB Power On 12/80 . 9/80
Complete EB Checkout 4/81 | 12/80
Proto Power On 8/81 6/81
Complete Proto Checkout lo/81 8/81
Eng. Pilot Power On 2/82 12/81

3/82 1/82
DMT, 102 Compiete 5/82 3/82
FCS (50%) 5/82 3/82 (1)
FCS (90%) 3/83 9/82
Volume FCS (50%) 11,82 9/32?

(1) If PC layout time is 10 weeks instead of 20 weeks, this
date will be one guarter sooner.

vVic Ru
6/12/79




VENUS HARDWARE DEVELOPMENT COST (K)

< -’

>,
CPU
Memory
Technology
MCA/tools

Release Eng.
IPA/HSCS0
Hydra Comm/UR
SBI Adaptor

CAD

FYg8o
1600
327
1016
500
46
167
40
143
103

FYs8l
2600
600
1050
50
58
240
72
263
120

FYg82
2200
300
900
30
200
70
50
70
149

FY83
700
70
200

100
50
50
48

100

Total

- MCA

" Total (K)

7100
1297
3166
530
404
527
212
524
463

14.3M

-




CPU Design
Memory
Technology
Release
IPA/HSC50
Hydra Comm/UR
SBI Adaptor
CAD

Fyse
1500

327

1200
46
167
40
143
103

FY8l
2100
600
1100
58
240
72
263

120

FYg82
1700
300
1000
200
70
50
70
140

FY83
700
70
200
100
50
50
48
100

Total

VENUS HARDWARE DEVELOPMENT COST (K) - 100 K

Tot§1 (K)
6000
1297
3500

404
527
212
524
463

12.94

Vic Ku
6/12/79




oo

CRITERIA

SYSTEM COST

A. DESIGN RISK ARRAY
B, SCIEDULE RISK DUE

TO INTERNAL PROBLEMS

C. SCHEDULE RISK
EXTERNAL

SECOND SOURCE

MANUFACTURABILITY
A. YIELD
B. CAPACITY

SUPPORT CIRCUITS

EASE OF ENG.
INTFRACTION

DESIRE T SELL

RELATIONSHIP W/DEC

19

/

10

10

2

3

DECISTON MATRIX

TOTAL
SCORE WEIGHTING SCORE

20

2 .

i,

15

19

10

6

10-

10

SIEMENS

2

3

; TOTAL
SCORE WEIGHTING SCORE

12

30

18

27

10

ESC/100K

N

¢ - .

A\

TOTAL

SCORE WEIGHTING SCORE

9

10

19

10

2

3

16

30

30

27

10



DECISION MATRIX (CONT'D) o

CRITERIA MOTOROLA SIEMENS ESC/100K
TOTAL TOTAL TOTAL

i
SCORE WEIGHTING SCORE SCORE WEIGHTING SCORE SCORE WEIGHTING SCORE

9. LONG TERM BUSINESS
DIRECTION 10 1 10 10 1 10 5 "1 5

10. EASE OF FUTURE ECL
DESIGN BUSINESS 10 1 10 7 1 7

0
11, TECYNOLOGY TRANSFER 10 1 10 8 1 g | e 1 SN/

12, DEC PENETRATION.

(LOW 1S GOOD) 8 1 8 5 1 5 6 1 6
13. CONTRACTUAL EASE 10 1 10 6 1 6 6 1 6
TOTAL SCORE 181 171 i

"30% OF MOTOROLA G/A PRODUCTION
50% OF SIEMENS’ G/A PRODUCTION
35% OF FSC'S 100K PRODUCTION

W/ 100% ONLY DAN HAYEL
11 JUNE 79
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!digital! INTEROFFICE MEMORANDUWM

DATE: May 2, 1979

REV 1: JUNE ‘13, 1979

FROM: JOHN HACKENBER%‘Q'.
DEPT: 1.C.E.G.

EXT: 6106
LOC: MR1-2/E47

TO: Distribution list
SUBJ: Noise Margin for 160K ECIL-

This memo shows the noise margin when using ldﬂ& and/or 10K ECIl parts.
This study takes into account voltage and temperature differentials
that may exist in a ECl system.

The Siemens Gate Array will incorporate voltage compensation and
temperature compensation.

The following noise margin study is based on the 100K ECL noise
marging information supplied in the Fairchild ECl Data Bookpublished
in 1977. This memo will follow the same outline as the memo of Nov.
2, 1978 on " System Noise Margin for the Dolphin ECI logic".

The following graph shows the points for determining noise margin for
the 1l0PK ECl gates:

\&N ~ INPut NOLTAGE -V
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Vou max. -0.830
X — 3:» mink ";‘:zj:
| /// = HA min. -b
'/_//f
P
’ 4 {/ /
‘x;///' -
s 7
Cjaﬂ”
E;//{;E P = Vora ”m¥.-LbMD
/, \ Voo mag, -l.b20
Voo min. ~LB\O
Vae
wbrm“' Vies MK, e M. v”‘NkF-




o

4 t

Guaranteed noise margin (NM) is defined as follows:

(l) NM =YV -V
high level OHA nin IHA min

(2) NM =V -V
low level ILA max CLA max

The_apove gquations do NOT take into account temperature and voltage
varitions in a system. For 1C0k ECl parts, the tracking rates for the
supply voltages are:

av = 35 mV/V, AV =52 mV/V, and AV =70 mV/V
OhHV BBV OLV
4av = The change in ¥ due to a change in V .
OHV oll EE
Av = The change in V due to a change in V .
OoLv 0] § EE
Av = The change in V due to a change in V .

BBV BB EE

Temperature:

The 1lUCk series operates in both still or forced air systems where an
ambient temperature of 0 °C to +85°C is maintained. The required
cooling is determined solely by this ambient temperature requirement.
There 1is no need to maintain a constant temperature throughout the
system. The 100k devices are relatively insensitive to variations in
junction temperature. No power warm-up or moving air cooling is
required to assure the specified device characteristics.

The requied system voltaye at Vee pins is -4.2 to -5.7 Volts. With a
load on all outputs of 50 ohms to =-2.{ V and a 0% to a +85°C
temperature range, the device dc parameter are guaranteed for a
nominal Vee of -4.5 V. .

For. 106K ECIL,
NM = 120 mV and NM = 135 mV
H L

These numbers are over the temperature range 0° to +85°. If there
are supply voltage differentials between packages, the above noise

margin numbers change.

The magnitude of the output levels and the bias level is larger as the
magnitude of the supply voltage increases. The effects of temperature
changes are specified in the data sheets. As the temperature
increases, the magnitude of the input and output levels get smaller.
From these facts, equation (1) and (2) are modified as follows:
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" (3) NM = /v at smallest magnitude of V and the highest temp/
H IHA min EE :
-/V at largest magnitude of V and the lowest temp/
OHA min EE :
(4) NM  =/V at smallest magnitude of V and the highest temp/
L OLA max EE
-/V at the largest mag. of V and the lowest temp/
ILA max EE

Equations (3) &end (4) may be rewritten in terms of temperature and
voltage. '

(5) NM =/V / - [(AV ) (aV )+ (AV ) (T -25€C) ]
H IHA min BBV i IHAT H
-/V / =[(AV ) (AV )+ AV ) (25%-T )]
OHA min OHV H OHT
(6) NM =,V / - [(AV )@V )+Av ) (T -25°C))
1 OLA max oLV L OLT H
-/V / =@V ) @AV )+ (W ) (25°C-T )]}
ILA max BBV H ILAT ¢

T = Ambient temperature of incoming air to system

L
T = Temperature of air exiting system.
H
T=T - T = max. temp cdifferential between packages.
H L
V = The laryest magnitude of V .
H EE
V = The smallest magnitude of V .
L EE
V=V =52 (or -4.5 V)
H H
L L
NM = High voltage noise margin in mV.

H

NI low voltage noise margin in mV.




Page 4

The Fracking rates can be inserted into equations (5) and (6) to
obtain noise margin equations for for 100K ECIL. Neglect Temperature
variations in 100K ECL logic. .

1) 1U0K EC1 driving 1€0K ECL
NM = 120- S2(AV ) -35 Av
H L H
NM =

135 - 7¢ (AV ) =52 (AV )
L

L H

The following is a chart of Noise margin (in mV) for different supply
voltages:

Voltage Tolerance NM NM

H 1
~4.5 +/- 7% 97.56mV| 1C1.9nV
—4.5 +/- 5% 100.4 1¢7.55
~4.5 +/- 3% 108.2 118:5
5.2 +/- 7% 88.3 90.6
-5.2 +/- 5% 97.4 1¢3.3
5.2 +/- 3% 106.4 115.57

The following is a comparison between 10K ECI non-compensated, 10K ECI
comgpensated, and 10EK.
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NOTE: Voltage differentials and
taken into consideration here.

10K ECI 10K ECI 100K ECI
Non-Compensated|Conpensated
ogic levels
Voh max. -0.819 vV -0.810 Vv -0.880 V
Voh min. -0.9608 V -0.960 V -1.825 Vv
Vola max. -1.630 Vv -1.630 V -1.610 Vv
Vol max. -1.650 Vv -1.650 Vv -1.620 VvV
Vol min. -1.850 VvV 1 -1.850 Vv -1.810 Vv
Vih max. -0.810 Vv -0.810 Vv -0.880 V
Viha min. -1.105 Vv -1.105 Vv -1.155 Vv
Vila max. -1.475 V -1.475 v -1.475 V
Noise Margin
NM h 125 mV 125 mv 120 mV
NM 1 155 mv 155 mV 135 mV

temperature tracking are

NOT

Noise Margin

NM h -
NM 1 -

-4,5 V 5%
NM h -
NM 1 -

-4,.5 V 3%
NM h -

NM 1 -

92.56 mV
101.9 mv

103.1
111.4

168.2
118.5




CONTINUED FROM PAGE 5

10K ECL 10K ECL 100K ECL
Non-Compensated Compensated

-5.2 V 7% Ao°c A20°cC Alc°C |A2p°C
NM h 53.3w| -1.9wv| - - 88.3 wmV
INM 1 41,3 -13.9 - - 90.59
-5.2V 5%
INM h 7¢C 58 101wV 89 wV 97.4
NM 1 46 40 127 121 1¢3.3
-5.2V 3%
NM h 87.4 75.4 165.8 53.8 -106.4
NM 1 87.1 81.3 135.2 129.3 115,97
-5.2V 2%
INM h 96 84 107 95 -
INM 1 1¢8 102 138 132 -
ogic swing
Voh max. -

Vol min. 1040 mv 1040 mv 930 nmV

Vol max. 690 mv 096 mV 595 mV
Rise Time
20% to 88% 1.1 NS 1.0 NS .5 NS
P% to 160% 1.84 NS 1.67 NS @.84 NS

Sunmary of Noise margin study:

he following is the noise margin for each ECI type operated
at it's nominal operating voltage +/- 3% for power distribution,

power supply regulation and filtering on modules.

Nominal 16K ECIL 10K ECI1 100K
Operating Non-compensated [Compensated

Voltages

/- 3% 87.1 mV([llﬂ'C) 105.8 nv (416°C)|108.2 mV

Page 56
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VENUS PRODUCT REQUIREMENTS

PREFACE

This is a Product Requirements document for VENUS, the VAX-11/780
rgplacement product. Several other documents on the VENUS product
will be published. Among these are:

1 Preliminary Product Summary (PPS)/Product Contract
s Project Plans

k8 System Plan

4. Product Description and Specification

N Business Plan

The objectives of this Product Requirements document are:

1s to specify the attributes of the VENUS product;

2. to identify the marketplace for VENUS;

3 to describe how the VENUS product, 53 marketplace,
and its product strategy are compucitle with the
corporate.strategy and objectives;

4. to provide product and market information to every

DIGITAL group involved in the VENUS development and
marketing;

X to establish a precedent for <creation and
subsequent use of this document and several other
product-related documents that are necessary for
short- and long-term review and control of VENUS
product development and marketing.

Initially this document reiterates the DIGITAL strategy and
objectives for developing and marketing computer products with a
32-bit architecture. Then the market need for a VENUS product is
explained. As part of this, the principal market segments are
identified along with their respective product requirements.
Further breakdown of the market segments is presented relative to
DIGITAL's current organization of the Product Lines. The main
competitors of each Product Line are also noted.

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS

Next the product strategy and objectives are given, that is, the
plans for the VENUS product, what its principal characteristics
are, how it fits in with other DIGITAL products. This is followed
by a list of product requirements with development priorities
specified.

Finally a product assessment denotes the product's market fit, its
competitive goodness, and its positioning and compatibility with
other DIGITAL products. Then the assumptions and risks of product
development and marketing are given.

The last portion of this document, Appendices A through E, contain
general information that is relevant to the VENUS development and
marketing.

Note that this Product Reqguirements document is being published
now to assist in the transfer of VENUS product development from
Tewksbury to Marlborough. As such, the document 1is somewhat
pramature. Release of a fully updated requirements document
(based on a preliminary draft authored by Peter Conklin and Bernie
Lacrsute in Ncvember, 1978) was anticipated following the
completion of several Kkey information gathering tasks being done
in Mid-range 3vstems Product Management. This work has been
suspenued temporarily and, inscead, all effort nas been giver to
preparation of this interim document based on data available s of
April 1979. The information gathering tasks will be resumed Dby
LSG after transfer is complete.

DIGITAL EQUIPMENT CORPORATION
COMPANY CONFIDENTIAL
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VENUS PRODUCT REQUIREMENTS

1.0 OVERVIEW
The corporate strategy 1is to converge on a 32-bit
architecture by FY85 with the center of business in systems
having MLP 1less than $250,000. Focus will be given to
development of systems for distributed processing and for
high availability.

Between now and the mid-1980's the marketplace will demand

computer system products that are COSt~ and
performance-effective, easy to use, secure, highly reliable,
and family oriented. The products must support distributed

processing with interconnections to systems of many vendors
and to packet switched networks. They must be laden with rich
software (languages, data management, utilities,
applications).

The market for VENUS-based systems meeting these product
requirements is divided into five segments:

ls scientific computation

2. real-time computation

3 transaction processing

4. general purpose commercial EDP
5o general purpose timesharing

Groups are currently organizied to
ol

£ 1~y
L0W

-~ .
A 2D e

TECHNICAL GROUP --
TOEM: scientific and real-time computation
LDP : scientific and real-time computation
MSG : real-time computation, general purpose

commercial EDP
ESG : general purpose timesharing, scientific
computation
general purpose timesharing
all segments

ECS
GSG

COMMERCIAL GROUP --

COEM: general purpose commercial EDP
CSI : general purpose commercial EDP,

transaction processing, general
purpose timesharing
MDC : general purpose timesharing, real-time

computation .
T§UG: real-time computation, general purpose

timesharing, general purpose
commercial EDP

No analysis has been done for the Product Lines in the
Computer Group and the Customer Services Group.

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS

VENUS is a product at the high end of the VAX family pyramid
during the FY82-85 timeframe. It will meet the market's
requirements with product development priorities as follows:

#1 - design center at $180K MLP with performance at
3.5 times VAX-11/780

#2 - new I/0 architecture based on ICCS, HSC50, and
MERCURY

#3 - SBI capability for -11/780 migration

#4 - FCS in Q1lFY82; volume in Q2FY82

#5 - entry level system at $99K MLP

#6 - significant RAMP improvements

#7 - system options

#8 - large system

The VENUS system product is an excellent offering to the
traditional Digital markets --- scientific, real-time,
timesharing. For transaction processing and for general
purpose commercial EDP, VENUS will also be a strong product
with the continued development of software products
appropriate to those market segments.

The VENUS system product will be compatible with the VAX
family architecture. It will use the single VAX :aml;y
operating system, VAX/VMS. VAX-11/780 migration 1s

supported, and PDP-11 compatipility mode is maintained.

DIGITAL EQUIPMENT CORPORATION
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DIGITAL'S CORPORATE STRATEGY AND OBJECTIVES

The corporate strategy is to develop and market computer
products intended for distributed processing systems and for
high availability systems. The center of the corporate
business will be single-processor systems with a purchase
price below $250,000. While current products are based on
8-, 16-, 32-, and 36-bit architectures, there will be
convergence to a single 32-bit architecture by 1985. The
products based on the latter architecture will be developed
and marketed in a manner that provides maximum protection of
our existing PDP-11, DECsystem-10, and DECSYSTEM-20 customer
base.

DIGITAL EQUIPMENT CORPORATION
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3.0 THE MARKETPLACE

3.1 Market Requirements

In the FY82-FY85 time frame, the computer system
manufacturers 1in the EDP industry must offer
products that meet the following requirements:

o Cost-/performance-effective computing engines

o} Distributed computing capability

o Systems with a high degree of data integrity,
internal security and protection

o Effective system interconnection (DEC to DEC,

DEC to IBM and other mainframes, X25 for
packet switched networks)

0 Non-stop computing capability, fault tolerant
computing (HYDRA-like configurations)

o] Highly reliable systems

o] System packaging/operation suitable to an
cffice environment

o) System familiness whether or not the
individual systems are physically tied into a
network
Highly apprdachable easy-to-use systens
whether dedicated to a2 single application or

. to several different modes of operation

0 Training and documentation suited to a wide
variety of end users

o Richness of software (languages, data
management, utilities, applications)

0 Availability of skilled services from the

computer system vendor (maintenance, system
design, applications programming help)

It will be necessary for vendors of these products
to provide complete and accurate cost-of-ownership
data to the prospective customers in each market
segment. Since the distributed processing style of
computing (with more computing on more data by more
people) will be emphasized for these products, the
amount of mass storage and the number of end user
terminals to be purchased will greatly increase
from present-day levels.

DIGITAL EQUIPMENT CORPORATION
COMPANY CONFIDENTIAL

-9-
e




3.2

It will also be necessary to provide prospective
customers with comprehensive system performance
data that 1is specific to their particular use of
the computer system product. As an example, for a
transaction processing application this could be
data on system throughput in terms of the number of
transactions processed per hour based on such
variables as 1) the number of characters in each
transaction, 2) the number and speed of the
communications lines, 3) the number of multi-drop
terminals on each line, and 4) the number of disk
accesses per transaction.

A major challenge will be to provide these highly
cost-/performance-effective computing engines for
systems which require neither a sizable staff of
support specialists nor a special operational
environment. This means that the systems must be
easy to build (dock merge), easy to 1install
(customer merge), easy to use, and easy to repair
(self-diagnosis, some customer maintenance).
Similarly, the desire of customers to utilize the
computer system as a resource to do a specific job
(rather than to learn how to be system programmers)
and to increase worker productivity puts a great
emphasis on 1) the availability of programming
languages, data manacement facilties, utilities and
avplications software, 2) the reduction (and even
~alimination) of system and sub-svstem downtime, and
3) the familiness of systems to ensure that no
learning 1is required when upgrading to a more
powerful configuration or when adding another
family member to a network.

Market Segments

VENUS-based systems will be capable of meeting the
marketplace requirements outlined above. To
provide focus for VENUS product development and
marketing, several key market segments can be
identified according to how the VENUS-based systems
are used, what the characteristics are of computer
system products utilized in these market segments,
and who these users are.

From the perspective of system use, the market
segments for the VENUS product are:

Scientific Computation

p Real-time Computation

E. I Transaction Processing

4. General Purpose Commercial EDP
L General Purpose Timesharing

DIGITAL EQUIPMENT CORPORATION
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There are characteristics common to the computer

systems utilized in all these segments. These
include:

o] Easy-to-use, highly approachable,
friendly systems for various levels of
users

0 Easy-to-use program development tools

o] Documentation, commands, prompting, error

messages in the language and style of the
end user

o System HELP facilities
0 Internal system security and protection
o) Large capacity, high-speed mass storage
o] Fast backup/restore between disks and
tapes
o) Storage hierarchies
o) Data management, data integrity
o) Support (programming tools, file exchange |
utilities) for transfer from other |
current DIGITAL products, migration to
future products; system familiness 1is |
critical
o) Ease of ccnnection to other DEC (DECnet),
IBM, CDC, other networks (X25)
o} Network transparency to applications
programs and to terminal users
o] One general purpose operating system with
sufficient extensibility/adaptability to
serve the entire range of market
segments
o] Systems configurable/tunable to effective
use by a specific market segment (and its
changing needs)
o] Ease of adding applications packages to
the system |
o] Variety of programming languages
o] ANSI-standard languages with validated
compilers
o] Common for all programming -- call
standards, data types, record management,
exception handling, run-time library,
symbolic debugger
o High system reliability -- extensive H/W,
S/W RAMP support; solid quality assurance
testing

DIGITAL EQUIPMENT CORPORATION
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In addition to the above common characteristics,
each market segment has very specific needs to be
fulfilled by the VENUS product. By market segment

these are:
3.2.1. Scientific Computation

Multi-user systems

Good interactive performance.

High-speed processing

Accuracy

Fast, mainframe FORTRAN, PL/1

FORTRAN IV PLUS to match IBM Level H
FORTRAN

Global optimizer (optional during
program development)

APL with file system

Vector processor with language
suppor t

Large programs

Sharable programs

Reliable systems to run large
programs to completion

Mainframe off-loading (ANSI-standard
high performance FORTRAN and PL/1,
ANSI-standard mag tape, virtual
address space)

Multi-system, high-speed
interconnects to other DEC; to
IBM, CDC, and UNIVAC

DECnet, X25

Batch processing (especially when
replacing outmoded IBM systems)

Data management (for 1large data
files)

Software routines for graphics
displays and plotters

Applications packages (statistics,
project management/control, math
library)

DIGITAL EQUIPMENT CORPORATION
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3.2.2. Real-time Computation

High-speed processing

Rapid context switching

Low scheduling overhead

Fast interrupt handling (response
to, service of interrupts)

Fast I/0

Accuracy

DECnet (for distributed data
acquistion systems)

Microcoded math functions

High availability through
redundancy, ease/transparency of
switchover

File exchange utility for other DEC
products (especially -11M systems)

Fast, highly-optimized FORTRAN
(optimizer optional during program
development)

PASCAL, PL/l, ADA, CORAL-66 (United
Kingdom), PEARL (Germany)

Fully-supported end-user tools for
UCS and KMC-11 ~r equivalent

> Ease of interfacing and supporting

special devices. *

Tools for performance measurement,

system tuning

DIGITAL EQUIPMENT CORPORATION
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3.2.3. Transaction Processing

Many (10-500) terminals on-line
simultaneously in a network

Terminal cluster controllers with
down-line load, up-line dump, data
entry/verify, interim storage for
off-line data entry

Intelligent communications
subsystems (MERCURY)

TP concurrent with program
development

Multi-drop terminals

Intelligent terminals with down-line
load

Fast COBOL, PL/1

Data management

Distributed data base management,
data base integrity

Hierarchical data storage, archiving

Message control

Forms definition langulge (compiler,
debugger)

Batcn

Connect to DECnet, IBM, X25

Fast, reliable communications

Network transparency to user
terminals, applications programs

High availability (HYDRA-1like
configuration)

Journalling

Shadow recording

Transaction roll forward/roll
backward

System-/network-wide data directory
and dictionary

Tools for network performance
measurement, load balancing,
tuning, reconfiguring

Easy switchover of TP terminal to
general purpose use (program
development, data inquiry)

Additional operators' consoles ®

DIGITAL EQUIPMENT CORPORATION
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3.2.4. General Purpose Commercial EDP

Multi-user system (production EDP
runs concurrent with interactive
program development, word
processing, on-line applications,
RJE to mainframes)

Tools for computer-assisted program
documentation

File design assists

Support for a family of terminals
(dumb to intelligent)

Applications packages (broad range
of capabilties; ease of
installation, use, support)

Multi-volume disk files

Data management

Distributed data base management

Data integrity

Inquiry language, repor: writer

Forms definition language (compiler,
debugger)

Limited transaction processing

j Journalling

Shadow reccrding

Transaction roll forward/ro
backward

Communication with other mainframes
(IBM, CDC, UNIVAC); connect to
DECnet, X25

Industry standard languages

Fast, mainframe COBOL, PL/1

Interactive BASIC

RPG II, BASIC, MUMPS, APL with file
system

SORT with MERGE option

Tools for migration from IBM to DEC

IBM tape handling (including EBCDIC

[
[

data)

ANSI-standard tapes (labels,
formats)

Disk allocation controls and
reporting

BATCH (scheduling, resource

allocation, reporting)
Job class scheduling
System resource accounting
System-/network-wide data directory

and dictionary

DIGITAL EQUIPMENT CORPORATION
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Office automation (connect to remote
word processors, backup storage
for 1large documents, document
interchange utility, electronic
mail)

Support of typeset terminals (SCRIBE
editor)

Hierarchical data storage, archiving

System security and protection
(e.g., terminals limited to
running a single application)

3.2.5. General Purpose Timesharing

Multi-user system (512 edu terminals
active sumultaneously)

Good interactive performance
(especially for on-line
applications; for edit, compile,
link/task build, debug/test
process)

Large programs

Sharable programs

Interactive BASIC

Multiple languages (FORTRAN, COBCL,
PL/1, BASTC, PASCAL, ADA, RPG II,
BLISS, APL., MUMPS, ALGOL)

Fast compilers

Fast syntax checkers for all
languages .

Flexible BATCH, spooler queues

File exchange utilities

Data management

Inquiry language

Report writer

Resource allocation, quotas,
scheduling

System resource accounting

Dynamic working set size selection

Applications packages (especially

- CAI, school administration,
project management/control; broad
range of capabilities; ease of
installation, use, support)

Tools for host development of small
systems (DEC) software

Software for graphics displays and
plotters

Connect to other mainframes (IBM,
CDC, UNIVAC)

DECnet, X25

Scientific computation

Office automation

DIGITAL EQUIPMENT CORPORATION
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DIGITAL'S Marketing Groups

If we now consider the current organization of
DIGITAL'S Product Line Marketing Groups, it 1is
possible to identify several of the users
(customers) within each of these segments and to
denote those customers with requirements spanning
two or more market segments. Mainly the Technical
and Commercial Groups have been studied because of
the applicability of VENUS to their Product Lines.
Further study should be done especially with the
Word Processing, Computer Special Systems, and
Graphic Arts Product Lines.

3.3.1. TECHNICAL GROUP
TOEM, Technical OEM.

Their users are involved with

a. flight training simulation --
real-time computation

b. power monitoring -- real-time
computation (high-availability
systems)

o seismic exploration -
scientific compucaticn

d. aerospace systems -- real-time

and scientific computation
(familiness is required)

Potential new users are those
in industrial automation and in telephone
and data communications (both real-time
computation).

TOEM sees competition from SEL,
Interdata, Harris (all in-flight
simulation), Modcomp (power monitoring),
and PRIME and the mainframe vendors (in
seismic and aerospace).

LDP, Laboratory Products

Their users, primarily doing scientific
and real-time computation, are involved
with

a. U.S. and foreign government
research

b. university research

Ce energy research

d. industrial research
e. simulation (sensor-based and
modeling)

DIGITAL EQUIPMENT CORPORATION
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Competition is mainly from SEL, Harris,
and Interdata. CDC will remain strong
competition since there are many systems
(6400, 6600, 7600s especially in energy)
to be off-loaded or even replaced by one
or more VENUS systems.

MSG, Medical Systems

Their users are

a. medical OEMs -- real-time
computation (high availability
systems)

] b. medical administration --
. general purpose commercial EDP
(patient billing, report
generation, financial

applications)

With medical OEM's the main competition
comes from IBM, Data General and

Honeywell. Hewlett-Packard is becoming
very active 1in this area. In medical
administration the strongest competitors
are Hewlett-Packar:Z, I3, and NCR.

'ESG, Engineering -oystems
Their users specialize in

a. aerospace design

b. automotive design

C. chemical engineering

d. electronic/electrical design

e. engineering consulting

: o architectural and engineering
design

A general purpose timesharing system is
required with strength in the area of
scientific computation.

Competition comes mainly from Data
General, Hewlett-Packard, PRIME, CDC, and
IBM. Sometimes Harris and Interdata are

seen.

DIGITAL EQUIPMENT CORPORATION
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ECS, Education

Their users, always conscious of system
price, prefer a general purpose
timesharing system for large numbers of
users with specialties as noted:

a. school district students --
BASIC programs (small-scale
problem solving, 1little I/0);
good text editors, fast

compile, debuggers for program
development; not production.

5 university students -
technically sophisticated; more
FORTRAN than BASIC; heavy text
editing; large, complex FORTRAN
and COBOL programs.

G university departments -
varietv of 1languages; some
large FORTRAN programs.

d. school administration -- RJE
raquired to 1installed main
‘rame; high performance CCBOL,
some data management;
administrative usage is

growing; on-line, interactive
applications; need application
packages.

e. private college administration
and students -- good COBOL and
data management plus
applications packages for
administration; students need
BASIC, FORTRAN, COBOL.

The competitors of ECS are IBM, Harris,
PRIME, Hewlett-Packard.

DIGITAL EQUIPMENT CORPORATION
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GSG, Government Systems

Their users are from every organization
within Federal governments around the
world. The needs of these users cover
every market segment described above. In
the United States, particular emphasis is
given to users in

a. military intelligence -
scientific and real-time
computation; extensive PDP-11
experience to migrate.

b. civilian agencies =-- with
competitive procurements and
long systems lifetime (5-8
years), systems require wide
range of capabilities and 1low
life cycle cost; interface to
other mainframes (IBM, CDC,
UNIVAC).

Generally, the competitors of GSG are
IBM, Univac and Honeywell. SEL also does
considerable U.S. Governmen:t business.
For governments in countries outside the
U.S., competition is usually seen from
any vendor native to the country.

DIGITAL EQUIPMENT CORPORATION
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3.3.2 COMMERCIAL GROUP
COEM, Commercial OEM

Their users acquire systems intended for
operation with specialized applications
packages, 8uls s business office
management (wages and payroll, accounts
payable, general ledger), customer
billing, order entry and inventory
control, sales analysis. Many of these
systems are sold to small manufacturing
and distribution <companies and to
lawyers, accountants, physicians, and
dentists.

i Competition for COEM comes primarily from
IBM, Wang, and Basic Four in addition to
CG and HP oems.
CSI, Commercial Service Industries

Their users work in

a. banks, 1insurance companies,
financial institutions

bs data services companies

s transportation companies

d. state and local government

e. retail business

f. service business

Many of these users require general
purpose commercial EDP systems. A
low-cost subset of the general purpose
system can be geared to users 1in the
small business community. Transaction
processing is becoming extremely
important to these users as is real-time
computation for communications and
sensor-based applications. Data service
companies are interested in general
purpose timesharing.

Competition is very strong from IBM at
the account level. Other competitors are
Hewlett-Packard, Data General, Honeywell,
Tandem, NCR, PRIME, Computer Automation,
and Burroughs. . .

DIGITAL EQUIPMENT CORPORATION
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MDC, Manufacturing Distribution and
Control

Their users are found in

ok manufacturing companies
b. process industries

Required is a general purpose timesharing
system to be wused mainly £for host
development of software for smaller -11
based production systems running RSX-11M
or RSX-11S. This general purpose system
must have a good FORTRAN with an
easy-to-use file system plus COBOL for

. data processing activities such as

& inventory control and materials
scheduling. Real-time computation is
becoming a requirement for more of these
users.

Competitors for MDC are IBM, Tandem, SEL,

Perkin-Elmer (Interdata), and Harris.

Hewlett-Packard is beginning to enter
! this market area.

T&UG, Telzphone & Utilities
Their users are involved with

a. telephone equipment
manufacturers =-- real-time
computation, general purpose
timesharing for development of
specialized applications (e.g.,
traffic monitoring, billing
data collection, repair order
administration)

b. operating telephone companies
-- general purpose commercial
EDP with emphasis on
communications with IBM
mainframes.

Competition comes from Interdata,

- especially at Bell Labs. IBM and
Hewlett-Packard are competitors 1in the
operating companies. Tandem 1is a
potential competitor.

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS
PRODUCT STRATEGY AND OBJECTIVES

VENUS 1is a high performance computer system product which

implements the VAX-1l1 architecture and runs the VAX/VMS
operating system with 1its associated layered software
products. The MLP ($) design center of VENUS is the same as
that of the VAX-11/780. Increased system performance 1is
achieved by applying state-of-the-art technology (e.g.,
Mosaic ECL Array Technology) to the VAX-1ll architecture.

In the FY82-FY85 timeframe VENUS is at the top of a pyramid

of VAX family distributed data processing products in terms
of

general purpose computing capability,
cost and performance

o} ease of interconnection to and strict
compatibility with all other members of
the pyramid.

(o e)

. VENUS
(replaces .
VAX-11/7380)

CCMET

. NEBULA .

. LSI-VAX

VENUS will remain as a product offering until FY87 although a
new, higher performance processor might be introduced in the
FY85/86 timeframe.

As the VAX-11/780 replacement, the VENUS product is
consistent with the corporate strategy which calls for a
single 32-bit system architecture by 1985. Furthermpre,
VENUS will augment the VAX family of 32-bit products 1in a
fashion which is consistent with the corporate goal calling
for concentration on systems priced at $250,000 or less.

DIGITAL EQUIPMENT CORPORATION
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In a single processor configuration or 1in distributed
processing configurations, VENUS provides the functional base
for scientific and real-time computations, transaction
processing, general purpose commercial EDP, and general
purpose timesharing. VENUS can also be utilized in HYDRA
multi-processor configurations (high availability, non-stop
computing systems).

VENUS systems comply with the constraint of having VAX/VMS
serve as the single operating system for the entire VAX
family. A vast array of layered software products (such as
COBOL, FORTRAN, DATA BASE MANAGEMENT), system options (such
as TRANSACTION PROCESSING, HIGH AVAILABILITY modules), and
applications will be offered. These will be VAX/VMS system
add-ons in much the same fashion as, for example, disk and
tape hardware sub-systems are field add-ons at an existing
customer installation.

DIGITAL EQUIPMENT CORPORATION
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. PRODUCT REQUIREMENTS

The VENUS system product will satisfy the market requirements
outlined above. Priorities to guide the development of this
product are given below (in descending order of importance):

o Design center at $180K MLP with performance at
3.5 times VAX-11/780

o) New I/0 architecture based on ICCS, HSC50, and
MERCURY

o SBI capability for -11/730 migration

o FCS in QlFY82; volume in Q2FY82

o) Entry level system at $99K MLP

o} Significant RAMP improvements

o] System options

(o] Large system
‘he -apabilities «d functions to be developed for
ENUS-base systems according tc these prilorit.es are

’ illuc.rated -, the following chart.

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS

fmmm——————————— T — tom—————————— TP . +
| ENTRY LEVEL |DESIGN CENTER | | I
| SYSTEM * | SYSTEM * | LARGE SYSTEM | MAX. CONFIG. |
T ——— Tt —— S e +
. I | | | |
CPU with CIS I yes I yes | yes I yes |
warm floating | I | I |
point (includes | | | | I
G and H) I I | | I
| | I | |
ECC MOS Memory | 1IMB | 4MB | 16MB | 3 2MB |
| I I | |
»Vector Processor | none | none [ 1 | 1 I
- | | I I [
|72 x 40-50MB, | 600MB, fixed | 4 x 600MB, | 4 x 600MB, |
| removable | or fixed/ | fixed or | fixed or |
Disks | | removable | fixed/ | fixed/ |
‘ | | | removable | removable |
| | | | |
| | 1600/6250 I 2 x 6250 I 4 x 6250 |
Mag tape | none | bpi, 125ips | bpi, 200ips | bpi, 200ips |
I | | | I
Console with I I | | |
terminal plus dual | yes | yes I yes | yes |
load device I I I I |
I I I | I
Asynch lines | 8 | 8 | 128 (MERCURY) |512 (MERCURY) |
| I I | I
Line Printer | none | none | 1 | 1 |
I | | | |
Card Reader | none | none I 1 | 1 |
- | | I | |
SBI | none | none | none | 2 |
| | | | |
T1CES | 1 | 1 | 2 | 4 |
I | | | I
Remote diagnostics,| yves | yes | ves | yes |
console port | | | : :
| | | |
I Cabinetry, | single | single | | |
power supplies | cabinet I cabinet | TBD I TBD |
| w/exp.space | w/exp.space | } :
: I I |
On-1line | | I I |
diagnostics, UETP | yes I yes | yes : yes I
- | | |
VAKX /VMS | yes | yes I yes : yes :
| | I
Languages I 1 | any | any I all I
| | (not in $180K) | : !
| | |
MLP | S$99K | $180K | TBD { TBD I
| | |

*Note expansion possibilities under discussion of Priority #1 and #5.

DIGITAL EQUIPMENT CORPORATION
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PRIORITY #1: Design center at $180K MLP with performance at
3.5 times VAX-11/780.

With an MLP of $180K, the system transfer cost is $40K (based
on MU=4.5).

The basic components of this dock merge system product are:

CPU with CIS and warm floating point
(including G and H)

4MB ECC MOS memory

6 00MB disk mass storage; fixed or
fixed/removable media

1600/6250 bpi, 125 1ips magnetic tape

subsystem
Console, including terminal and dual 1load
device for software patches, software

distribution
8 asynchronous lines
ICCS 1/0 bus
Remote diagnostics with console port
Cabinetry, power supplies
On-line diagnostics, UETP
VAX/VMS operating system (language licenses
not included in the §$18CK
Expansion space in this sin
AMB ECC MOS menory (ad
24 asynchronous lines
1l line printer
1 card reader
6-8 synchronous lines
1 accelerator (FORTRAN or COBOL)
Note that the $180K MLP covers the pre-wiring
for these expansion components only and not
the components themselves.

R £~
le cabinet for

)

g . .
diticnal)
(additicnal)

The configuration rules for this design center system and for
all other VENUS-based systems must be easily stated and must
be subject to easy verification by all sales people.

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS

' Performance at 3.5 times VAX-11/780
FORTRAN and COBOL =--
The best FORTRAN and COBOL performance must be

FORTRAN 3032

370/168

COBOL

3032

370/168

This performance can be achieved via accelerators or any
other engineering option.

When these high-performance capabilities are removed from the
system, the performance is at the 3031 or 370/158 level.

FORTRAN is measured using the Whetstone and SPl1111 benchmark
programs. The performance for data types F, D=G, and H
should each meet these goals compared to the corresponding
IBM data types.

COBOL is measured using the U.S. Steel and Profile benchmark
programs. The performance for display, binary, and index
subscripts and for trailing overpunched and packed decimal
data should each meet these goals compared to the
corresponding IBM measures.

Real-time --

Times for context switching, CALL, and response to/service of
interrupts must be at least 3 times faster than the speedier
of COMET and VAX-11/780.

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS

Throughput --

Memory bandwidth for VENUS must be at least 30MB/second with
access times much faster than those of the -11/780. Further,
a VENUS system configured with the new ICCS I/O bus must be
capable of handling the equivalent of 4 UNIBUSes plus 8
MASSBUSes in addition to the maximum allowable number of
intersystem connections. This assumes that the ICCS bus also
supports (via MERCURY) line printer, card reader,
asynchronous and synchronous communications lines, customer
real-time devices, and slow-speed mass storage units. For
availability reasons, it must be possible to configure a
single VENUS system with at least two ICCS busses.

Delays in development --
Should the time to market goal not be met, it is required

that all performance specifications given above will increase
by 30% per year.

Availability of performance data --

An extensive set of performance measurements tasks must be
ione to provide data that is relevant to customers in the
respective market segmer*=s. These performance analyses must

be completed with cesults available by the time of VENUS
product announcement. Such performance measurement projects
must continue throughout the lifetime of VENUS in response to
its changing environment (e.g., in terms of new DIGITAL
products and competitors' new offerings).

DIGITAL EQUIPMENT CORPORATION
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" PRIORITY #2: New I/O architecture based on ICCS, HSC50, and
MERCURY

VENUS will have the new I/O architecture based on the ICCS
bus, the HSC50 mass storage controller for disk and tape, and
the MERCURY intelligent communications subsystem for
asynchronous and synchronous lines and for unit record
equipment.

DIGITAL EQUIPMENT CORPORATION
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PRIORITY #3: SBI capability for -11/780 migration

To facilitate migration of the current VAX-11/780 customers
to VENUS, ports for UNIBUS and MASSBUS devices must be
provided via the SBI interface.

Under the above two priorities (ICCS and SBI capabilities),
thg various i/o configurations for VENUS systems and the
priorities for their development are:

1 Fmmmm e + ICCS

For the design center system and the entry level system.
This must be available at FCS.

$2 e i + SBI
[~ GRS, | e s o e i i s o s s o
tm—————— + I |
fom———— + pmmmm——— +
| UBA | | MBA |
tomm————— + Fo—————— +
For -11/780 customers wanting an upgrade to a
system with a more powerful central processor but
with support for existing peripheral devices (via

the UBA and/or MBA). This must be available at

FCS.

$3 . s i + ICCS tm——— +
| | mmmm e e | CpPU |
| CPU | fmm———— -
l I fomm——— +
| | m———mm e e | cpu |
fomm——— - ICCS fmmm———— +

For customers with a distributed processing
operation comprised of high-performance
connections among intelligent subsystems. These
high availability, high reliability systems will
be suited for transaction processing, real-time
computation, and general purpose timesharing
off-loaded from a mainframe. This I/0
configuration 1is part of the VENUS/HYDRA
configuration and must be available at FCS.

DIGITAL EQUIPMENT CORPORATION
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For customers (especially OEM) needing a system
with a link to the past (via the SBI) and to
newly-developed products (via the ICCS).

$5  4----—-- + SBI
| e
| CPU |==—mmmmmmmmme e
Fom————— + SBI

Again for =-11/780 customers wanting a more

powerful central processor but with increased i/o
performance using existing peripheral devices.

DIGITAL EQUIPMENT CORPORATION
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PRIORITY #4: FCS in QlFY82; volume in Q2FY82

The VAX-11/780 product was announced in October, 1977
with FCS in December, 1977 (Q2FY78). Assuming the need
for a replacement product every 3-4 years, the desired
announcement date for the VENUS product is Q3 or Q4FY81.
First customer shipments will follow in QlFY82. Volume
shipments will be reached by Q2FY82.

To summarize the key dates for VENUS:

Announcement of design center product Q3/Q4FY81
First customer shipment (FCS) QlFY82
Volume availability Q2FY82

Availability of
Entry level system FCS + 3 months
Vector processor FC5S + 6 months
Large system FCS + 9 months

DIGITAL EQUIPMENT CORPORATION
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PRIORITY #5: Entry level system at $99K MLP

The entry level system is aimed at cost-sensitive
applications. At a $99K MLP, this system permits a
marketing campaign based on pure system cost. With an
MLP of $99K, the system transfer cost is $22K (based on
MU = 4.5).

The entry level system is bounded. Expansion is allowed
but only at a price which does not disturb the product's
design center business.

The basic components of this dock merge system are:

CPU with CIS and warm floating point
(including G and H)
IMB ECC MOS memory
2 x 40/50 MB ea. disk drives (removable media)
Console, including terminal and dual 1load
device for software patches, software
distribution
8 asynchronous lines
ICCS 1I/0 bus
Remote diagnostics with console port
Cabinetry, power supplies
On-1line diaanostics. UETP
VAX/VMS operating system with license for one
language .
Expansion space in this single cabinet for
IMB ECC MOS memory (additional)
8 asynchronous lines (additional)
1 line printer ‘
1 card reader |
6 x 40/50MB ea. disk drives (removable ‘
media) : |
2 synchronous lines |
1 accelerator (FORTRAN or COBOL)

|
Note that the $99K MLP covers the pre-wiring }
for these expansion components only and not |
the components themselves. |

DIGITAL EQUIPMENT CORPORATION
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PRIORITY $#6: Significant RAMP improvements

VENUS development must expand on the RAMP designed and
implemented for the VAX-11/780. The BMC of the
resulting product must not exceed 1.5% of its transfer
cost. RAMP plans should include software warranty and
installation cost goals. RAMP must be considered
according to the customer's perception of a total
system, e.g., Are spares available when needed? Can
troubleshooting be done without taking the entire system
down? Is field software support responsive? Did the
system product undergo enough quality assurance testing?

Improved RAMP is necessary for at least two reasons:

1. Customers are demanding highly reliable
systems. They are becoming increasingly
intolerant of computer system
interruptions which wreak havoc
throughout their organization.

2. With the growth of distributed data
processing systems, customers will see
srowing maintenance costs for the many
s/stem processing units that are spread
across a wide geographical area.
Customers will not pay these high service
costs. Furthermore, system vendors will
be unakle to provide a sufficient (and
large) number of capable service
personnel for such maintenance.

For VENUS, undetected failures must be minimized, and
the total unrecovered system crash rate must be reduced.
The latter includes all <crashes attributed to
environmental causes, operational procedures, software,
hardware, and unexplained failures.

DIGITAL EQUIPMENT CORPORATION
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The MTBF must be increased significantly from that of
the -11/780. Further, the total unproductive time per
year must be reduced drastically. This includes, but is
not limited to,

hardware preventive maintenance

software updates and maintenance

disk backup operations

emergency system maintenance

time spent waiting for parts

. the ambiguous time during repetitive and
undetected failures (especially for
service calls which do not isolate the
problem cause)

o Ul s W
. .

It is expected that reducing non-productive time will
require significant changes in operational and service
philosophies.

As part of the VENUS RAMP, consideration should be given
to those features available from the HYDRA learning
exnerience. Examples are redundant power supplies and
fanz plus devices with redundant access paths.

DIGITAL EQUIPMENT CORPORATION
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. PRIORITY $7: System options

To meet the requirements of the marketplace, the VENUS
system product will have several options as listed
below. These options must be included in VENUS from the
start of product design and development. Availability
to the marketplace is noted here as "FCS+n" in months.

Hardware --

(FCS+9) 32MB max. ECC MOS memory (system total)
(FCS+12) 1/0 busses: max. of 4 ICCS

(FCS+12) max. of 2 SBI each with up to
2 UBAs plus 4 MBAs
” (FCS) disks: 600 MB, fixed media
(FCS+3) 40-80 MB, removable media

optional dual channel access for both
(FCS+9) tapes: 6250 bpi, 200 ips, auto load, radial
bus, dual channel access (optional)

(FCS) 1600/6250 bpi, 125 ips
(FCS) unit record equipment: 1line printer (IBM
quality, VFU, DMA)

(FCS) card reader (DMA)

(FCS) processor options: FORTRAN (accelierator)

(FCS) COBCL {accelesrator)

(FCS+6) Vectsr processor

(FCS3) UCS, “MC for =guivalant)

(FCS) ~ MA720 (including COMET
shared memory systems)

(FCS) DR780

(FCS) terminals: multi-drop terminals for TP

(FCS) VT100-based terminals

(FCS) PDT terminals

(FCS) GIGI terminal

(FCS) Typeset terminals

(FCS) terminal clusters

Communications --

(FCS) DECnet

(FCS) X25

(FCS) Interconnect to IBM, CDC, UNIVAC

(FCS) MERCURY communications controller

(FCS) DMA/buffered asynchronous and synchronous

lines

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS

'Software (native mode) --

(FCS) SORT/MERGE (FCS) Interactive BASIC-PLUS
(FCS) APL with file system (FCS) BASIC-PLUS-2

(FCS) PL/1 ( 2 ) ADA

(FCS) PASCAL (FCS) CORAL-66

(FCS) BLISS-32 ( 2 ) PEARL

(FCS) RPG II (FCS) MUMPS

(?2) ALGOL ( ?2 ) LISP

Note for all new languages: compliance with existing

ANSI-standard language specifications; validated compilers.

(FCS) Symbolic debuggers for all languages

(FCS) Language support for vector processor

(FCS) DBMS-32

(FCS) DATATRIEVE-32 (inquiry language, report writer)

(FCS) TRAX-32

(FCS) Forms language compiler, debugger

(FCS) Message control with transaction roll
forward/backward, journalling, shadow recording

(FCS) Multi-volume disk files

(FCS) ANSI-standard mag tape handling routines

(FCS) IBM mag tape handling

(FCS) Routines for graphics displays and plotters

(FCS) Math library

(FCS) Routines for performance measuremant, nstwork tuning,
applications program tuning

(FCS) System resource accounting

(FCS) Resource allocation, quotas, scheduling (especially by
JOB class); all in BATCH also

(FCS) Support routines for office automation (interface to

remote word processors, backup storage for large
documents, document interchange utility, electronic

mail)

(FCS) Routines for RSTS migration (emulators, conversion
utilities)

(FCS) Cross-system development for RSX-11M, -11S, RT-11, RT2.

General --

(FCS) Node in a HYDRA configuration

(FCS) 512 simultaneous educational users (BASIC-PLUS on a
single-processor system)

(FCS) System-/network-wide data dictionary, data directory

(FCS) H/W, S/W support of all devices on -11/780, COMET,
NEBULA, HYDRA, FONZ, SCS, PDT.

(FCS) Additional operator consoles

DIGITAL EQUIPMENT CORPORATION
CORPEETY CONFIDENTIAL

-
-




VENUS PRODUCT REQUIREMENTS

" PRIORITY #8: Large system

The components of this system are:

CPU with CIS and warm floating point (including G and
H)

16MB ECC MOS memory

4 x 600 MB disk mass storage; fixed or fixed/removable
media; dual channel access

2 x 6250 bpi, 200 ips magnetic tape; auto load; dual
channel access

Console, including terminal and dual load device for
software patches, software distribution

128 asynchronous lines (MERCURY)

2 x ICCS I/0 bus with two (2) ICCS ports connected to
VENUS, COMET, or NEBULA processors

2 synchronous lines to IBM or CDC (MERCURY)

1 line printer (MERCURY)

1 card reader (MERCURY)

Vector processor

Remote diagnostics with console port

Cabinetry, power supplies

On-line diagnostics, UETP

VAX/VMS operating system with FORTRAN, COBOL, PL/1,
BASIC, DBMS, PASCAL

DIGITAL EQUIPMENT CORPORATION
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6.0 PRODUCT ASSESSMENT

6.1 Market Fitness and Competitive Goodness

?he potential for success of the VENUS system product in
its marketplace is summarized below:

MARKET SEGMENT ASSESSMENT
Scientific Computation Excellent
Real-time Computation Excellent
Transaction Processing Very Good
General Purpose Commercial EDP Very Good
General Purpose Timesharing Excellent

Against the competitive products either currently
offered in the market or else known to be under
development for release during VENUS' product 1life,
VENUS should be a very strong performer for DIGITAL,
especially 1in the traditional market segments
(scientific, real-time, general purpose timesharing).
The challenge will be to achieve the same 1level of
excellance for transaction processing and for dJeneral
ourpose commercial EDP. By and large, success here
depends upon our ability

1. ‘to develop a considerable number of
software products in time for the VENUS
announcement and shipment;

2. to gain TP and commercial experience and
to build a reputation as a viable vendor
of high-end commercial-oriented products;

3 to understand how to win a sizable share
of these two markets which are now
dominated by extremely strong,

well-entrenched competition.

Particular attention must be given here to the
competitive challenge of IBM in all our market
segments. With the coming H-series to complement
their current 4300-series, the 8100, and the
System/38, IBM will appear to have a comprehensive
product offering aimed specifically at the
distributed processing marketplace. The best
resources of DIGITAL will be required to beat back
this challenge with a rich array of products that
can win wide customer acceptance.

DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENTS

6.2 VAX Family Product Positioning

As stated earlier, VENUS is at the top of a pyramid
of VAX family distributed processing products. A
brief description of each product is given below.

VENUS High end of the VAX family.

VAX-11/780 replacement.

Top of distributed computers
hierarchy.

General purpose capabilities for
Scientific and Real-time Computation,

r Commercial Data Processing, Time

Sharing, BATCH.

Basic system optimized £for $180K sale
price.

Configurable in high availability
topclcgies (HYDRA).

Attack product for new customers and
PDP-11 customers in the $150K-$30CXK
average systems range.

Migrate top end of 11/74-MP business to

LU e
’ Cumpetition for VENUS is

IBM 303X, 370, 4300
CDC Cyber

Burroughs

NCR

Honeywell

SEL

.~ DIGITAL EQUIPMENT CORPORATION
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VENUS PRODUCT REQUIREMENIS

COMET/HYDRA Mid-range VAX family product at center of
corporate business ($50K-$80K) for
single processor applications.

Main product for distributed data
processing hest machine at the
department/group level.

Tailored by application of VMS software
options to Scientific Computation,
Commercial Data Processing, Real-time
Computation, Time-sharing, or
Transaction Processing environment.

Attack product for new customers and
PDP-11 customers in the $50K-$150K
range.

Attack product for non-stop systems.

Migrate low end of 11/780 business, some
of 11/74-MP business, and top end of
11/44.

Competition for COMET/HYDRA is:

IBM Low end 370, 4331
HP 3000

DC M600

S230
DG 3
PRI:E
Tandem
Interdata
SEL

1, 'l.
-D1T

1Mo

NEBULA Low end VAX family product.

Optimized for $25K systems range.

Tailored to specific application by
packaging VMS options.

Attack product for new customers and
PDP-11 customers 1in the $20K-$50K
range.

Migrate bulk of 11/34, 11/44 business.

Competition for NEBULA is:

IBM Series 1, 8100
HP 3000, HP 1000

DG S250 + New Series
PRIME

Microdata

DIGITAL EQUIPMENT CORPORATION
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. . LSI/VAX Very low end VAX family product.
Optimized for personal, lab, and office
use.

$8-$10K system.

Bottom of the distributed data processing
pyramid.

Tailored to a specific function by
packaging of VM S (sysgen out
functions) .

Migration for 11/04, LSI-11 business;
co-exist with PDP-11 bounded systems.

Competition for LSI/VAX is:

DG Micro Nova
HP desk top
Microdata
Intel

Wang

6.3 Compatibility with DIGITAL Systems

The key compatibility 1issues relative to VENUS
product development are:

1 TTAY Fam il ar~ita~b+nnra lm emmtmesdAaA
- /oLy i - - is o - e = L D A R

(b

e

2. The 'strategy of one opzrating system, VAI/YMS,
is maintained.

3. VENUS supports SBI ports to allow connection
(with no changes) to the MA780 and DR780.

4. UNIBUS and MASSBUS ports are provided to
facilitate migration of the current -11/780
customer base.

5. The new ICCS I/0 bus structure is implemented
in a uniform fashion across all family
members.

6. The PDP-11 compatibility mode is maintained as
in the -11/780.

Te It is possible to use the library qf VAX
diagnostics unchanged for all existing
devices.

8. RSX-11M compatibility is maintained in
emulator mode.

DIGITAL EQUIPMENT CORPORATION
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9. There is a continued convergence on a single
on-disk structure (ODS 1II), file access
method (RMS), and command language (DCL).

10. Tools will be developed to support VENUS-based
RT-11 development of software for PDT clusters
and the FONZ and also SCS-11 host development.

6.4 Product Development Assumptions

The VENUS product development assumes that VAX/VMS
is the one operating system maintained for the
entire family. Further, the VAX family
architecture is maintained, and all implementations
are consistent throughout the family.

In this product develoopment, emphasis is placed on
languages, data management, communications, ease of
use, and system availability. VENUS is suitable as
a node in a HYDRA configuration. DECnet 1is an
integral and critical part of the VENUS product.
X25 and interconnects to IBM, CDC, UNIVAC are
integrated into continued VAX/VMS development.

Tailoring of hardwvare vroducts to the VENUS
narketplace is achievz=d by adding layer=d software
groducts and/cr boot:i-time selecting VAX/VMS as
appropriate. ¢

6.5 Product Development Risks

A major risk involves timely development of several
software products required especially by the
commercial-oriented market segments. The
significant challenge of this product development
is being met today. Major software development

i projects are currently underway. Others are in the
planning stages and require corporate funding and
commitment of resources.

The design center and entry level systems depend on
the availability of mass storage subsystems (disk
and tape) that are significantly more
cost-/performance-effective than our current
product offerings.
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VENUS is the first DIGITAL product scheduled to use
the Mosaic ECL Array technology. Originally VENUS
development plans had included the opportunity to
learn from the DOLPHIN experience with the MCAs.
Their extensive diagnostic <capability will
contribute heavily to achievement of VENUS' higher
RAMP goals.

To achieve the higher RAMP goals, significant
changes must be made in the philosophies governing
hardware/software design and implementation and

system support in the field.

DIGITAL EQUIPMENT CORPORATION
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‘APPENDIX A: VENUS Systems

Representative configurations of VENUS systems are:

1. 1MB memory 4, 16MB Memory
ICCS bus 2 x ICCS bus
2 x RL04 via UDA 4 x RP08 via HSC
8 asynchronous lines 4 x TU78
VMS + one language 128 lines (MERCURY)
$99K MLP (entry level system) VMS

2. 2MB memory 5. 2 X System #2
SBI 1 MA780 with 1MB
RM/RA80 wvia MBA memory (esp. for
T OEM)
8 lines
VMS

3. 4MB memory 6. 2 x System #4 with
ICCS bus 256 lines total
RP08 via HSC (this is VENUS/
TU78 HYDRA)

* 8 lines

VMS (no languages)
$180K MLP (design center)

DIGITAL EQUIPMENT CORPORATION
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APPENDIX B: Preliminary Product Forecasts and Assumptions

In late December 1978 Al Avery and Peter Conklin prepared a
forecast of VENUS units covering FY82-FY85. The forecast amounts
for all high-end mid-range systems (-11,/70, -11/74, -11/780, and
VENUS) were derived and appear here with the assumptions of the
forecasting exercise.

FORECAST
18 79 80 81 82 83 84 85
Corp. NOR ($G) 1.44 1.87 2.43 3.16 4.11 5.34 6.94  9.02
 15% of NOR (SM) 216 280 365 475 615 800 1040 1350
Units:
‘ 11/70 + 11/74 1400 1800 1800 1600 1000 500 130 0
i 11/780 35 550 1300 1500 1300 1500 ) :
VENUS 0 0 0 0 400 1800 3600 5900
. TOTAL UNITS --- 1435 2350 2800 3100 3200 3800 4600 6300
|
‘ Discount:
; 11/70 + /74 (%) 15 mmmmmmm
11/780 + VENUS (%) 11 11 11 13 15 12 12 14
.~ NOR:
11/70 + /74 (SM) 180 260 260 230 145 70 15 0
/780 + VENUS ($M) 6 117 220 325 470 730 1025 1350
TOTAL NOR ($M) 186 377 480 555 615 800 1040 1350
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- -

APPENDIX B: (continued)

ASSUMPTIONS

1s High-end Packaged Systems = 15% of corporate NOR.

2 Corporate NOR grows at 30%/year compounded.

3. By thg beginning of FY81l, 11/780 has sufficient commercial
functionality to pick up the high-end 11/70 commercial

business.

4. DEC will have learned by the beginning of FY81 how to
penetrate high-functionality commercial business.

P No 16-bit products beyond 11/74 will be developed at the high

end ($).

6. VENUS FCS = Q2/82; has all functionality: 3X performance @
+15% MLP. (NOTE: Jequirements now are FCS = Q1FY82, Vol. =
Q2FY82, 3.5 x -11/780 performance.)

s VENUS is new market attack prcduct; 11/780's continue to be

built in whatever volumes are required to satisfy customer
demands, namely, no great forced migration from /780's to
VENUS.

8« OEM's and TELCO continue to buy high-end midi systems.
9. Discounts: 11/70 and 11/74 = 15% flat
10. Add-on business = 15% of average of previous two years NOR.
1d: This forecast addresses the Mid-range Systems contribution to
corporate NOR. Large Systems Group will be responsible for

an updated forecast based on VENUS' replacement of current
LSG products.

12. No analysis has been made here by the Product Lines to
determine how the volume given above can be achieved.
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* APPENDIX C: Comparison Prices and Costs for VAX-11/780

. “Given here are the configuration, price, cost and BMC of VAX-11/780
packaged systems.

FY80 FY80 FY80
Est.
MLP Transfer BMC

DESCRIPTION (M.U.) Cost (% XFER)
VAX-11/780 System, 512KB memory, $134,600 $ 26,600 $748
2 x RKO7 (28 MB ea.), 8 asynch. (x5.1) (2.8%)
comm. lines, and virtual memory
operating system software.
VAX-11/780 System, 512KB memory, 167,000 36,100 783
RM03 disk pack (67MB), TEL® (x4.6) (2.2%)
magnetic tape (1600/800 bpi,
45 ips), 8 asynch. comm. lines,
and virtual memory operating
system software
VAX-11/780 System, 512KB memory, 177,000 40,700 843
RMO3 disk pack (67MB), TU77 (x4.3) (2.1%)
magnetic tape (1600/800 bpi,
125 ips), 8 asvnch. comm. lines,
and virtual memory operating
system softwar=.
VAX-11/780 System, 1MB memory, 207,000 42,800 937
RP06 disk pack (176 MB), TElé (x4.8) (2.2%)
magnetic tape (1600/800 bpi,
45 ips), 8 asynch. comm. lines,
and virtual memory operating
system software.
VAX-11/780 System, 1MB memory, 217,000 46,500 997
RP06 disk pack (176MB), TU77 (x4.7) (2.1%)
magnetic tape (1600/800 bpi, '
125 ips), 8 asynch. comm. lines,
and virtual memory operating
system software.
"UNIBUS" VAX-11/780 System, 256KB 99,800 25,300 698
memory, 2 X RKO7 (28 MB ea.), (x3.9) (2.7%)

8 asynch. comm. lines, and virtual
memory operating system software.
(system subject to corporate approval)
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Existing documents that are useful for

VENUS PRODUCT REQUIREMENTS

Related Documentation

product development and marketing are listed below:

l.

VENUS Project Proposal (27 Dec. 1978)
Contact Steve Jenkins, TwW/C04, DTN #247-2395.

VENUS Product Description (20 Jan. 1979)
Contact Steve Jenkins

VENUS Impact Statement (13 Feb. 1979)
Contact Don Ames, TW/A02, DTN #247-2517.

VENUS Software Plans (10 Apr. 1979)
Contact Peter Conklin, TW/A08, DTN #247-21109.

VAX/VMS R2.0 Requirements Document (Sept. 1978)
Contact Xathryn Norris, TW/A08, DTN #247-2580.

System plan for VAX/VMS (10 Jan. 1979)

Contact Joe Carchidi, Tw/D08, DTN #247-2251.
E ject Plan (9 Feb. 1979)
TW/DC8, DTN #247-2262

7 LLV L

W

v

VAY/VMS RELE?
Contact Tr

= N
O3
O

2rn
2L 0O
o

D

(=Y

~

Commercial Market Product Requirements (March 1979

Contact Roger Cady, MK1-1/E25, DTN #264-5045.

NEBULA Product Requirements (Feb. 1979)
Contact Lou Philippon, TW/A08, DTN #247-2860.
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Gordon Bell

Ron Bingham
Brian Croxon
Art Campbell
Roger Cady
Patrick Courtin
Dick Clayton
Bill Demmer

Raff Ellis

Ulf Fagerquist
Barbara Farquhar
Ed Fauvre

Jack Gilmore
Rose-Ann Giordano
Mike Gutman

Bill Heffner

Win Hindle

Per Hjerppe
George Hoff

John Holman
Irwin Jacobs
Bob Joseph

Paul Kelley
John Kevill

Bill Kiesewetter
Bob Klein

Al Avery

Dave Best

Walt Colby
Peter Conklin
Marion Dancy
Bernie Lacroute
Don McInnis
Kathie Norris

Don Ames

Joe Carchidi
Dave Cutler
Sas Durvasula

Tom Eggers
John Gilbert
Al Helenius
Dick Hustvedt
Steve Jenkins
Jud Leonard

ML12-1/A51

MR1-2/E85
TW/C04
PK3-1/M12
MK1-2/E25
MK1-2/D29
ML12-2/E71
TW/D19
MR2-4/M79
MR1-2/E78
MR2-4/M79
MK1-2/E06
MK1-1/J14
MR1-2/A65
ML3-6/E94
TW/C10
ML10-2/A53
MR1-2/E78
MR1-2/E47
PK3-1/P84
MK1-2/H32
MR1-1/M42
MR1-2/E18
ML3-6/E84
MK1-1/M49
MR1-1/M85

TW/A08
TW/A08
TW/A08
TW/A08
TW/A08
TW/A08
TW/A08
TW/A08

Rober t Lane
John Leng

Bill Long

Si Lyle

Ward MacKenzie
Julius Marcus
Jim Marshall
Bob Nealon

Ken Olsen

Stan Olsen
Stan Pearson
George Plowman
Larry Portner
Franco Previd
Dick Rislove
Joel Schwartz
John Shebell
Jack Shields
Leo Shpiz

Pete Smith
Dick Snyder
Charlie Spector
Harvey Weiss
Jim Willis
Jerry Witmore

MSD PRODUCT MANAGEMENT

Lou Philippon
Mike Powell
Carol Reid
Marilyn Ressler
Tom Sherman

Ed Slaughter
Mike Torla

Ed Wargo

MSD ENGINEERING

TW/A02
TW/D08
TW/DO08
TW/C04
TW/C04
TW/EO07
TW/C04
TW/DO08
TW/C04
TW/C04

Ed McHugh

Dave Potter

Wayne Rosing
Steve Rothman
Dave Rodgers

Bob Stewart

Bill Strecker

Jim O'Loughlin
Peter van Roekens
Linda Wright

MK1-2/B11
MR1-1/A65
ML10-2/A57
MR1-1/M42
PK3-1/A60
MK1-2/C37
TW/A03
MR2-4/F19
ML10-2/A50
MK1-2/C36
ML12-2/E71
ML5-5/E97
ML12-3/A62
MR1-2/E18
MK1-2/L35
MR2-4/M51
MR1-1/S35
PK3-2/A58
MK1-2/H32
MR1-1
MR1-2/E37
ML5-2/A33
MR1-1/M85
MK1-2/H32
PK3-1/M40

TW/A08
TW/A08
TW/A08
TW/A08
TW/A08
TW/A08
TW/A08
TW/AQ08

TW/E07
TW/C04
TW/CO03
TW/D06
TW/C04
TwW/C04
TW/A08
TW/E07
TW/EQ7
TW/EQ7




ctilolitlall INTEROFFICE MEMORANDUM

TO: Design Review Attendees DATE: March 12, 1980
FROM: Sultan M. Zia
pepT: L.S.E.G.

EXT: 6277

LOC/MAIL STOP: MR1-2/E47
SUBJECT: MEETING REMINDER

This memo is to confirm the Venus Technology Design Review meeting
scheduled for Wednesday, March 19, 1980, from 2:00 P.M. to 5:00 P.M., in
the DEC10 Conference Room.

Attached is a copy of the agenda and some reading material on the Venus
technology effort.
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C. MACRQO PLACEMENT CONSIDERATIONS

The Ve current is divided between the two VCC pins. If
an imaginary line is drawn between pin 43 and 9, the VCC
current to the top half of the array comes from pin 60
while the VCc Current to the bottom half of the array is
connected to pin 26. When placing the macros in the array
approximately half should be placed in upper or lower half.
The bias network looks at the current in the lower half to
determine proper bias voltages. In order to maintain the
guaranteed noise margins, the power {(due to VCC current)

in the upper half of the array should be within £10% of

the lower half.
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follower. The library in Appendix A designates all
macro inputs that go to an input follower with an *.
The reason for the compensation network is to insure
that the input will not oscillate due to negative in-
put impedance. No compensation network is required on

macro inputs that are not connected to a bonding pad.

There are 26 possible outputs from the array that must be
connected to bonding pad pins 1 through 24 (not including
pins 3, 9, 15, and 20) and pins 62 through 68 (not pin 66).
[f the array contains less than 26 outputs, then these pins
can be used as inputs. The output emitter followers of the
output cells are located next to these bonding pad pins.
Pins 67, 68, 1, 2, 16, 17, 18, and 19 have two emitter fol-
lTowers at each pad. The driver of macro 016 or Q017 (trans-
ceiver) can be routed from any output cell to one of the
above pins in order to drive 50 or 25 ohm loads to -2 volts.
A1l other macros can drive 50 ohms to -2 volts. Note that

transistors Q6 and Q7 in Figure 9 are actually located near

the bonding pad.

Figure 20 shows the location of the output emitter followers
(OEF) from the output cell next to the bonding pads. Also

shown is the location of the 100K ohm load resistors (L)

3

and the compensation networks (RC).
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B. EXTERNAL PIN USAGE

Figure 10 shows the pin configuration of the Macrocell
Array. There are eight power pins and 60 Togic pins.

The ground, Vgggs for the output followers of the Qutput
cells is separated from the ground V¢g, for the rest of
the logic. The curreﬁt supplied to VCC is rather constant
while the current supplied to Vggg changes when outputs
are switching. The VCC and VCCO pins should be connected
together to a good ground outside the package similar to

normal MECL 10K grounding.

There is an input compensation network and & 100K ohm
input pull down resistor located next to each of 36 bond-
ing pads (pins 24 through 82, not including pin 26, 43,
and 60). There is also a 100K ohm input pull down resis-
tor located next to pins 4, 5, 6, 12, 13, 14, 21, 22, 23,
63, 64, and 65. There is a total of 48 100K ohm input
pull down resistors with each located next to a bonding
pad as indicated above. These resistors can be connected
to thgir respective pad if it is used as an input so that F
an unconnected input pin will automatically be held in a
logic lTow state. The input compensation network should
be connectad to ité respective bonding pad pin if it is

connected to an input
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IV. MACROCELL ARRAY DESIGN CONSIDERATIONS

A. UNUSED INPUTS

Unused inputs in the array will automatically be forced
to a low voltage (logic "0") by the CAD system (the in-
put base is shorted to the emitter). There are no special
provisions for praviding a high voltage (logic "1") on
an unused input. A logic "1" can be generated using a

spare inverter from an interface on major cell.
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The driver of the transceiver macros can drive 25 ohm
or 50 ohm load resistors to -2 volts with a Tow voltage
output, VgL, in the cut-off mode, of -2 volts. The
average power dissipation of the output transistor for
the transceiver driver is 20mw for 25 ohm load or 10mw
for 50 ohm load. The power dissipation of the receiver
follower can be calculated by multiplying 5.2 volts

times the output follower current.

The fan-in for the output macros is shown in parenthesis
(in Appendix A). Normally, the fan-in is 3 for the upper
tree input and 1 for the lower tree input. An exception
is the inputs of the transceiver driver where the fan-in

is 3. The upper tree input normally has to switch 3.5ma,

while the input follower has to switch lma.
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An output (Y1) is also available for driving internal
loads. This output can be selected with an output

follower current of 1 or 2ma.

Figure 9 shows a schematic of the transceiver macro 015.

The current source for the driver is 8ma and the input
follower current is 2ma. A diode is not placed in series
with the input follower of the driver since it is not a
series gated function and soft saturation cannot occur.
The output transistors Q6 and Q7 are located near the
bonding pad and not in the output cell. When the Y out-
Put of the cell is connected to the bonding pad via the
CAD system, the collectar of Q4 is actually routed to
the bases of Q6 and Q7 with the emitters connected to
the bonding pad. The load resistor, R4, is placed out-
side the package. For the receiver,.the current source
is 3.5ma. The Qutput emitter follower current of the

receiver can be selected for 0, l, or 2ma.
The typical power dissipatian, PD, specified in Appendix
A does not include the output follower. Since the Jload

resistor is placed Outside the Macrocel] Array package,

lTated. For 50 ohm terminations to -2 volts, the average

Power dissipation for the output transistor is 15mw.




C. QUTPUT CELL

The 26 output cells are located around the right half
periphery- of the array as shown in Figure 2. The out-
put cell is used to interface to logic outside the chip
by providing 50 ohm and 25 ohm drive capability. The
output cell library (shown in Appendix A) provides macros
with a similar logic capability as an interface cell

(about % the logic capability of the major cell).

Each output cell contains 15 transistors and 16 resis-
tors as shown in Figure 8. These components are connected
together on first layer metal to form logic functions with
one full series gated structure. Two partial series gated
structures can be formed in one cell for the transceiver

macro functions.

The current source for output cell macros 0@l through 015
is 3.5ma. The circuit configuration for a latch is similar
to the interface configuration shown in Figure 7 except
that only one output is avaiTabTe‘and resistor R1 is zero.
The output emitter follower is located near the bonding pad.
The input follower current is lma instead of‘.Sma (R8 and
R9 in Figure 7). A diode, Q13, in Figure 7, is connected
in series with the input follower on all lower level inputs

(marked with *) of macros 081 through 015.
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combinations. Very useful macros like I25, Ip6, 197,
and 119 (where one input is inverted)are not available
in standard logic families. Macros I06 and IP7 together
can be used to form a 1 of 4 decoder similar to M45 ex-
cept an enable Tine is not present. Macros I13 and 114

together can be used to form a D flip flop similar to M31.
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If both outputs are used an output follower current of
.5 or 1ma may be selected in the CAD system. An output
that is not used will not have a pulldown resistor. If
only one output is used a 2ma current can be selected
when driving a high number of fan-ins (>6) in order to
minimize propagation delay degradation. A .5ma current
can be used in non-critical delay paths. Note that the
outputs are actually buffered through the output emitter
follawers (Q3 and Q4) and are naot fed back directly as

shown in the logic equivalent diagram.

The typical power dissipation, PD, specified in Appendix
A does not include the output follower since different
current values can be specified. The power dissipation
of the output follower can be calculated by multiplying

5.2 volts times the output follower current.

The logic power of series gating can again be shown in
Figure 7. The latch can be formed with only one series
gated structure with a logic equivalent of four gates.
Clamp transistors are not required in the interface
macros since collector dotting occurs in only one series
gated structure. All the inputs of the macros in the

Interface cell library have a fan-in of 1. Dual gate

functions are also available in the library in numerous
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tgg, from the D input' to the Q or Q output is 1.3ns
while the delay, tpd*, from the €1 or E2 input to the
Q or §Q is 1.6ns. These values are for a Ilma output
follower current (at R6 and R7) driving a fan-in of 3.
The asterisk at the E1 and E2 input denote they are
connected to an input follower which connects to the
lower portion of the series gated current tree. The
current source is lma which is formed by Q15 and R10.

The bias voltages are the same as the major cells.

The input followers, Q11 and Ql12, have an input follower
current of .S5ma. A diode, Q13, is placed in series with
the input follower to insure that soft saturation cannot
occur when interfacing to signals off the chip under
worst case conditions. The diode increases the propaga-
tion delay by 100ps. Transistor Ql4 is required to

translate Vggl (due to the diode, Ql13) with a current of

.5ma through resistor R9.

For the latch, Q and Q are actually fed back to both
sides of the differential amplifier, Q5 and Q6, in order
to insure reliable operation. The logic equivalent shows

only the Q output being fed back. ODue to the feedback,

a total of 1ma of current flows through R4 and RS.
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B. INTERFACE CELL

The 32 interface cells are located around the left half
periphery of the array as shown in Figure 2. In addi-
tion to input buffering, the interface cells provide
about one-fourth the logic capability of the major cells.
These cells can be utilized for input interfacing and to

provide extra logic power within the array.

Interface cell macro outputs (as well as major cell
macro outputs) can only be connected to internal macro
inputs. These outputs do not have enough drive capa-
bility to drive signals off the chip. Only outputs from

output cell macros can drive 50 ohm or 25 ohm loads.

Each interface cell contains 17 transistors and 13 re-
sistors as shown in Figure 6. These components are
connected together on first layer metal to form logic
functions with one full series gated structure. Two
partial series gated structures can be formed in one
cell for dual gate macro functions. The Interface Cell
Library in Appendix A lists the 14 macros and their
characteristics.

Figure 7 illustrates the interconnection of the compo-

nents to form a latch. The maximum propagation delay,
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Emitter dotting of output transistors forms a wired-0R
logic function. Emitter dotting of up to four outputs
is allowed between cells in the array for a 2ma output

follower current. Two outputs can be wired-ORed for a

lma output follower current.

The fan-in for each input when greater than one is also
specified in Appendix A. For the circuit shown in Fig-
ure 5, the fan-in of all inputs is 1 even though some
inputs go to more than one base. When an input goes to
} two different bases at the top of one current tree, the
fan-in (as far as propagation delay degradation is con-
cerned) is considered to be 1. The reason is that the
input driving the two bases has to switch a maximum of
lma since only Ima can flow into the current source Ql7.

[f an input is connected to two different current trees

(2 series gated structures) then the fan-in is specified

as 2.

The value of series gating can be seen by the logic
equation for the 4 input exclusive QR gate shown in Fig-
ure 5. To implement this function using gates would re-
quire eight 4-input AND gates plus one 8-input OR gate.
Gates also might be required to form the true and com-
p1ement‘of each input. About 40 connections would be

required if gates were used as compared to five connec-

tions for the series gated macro.

R
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The output drive capability to other macros on the chip
is Timited qn1y by propagation delay degradation. Es-
sentially, there is no 1imit due to DOC conditions since
the base current required per fan-in is only 20u amps.
Where performance is a premium a fan out of 12 should

not be exceeded.

The typical power dissipation, PO, specified in Appendfx
A does not include the output follower current since dif-
ferent values can be specified. The power dissipatiaon
of the output follower can be calculated by multiplying

5.2 volts times the output follower current.

The logic power of series gating can be easily shown in
Figqure 5. Collector dotting in the top of the current
tree (such as collectors Q3, Q5, Q8 and d10) forms a
wired AND 1égic function. Transistors-QI and Q2 are
used to clamp the voltage at the bases of Ql9 and Q20
when more than 1lma must be supplied through resistors
R2 and R3. When collectors of two different current
trees are tied together, a clamp transistor is provided
in order to maintain a proper "low" level at the output.
Collector dotting is allowed only within the cell since
any capacitance at the collectors will degrade propaga-

tion delays appreciably.
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in Figure 2 while the master bias driver cell is shown
at the bottom of the array. Vgg tracks with Vgg_to

maintain a constant current in the current source.

The input followers, Ql1 and Ql4, each have an emitter
current of .5ma average for the input at B or D in the
high or low state. The input follower current is about
10% higher when the input is in the high state and about
10% lTower when the input is in the low state. If the
input follower drives two current trees from one input
follower (such as the clock lines of a D flip flop), the

input follower current is normally 1ima.

The output follower current (through R8) can be selected
by the designer for 0, .5, 1, or 2ma if two outputs or
1es; are used per half cell. If four outputs per half
cell are used the current can be selected for 0, .5, or
lma. A 1lma current should be selected if the output is
driving a fan-in of 3 or less in order to maintain the
speed specified. A 2ma current should be selected ‘or

a higher number of fan-ins (>6) in order to minimize
propagation delay degradation. Curves will be available
in the design manua]nshowing the_degrada;ipn_versus fan-
out and output follower current. A .S5ma current should

be used, in order to save power, if the delay path is

not critical.




A. MAJOR CELL DESCRIPTION

The major cells in the array comprise the internal area
on the chip and are used for the majority of the logic
capability. Each major cell contains 52 transistors and
48 resistors as shown in Figure 4. These components are
connected together on first layer metal to form logic
functions with four series gated structures operating on
MECL 10K logic levels. Figure 5 illustrates the inter-
connection of the components to form a 4 input Exclusive
OR gate (half cell of M11). The maximum propagation de-
lay, tpd, from the A or C input to the Y output is 1l.5ns.
This value is for a lma output follower current (R8) with
the output driving a fan-out of 3. Similiarly, the maxi-
mum propagation delay, tpd*, from the 8 or D input to the
Y output is 1.8ns. The asterisk at the B and 0 input de-
notes that each input is connected to an input follower
which connects to the lower level of the series gated

current tree.

Qutputs of the major cell macro can only drive inputs of
other macros within the array. The current source -1
each current tree (in Figure 5) is 1lma which is formed

by Q17 and R6 and_Ql8 and R7. The bias voltages are Vggl=

Y -2.1 volts, and Vgg= -4.0 volts. The 24 siave bias drivers .

wf are showﬁ next to the major cells in three different columns




gates. If dual flip flops, M31, were used in all the
major cells (a total of 96 flip flops at 7 gates per flip
flop) instead of full adders, the array would contain 904
equivalent gates. The application example for 8 X 8 2's
complement multiplier (see Application section) contains

888 equivalent gates with a 93% cell utilization.

Although the chip is large good yields are experienced
since most of the chip is composed of metal for intercon-
necting the macros. The total emitter area of the active

devices is the primary concern in determining the yield.

The macrocell array is voltage compensated so that VEE
can range from -5.2 volts $£10%. Thus, a system designed
with the macrocell array can operate with a Vgg of -4.68

volts resulting in approximately 10% less power at the

same performance.

The maximum operating junction temperature is specified
at 165°C (the same as MECL 10K) with the package capable
of dissipating 5 watts of power. A recommended heat sink
and 1000 LFM of air flow result in a thermal resistance,
9;a> of only 150C/watt. The agpient temperature range is

0 to 70°C. More on the performance characteristics is

discussed in Section E.
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Structual Analysis of Vanus Powar Supply Mounting Schame, Using
Computar Graphic Analysis 4athods.

lacro

sy.t?a Jus2 of computz2r Jraphic wmethods, structual analysis zan 22
35Tomplxsned §c:ucately and 3swiftly comparad co hand calculation methods.
Tals reporc will give an example of a structual problem, how it was
modalad and show the results obtained.

Strustur=23 Problen

[ha Venus Power Supply will weijh appromimatzly 139 »20ounds. During
a typizal drop tast (JEC STD 1902), accelerations of 49 to 23 g's
ara encouat2ra2d. The mounting support for th2 Jower su»ply wmust, th2n, D2
adla to witastand 2930 lbs-force. N

Fh2 mounting support (shown in €igure 1) consists of Eou

»
IQ th2 Eront and in tha back th2 I[-beams will be conazctad tojathar
wita steel strips. Th2 I-beam cross saction with dimensisns is shown
Delow.
A
[ f :
! v
.. -
R/ ! } . . 5/ - A i ) N
WS E 3 T - e T
9
1 1 25"
W J v
% 4
l2s
fae lanjyth of 2acn I[-b2am is 42 incha2s and taz axas of the D2ams ara2
s2peratad Erom top to bottom by a distanca of 7 incha2s. Thz2 c2nterline
of tae beams in tne front are 14 3/4 inches from th2 cantarlinas of the
D2ams in che back.
10d2ling
I'o simplify the configuration, a mod2l consisting of the front half
of the powar supply mountcing dracka2t was sonstructad. SZa2cause of th2
limications of the jrapaics input of the computar the <Iross saction o€

caa odeam was sguarad off....



o Lol
| P
< -
A
‘] 1-
| | 25-” I
r — ’ !
1 i I
1
' o
3 25 boa
.
1 "asn 4
J
T-kceqm C¥S3i3 Z2.TOA 32— mmgoel

M2 length of the b2ams is 42 iaches and they ar2 s2peratad oy
7 inches. A jraphics display of th2 model constructad is shown
in figura 2.

2 mod=1 can be constructed by two graohic methods. Th2 first
consists of drawing th2 mod2l from a top and sida siaw, dividing
it into sevaral e2lements and inputing tha aodes of tha 2laments
#ith aa 2lectronic digitizer.

[n the second method, a series of bricks can be cons:-ru-tad 2y
ca2 computar (the dimensions of which arz input by tha us2r) and
th2 Dricks can oe combinad using intarastive jrapaics, zonstructing the
anodal.

In Figura Ch2 Deam 3uPpPorts ara shown Sy up arrows and tha loa
wn Oy down arcows. Th2 locations of thase supparts and loads wera2
phically input and the magnitudes of tha far-23 ware tyoed in. ™

ERE
Jrag
forces wara2 onae nundrad Qounds 2ach, toctalling 1797 oounds.

R2sults

Tha2 computar program usas a finits 2la2ment mathod to calculatse
Jdisplacemants and rotations £ar each node Point and stresses for
2azan Drick elamant., Examples of the SomPuUtar output ar2 shown in
Figuras 3 aand 4.

Th2 results indizate that tae highest
[-beams is about 4337 @si. The aighest st

5 luminun
ras
Bars is about 5990 psi. 3oth of these strass
ors

2 A
g2l conneeting
2 £

inu

o]

0

o

(o

Lo thna
Jam I-b=ams

-

Sd9anecting areas betwean thie stz2el connect
aad tae walls and aluminum I-beams.
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[
(1]
7}

~
w




M2 larjest deflections occur at the zenter of tha structure
and aave wagnictud2s l2ss than .05 iaches.

Conclusiogs

he tensile scrength of the aluminum alloy usad is about 43,997 psi.
A consarvative estimata of the yield stranjyth would be about onz-half
Of chis, or 23,d99 psi. Since the nighest stress 2ncountered in
the aluminum I[-beam was 49930 3si, the safaty faztor is 5.

For the steasl conna2ctors thz
2Si, and tne yield strz=ngth is a2st
in saf2cy factor of about 7.

tensile strength is about 75,739
imated at 33,993 psi rasulting is

f'hese safety factors ar2 guite high and w2 f22l comfortab
~with the capabilities o»f th2 mounting susport. Th2 aigh safat
factors indicate, also, that a radustion in the [-beam cross s
is possible. Analyses similar to this oa2 may be donz quitea
2asily to find the smallest cross saction that will supoort thz
Jow2ar supply.

John Druke
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11
12
13
14
15
16
1.7
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
3b
37
38
39
40
41

[ DT SPL
LOAD CASE 1
X-
TRANSLATION

—
CSCOX LT U o w ) —

0.0000E=01
2.7090E=-04
2.2800E=-04
2.2358E-04
0,0000E=01
2.0353E-04
0.0000E=01
-1.7928L=-04
0.0000E-01
0.0000E=01
=1.0834E-04
0.0000E=01
=1.8605E-05
C.0000E=01
0.0000E=01
3.8924E=05
6.7817E=04
1.0307£=-03
9.9939FK-04
Y9.,0964E=04
6.5141E=04
B8.3745E-04
1.0935E=04
6,6548E-04
=1.4575E=-03
~9,4548E-04
~0.4298E-04
-“1.1684E-03
“4,5186E-04
=9.5317FE=-04
=5.,7978E=-04

=3.9997FE-05

71.9780E=04
3.9600E=04
3.2209E-04
9.1664FE«04
1.6368E-03
1.3708E=03
1.18B92E=-03
9.3995¢=04
1.0045E=04

AC E M E H ]

Y-
FRANSLATION

0.0000k=01
=1.3075E-05
-2,1895E=05
-2.,1910E=~05
0,0000E=01
“1.3813F=05
0,0000E=01
2.709n0E=05
0.0000E=01
0.,0000E=01
2.4102E=05
0,0000E=01
1.94604E-05%
Q.,C000E=01
0.,0000E=01
6.,1171E=0b
-4,8847E-03
-4,8974E-03
“4.,1618E-03
-3,5909E=03
-2.8490kE<-03
-2.8552E=03
~4,1510E=03
-3,5827E=03
-2.8250FE=03
-2.,8112E=03
=3.,5775k«03
-3.,5840F-03
=3,1427£-03
“34.,1483k=03
~4,8389E=03
=4,8312=-03
-1.,8762E-02
-1,8870E=02?
=1.94848kE~02
=1.3645F=02
“1.3044k~-02
“1.1858E=02
“1.0454E=-02
“H.6204F=03
=n,0310k~=03

o
(e}

/

koo T A

7.
TRANSLATION

0,0000E=01
2.0730E=05
9.,5025E=07
-3.7832£-06
0,0000E=01
“2.44849E=0%
0L,0000E=01
2.5873E~05
V.0000E=01
0.,0000£=01
=9,9013E=07
0.0000E£=01
-7.76851E=06
0.0000E=01
0.0000E=01
=1.7535E=05
3.4500E-04
-6.4539E~-05
-8,8806E=05
~1.0424E-04
2.8572E=04

=1.200lE=-04.

3.1733E~04
1.0366FK~-04
1.9810E=03
1.5450E~03
1.5293E=03
1.9413E-03
1.5195E=03
1.9128FE=-03
1.8B75E=-03
1.5135E£=03
l.3411E=-03
=3.3304FK=-03
“3.3395kK~-03
1.6709K=-03
6.8229E-04
6H.8120E~-04
6, 7829E=04
H.8115E=04
1.7011E=~03

Y-
RUTATION

0.0000E=01
0.0000E=-01
0.,0000E=-01
0.,0000E=01
0.0000E=01
0.0000E=01
0,0000E=01
0.0000E=-01
0.0000E=01
0.0000E=01
0,0000E=-01
0,0000F=01
0.,0000E-01
0.0000F=01
0,0000E=01
0.0000E-01
0.,0000£-01
0,0000E=-01
0.0000E=01
0.0000E-01
0.0000E=01
0.0000E£=01
0.0000E=01
0,0000E=01
0.0000E=01
0.0000E=01
0,0000E=01
0.0000E=-01
0,0000E=01
0, 0000E=01
0.0000E=01
0.0000E=01
0.,0000E=01
0.0000E=01
0.0000E=01
0.0000E=-01
0.0000E=01
0,0000E=01
0.,0000E=01
0.0000F=01
0.0000E=01

Y -
ROUTATION

0.0000E=01
0,0000E=01
0.,0000E=01
0.0000FE=~01
0.0000E=01
0.0000kK=-01
0.0000E=-01
0,0000E=01
0.0000E=01
0.0000E=01
0.,0000E=01
0.0000E=01
0.,0000E=01
0,0000E=01
0,0000E=01
0,0000E=01

. 0.0000E=-01

0.,0000E-01
0.0000E~01
2.0000E~01
0.0000F=01
0,0000E=-01
0,0000E-01
0.0000E-01
0.0000E=0"
0.0000E~-01
0.0000E=01
0.0000E=-01
0,0000F=\ 1
0.0000E=-01
0,0000E=01
0.0000E=-01
0,0000E=-01
0,0000F=01
0.,0000E-01
0,0000F=01

0.,0000E=01

0,0000r=01
0.,0000E~-01
0,00008-=01
0.0000E=-01

Z-
ROTAT PO

0,0000Fs 01
0,0000%=01
0.,.000E=01
0.,000CE=01
0,000(E=01
0,00V0E=01
0,00C0E=0O1
0,0YO00E=0}
0,0700E=01
0. ‘000F=01
0,7000E=-01
0.(000E=-Q1
0,0000kE="1
" 0000E=11
G,0000k~G1
t .0000E=~01
0.,0000E-01
0.0000E~-01
0,0000E=01
0.0000E=01
0,0000E=-01
0,0000E=-01
0,0000E-01
0.0000E=01
0,0000E~0"!
0,0000E=V1
0,0000E=111
0.,0000E="1
0,0000%="y
0.,0000%=C1
0.000% =01
0,00Vt =01
0,009 =01

0.0090CE=01
04 ViOLE=01
0.0 0E=-01

0.7"00E=01
’«(000E=01
'.L000E=~01
L 0000FE=01
'.0G00E=0]
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FLEMENT

13

14

LOAD

n),

[ 1Y 3 F

FACE

0

u

0

-2.06272FK+03

-5, 04 +02

Q. .n9r +01

T.1T7E+02

b.dBE+02

1.270 403

-2.,09E+03

-7 .50 ¢0 1

3.9 /r 402

JeOlr 07

Vo1 /7b.¢407

ot ¢ 3

—

«HZF+01

—

s IHF+U3

SITG=YY

-1.73E+07

1.28E+072

-7.80K+01

8.40E401

=3.87t401

1.0k ¢4

-1.70E+072

1.34F+02

-3.508+01

.Y +00

b 9T+ 0]

ety T +01

-R,23E+01

=5,43kK¢+0]

D207

?fd.¥/

S1G=27
=3.81tE+02
1685k ¢t07
“B,35E+01
T.20E+01
’Q.thool
1.21c¢91
-3.55E4+02
1.65r4072
K, HB8k U]
H.149F+ 060G
=n,3hb 4]
ne3F 0
~Z2.0nb vy

=339t +00

SILG=XY
=2 bk 402
2,30k 02
-3.4960F+01
Z2.130+02
T.81E400
J.uBEtUl
=2.64FE402
J.28BE+01
=72.14E+0C7
9,40k +01
~4,83k+01
_g.10L+ul
2.4 1ER+02

VAR IR I OR VR |

51G=Y2

l.OUE+02

-2.15K+01

9,3517+4¢00

1 .09k +01

-1.1%E+01

3.93K490

-1, 70FK+01

=2.471E+01

-9 ,02E+01

-7 .59k 400

3,178 401

-7T.90F 400

~T.33E+0]

2.0+

2otk 402

-1.87E4+01

1.78E+02

3.4 3E+Q0

=l.4uk+01

Terv 3k +01

2.99E+02

ZoehHabk+02

1.O03E+02

o dUE+G7

‘/.'/(.l"f‘;]

1,249 +u2

=l habiru?
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The following is a layup of a 2088 CPU Backpanel and a Venus CPU /=@

backpanel:

L1

L2

L3

L4

L5

L6

L7

L8

L9

L19

L1l

L12

L13

L14

L15

L16

(signal)

(grd/pwr)

(grd/pwr)

(signai)

(signal)

(grd/pwr)

(grd/pwr)

(signal)

(signal)

(grd/pwr)

(grd/pwr)

(signal)

(signal)

(grd/pwr)

(grd/pwr)

(signal)

/1117777777 /777
[11777177777777

/1171777777 7777
/17777777777777

/1171177777 7777
[17117777777777

/1177777777 7777
/1177117777 7777

/111717777 77777
/1177177777 7777

[11111777777777
/11/11177777777

/1717777777777 7
111177777777 777

/11117717777 //777
/1177117777 7777

- e w ww am = - -

Page 3

2 oz Cu
FR4 10 mils +/- 1.0

2 0z Cu
FR4 6 mils +/- 2 mils
2 oz Cu

FR4 16 mils +/- 2

1l oz Cu

FR4 3.5 mils +/- .5
l oz Cu

FR4 16 mils +/- 2

2 o0z Cu
FR4 6 mils +/- 2 mils
2 oz Cu

FR4 16 mils +/- 2

1 oz Cu

FR4 3.5 mils +/- .5
1 oz Cu

FR4 16 mils +/- 2 mils
2 oz Cu
FR4 6 mils +/- 2 mils
2 oz Cu

FR4 16 mils +/- 2

1l oz Cu

FR4 3.5 mils +/- .5

1 oz Cu

FR4 16 mils +/- 2 mils

2 o0z Cu
FR4 6 mils +/- 2 mils
2 oz Cu

FR4 10 mils +/- 1
2 oz Cu

©




Board Impedance: All signal layers are to be 55 +/- 5 ohms. (ECL)

Board information:

Finished Board Size:

Venus: 17.8" x 16.3"
2984: 17.8" x 22.93"

Finished Board thickness: 186.9 +/- 23.5 mils

Rlated-thru-hole size: 40 +3 mils, -4 mils,
A press-fit pin connector (AMP) will be used on this

backplane.

Dielectric constant: I assumed a dielectric constant of
4.5 at 50 MHz for buried signal layers,
4.7 at 50 MHz for surface signal layers.

Etch line width: Ll and L16: 14 +/-1 mils
Buried signal layers: 190 +/-1 mils

Estimated number of pin to pin connections:
Venus: 2720
2080: 4140

Estimated number of connector pins on the backpanel:
Venus: 6120

2080: 8000
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VENUS é

The following is a layup of the/2988 Memory Backpanels:

L1 (signal) = ==eee——ec—————— 2 oz Cu
11117777/ 77777/ FR4 19 mils +/- 1.0
/1777777777777 7

L2 (grd/pwr) = @ memeeeemeeee— 2 oz Cu
/1171777777777 /7 FR4 100 mils
LHLTTLLLLL T4

L3 (grd/pwr) = @ mmmmmmmmmmmmao 2 oz Cu
/1777777777777 7

' 1117777777/ /7777 FR4 10 mils +/- 1
L4 (signal) = = = = = = - - - 2 oz Cu

Board Impedance: All signal layers are to be 55 ohms +/- 5 ohms (ECL)
Board information:
Finished Board Size:
2080: 17.8" x 9.47"
Finished Board thickness: Minimum Board Thickness of 93 mils

Plated-thru-hole size: 40 mils + 3 mils, -4 mils
A press-fit pin connector is to be used on this backplane.

Dielectric constant: I assumed a dielectric constant of
- 4.7 at 50 MHz for surface signal layers.

Etch line width: 14 +/- 1 mils




The following is a layup of the 20808 and Venus I/0 Backpanels:

L1 (signal)

L2

L3

L4

L5

L6

L7

(grd/pwr)
(signal)
(grd/p%r)
(grd/pwr)
(signal)

(grd/pwr)

L8 (signal)

Board Impedance: 80 ohms

Board information:

Venus:
2080:

Finished Board thickness:
Plated-thru-hole size:

Dielectric Constant: I assumed a dielectric constant of

Etch line width:

111117177777717
/11111777117717
J11111717777717
111111117717717

LALLLELT LT
/17711777777777
/111171711 77777
/11111777 177777

/117171177 7/777
[1/111117777777

/111771777777 777
/117177717 77777

- —————————— - —

/1117711777 /77/77
/117111777 /77777

(TTL)

Finished board Size:

31" x 17.8"
9.5" x 20.5"

4.7

8 mils +/- 2 mils

2 o0z Cu
FR4 15 mils

2 oz Cu
FR4 20 mils
1l oz Cu
FR4 20 mils

2 oz Cu

FR4 19 mils
2 oz Cu

FR4 20 mils
l oz Cu
FR4 20 mils
2 oz Cu

FR4 15 mils
2 oz Cu

135.6 mils +/- 14 mils

40 mils +3 mils, -4 mils

Page 6
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!'digital!!l INTEROFFICE MEMORAND

DATE: July 9, 1979
FROM: JOHN HACKENBE
DEPT: L.C.E.G.
EXT: 6146
LOC: MR1-2/E47

TO: Distribution List

Subj: Number of MCA's per Extended Hex Board for Venus

The following method was used to determine the component co
an extended Hex module. This method is used by Andy Matt
determine component count for any given type board, but I m
it to handle termination of ECL signals.

The method goes as follows:
A) Determine what components go into a cell. A cell

case of the MCA consists of one MCA, two bypass capacit
-5.2 wvolts, two ten resistor networks, and four

u M

RG o

unt for
hews to
odified

in the
ors for
bypass

capacitiors for the resistor networks (for -2.0 volts). See

figure 1.

B) Determine the number of channnels that are needed
"X" and "Y" directiens. The etch connection length
cells is one horizontal and one vertical channel.

1) For 58 mil etch spacing (center-to=-center
spacing), assume that 50% of available channels are
when routing a PC beoard. Therefore, from the
spacing and 50% utilization of availablzs channels
is 1 channel per ¥.1 inch for signal connections.

2) Determine the number of signal connections that
routed between cells. First, sum up all components
pins, multiply by 8%, and multiply by 2/3 (equatio
This gives you the number of channels or
connections between cells. For ECL logic which ¢
terminators, count the number of terminators per c

in the
between

etch
usable
56 mil
, there

must be
(IC's)
n (1)).
signal
ontains
ell and

divide by two (equation (2)). This converts terminator

connections within a cell to eqguivalent cell
connections. Terminators on ECL boards have their

to cell
source

located within the cell. Sum up the IC signal connection

count plus the -equivalent terminator signal

count

(equation (3)). This is the number of channels needed in

each "X" and "Y" direction.
(1) Pic * 3,8 * 0,665 = ce

(2) Tr / 2 = Cr

(3) Cc + Cr = Ct

&




For an extended hex module having 4 signal layers, 30 MCAs can

Page 2

Pic = Total number of IC pins per cell

Cc = Channels per cell for ICs

Tr = Total number of terminators per cell

Cr = equivalent cell to cell channels for
resistors

Ct = Total number of channels per cell

C) From the cell size, you know how many channels are
available wusing a 50% utilization of all channels. Remember
that you need the same number of channels in each direction,
le" and IIY".

D) For a given number of signal layers, the following 1is the
process for determining how many components that can be placed
on a given board.

1) Determine how many signal layers you have available for
eacn routing direction. This is usally one-half the total
number of signal layers for the board being used (equation
(4)). Divide the number of layers in a given direction
into the number of channels that are needed for routing in
each direction (equation(5)). This gives you the number
of channels per signal layer. Neow figure out how much
board real estate 1is needed (using 50% utilization of
expanded cell size) for the new cell size. This procedure
must be repeated for the other direction.

(4) ct / 2 =2¢C1
{5) Ct / Cl = Cpl
Ct = Total number of channels per

cell per routing direction

Number of signal layers per given routing

direction

Cpl = Number of channels per layer for a given
direction

cl

2) An extended hex board has 168 square inches of routable
real estate. Subtract from the routable area of the board
the real estate required for a stiffener and storage
capacitors. The remaining board real estate is the area
in which components can be placed. Divide the cell size
from paragraph D-1 into the remaining beard real estate,
this gives you the number of component that can be place
on a given PC board.

Ra / Ca = No. of components per board

Routable area in square inches
Cell are in square inches

Ra

Ca

be
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routed on the board. If the extended hex nhas 2 signal layers,
then only 1¢ MCAs can be routed on the board.
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! d 1 3 1cal ! INTERDIDEFEFICE MEMORANDUM
e +

DATE: Feb., 3, 1983 Qy
FROM: JDJHN HACKENBERS
DEPT: L.C.E.Gs

EXT: 5135

LOC: MR1-2/E47

'2: VENUS Tachnical Distribution List

Subj: Number of Ground Pins Reyuirad Por Extandad TRI vodula for

19K ECL Logic as used in the VENUS Systen
gitanded TRI Doard is the sam2 physical dimension as th2 CO4ET board
which has  tnres finjer paddlazs instz2ad of six as does the 2xtandad
n2k. Ihe 24tended TRT will be used in th2 Vanus systan.

nunber of ground pins na2ada
ollowing formulas:

3.25A + 3.53 = N

e
[}

)

Number of 5
in the sa
cther.

J eam fingyer pins
me diracticon and wi

3 = Number of 25 obm finger
i same diracticn and w

fotal number of jround pins na:
oom fingar pins which ares swi
d

d=24 for 59 and 25
vi same
ireaction and wichin 3 ns of

22
tzhingy in the m
2ach othar.

If N 2xc2eds 53, then the number of Jjround pins na=2dad is

Y = tae number of additiornal jground pins n2ed=2d for a jisar
nmodul e,

[he additiornal jround pins must be avenly distributad across the
finjyar pins.




£or cwo signal layer pc boards which will contain only TTL legic

b (
ciue following component density may be e
Package size (WIDTH) omponent Density (Component area)
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25 PIN DIP (J.3") 105 (L.2" x 1.0")
24 PIN DIP (3.3") 30 (1.5 X L.2%)
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A 33 mil grid is used for routing the board with 2ight mil wide

L four sijnal layer boards are usaed, then the component density
for TUVL 2C boards is as follows:
Package s1ze (WIDTH) Compon=2nt Density (C:nponent area)
14 PIN DIP (3.3") 2773 (L.C" ® 7.5")
15 PLd DIP (7.3") 247 (Ls 1" X 9.5")
20 PIN DIP (9B.3") 175 (L.3" x 9.5")
22 2Id DIP (J.5") 114 (1.5 X 0.3%)
23 PIN DIP (J.35™) 95 (L.7" X 2.3")
NUTE y rodting test should be don2 to verify the above component
dznsity <£for a four signal layer board. I have ae plans of dolng
3 - - - = =i =1
cals routcing cest unlass somecone is going te us2 3 four  Signal
layer beoard for TTL.
fo decerming component density for a mix of Jdifferent types of
] S ~ ) - sxfAatb F ' oy
:anfon vacs, determine the amount of nacessary real 2statz from the
omponent area Lor zach package siza2. The sum of th2 component
Czal 2stcace ar=2as shall not =2xceed 150 square 1ncaes.
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COWPONENT SIDE VIEW
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For a single medule, the slot number is 21liminatad.

325 ~

Paddl e—d l
pin




Allocation of finger pins fer VENUS modules:
1) 282 finjer pins available
2) 12 pins resarved for +5.0 Veolts

Standard +5.0 Volt pins are

AG3 AC4 AS1 AD2
393 334 851 392
Ca3 Ca4 £91 92

3) 33 pins res2rved for standard ground pins

Standard Jround pins are

AJdl AQ7 Al3 Al5 A23 A33 A43
AS51 A51 AT72 A79 4372 294

391 313 315 323 333 3473 351
851 372 379 332 394

oF Gl3 Cl1l5 c23 33 c13 51
C31 C72 c79 C32 <83 924

A

P
Loy
ts, A

4) One pin is reser
i ra

O
(VSIS

5) -5.2 V and -2.9 V are distributad using AMPS pow2r contacts

.....

5) Ther2 ar= four larjy2 ground distribution contacts, =aguivalent
to 12 ground pins. Tharzafore, 2ach 2¢tanded TRI board nas an
eyuivalent of 59 ground pins.

7) If no additiecnal ground pins (fingar pins) re n

) a eaded on a
jivs2en medule, there ar2 239 finjer pins availabl2 for siqr

4
jral T1/2.
It should be notad that the medule to be usad in the VENY3 has 23
ulfférent. finjyer pin nom2nclature then the 2xtandad hoax modul2, 1.2,
use DECA instead of DEC in SUDS. Th2 rnomanclatur2 is as fFollaws:

Thare arg threz I[DENTICAL "paddles" labelad "A", "3", anpd "
with 94 "finger pins" labelad 1 thru 94. 0Odd numberad S0

C"
L S
side 1 and 2ven nunberad pins are on side 2 of modul 2.

Pins labeled AG235
Paddla—J
S5lot

Pin
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ta2a 19 1 &g k4 I NTEROJDFFICE 154 O RANDUY A
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DATE: Dec. 17,197¢ Y#
TROM: JOHN HACKENBERG J
DEPT: LaCsEiGa
EXT: 5105

CC: MR1-2/E47
’U: Venus dardware Enginzzaring
SuDj . component Density for Vanus TTL PC Boards

ax module with two siynal layers,

wil2n a 2C board contains both TiL and ECL logic, tne IDEAS routar
wii. allow only one 3Jrid in auto routing. Thera2fors, a fifty mil
Jrid 1ls cequired for botu TTL and ECL logic.
I'TL Component Gensicy f£or a PC board with ECL on it
Packaye slzz2 (WIDTH) Component'Dz2nsity (Component area)
14 PLd DIP (9.3") 171 (L.8" % 9,8"%)
15 PLN DIP (9.2") 153 (Lol™ % 3.9")

2y PIN 2P (J.3") )1 {la3" % 1.1%)
24 PLd DIP (J.5") 55 (L.5" X 1.3")
23 PIN DIP (03.35") 59 (L.7" X 1.5")

Componant density Efor ECL when using a two signal layer beard.

ackaje size (WIDPMH) Component D2nsity (Component area)

15 PIN DIP (J.3") 135 (L.1" x 7.3

25 PIN DIP (U.5") 36 (L.3" X 1.3")
Componuenc density for ECL ta<es cterminacors and DYpass Capacitors
inco consideracion. A 15 pin dip has three termlnators po2r pPaAckajese
g a 23 pin dip allows for for 5 terminators per packagae.

)
Ui

~ = I 13~ i ~ ~ Vol ¥ 1 - Hy 0 16 “ .
CCL zau ML loyicz mus rom zach otner by J.15 1nzhe2

o
w2 roudting cae PC board.




Page 3

Example calculation for component density:

50 RAMS (24 PINS) Cell size: 1.5" x .6" = 45 sq in.
Terminators for RAMS
Assume you need 5 terminator packages

Cell size: 1.2" x 9.5"= 3 sq in.
19 10K parts Cell size: 1.2" x 1.5"= 9 sq in.
57 sq in.
Available area remaining for MCAs
150 sq in.
= 87 sq in.
93 sqgq in.

Each MCA requires 5.29 sq inches.

Therefore, 93/5.29 = 17.6 MCAs

The 17 MCAs is reduced to 15 MCAs when the clock driver and etched
delay line are added to the module.




D)

E)

F)

Page 2

Terminators:
10 per 16 pin DIP
Cell size: 1.2" x 9.5"

10K ECL:

No MCAs or RAMs

160 ICs/module

16 pin DIPS plus bypass capacitor

Includes terminators

Cell size: 1.2" x 1.5"
Includes 2 16 pin IC (DIPS) plus
a 10 resistor terminator package

Partitioning of logic must allow for a maximum of 2390
signal pins/module.

Assume that the CLOCK DRIVER and ETCHED DELAY LINE
occupy the equivalent space of two MCAs.

Each MCA size equals 2.3" x 2.3".

Maximum power per extended hex module is limited to 170
watts.

No more than 35 watts in any one column as air blows
across components.

Refer to Cliff Lupien memo on cooling of modules for
placements of MCAs and other components on the modules.

MCA = 5 watts
RAMS = 1 watt
10K = 8.25 to 8.5 watts

Board Density:

Boards which have MCAs require the module next to it, on
the component side, to be on 1.0 inch centers.

Boards which have DIPs require the module next to it, on
the component side, to be on a minimum of 8.5 inch
centers.

To determine component density for a mix of different types

components,
cell size given above.

not exceed 150 sgquare inches.

determine the amount of necessary real estate from the
The sum of the component real estate shall



!'digital! INTEROFFICE MEMORANDUM

DATE: July 17, 1979 ~ 1|
FROM: JOHN HACKENBERG \5j3>
DEPT: L.C.E.G.
EXT: 6106
LOC: MR1-2/E47

TO: Distribution List

Subj: Component and Board Density for Venus (&CL)

Component density on a extended hex module with four signal
layers, an eight layer board, is as follows:

Assume the the following:

Module size: Extended Hex
Number of signal layers: 4
Routeable area: 150 square inches

A) 30 MCAs per Board
No RAMs or jelly bean ICs

Includes bypass capacitors, and two
16 pin (DIP) terminator packages per MCA
Each terminator package has 14 resistors

DOES NOT INCLUDE THE CLOCK DRIVER AND ETCHED DELAY LINE

B) RAMS (lk by 4)
No MCAs or jelly bean ICs
RAMS:
24 pin (DIPs) plus bypass capacitors
168 RAMS/Module
No CLOCK DRIVER OR ETCHED DELAY LINE
NO Terminators included
Cell size: 1.5" x 8.6"
Terminators:
13 per 16 pin DIP
Cell size: 1.2" x @g.5"
C) RAMS (4k by 1)

No MCAs or jelly bean ICs

RAMS:
18 pin (DIPs) plus bypass capacitors
240 RAMS/Module
No CLOCK DRIVER OR ETCHED DELAY LINE
NO Terminators included
Cell size: 1.2" x g.5"

el L R R e e e




INTEROFFICE MEMORA NDUM

b —— . —————
1 digital
o ————————————
TO: John Belanger .
G. Sankar
Subj:
2089

This document specif
boards for

each system.

I want the Acton Board Technolog

Venus

ies the preliminary
and 2080 along with the backpanel specifcation for

y to comment on

1980
JOHN HACKENBERG
L.C.E.G.

6106

MR1-2/E47

DATE: Jan. 16,
FROM:
DEPT:
EXT:
LOC:

Preliminary PC and Backpanels Board Specifcations for Venus and

requirements for multilayer

the layups of each

board type and return the comments to me as soon as possible.

Note:
and
can be defined to obtain the cor

'8 Stage'

Acton must specify
material for the backpane
rect impedance

the correct dielectric constant of the
1s so that more accurate layups

core

for the backpanels.

The following layup is for Venus and 2089 PC Boards:

Ll
L2

L3

L4

LS

L6

L7

L8

Material:

(pads)
(signal)

(signal)

(ground)

(power)

(signal)
(signal)

(pads)

Speciél ground

which need to
Board Impedance:

Base material shall m

- ——— ———— - — ——— —
- - wm e ww  ww - ==

/1111111171177 7
/1111171117117777

/11111171 77/717/
/17111111117117

117111111771117
/111111117177177

- - s ww ws = s ==
-— 2w @ s wm wm = =

3 oz Cu

FR4 4 mils +/- 1.0
1 oz Cu

FR4 3.5 mils +/- .5
1 oz Cu

FR4 10 mils +/- 1.0
3 oz Cu
FR4 6 mils +/- 2.0

3 oz Cu
FR4 10 mils +/- 1.0

1 oz Cu

FR4 3.5 mils +/- .5
1 oz Cu

FR4 4 mils +/- 1.9
3 oz Cu

eet UL 94V2 or better requirements.

and powér distribution pads are used on layers 1 and 8
be gold and nickel plated.
55 +/- 5 ohms (ECL)



Page 2

Board information:
Finished Board Size:

Venus: Extended Hex
2080: Extended Hex

Finished Board thickness: 54 to 78 mils

Plated-thru-hole size: Standard hole size will
be 40 +/- 3 mils

Dielectric constant: 4.7 +/-0.4 at 5@ MHZ

Etch line width: L2 and L7: 18 mils +/- 1 mil
L3 and L6: 12 mils +/- 1 mil




MCA PACKAGING FEATURES

CHIP CARRIER

- 68 1/0 LEADLESS TYPE "A" (50 MIL t_ )
- DESIGNED FOR USE IN SOCKETS

- 8J6ﬁ=4°C/ WATT FOR MCA DIE SIZE

GOLD OVER NICKEL OVER REFRACTORY METAL
KEYED CORNER FEATURE

2 LAYER & 3 LAYER VERSION

GLASS FRIT SEAL

SOCKET

STANDARD GRID PINNOUT (.1” ¢_}
SOLDER TAIL

TOPSIDE PROBING

100 em CONTACT FORCE

15 8. COVER CLOSING FORCE

KEYED TO CARRIER AND P.C. BOARD
,003 F/100 wrs. CONTACT FAILURE RATE FOR

STRESS RELAXATION a T. = 68°C
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MCA \W1ITH SOCKET

Veco - PIN 3
NOISE IN  MILLIVOLTS
PIN &6 A B -
CONDITION STMULATEPMEASURED |SIMUOLATEDISI MULATER STMULATE D MEASURED]

PIN & LON \05 190 710 650 w20
SWITCHING PING V2,4 5,7, 8

PIN & HIGRK \95 a5 73%¢ 7oL LO7
SWITCHING PINS L2457 8

PIN & SWITCHING % ns qq [Ne)

PING L2,4,5, 7,8 NLIGRW

SWITCRING PINS 42,4,5,4,78 X 233 777 N

PINS |, 2 S\WITCRHING Qo 297 385 227

PINS 4.,5,6,7, % HIGH

PInNS ',2 SWITCHING L}-S Bio 3—’q 220

PInG W,5,7,8 HIGH | PIn & LOW

PINS 2,6 HIGH 75 380 262 19

PINS W4/ 5,7,8 SWITCRING ]

PInS 4,2 HI1GH , PIN & LOW WS 385 3572 205

PINS 4,5,7,8 owrTewine | | | ]

———1 BONDING
[ A WIRE cpie

MEASURED AND SIMULATED NOISE FOR PIN G ‘ o { CArRIER
MC
CIMULATED NOISE AT PormTs A B, FOR Neo Pin 3 ‘-\bxt'. B C /sockﬂ
PlN




DISTRI RUTION OF NOISE

BONDIN 6 WIRE CALP CARRIER | S0exeT PIN
CONDITION A-B (Mv) A B-c (mv) y ! c | %
PIN &6 LOW 20 Y2 260 2¢6.6 420 oq.2
PINS 1,2,L4,5,7,8 SWITCHING
f PIN &6 HIGH 2 b G 297 +0.2| wo7 | s55.2
| PINS 1,2,4,5,7,2 SWITCHING
’ PIN & swiTewmiNG ) 13.9 29 22.9 60 2.2
i PINS L, 2, u, 5,7/% HJGH
| - -
| PINS 1,2.4,5,7,8 SLITCAING 56 6.7 2 27.7 L6 S5.6
PINS 1,2 SWITCHING Wy 2.5 156 29.2 227 572
PINS 4,5 £,7,8 RIGH
PINS L2 SWITCHING 21 7-5 56 28.7 220 52.%
PINS &,3,7,8 NXGH  PIN 6 Low
PINS 12,6 HIGH '8 b7 163 42,9 199 52.1
PINS &,5,7,% SWITCHING
PIne L MIGH PINg Low | 233 %-5 7 22.3 208 53.2
PINS +,5,7,% SWITCHING |

NOISE TN ™MILLIVOLTS AND PERCENTAGES

BY BONDING WIRE, CHIP-CARRIER AND S0ckET, ©N

GENERATED

Veen PIN 2R

AV




MCA

WITH SO0CKET

Vee PIN GO
NOILSE IN MILLIVOLTS
A B c

-~ CONDITION SLMULATED|SIMULATED [SIMULATER MEASURED
PIN & LOW 19 127 75
SWITCRING PINS 1,2,4.5,7, 8
PIn G HIGH 23| 224 s
SWITcHING PIng L2,4.5,7, % |
PIN & SWITCHING 52 W% 22
PLNS L 2,4%,5,7, 8 HIGH
SWITCRNING PINS 2 4,5¢,7% 227 272 \70
PINS 1,2 SWITCHING 7 nq -
PINS W,5,6,7.6 HIGH
PINng 1,2 SwWITCNING we na -79
PINS w87, RIGW, PIN bLOwW |
PINS L.5,7,8 SOITCHING -
PINS 1, 2 Hl(s‘\, PInd & Low) |¢“+ \65 ‘OS
PINS 4,5,7, 8 SWITCHING

SIMULATED NO1ILE AT POINTS AR c FOR Ve PIN &0




DISTRIBUTION OF NO1SE

\/cc PIN 60
BONDLNG WIRE | CRLP CARRIER| SOLKET PIN
5 CONDITION A<B (v Do |B-ctw| Y c vl %
. PIN 6 oW 22 e 52 4.9 75 50.2
| PINS 1,2,4,5,7,8 SWITCHING
1 PIN & H1&W 57 20.3 79 28.1\ 3 51.6
l PINS 1,2,4,5,7 8 SWITCAT NG
} PIN & SWWITCHING . 7. 6 16 30.8 232 IANA
| PINng L 2,4,5,7,8 HIGH
. PINS ,2,4,5, 6,7, swiTcming 55 16.% 102 21.2 70 EQ
1PINS )2 SWITCAING 2% 9 =0 277.2 79 52.%
PINS &,5,4,7,% RLGH
PINS 1,2 SWITCRING 27 185 Lo 27.4 -9 5.
PINS 4,5,7, 8 RIGH , PINnG LDW
PIng V2,4 RIGW 2¢ 20 .1 49 25.6 2¢ WY
PINS 4,5,7,8 SWITCHING
PINS 2o MXGR, PIN 6 Lo0w 29 260.1 52 26-% 02 52841
PINS Y,5,7,& SWITCATNG

NOISE IN MILLIVOLTS AND PERCENTAGES GENERATED

BY BONDING WIRE, CHIP-CARRIER AND SocweT, FoR Ve Pin 60




MCA WILTHOUT SOCKET

NOISE IN tALLLIVOLTS

o PIN 6 A B
CONDITION SYMULAT ED| MEASURED | STMULATED|SEruLATED| MEASYRED

FPIN & LOW 75 180 531 w79

PINS ,2,4,%5,7,8 SWITCHING _ S S

PIN & HIGW \25 \as 52¢g L-70 LOO

PINS 1,2,4,5,7,8 SWITCHING . i o

NOYSE IN MILLIVOLTS
A B

CONDITION SIMULATED SIMULATED | MEASURED |

FiN 6 Low 213 G\
PINS 1,2,4,5,7, % SWITCRING

PIN 6 HIGH
PIng 1L,2,4,5,7,8 SNITCHING

2\1_'_ \l\-\ %5

SIMULATED AND MEASLURED NOTCL

on PInN 6
/1 1 Vz /7 ’7

Veco PIN 2, Ve PIn o AT POINYS AR C




SIMULATION

Neco PINZ

FOR —Necco BRUS gspPL1IT

- . NOLSE Ini MILLIVOLTS
COND1ITION PING A B (el
PIN o LOW 05 746 740 Ly D
PING 1L,2,4.5,7, 8 0ITCHING
P HIGH .
Mo B 210 762 72°7 427
PINS L, 2,4,5,7,& SWLITCHING
PIN © SLLTCRKI
NG X 12.0 9o WS
PINS L2 4,5 7,8 HIGH
PIN &0
NOLSE IA MLLLIVOLTIS
CONDITION PiN G A B c
Ping V2 ,4,5,7,% SWITAHING
Pl 1
N &6 HIGH 2\0 264 2.4 52
PINS 4,24 ,5,7,% SWDOITCHING
1 e <
PN WITCHING % 7 u7 320
Prns 1,2,4,5,7,8 HIGH

6




MCA \AJITH SOCKET

\/cco PiN 2
- _| SIMULATEL NOITE In MILLavoLrs
CONDITION il G A 8 -

PIN &6 LOW
PING 1,2,4,5,7,8 SWOITCHING 150 2532 215 122
\ Mf cAP. BETWEEN Ve ™ Veeo _ i 1
PIN 6 HIGH
PING 1,2,4,5,7,8 SWITCHING 65 290 25 1249
VUE cAP. BETWEE W Vee=? Veco R N
PIN © LOW
PLNS \,2,0,5,7,8 SWITCHING 'S0 25y 2% 121,
SHORTED YNee > Veco B
Pl 6 RIGH
CINS ,2,4,5,7 & SASITCHIMG 165 2% 255 S |
SHORTED Vee? Ncco

CAPACTITOR BETWEEN Pol mIC,  2E& AnmD 272
SEE MCA <pPacC
SHORT ReTWEEN POINTS 2 AND 272 HEE FDREL SAIRLRED



MCA WITH SOCKET

Vee PIN GO
SIMULATED NOISE IN MIWIVOLTS
CONDITION PN b A =4 c
PIN & L-OW
PINS 1,2,4,5,7,8 SWITCHING 150 222 228 166

‘€ cAP BETwEeN Y™ Vo

PIN G HIGH

PINS 1L,2,4,5,7,8 SISITCAING 165 2e0 260 161
1U€ CAP. BEMWEEN Vee = Veco

SIS —— ol i s o = i e

PIN 6 LOW

N

L

PINS L2,0,57¢ SwITCHING 120 22

&

162
SHORIED Ve -2 VYeco

e ——— *

FIN 6 HRIGW

PINS 1L,2,4L,5,7,8 SLETCHING 165 26l 2u5 15 4
SHORTEDR Vec » VYeeo

CAPACITOR RETLOIC EN PoINTS  2€ AND 22
MCA < PICE peDEL AYTACHED

Vs
n
(e
m

SHORT RBETLN ™ POINTS 2¢ Anll, 2%




DISTRIRUTICON OF NOISE

Veco PIN 3

BONDING WIRE | CHIP CARRIER | SOLkET PIN
CONDITION A-B (mMmv) % B-c (M) VA ¢ (My) y 4

! PIN &6 LOW
‘! PINS 2, 8,78 SWITCHING 32 5 ! 2. a2 132 53

LUt CAP. BETWEEN Yee = Mo |

. PIN 6 HIGH

{

\

|

|

|

|

‘ ‘ 2 " n 4l 129 s
CPINS L2,4,5,7,8 SWITCHING | -4 ‘ 9 L
| U€ CAP. BETWEEN Vee Veco|

PIN & LOW _ ‘
PINS 1,2,4,5,7,& SWITCHING ! =a 2.2 | Q9 40 12y B2:7

SHORTED Vee = Veco

| T
PIN & HIGH ; |
PINS ,2,4,5,7,8 Swn-cHth,i 32 | w1 06 26.9 149 51.9
i !
|

SHORTED Ve > Veco

Vee PIN 60

BONDING WIRE | CSHIP CARRIER SCCkET TIN
CONDITION A-B (v Yo B-¢ (mv) A c MV o |
PIN © LO\M e
" &2 26.7 166 =
PING L2,6.5,7, % SWITCHING H 7
| U§ cAP. BETWEEN Yec>Vees
PIN & H1IGH . .
9qq 32 el 2
PINS L,2,L,9,7 & SWITCHING o o
WS cAP. RETWEEN Ve Veco
PIN & LOW
@) o el 29.2 162 PH2
PING L,2,4/5,7,& SWITCHAT NG
SHORTED Vec > Ned
PIN & RIGWY
16 ? 6.1 | I 249 1S4 59
i PFIiNs ‘;2,&-#’5,'%8 S\Q:*\CH:NC’ l |
| &MORYED Vec ™ Veco ! ; 3 |
S~ A T o E row AT T =2 wNTT T
CARRCYIT O ' <o My S 5
AT et e & . e & S - L




SIMULATED PROPAGATION

LEADING - EDGE

DELAy g

oF

OEF's

PROPAGATLON DELAY To ouTPuT PINS (NS)

CONDITION L | -4 Ly 5 3 7 8
PIN 6 LOW Y3 w3 = NN 34 X 34 24
SWITCHING PLNS L2 4,5,7,&
PIN & HIGH - 4.3 3.4 3.4 x EN 34
SLITCHING FPINS LV2,4,5,7 8
FIN & SWITCARING X X x X 2.6 X X
FING L2,4,5,7,68 R16H L —— -
SwITAHING PIne 42,454,728 4ol Gl 3-5 35 2.5 28 5

S P - - S

PINS 1,2 SwITCHING 3.9 2.9 X X x X x
PINS 14,5,6,7,¢ HIGHA
PINS V2 sWlTcuning 2.9 2.9 x X X X X
PINS 4,5 7,8 HIGW, PTN & Lo N S
FINs L2 e nxen X x 27 2.7 X 207 2.7
PING 4,5,7,8 SWITCHING
PINS L2 Kigw, PIN & LON % % 2.7 2.7 % 2.7 2.7
PINS 45,7, 8 surtcning




THE INDUCTANCE OF THE RBONDING-\WIRE \WAS CALCULATEDN
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s oaTe. Merch 7, 1980 e
TO: Distribution cron. John Druke / Roger Scott
pepT:  L.S.E.G,
ET: #4588 #5136

LOC/MAIL sTop: MRL-2/E47
SUBJECT: Study of the Effects of Various Cooling Parameters on Device Die Temperatures.

Introduction
7

The die temerature of a device and the difference between the die temperature of
different devices on a module has significant impact on the performance of the
Venus System. By effecting efficient thermal management of this system we will be

able to adequately control the die temperatures and the differences between them.

This report expresses the experimental set-up that is being used to study the effects
of various cooling parameters on the device die temperatures as well as some initial
results used as an example of the data being recorded.

Die Temperature Measurement

To measure the temperature of a single device, a thermal die can be used. The thermal
die is placed in the same package as the device being simulated. It has resistors that
can be powered to dissipate the required amount of heat and diodes which, with

the current passing through, have a temperature sensitive voltage drop and can

be calibrated so that the die temperature can be measured.

The schematic of a thermal die used to simulate an MCA chip is shown in Figure 1.

The calibration of the diodes is accomplished by applying a 100 mamp current

across the diode and immersing the device in an inert fluid bath. The temperature
of the bath is varied and temperature vs. voltage drop data recorded (See Figure 2. ).

When the experiments are conducted, the voltage drop across the diode is measured and
the temperature can be derived.

Die Placement at Module Level

Thermal dies simulating some different types of DIPs, RAMs, and MCAs will be used

to study various configurations of device placement on an extended hex module for
the Venus System.

The first set of tests use a module fully loaded with MCAs (Figure 3). From these
initial tests, the time required for the system to reach thermal equilibrium was
found and the slots in the CPU cage giving the worst thermal characteristics defined
(These will be used to reduce the amount of future testing required.)

Future testing will include variations in the device arrangement. A board
partially filled with MCA simulators will be tested to see when and what kind of
baffles are needed. Then, DIP and RAM simulators will be added with the objective

of defining rules for DIP and RAM placement as well as when heat sinks should be
added.




Cabinet Mock-up \

A mock-up of the Venus Cabinet was constructed to simulate what we expect the

final configuration to be. Figures 4 and 5 show the cabinet with the components
labeled.

Test Conditions

These tests were conducted in an ambient air temperature of 24°C.

The current supplied to the blowers was at 50 DZ and 193 volts (Future tests will
reveal the effects of having the current supplied at 60 hz and 230 volts.) 24.7
volts was supplied to each MCA simulator resulting in a nominal power dissipation of
4.5 watts each. Two modules were packed with resistors, powered to dissipate heat
and placed on each side of the thermal board to simulate actual running conditions.

Initial Experimental Resuits =

The first set of data was recorded to determine the length of time required for the
system to reach thermal equilibrium. In subsequent experiments the system will
be allowed to run this length at time before temperature measurements are recorded.

After the first fifteen minutes the thermal dies were at roughly 90-95% of the
final readings. Over the next fifteen minutes, 21 of the thermal dies increased
their temperature readings by 1°C. After fifteen more minutes 5 of the thermal
dies increased their temperature readings by 1°C. The next fifteen minutes saw 4
of the devices increase by 1°C. Over the next hour, two devices increased their
temperature by 1°C. (See Fig 6)

The conclusion drawn is that one hour is sufficient to allow thermal equilibrium
to be reached.

The next set of data was recorded to find the worst slots in the CPU area. A
sample of the data that was recorded is shown in Figures 7 and 8. The parameters
used to determine which of the slots were the "worst" were, the average device
temperature, the average air temperature rise across the board and the maximum
die temperature difference. The results¥*are summarized in Table 1.




Slot No Avegzg; Qszfce 2 Low;ingzzfce 2 Hiigggtegiyice g?z iz;;czi;;% %ZQpAiif;F;
1 100 85, 88 111, 112 27 11.3
2 101 85, 89 113, 114 29 1l 5
3 104 88, 90 117, 117 29 12.73
L - 107 92, 9% 120, 124 32 14..7
5 106 91, % 118, 118 27 141
6 106 90, 93 120, 121 31 12.9
T 107 90, 95 121, 122 32 12.9
8 *— 106 90, 9 121, 122 32 12.6
g 103 87, 93 115, 116 29 12.8
10 103 87, 92 118, 116 29 12.9
11 NOT USED
12 102 87, 92 114, 117 30 11

TABLE 1

Arrows indicate worst slots.

¥ Data from device #26 was expelled on grounds of inconsistent performance.

As can be seen in Table 1, slots 4, 7, and 8 result in the greatest average device
temperatures and temperature differences. These three slots will be used as further
testing is conducted.

Conclusion

Besides setting us up to conduct future testing these initial data indicate some
interesting results. First of all, the device die temperature and the rise in air
temperature across the module are in the ball park of what we expected. The die to
ambient thermal resistances of the MCA simulating devices are close to what had been
predicted by the Thermal Engineering Group.

Secondly, for the first time, accurate measurements of the device die temperatures have
been made. These temperatures give us an indication of the failure rate of a device.
The die temperature difference between various devices can also be calculated.
viously, the average air temperature rise across the board was used to give an
indication of the device die temperature difference. The data indicate that the
device die temperature difference is actually quite higher, in fact, more than twice

as great. This has some impact on the ability of devices to "communicate" with one
another.

Pre-

Future testing will include finding cooling methods for modules extended outside of
the card cage being probed, for defects, verification of heat sink optimization, making

breadboard preparations and testing various airflow arrangements.
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Maielaliltlall] INTEROFFICE MEMORANDUM

TO: DATE: 18 FEB 80 ar
Jim McElroy, MR1-2/E18 FROM: N. Chris Paulhus N
CC: 3arbara Donohue, ML8-3/T13 DEPT: Product Acoustics
Rob Hannemann, ML8-3/T13 EXT:  223-6871
3ob Lotz, ML8-3/T13 LOC/MAIL STOP: ML8-3/T13

SUBJECT: VENUS MUFFLER EVALUATION AND PRELIMINARY NOISE MEASUREMENTS

l'

|
|
ae

On February 12 and 13, 1980, Steve Weston and I conducted air flow and noise
measurements on the VENUS mock-up. The first task was to evaluate the air flow
effects of the different mufflers. Steve had cut an inspection hole in the
scroll of the center blower and covered it with plastic plate. This allowed
us to monitor the rpm of this blower with a stroboscope, which allowed us to

go back to the Torin supplied fan curves and determine the operating point of
the blower. Table 1 shows the different mufflers, the rpm of the center blower
(taken with all three blowers on), and the derived cfm and static pressure
conditions from the fan curves (the blower was also tested in our air flow

chamber - the cfm and s.p. versus rpm relationship agrees with the Torin in-
formation within 5%).

TABLE 1: EFFECT OF VARIOUS MUFFLERS ON AIR FLOW

1. S curve muffler 1640 rpm 480 cfm 1.23 in. s.p.
2. PRegular radius with dividers 1645 rpm 470 cfm 1.27 in. s.p.
3. Regular radius - no dividers 1625 rpm 505 cfm 1.15 in. s.p.
L. Long muffler 1635 rpm 490 cfm 1.20 in. s.p.

We then measured the rear bystander position (1 m out, 1.5 m up from floor)
noise levels of each muffler.

TABIE 2: VENUS NOISE LEVELS WITH VARIOUS MUFFLERS

1. S curve muffler 68.8 aBA
2. Regular radius with dividers 67.8 aBA
3. Regular radius - no dividers 67.5 dBA
L. Long muffler 64.0 aBA

Due to the marked superiority of the long muffler, the preliminary noise measure-
ments were made with this muffler installed.

I then made 1 m measurements of the untreated unit with

the long muffler in-
stalled.

TABLE 3: VENUS MOCK-UP, UNTREATED, LONG MUFFLER

Rear - 64.0 4BA
Side - 60.2 4BA
Front - 64.0 gBA
I then added absorption to the inside lower portion of the cabinet skins - around the

and taped the door, side,

air intaxe plenum, sealed off the midcabinet front louvers,
The resulting sound level measurements are:

and top zaps.




vawUS MUFFLER EVALUATION AND
PRELIMINARY NOISE MEASUREMENTS -2- 18 FEB 80

mpe

TABIE L: VENUS MOCK-UP, TREATED, LONG MUFFLER

Rear - 61.5 dBA
Side - 57.0 dBA

These average out (four sides) to just below our goal level of 60 dBA. The
treatments are crude approximations of what we expect to need in the final design.
They do indicate that with the installed blowers and the long muffler, the

60 dBA goal level is attainable.

The long muffler is a severe interference with cable space. A shorter muffler
would be 3 to 4 dB less effective. It appears that in order to go to the shorter
muffler, we need blowers that are 3 to 4 dB quieter. Our tests and calculations
of the installed blowers indicate that these units are 7 to 9 dB noisier than

we expect them to be. We should easily be able to find replacements that are

5 or 6 dB quieter than the Torin units now installed in the mock-up.

Our rough sound power measurements on the installed blowers indicate that we
should be looking for a blower with a sound power output of somewhere between
75 and 80 dBA Lw at the operating point. We will be able to refine this figure
this summer when our reverberation chamber is operating, allowing us to make
precision sound power measurements on blowers.




Derrick Chin
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VENUS POWER SY3STE4 AND ENVIRONMENTAL MONITORING

POWER SUPPLIES

fMaere is one power supply for the CPU day and on2 powser supply for
tn2 2xkpansion ma2imory bay. The2 power supplies are confiqured from
various 2lamants of the sodular Power System (4P3S), presantly
and2r davelopment by the Power Supply Enjineering Sroup. The MPS
consists of aa AC to DC Input module from which several DC to e
Jutput regjulators are powered. The Input module rectifies three
phus2 line voltages into a raw 333 VDC Dus. Fach output regulator
then J4sa2s constant freguency pulse width modulation at 57/1230 Xhz
co conver: tha 300 VDC to tha desired output voltaje.

MP5 units usa2d are:

2539 watt input mmodule

SV 239A sutput regulator
SV 35A output regulator
2V 35A output regulator

Fij. 1 shows a block diagram of the power supplies. ECL voltajes
of -5.2V and -2.0V are directly tied in parallel wher2 possible t
minimize voltage differences between any two ECL gates and thus
raduce EZCL signal noise margin loss. Th2 following DC power require-
ments ware calculated for CPU, 3 memory boards and 3 1/0 devices:

Q

-5.2v @ 340A
-2.0V @ L1l0A
+5.0V @ 250Aa
+5.0v @ 427N (optionally battery backa2d uD)
+12.0v @ 1A
-12.0v @ 1A

Jptional battery back up will be availablz for backing up just the
dynaaic RAMS and refresh TTL logic of the main storaje boards. A

43 volt pattery with built in charger is converted up to 399 VDT to

hold up the 3929 VDC bus o2f the input module. All oth2r regulators

2xcept the one being backed up, are turned 2ff£. Backup times range

from 5J minutes for 1 storage board to 5 minutes for 3 storaje boards.

A 32parate 100 hour battery back up will be available for the time-

of-y2ar clock. The MPS can maintain proper output voltages for up to N
12.5 milliseconds after line to n=2utral voltage drops below 39 VAZ RMS.

The input modulas are designed to run off three phase power in the U.S3.
and Canada. For othar countries, an optional external transformar

will be available to handle tha numarous different line voltages.
Mechanically, the input modulas and outout regulators are mounted side
by side above the VENUS logic boards to be cooled by air exiting from
tn2 logic. Estimates of supply costs are MT3F arz shown in Fij.




FEATURES

Visual Aids

For the rejulators
module ok 3reen LED
ovarcurrent - Rad LED
overvoltage Rad LED

Tor the input module
in addition to the ones for the regulators

AC 0K - 3reen LED
Jdvertemp - M2:1a3anizally latchad colored disc
Lojical Aids
Logic 2nable input - allows on/off control of

rejulator by consolz board
through diagnostic. Monitoring
of the module 0K, signal then
allows identification of defective
requlator that is under console
board control.

1arjining
+53% marjining = each regulator has logical inputs

for margining tha output voltaje
under console board control.

DC Power Seguencing

R23gulators will be powared on in the following sequence:

first - all +5V uaits for storajs: hoards, I/) devices
and console TTL. Thesa units are not under
console board control but are enabled on by
the auxiliary +12V output of thes input modules.

second - all -5.2V units for ECL logic. Thesz are under
console control.

third - all -2.0V units for ECL terminators. These
are under console control.

Powar Modes

JFF no AC power at switched outlets of powar
controls. All fans off. Battery back up
disconnacted. Battery not being charqged.

ON normal DC power segquencad 2n if console board
is operational. All fans on. If installed,
battery back up available.

STAND3Y similar to JWN 2xcept only RAM5 and refresh
PTL logic of storaije boards ars »n. All other
voltajes are ofE. M™Mis allows sa2rvicing 5E
111l poards 2xcept storaje boards 12d 2res2rves
azmory data.

[ e o R




DC _POWER DISTRIBUTION

e VZNU3 PC poards have three connection paddles of 94 pins ea;h

for a total of 292 pins per board. To maximiz2 the number of pins
available for signals in and out of the PC board, ground, -5.2V and
-2.0V are brought into the board through naw power connectors
atilizing sections of the board that are presently unused. At the
two inner notches, spacial power connactors mate to four pads on

the board. Thesa2 are jround connactions. At both e2nds of the
board, additional power connectors mate to four other pads on the board.
These are for -5.2V and -2.0V. Forty of the finger pins are used for
addicional ground, +5.0V, +12.0V and -12.0V. This scheme results in
239 pins available for signals comparad to about 158 for the hex
board. Use of these special AMP powar connectors require use of an
aluminum Erame througn which logic jround current flows and a pair of
horizontal bars at both the top and bottom adges of the logic back-
panel for -5.2V and -2.0V distribution.

ENVIRONMENTAL MONITORING

[n addition to the electronics for implemznting the abovae features,
OC output voltajes, ambient temperature, logic board temperaturs rise
and blower rotation will be monitored. Also, should 2 thermal switzh
in a regulator be activated, provision will be made for identifying
th2 re2gulator aven after the thermal switch has coolad »ff and re-
opened. Tha 2lactronics and 2lactromechanical davizas for all of the
above, will be contained in a unit referrad to as the monitor board.
This will consist of a PC board plus a front panel on which LEDs and
fuses will be mouated. The entire unit will plug into the powar
supply backpan2l and w~ill have dimensions similar to an 35 am»nere
regulacor.

DC Voltages

There will be voltage detectors for sensing when a jiven output voltajge
1s not within its normal operating range. Two means of implemanting
the detactors are beinj considared:

O Analoj voltaje comparators with fixed limits
datermined by a reference voltage and fixed
resistors.

O A/D converter with 16 channel analog multi-
pPlexers. Lookup tables for voltage limits and
decision-making will be located in the CPU.

Temperature And Adegquate Air Flow

Ambient temperature will be measured. Adaquacy of air flow will be

indigectly measured by measuring the rise in temperature of the air
flowing through the logic assembly.




Ambient Temperature

A single linear thermistor network is mounta2d just below the logic
assembly to measure incoming air temperature. Wwhan 32 degrees C is
2XC2eded (ya2llow Zone), a warning is PUt out on the teletype. Whan
42 degrees ¢ is excz2aedad (rod zone), 3 warning is put out on tha
tgletype and a graceful Power down segquence is initiated under
dlagpostic control. The yellow zona signal is also usaful for
warninj that peripheral devices such as discs ets., may be op2rating
beyond their recommended maximum temparatures.

Logic Temoarature Diffarential

Taree linzar thermistor NeEWOrks are mountad diractly above tha logic
4Ssz2adbly, on2 natwork under 2ach blowzr. Thay are usad in Sonjunction
wlth the ambient tharmistor N2twork to measure logic air temperature
differeatals jreatar than 13 degrees I su=y as caused by blower failuce,
gir flow blockagye or dirty air filters. ‘Whan a 10 degrees < diffarential
1S exceeded, a warning is put out on tha teletype.

8low2r Rotation

Ju2 to the wide variation of conditions under which th2 system must
9perate, 2.9. low line to 2igh lin2 and sea leval to 3933 feet alti-
tude, it may be Possible for a blower to fail without causing the
logic air temperature differantial to be 2Xceaeded, It is still
desirable to ldentify the failad Dlowsr. Hall Effact switches are
desijned to be mountad insida the blower nousing. A magnet is uasaally
aounted on tae crotatingy portion of tha blower 30 that it passes close
Lo the dall Effect switzh mounted on a stationary portion of ‘the
Olowz2r. Every time tha Magnet passes the switch, a pulse is amitted
from the switcnh. Timing circuits will be Providad on the monitor
poard to detect minimum blowar rotational sp2ad »or stoppaje.

Thermal Shutdown

A thermal switch is located in 2ach output ragulator. I[ts Arimary
PUrpose is to close whan the haat sink on which it is mounted 2xc22ds
a certain temperature due to a fault in the requlator. This tempera-
ture may also be exceedad if botn yellow zon2 and red zsne2 warnings

do not result in praventive m2asures Heing tak2n. Whan a tharmal
switch is closed, 3 Dicolored (black/y21llow) majnetizaed disc flips from
black to yellow and tha Power control is turned off through

the DEC remote power bus. Th= disc will remain in the y2llow position
with power off and =2ven with subsequent powar on. A pushbutton

ls used to manually reset all the discs. There is one disc for each
output regulator.




——— - { PR &——JEXT ]
. CNTL .<__:___‘XFNR e——J 3 PHASE
Sl .
2500w
INPUT |300VDL BUS
Mod#2
=5.2v -5.2v
| ! 0QA 00A
; = | 1200 2
120/208 | i
3 PuASE | l
. ‘ -
REQUIRED ’ 35:‘142:
MESE :
i :° ~ oetienan ]
R PTYY !
;3 u )
] BATT conv | | 300vVD¢
A I -
| oo
| \ 1 ADD oM
i12500W R . :
—{INPUT [300VDC | BUS 3
Modw | 1
_ L c1
MON. : ‘ ] -2.0V -2.0V +5.0V +S.0V | +35.0V
. 20ARD | ] BBU | |
‘ | T5A 35A 200A g5A | | 25A
‘ i 5 l
} ,
¥ l' ' ‘
+12.0v =i2.0V -2.0V +5.Ccv +5.0V | +5.0V
1A 1A ng A 192 A 42 A | T 0A
(NoN REFRESH (RAMS AND (2 T/a
TTL, CoNSaLE ReFRESH | Devices)
S | Pk i o Stamade |
.S, » 2 e\ TORAGE
31/0 S&VICES, ARRAY) b o . o e
[ BAckPangL DC PowER | (772 | 1789 | waths |
‘ N we 18 6l | watts
_| D¢ _ouTPuT PowER 1850 | 1850 | waty
‘ EFFICIENCY 74 15
INPUT D¢ PWR REQ'D | 2500 | 2470 | watts
POWER FACTOR .6 .6

LINPUT AC PwR REQD | 4170 ; 4120 | 7290 voitamseres 4otad

One power control can 5”?4"3 %W vo I+ ampeyes .
- 10D

FiGiA vENU PILER SURpL'E< O T

-~ T




™M
EXPANSI1ON inpuT|"E 2 "'BS ° i WEIGHT, NOT INCLUDING RACK= 62 PDUNDS
MEmoRY Mo) U HL
#3 [esalzsalasalgsal B BSA [ BSA

M
cPu npuT| S| +S o -2|-2 +Bs -5.2 | =5.2 INPUT| WEIGHT, NOT INCLUDING
BAY MOD 8 3 MOD RACK =100 POUNDS

D

3£ |35A|200A $5A(35A85A|2004 (2004 | # 2

5 L]
< 41%4 >

AVAILABLE SPACE = 41.78" NOT INCLUDING PS. RACK

ESTIMATED SuPPLY (COSTS

CPU BAY EXPANSION MEMOLY
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3 - - €~ HALL EFFECT SWITCHES

POWER SUPPLIES «— THERMAL SWITCHES

o o o €— LINEAR THERMISTOR NETWORKS
LOGIC
° €« LINEAR THERMISTOR NETWORK
AIR FLOW

LINEAR THERMISTOR NETWORKS - SINGLE UNIT BELOW LOGIC IS USED TO
DETECT INCOMING (AMBIENT) AIR TEMPERATURE GREATER THAN 320C (YELLOW
ZONE) AND 420C (RED ZONE). THREE UNITS ABOVE LOGIC ARE USED WITH
AMBIENT DETECTING UNIT TO DETECT LOGIC AIR TEMPERATURE RISE GREATER
THAN 100C.

HALL EFFECT SWITCHES - ONE INSIDE EACH BLOWER IS USED TO DETECT
BLOWER ROTATION,

THERMAL SWITCHES - ONE IN EACH OUTPUT REGULATOR IS USED FOR FAIL

SAFE SHUTDOWN OF AC POWER.
ENVIRONMENTAL MONITORS
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The MECL 10,000 Macrocell Array was developed for custo-
mers requiring complex high speed custom LSI circuits.
A unique CAD interface provides an economical solution

for custom circuits while providing fast turn-around

time.

The material presented in this manual should enable the
reader to determine whether the macrocell array will

meet his system requirements. Also the reader will be
able tc partition his system into blocks using the Macro-
cell Library. An application example shows the logic
implementation of an 8 X 8 2's complement multipliar and

a worksheet shows the metal interconnect.

[. INTROOUCTION

The semiconductor industry has previously satisfied the
customer's demand for LSI using three approaches:’

1) Standard LSI circuits for volume production and
Towest cost per function.

2) Custom circuits with high volume in order to
Tower development cost.

3) Gate arrays with medium volume requiring a metal

interconnection mask.

The first approach, using standard LSI, such as the




M10800 family, is a very economical approach. However,
many LSI functions that customers require are very com-

plex, specialized, and in some cases proprietary.

The second approach provides the customer with custom
circuits but the turn-arpund time can be 1 to 2 years.
The custom approach also means the Semiconductor manu-
facturer must provide more design people to interface
with the customer in developing custom chips requiring

high development costs.

The third approach, using gate arrays, provides a quicker
turn-around time since the basic array can be fabricated
up to metalization. However, designing with gates re-
quires the customer to interconnect simple gates into a
common MSI and SSI functions normally used in logic de-
sign. This results in a Tonger MSI propagation delay
compared to building the functions directly using ECL
series gating techniques. Also, the interconnecting
metal makes the chip larger than a custom designed cir-
cuit. Finally, there is the customer interface problem
of handling and producing the metal'masks and the test-

ing of the packaged arrays.




IT. MACROCELL ARRAY CONCEPT

The approach taken by Motorola is the development of the
MECL 10K MACROCELL ARRAY with industry standard MECL 10K,
compatibility. The array is an extension of the gate

array concept presently being used in mainframe computers.
Instead of gates, each cell in the array contains uncon-
nected transistors and resistors. There are standard

logic elements such as a dual D flip flop, dual full

ddder, quad latch, and many other functions. These macros
are interconnected using series gated ECL structures in
order to optimize performance. Presently a library of

85 logic functions, called Macros, can be selected. Thus,
the designer need only be concerned with interconnecting
the logic functions contained in the library. There are

a total of 106 cells on each Macrocel] Array chip. A CAD
(computer aided design) system containing the cell library
speeds up the option development while simplifying the de-
signer/Motorola interface. The CAD system is operated via
standard time sharing terminals to design the interconnects,
to check out the performance of the design, and to generate

the custom metal patterns which complete the IC processing

sequence.

A new process called MOSAIC I (see Figure 1) is used in
the Macrocell Array in order to achieve the high perfor-

mance requirements of .9ns (typical) for internal gate




delays. The process forms a non-walled emitter and a
walled base. An oxide isolation between devices is ac-
complished with an isotropic etch. .The peaking of the
oxide is controlled and monitored to guarantee flatness
during processing. The peaking of the oxide is maintained
to less than 4000 A thick. The first layer metal is
10,000 A thick which covers the peaking of the oxide re-
liably. A nitride surface covers the oxide so that the
metal system is over nitride which is normal in other MECL
processes. The base and emitter diffusions are controlied
by ion implantation to a junction depth used in aother pro-
cesses. Also, the oxide isolated process achieves a high

packing density while achieving good yields.

The high packing density of the Macrocell Array lowers
system component count, r2duces power dissipation (by a
factor of S over d{screte logic), while increasing system
speed and reliability. Up to 50 discrete IC logic pack-
ages can be replaced by one Macrocell Array. Parts can be
developed in a short period of time for a new product.

Interconnects remain proprietary to the customer.

Customer product development is speeded up with a 12 week
turn-around from the time the customer gives the go ahead

-

for generating the metal mask until he receives the finish-

ed parts.




In summary, the MECL 10K Macrocell Array achieves over

discrete IC logic:

1)
2)

A reduction in part count of up to 50 to 1.

A reduction in power of 5 to 1.

Fast internal delays of .9ns typical.

An "equivalent" gaté delay of .6ns for many

macrocells.

A large selection of macros.

And proprietary custom parts at a relatively

low cost.




III. MACROCELL ARRAY DESCRIPTION

There are a total of 106 cells organized on the Macro-

cell Array chip as shown in Figure 2. There are 48 major
cells (M), 32 interface cells (I), and 26 output cells (0).
A1l macrocell array chips are built from a standard semi-
conductor diffusion set up to metalization. Appendix A
contains a cell library of 85 logic functions called macros.
A macro (sometimes called macrocell) is a first layer metal
intraconnection pattgrn that interconnects the components
of a cell into a specific logic function. There are 54
macros for major cells, 14 macros for interface cells,

and 17 macros for output cells. The CAD system contains
the required first layer metalization pattern for each

macro as wall as the [/0 ports.

Each major cell can be divided intc two independent half
cells, an upper half and a lower half. As an example, the
upper half of a major cell could be designated a 0 flip
£flop (% of M31 in Appendix A) and the lower half a full
adder (% of M52).

The power, ground, and bias supply lines are not shown in
Figure 2. These interconnects are automatically accomp-
lished by the CAD system. Figure 2 shows only the free

channels that are used by the designer to interconnect the




cells in the array. ThelG0 channels in the vertical
direction are accomplished on first layer metal while
the 130 channels in the horizontal direction are accomp-
lished on second Tayer metal. Note that the second layer
metal can be placed over the cell without interferring
with the macro in that cell since all macros are intra-
connected on first Iayér metal. The second Tayer metal
is separated from the first Tayer by an oxide isolation.
Metal runs on the chip have little affect on delay times
because of the oxide isolation between metal and active
devices. Connections between 1st layer and 2nd layer
metal are accomplished with VIA's. The interconnecting
of cells on the array can be compared to routing signal
Tines on a two sided PC board.

The important features of the array are listed in Figure
3. The array could contain up to 1192 equivalent gates
if all the major cells contain dual full adders, M52 (a
total of 96 adders at 10 gates per adder) and the inter-
face and output cells contain latches, I14 and 014 (a
total of 58 latches at 4 gates per latch). The number of
equivalent gates for each macro can be found by counting
the number of gates given in the library (Appendix A).

Note that a 2 input exclusive OR gate is counted as 3
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D. VIA PLACEMENT RESTRICTIONS

In the routing alleys (see Figure 2) the only restriction
on via's (connection between lst and 2nd layer metal) is
that adjacent horizontal via's are not allowed. This
restriction has very little impact on laying our a cir-
cuit. Adjacent vertical and adjacent diagonal via's

are allowed.
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E. PERFORMANCE CHARACTERISTICS

The Macrocell Library in Appendix A contains the per-
formance characteristics of each macro logic function.
The worst case propagation delay is specified for Veg =
-5.2 volts *#10% and a T; max = 130°C, the maximum
operating junction termperature is 165%C. A 10%

lower power dissipation can be obtained by operating
the chip at the lower Vgg Timit of -4.68 volts. If

the array is operated above the 130% junction temp-
erature, a slight degradation of the propagation delay
numbers in Appendix A will occur (approximately 13%

3 " n w0
when the Jjunction temperature is 165°C).

In order to maintain a reasonable junction temperature
(and adeqyate noise margins), the customer is required
to connect a Motorola recommended heat sink to the
package and operate the device with a recommended air
flow of 1000 ifpm(linear feet per minute). This combin-
ation results in a 8ga (thermal resistance from Junction
to ambient) of 15°C/watt. If the system designer main-
tains the ambient temperature at 55°C, then a 5 watt
maximum chip dissipation would result in a junction
temperature of 130% (thus, there would not be any

propagation delay degradation for the numberg given in
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Appendix A). For high utilization of the chip (around
90%), the typical power dissipation will be around

four watts.

The performance of the macros specified in Appendix A

in regards to fanout and Toading is as follows.

For the Major and Interface Cell macros, the maximum
values given for Propagation delay are for a 1 or 2 ma
output follower current driving a fan-out of 3 or a

.5 ma output follower current driving a fan-out of 1.
For the output cell macros, the maximum pPropagation de-
lay for the Y output is specified at 2.2 ns from the
50% point of the input to the 50% point of the output
when driving a SO.ohm lToad (a 25 ohm load for 016 and

017 driver) to -2 volts.

The Qutput Cell macros can be used as interface cells

by using the Y1 output. The maximum propagation delay g
for the Y1 output driving a fan-out of three is 1.5 ns

when the Y output is not used. (2.2 ns when the Y output

is used).

!
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1. Metal Interconnect Length

The metal interconnect between the macros in the array
represents a line capacitance (.005 pf./mil maximum for
both first and second Tayer metal) to the driving gate.
This line capacitance primarily effects the fall time
at the gate output and causes a slight degradation

in propagation delay. Figure 2 shows the dimensions
of the chip , so that the metal

interconnect length can be closely approximated.

The propagation delay degradation (due to metal length)
for the output switching from high to low (Atpd-) for

varigus output follower currents is as follows:

Atpd- = .6 ps/mil for 2ma output follower
current

atpd- = 1.4 ps/mil for 1ma output follower
current

Atpd- = 3.8 ps/mil for .5ma output follower
current

The propagation delay degradation (due to metal length)
for the output switching from low to high ( tpd+) for

.5, 1, or 2ma output follower current is:

Atpd+ = .6 ps/mil
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For long lines, a 2ma output follower current should

be used to minimize delay degradation and skxew. A line
that is 100 mils Tong will increase the propagation de-

lay (tpd-) of the driving macro' by 60 ps for 2ma follower
current or 380 ps for a .S5ma follower current. These

are worst case numbers. The delay degradation due to metal
length on the input to the chip and on the output of

the chip is negligible and may be ignored. The reason

for this is the low impedance drive of the driving gate

(normally 50 ohms).

2. Fanout

The propagation delay degradation due to fan-out has been
analyzed by computer simulation. The results show that

the fan-out delay degradation (for the output going high
or low) is Atpd = 60 ps/fan-out for .5, 1, or 2ma output

follower current.

This equation is good for a fan-out of up to 3 for .5ma output

follower current, a fan-out of 6 for 1ma output follower

current, and a fan-out 12 for 2ma aqutput follower current.




The propagation delay of a macro given in Appendix A
must be increased by 60 ps/fan-out for fan-outs.of

4 or more with output follower currents of 1 or 2ma.
For a .5ma output follower current the propagation de-
lay must be increased by 60 ps/fan-out for fan-outs

of 2 or more.

As an example of delay degradation due to fan-out and
metal Tength, assume that a 4 - 1 MUX is driving a
fan-out of 5 with a total interconnect lenght of 100
mils. From Appendix A the propagation delay from
data input to output is 1.5ns (tpd). If a Ima output
follower is selected, then the increase in delay due
to the fan-out is 120ps and 140ps for the metal Tength.
Then, the total propagation delay is 1.76ns. If a 2ma
-ouput follower current is sé]ected, then the total
delay would be reduced slightly to 1.68ns. A .Sma
output follower current is normally used in non-cri-

tical delay paths in order to save power.

3. Rise Time

When external inputs drive the array, the rise and
fall times should be Ins (20 to 80%) in order to meet

the propagation delay specified in Appendix A. Slower

'S
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rise and fall times increase the propagation delay.
When a-MECL 10K gate with a 3.3 ns max rise and fall
time drive the array, 400 ps delay should be added to
the input macro delay time. For a 2ns edge, 175ps

delay should be added.

For each nanasecond increase in rise or fall time, |
175ps in delay should be added. The output rise and
fall times of the output cell is Ins min, 1.5ns
typical. If the maximum output rise and fall time
is 2.5ns then 265ps should be added to the input
macro delay time when one macrocell array is driving

another.

THESE SAME NVUMBERS gpply WNAEA

EXTERCNFL //V/DU/\S‘ '2/?/(/5 JNTERIAL CELLS
(12 MATOR cEllS) ¢ odTPJT CEILS
4. Input Follower

A1l the pins that are not used for power can be used
as inputs to the array. Inputs from the bonding pad
pins can be connectad to inputs of major, interface,
or output cell macros. However, if the input pin is
connected to an input follower (denoted by asterisk, *)

of a major cell macro, a maximum of 300ps should be

added to the propagation delay due to possible soft




onT L WE AN
Q. ET MOTOROLA TO SPEC THIS WORST CASE 20

yol BRING- INPUTS NTO_MAJOR CELL LOWER WTULS‘

= ToynT /< HOSE MARCKETS L/JTH T A STE RIS
In add{zgon, the ECL outputs (outside the chip) SK

saturation under worst case conditions.

i driving an input follower of a major cell, should

be loaded with 50 ohms to -2 volts in order to keep
VOH at specified 1imits (a2 510 ohm load would result

‘ in a higher VOH)' The reason for this slight restric-

tion can be seen by comparing the input follower

circuit of a major cell macro (Figure 5) and an

interface cell macro (Figure 7). The interface

cell macro contains an extra diode in order to prevent

soft saturation under worst case conditions. The

diode and a couple of other components were not added

to the major cell in order to reduce chip size. Also

the diode adds an extra 100ps of delay. Since most

connections to the input of major cell macros would

be internal connections, components were reduced

and propagation delay was optimized. No extra delay

need be added when circuit inputs to the array are

connected to the top portion of the current tree

(inputs A and C in Figure 5) of a major cell. Also

no extra delay need be added when any circuit input

:of.g major cell macro is connected to the output

of other i{nterface or major cell macros in the array.
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If the Y1 output of the Output Cell macro is driving

the input follower of a Major Cell macro, 300ps should
be added to the propagation delay if the Y output (of
the same output macro) is unloaded. If the Y output is
loaded externally with 50 ohms,'thegrfégﬁghzﬁgild be
added to the propagation delay. The reason is the

same as given'above for an external MECL signal driving
an input follower of a Major Cell macro. The Y1 out-
put has normal 10K voltage levels instead of the reduced

650mv internal levels. The internal voltage levels are

more fully discussed in Section I.
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F. Wire ORing

OQutputs of interface and major cells can be tied
together to form a wired OR function. The sum total
output follower current allowed with wire OQRed
outputs is 2mA. Up to four outputs can be tied
together for a total output follower current of 2mA.
Up to two outputs can be tied together for a total
output follower current of 1 to 2mA (.5mA not allowed).
With wire ORing it is recommended that the output
follower current be divided equally among the out-
puts. For instance, when four outputs are tied

together each output should be selectad for .SmA.

When outputs are tied together, current will flow
from the output that is "high" to the load resistors’
located at other outputs. This current causes a
smal] IR droo. which decreases the noise margin.

The maximum IR droo allowed is 25mV. The resistance
of first layer metal is .2 ochms/mil while the
resistance for second layer metal is .062 ohms/mil.
For instance. assume there is a metal run of 100 mils
total between two outputs tied together where 50 mils

is on first layer and 50 mils is on second layer.

A 1mA output follower current at each output would
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mean that 1mA of current would flow from the output
that is "high" to the other ocutput when in the "Tow"
state. This could cause a voltage drop of 10mV on
first layer and 3.1mV on second Tayer for a total
drop of 13.1mV. The wired OR outputs should be

physically as close as possible to reduce loss of

noise margin.

Wire ORing of internal macro ocutputs will cause

some degradation which should be added to the
propagation delay specified in Appendix A. The'
proﬁagation delay degradation for the output falling,

tpd' is a maximum of

Atpd“ = 20ps/wire-0R
This degradation is small since the delay is due to
a very small capacitance associated with the
additional output device on the line. The propagation
delay for the output rising, tpd+’ is much larger
as shown in the Table 1 below. When two macro outputs
are wire ORed and both are in the "low" state, one
output could be supplying more current to the 1056—
resistors than the other output (called current

hogging). When the output that is supplying the
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smallest amount of current switches to the "high”
state, it must now supply all of the current result-
ing in the additional delay shown in Table 1. The
Table also shows the allowable combination of the
number of wire OR's versus the required total output
follower current.

Table 1. Maximum Delay Degradation for

Qutput Rising, Atpd+, Versus the

Number of Wire OR's and Qutput

Follaower Current.

- Total Qutput Atpd+ in ps
Follower Current | Wired Wired Wired
(mA) OR of 2 OR of 3 OR of 4
1.0 150 S— —
1.8 225 275 B
2.0 300 350 400

ORing of the output emitter followers of the

output macros (Y output) is not allowed on the chip

due to voltage drops on the chip. However,

a wire
OR of two Y output may be connected on the chip when

using the bonding pads that have two emitter followers

(pins 67, 68, 1, 2, 16, 17, 18, and 19).

A wire OR
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of two or more Y outputs can be performed outside
the package but this reduces the number of bonding

pads available for other input signals.

Eight of the 26 bonding pads have twe output emitter
followers for driving 25 ohms when the driver of the
transceiver macros is connected. A ninth 25 ohm
driver is possible by connecting the output of the
transceiver macro to two adjacent bonding pads that
have single emitter followers and connecting these
pads outside the package (it is not allowed to connect

these pads on the chip).

It should be notad that the delays shown in Table 1
are specified for wire ORing of interface and major

cell macro outputs as well as the Y1l output of the

output cell macros.
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G. VOLTAGE LEVELS

A1l input and output levels (including input thresholds)
of the Macrocell Array are specified exactly the same as
the MECL 10,000, MECL 10800, and MECL III families over
the temperature range. I[n addition, the Macrocell Array
is voltage compensated so that it can be operated over a
range of V

ce T -4.68 volts to -5.72 volts with 1ittle

change in performance. The voltage tracking rates are:

1) AVOHV = 10mv/volt
2) AVBBV = 45mv/volt
3) AVgLy = 60mv/volt

The output Tevels and input threshoids are the same for
devices that have the same ambient temperature even
though the junction temperature of the devices can be
different. This is partly accomplished in the design

of the bias driver. The bias driver is designed to auto-
matically adjust the bias voltages according to the cur-
rent being drawn through the VCC pin. If part A uses

one watt (the junction temperature will be 40°C at 259
ambient) and part 8 uses five watfs (the junction temper-

ature will be 100°C at 25°C ambient) the following vol-

tages wouid result:
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PART A PART 3B
i -1.2806 1.2790
farl -2.0639 -1.9701
Vs -3.9812 -4.0468
Vou -0.9296 -0.9146
VoL -1.7343 -1.7466

As can be seen above the voltages remain fairly constant
even though the difference in the junction temperature is
large. These voltages also remain constant for two identi-
cal arrays from different lots. For instance, part 8 of
lot 1 may dissipate 3.875 watts minimum and part B from

lot 2 may draw 6.125 watts maximum. In conclusion, the
junction temperature differentials due to variations in

I are taken care of as standard design practice in the

EE
design of every MECL device. The parametric voltage
levels (such as Voua VoLa: Vigp» and VILA) which speci-
fy noise margin are tested and specified over temperature
and include variation of junction temperature due to
variations in IEE’ QJA’ and output power. These levels
are guaranteed for the Macrocell Array when usiﬁg the

recommended heat sink and 1000 1fpm of air flow. Under

these conditions, the 8, s 15 + ZQC/WQ??-
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H. NOISE MARGINS

The worst case noise margins (NM) for the Macrocell
Array over temperature (0 to 70°¢C ambient) for a VEE =
-5.2 volts in NMHigh = 125mv, NMLow = 155mv. These
values assume that the recommended heat sink and 1000
1fpm is used. The VEE regulation and the ambient
temperature differentials between packages will reduce

these numbers slightly. |

Figure 11 shows a tabulation of noise margins for a

10%C ambient temperature differential between packages
combined with power supply regulation of +2%, 0 to 3%,
and +5%. With a 1000 1fpm of air flow, a tamperature

differential of 10°¢C max is realistic.

When the Macrocell Array is used, power supply regula-
tion has a negligible effect on noise margins. It is
interesting to note that it is actually possible to

gain noise margin when intermixing the voltage compen-

sated Macrocell Array and MECL 10K.
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I. INTERNAL VOLTAGE LEVELS

The output voltage levels of the Interface, and Major

cell macros (and receivers of OQutput cell macros) are
- . "

as follows for inputs at VIHA min. and VILA max.

QUTPUT FOLLOWER v v

OH oL
Current (ma) (volts) (volts)
2 -1.0 -1.64
1 -.975 -1.62

.5 -.95 -1.6

Note that the internal output voltage swing is smaller
than the external output voltage swing. The input thres-
hold voltage is the same as specified for MECL 10K of

y min = -1.105 volts and VILA max = -1.475. The rea-

[HA
son for the smaller swing is to maintain high speed

operation.

As discussed the previous section, noise margin between
chips in a system is determined by the voltage regulation
(1ine drops) and temperature differentials. However on
the chip, the temperature is constant with essentially
0°¢c temperature differential. Each of the macro functions on the
chip:havé'the same-value of power supply voltage (due to common mede

on the chip) regardless of. the external power supply regulation.

Therefore, the noise margin for the internal voltage swings is:

-,
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NMH = 1105-1000 = 105myv
NML = 1600-1475 = 125mv
VEE = -5.2v

The noise margins get larger for V.. >5.2 volts. If

= o 3 -
VEE = -5.2v + 5% (VEE will get as low as -4.96 volts),
then the internal noise margins will be reduced slightly
to NMH = 96mv and NML = 121lmv.
The short Tine length of interconnections internal to
the chip eliminates the need for transmission lines. In

general, internal noise immunity will be greater than

the noise immunity between chips in a system.

The output voltage swing for the Y1 output of the Qutput
Cell macros is larger than the internal voltage swings
of the other macros. The reason is that the Y output of
the output cell must be 10K voltage compatible so the
voltage at the base of the output emitter follower has

a larger swing. If the Y output is loaded with 50 ohms
to -2 volts, the Y1 output levels are VOH = -.90 volts

and VOL = -1.7 volts. If the Y output is unloaded, the

1 output levels are VOH = .83 volts and‘VOL = «1.7.volts.

The noise margin for the Y1 output is larger than the

numbers indicated above due

to the larger voltage swing.
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VI. PACKAGING

A new LSI package is being used for the Macrocell Array
as shown in Figure 13. The 68 pin Teadless package has
been developed in accordance with the "JEDEC LSI package
standard”. 3M and Kyocera are manufacturers of the pack-
age. In high speed systems, long lead frames are not
suitable because of the large inductance of the Teads.
The leadless package improves systam reliability by re-
ducing the failure rate due to mechanical features of
bending leads and replacement damage. The package nas
17 connection terminals per side on .05" centers. The
IC chip mounts to a ceramic base measuring .95 inches on
a side. Gold plated metal on the base piece routes sig-
nals and power from the package edge to the IC chip.

The Macrocell Array chip is die attached to the package
using a preform which provides an excellent thermal
interface between the die and the ceramic. The thermal
resistance of the device from the junction to the case
is less than 5°C/watt. Figure 10 shows the chip wire
bonded to the package. A ceramic cover fits on top of

package to provide a hermetic seal.

The package is mounted upside down from conventional

IC practice with the base of the chip on the top side

away from the PC board. A heat sink (such as the
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Wakefield #4493) is attached (by the customer) to the
package on the same ceramic piece as the IC chip for
very efficient heat transfer. Figure 14 shows the heat
sink attached to the package being mounted in a connec-
tor manufactured by AMP. This connector can be soldered
to the PC board or held in place with a mounting bolt.
The leadless package is held in the connector with a
spring clip. There are 68 package pins in order to
facilitate testing and trouble shooting. The input pin
capacitance of the package going to the

input on the chip has been measured to be around 2.5pf.

Another method of mounting the Teadless package toc the

-~
-~
Vi

PC board is shown in Figure 15. The method consists
mounting stand-off pins or metal clips, manufactured by
Berg Electraonics, to the package. The metal glips come
in strips that are connected to the Teadless dackage by

wave soldering. The package can now be connected to the

PC board by also using reflow soldering techniques.

The thermal resistance from junction to ambient is ISOC/W

with heat sink attached to the package and 1000 1fpm

of air flow. If the air flow is reduced to 500 I1fpm, 84 . .

increases to 19°C/watt. Without a heat sink and 1000

1fpm of air flow the @, is 20°C/watt.
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106 total cells - 4B major, 32 interface, and 26 output cells.

Up to 1192 equivalent gates {f Full adders and latches are used in »ll
the cells.

Up to 904 equivalent gates 1f flip-flops and latches are used In a1l
the cells.

Dle slze - 221 X 249 mi)s,

Power Dissipation - A watts typical

4.4 me per equivalent gate (for 904 gates and 4 watts)

Interface cell delay - .9ns typ (1.3ns max)

Hajor cell delay - .9 to 1.3ns typ (1.3 to 1.8ns max)

Output cell delay - 1.5ns typ (2.2ns max)

Any output cell (up to a total of 8) can drive a 25 ohm load.

A1l output cells can drive 50 ohm Voads.

Edge speed - 1.5ns typ 20 to 80X (1ns min)

05 Macros in Cell Library - 54 macros for major cells; 14 macros for
Interface cells, 17 macros for output cells.

Ambient temperature range with heat sink and 1000 Vfm alr flow = 0 to
10%.
0JA = 157C/w with heatsink and 1000 1fm atr flow
Absolute Maximm Junction temperature, Ty= 165°¢
Yoltage compensated, <mm = -5.2 volts 210%
MECL 10K compatible

FIGURE 3 - Important Macrocell Array Features
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MECL 10K 38 169 70
Oriving T
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Oriving )
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FIGURE 11.

For an ambtent
(0°C < ambient

temperature < 85°C
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