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Ahstract

This report deacribes the electronics requirements for the DUMAND fast
SBC digitizer. A possible implementation of the digitizer as a large ASIC
(application-specific integrated circuit) is presented. Engineering and ASIC
manufacturing cost estimates are presented.
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Chapter 1

Summary

The SBC (String Bottom Controller) must digitize signals from 24 OMs
(Optical Modules) on a string in the DUMAND detector. The OM signals
are digital, with the pulse height encoded as time-over-threshold. The SBC
digitizer measures the arrival time to 1nS and transmits a data word to
shore.

The SBC must handle bursts of very high rates on it’s inputs, although
the average rate is low. We calculate a worst-case burst of 96 words at an
average rate of about 4 nS per event. This was calculated for a single muon
traveling directly downwards near a string, producing a double hit in every
OM. The proposed design can handle a burst of 120 words at a rate of 2nS
per word.

In addition, the SBC digitizer must be extremely reliable. Assuming a
desired MTBF (mean time between failures) of 10 years for the array, each
SBC must have a MTBF of 100 years! We have studied the reliability of the
technologies we propose to use in the digitizer and believe that they meet
our requirements.

We have studied the digitizer requirements in detail, and believe that the
most reliable way to implement it is in a large ASIC (Application-Specific
Integrated Circunit). At least two ASIC technologies are currently available
(GaAs and Silicon ECL) which allow us to integrate the entire digitizer on
a single IC. We describe in detail our proposed design, and present repre-
sentative quotations from vendors of each technology.

We have estimated the cost of producing the SBC digitizer ASIC, both
the direct costs of purchasing the ICs, and the engineering required. The
costs are summarized in Section 4.



We believe that Boston University is well qualified to successfully com-
plete the design and manufacturing of the SBC digitizer electronics.



Chapter 2

SBC Digitizer Requirements

2.1 Performance

2.1.1 General Requirements

The SBC digitizer must meet several basic requirements, as summarized in
Section 1 above. We describe them in more detail here.

The SBC must digitize pulses from 24 OM’s and 3 CM’s with a least
count of .98 nS (115/1024) [hereafter referred to as “In$” and “1GHz”
to keep things simple]. Both leading and trailing edges of each pulse are
digitized. Any arbitrary signal on the inputs can be digitized, provided that
the total number of input transitions doesn’t exceed the internal buffer size.
7 anxiliary inputs (for hydrophones, ete) are sampled at 1MHz.

The data for an entire string is transmitted to shore on a fast fiber-optic
link. The digitizer must provide multiplexing to send the data for 24 OMs
on a single fiber.

The trigger processor at the shore station requires that the data be re-
ceived in time-order, so any multiplexing scheme must preserve the ordering
of the data across multiple input channels.

2.1.2 Rates and Buffering

The most expensive part (in terms of logic complexity) of the digitizer is
the internal buffer, therefore we have done extensive work to determine the
minimum safe buffer size and required buffer readout rate.

First, a simple analysis of the worst-case hit rate. This occurs, it turns
out, when a muon travels downward at 48 deg degrees, thus emitting Cerenkov



light directly downwards parallel to a string, illuminating each OM in turn.
The delay between hits is:

Given: OM spacing = 10m
speed of Cerenkov light = (3/4)c (2.24 - 108 m/sec)
speed of signal in ={(2/3)c (1.99 - 10® m/sec)
optical fiber

Then: photon time of flight = 44.6 n5/10m
signal time of flight = 50.3 n5/10m
time between hits = 5.7nS

Determining the required buffer depth is complex. We have performed
extensive computer simulations, and present our results in Dumand Internal
Report DR-1-91. Our prelimary results show that buffer depths of five for
the first buffer (FIFO #1) and 100 for the second buffer (FIFO #2) are
adequate, but more simulation work is required.

2.2 Proposed Design

This section gives a quick overview of our proposed digitizer design. For
more detail, see Appendix A.

The OM and CM data comes in on optical fibers. The fibers connect
to optical receiver boards, which plug into the main fast SBC board. The
output of the optical receiver cards are differential ECL signals, which feed
directly into the digitizer chip.

The fast digitization is accomplished by semi-custom ICs. The OM and
CM data is fed directly to the digitizer, along with a 1GHz master clock.
The output of the digitizer feeds directly to a serializer-encoder (perhaps
the Gazelle Hot Rod) chip, and then to a laser driver.

On-chip buffering is provided for >100 events, to handle bursts. The
worst-case burst expected is one double pulse on each of the 24 OM inputs,
within approximately 400 nS.

For each transition, a 10-bit time word, 5-bit channel number, and 1
bit up/down flag are transmitted, making a 17-bit data field. Every 1uS
(when a carry occurs from the 10th time bit), a roli-over word with channel
number = 0 is transmitted. The time field of roll-over words is replaced by
a 4-bit roll-over counter, and 7 bits of environmental data). An overflow bit
indicates lost data, if the internal buffers are full when an event occurs.



Two 17-bit data fields are combined, along with error detection bits, to
form a 40-bit word. This 40-bit word is sent directly to the laser encoder

(Gazelie Hot Rod chip).
When there is no data to transmit, the digitizer continuously transmits
“null” words with channel number = 0 and a valid time.

2.3 Performance of Proposed Design
Here is a quick summary of the performance of our proposed design:

1. Resolution

o 1 1§ time resolution of up and down transitions on all inputs.

o 10 bit time sent with each transition

2. Rate Capability

¢ 25 MHz continuous

s 500 MHz for bursts of 10 nS
s 167 MHz for bursts of up to 100 events

3. Special Features

¢ Periodic re-synchronization of fiber-optic link
o Null words sent when idle to calibrate clock drift
e Auxiliary environmental data inputs (7) sampled at 1 MHz

2.4 Reliability

The entire SBC system should have a MTBF (mean time between failures) of
at least 100 years. Assuming linear failure rate, this gives a 10% probability
of failure of one string in 10 years (in a 10-string detector). We have yet to
do a detailed study of the reliability requirements for the digitizer.

It appears that the reliability of the digitizer ASICs will not be a problem.
The reliability of large ASICs is well documented, particularly for ECL.
Failure rates are typically given in units of a FIT (failure in time), where
1 FIT = 1 failure/10° hours. Typical siated failure rates for ECL ICs are
less than 10 FITs, and for GaAs, less than 100 FITs. A 100 FIT failure rate
corresponds to 1 failure / 10% years.



Chapter 3

Engineering
Reccomendation

3.1 ASIC Technologies

We propose to use ASICs to integrate most of the fast SBC electronics. The
digitizer could possibly be built using discrete logic, but it would require a
large number of ICs, and it is extremely difficult to achieve 1 GHz or even
500 MHz operation with discrete ICs on a printed circuit board.

An ASIC is a custom IC fabricated from a logic design made up of simple,
tested, standard elements from a library supplied by the manufacturer. The
design of an ASIC is quite similar to the design of a logic circuit on a PCB,
but the IC vendor worries about the “hard” part—the physical layout. Once
the logic design is accepted by the manufacturer, they guarantee success;
that is they guarantee that the IC produced will meet our specifications.

Several technologies, summarized in the table below are used to produce
fast ASICs.

DELAYS (ps) Max recomm. Complexity Usable Speed

Gate Flip-Flop  Clk speed (gates) (in SBC)

1. ECL (1.5u) 200pS 400p$S 1.2 GHz ~30K 660 MIz
2. ECL (.8u) | 100pS  200pS ~2 GHz 80K 1.3 GHz
3. GaAs (SCFL) | 100pS  200pS 2 GHz 8K-10K 1.3 GHz
4. GaAs (1.5u) | 175pS  500pS 1 GHz ~30K 650 MHz
5. GaAs (.8u) 125p8S 350pS 600 MHz 60K 580 MHz
6. CMOS (.8u) | 500pS  1nS? 200MHz? >100K 260 MH:z



1. Silicon Emitter-Coupled Logic. Old technology, power-hungry. Proven.

2. .8um ECL. Quite new, but straightforward scaling of existing technol-
ogy.

3. Gallium Arsenide Source-Coupled FET Logic. Relatively new; some-
what lower power than ECL. Electrically quite similar to ECL. Fastest
production ASIC technology.

4. Gallium Arsenide Direct-Coupled FET Logic. Substantially lower
power than ECL, comparable speed. 1.5um feature size has existed
for several years.

5. Gallium Arsenide DCFL, .8um feature size. Newly introduced by
Vitesse semiconductor. Although this logic is in principle fast enough
to run at >1GHz, the physical characteristics of the IC package limit
it's speed to 580 MHz.

6. Silicon Complimentary Metal-Oxide Semiconductor. Old technology,
but specs given are for state-of-the-art .8um feature size. Still not
quite fast enough for us.

3.1.1 Speed

The Usable Speed is my estimate of the maximum speed we could operate
the SBC digitizer at if built using the technology, calculated as follows:

max speed = ((FF delay) + (3 - Gate delay)) - derating factor

This assumes that a maximum of 3 levels of combinatorial logic are re-
quired between flip-flops. The derating factor (typically 1.5) is for IC man-
ufacturing process variations, operating temparature variations, etc. See
Note 5 below for a special note on 0.8um GaAs.

3.1.2 Density

The “complexity” column is the approximate number of simple gates (i.e.
2-input OR) which can typically be fabricated on a single chip. We estimate
that the current design will require approximately 40,000 gates (assuming
one chip per string).



3.1.3 Summary
3.2 Design Partitioning

A 1GHz digitizer can be implemented in at least two ways. The first is a
single ASIC containing the entire digitizer. This currently appears possible
only with 0.8um ECL technology. An attractive alternative is to use SCFL
GaAs for the digitizer itself, and a second, lower—speed technology for the
large memory buffer. We are currently exploring this possibility. If the
digitizer and buffer memory are implemented separately, about 15,000 gates
are needed for the digitizer, and 25,000 for the buffer memory.

3.3 In-House Engineering Requirements

Figure 3.1 shows the typical design path for an ASIC. The diagram shown
is from GigaBit Logic, but is quite similar for most vendors. The left col-
umn shows tasks typically performed by the customer, namely us. A CAE
(Computer-Aided Engineering) system, running on a fairly high-powered
workstation, is required to perform most of the steps. An IBM-PC based
system would not be appropriate.

Software required is as follows:

¢ Schematic Editor (required) for capture and editing of schematic
diagram

¢ Logic Simulator (required) for simulation and timing verification

o Test Vector Generator (optional) helps generate test vectors to
verify correct operation of the simulation and actual ICs.

¢ Fault Simulator (optional) simulates failure of each logic element in
the IC to test coverage of test vectors

After the design simulation is correct and the test vectors are prepared,
a tape containing the design files is delivered to the IC vendor. They then
produce a physical layout of the logic elements in the IC, and produce a
back-annotation file. This allows a detailed simulation, taking into account
the actual time delays produced by the interconnections on the IC itself.
After this simulation, the ICs are fabricated by the vendor.

10
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3.4 Capabilities at B.U.

The EDF at Boston University is equipped to handle most of the engineering
required to produce an ASIC. We have a Mentor Graphics IDEA system,
running on Apollo workstations. It would be advisable to purchase test vec-
tor generation and fault simulator software from Mentor prior to beginning
the design work.

8.4.1 Consulting Recommendations

We suggest that a consultant be hired to perform at least one, and preferably
two design reviews. The IC vendor will provide a lot of engineering support
during the design process, but it is useful to have the design evaluated by
an experienced third party periodically.

3.5 Engineering Labor Estimate

We estimate that the design and production of the ASIC will take approxi-
mately 1 man-year of engineering. This breaks down as shown in the table
below. This includes all work required after a final choice of vendor is made,

In addition, a test board will be required to test the ASICs once they
are delivered. Probably the PCB will be usable in the SBC itself with some
modifications. We do not have enough detailed information on the overall
SBC design to accurately estimate the cost of the final PCB design.

Task Time (man-weeks)
ASIC Engineering

basic (paper) design 14

schematic editing 8

simulation 12

add features for testability 7

generate test vectors 5

Test PCB Engineering 7

Prototype Testing 5

TOTAL 58

12



Chapter 4

Conclusions

In summary, we believe that the design of the DUMAND SBC digitizer is
relatively straightforward with today’s fast ASIC technologies. We see two
possible options for the actual digitizer:

e A single-chip design using 0.8um Silicon ECL technology. This would
probably be the most reliable.

¢ A two-chip design using GaAs, The fast SCFL logic family would
be used for the digitizer itself, and the slower DCFL family for the
memory buffer. This would consume about half the power of the ECL
design, and would cost somewhat less.

13



Appendix A

Detailed Description of
Proposed Design

A.1 Front-End (edge detector)

The first task of the digitizer is to synchronize the 27 inputs (24 OMs + 3
CMs) with the 1 GHz clock, and to detect rising and falling edges. This is
accomplished with several latches and an exclusive-or (XOR) gate on each
input channel. Edge detection is done by XORing two successive samples of
an input. The XOR output is high when the two samples differ, indicating
that the input has changed state. A 27-input OR gate senses when an edge
is present on any of the 27 input channels, producing the TRIGGER signal.
The XOR outputs are used only to generate the trigger signal. The output
from this stage is 28 bits:

1 TRIGGER
27 OM data

A.2 Time Stamp

The arrival time of each hit (TRIGGER) is recorded to 1nS accuracy. A 14-
bit synchronous counter runs continuously at 1GHz, and the low 10 bits are
latched on each TRIGGER. When a carry occurs from the 10th bit (every
1u8), a word is latched with a flag set to indicate roll-over. If a trigger is
present when roll-over occurs, OM data is recorded as usual.

14



A.3 Roll-Over Words

When a clock roll-over occurs {every 1uS), 6 external inputs are latched,
along with the upper 4 bits of the clock synchronous counter. These 10 bits
replace the 10 bit time word data.

The data stream at this point consists of:

1 TRIGGER

27 OM data

10 time word (or auxiliary input data)
1 roll-over flag

If there are changes on any of the OM inputs, the data is recorded as
usual in the “OM data” portion of the word.

A.4 FIFO buffer #1

The first FIFO buffers the raw OM data {one bit per OM input). This buffer
is required to handle hits on more than one OM input at a time.

A 39 (1427+410+1) bit word is written into the FIFO on each TRIGGER
or roll-over. The FIFO may be full when data is to be written. If so, no
data is written, but a LOST DATA flag is set in the top word on the FIFO.
In addition, a single free location is always reserved for roll-over words at
the input to the FIFO, guaranteeing that no roll-over words will be lost.

The depth of this fifo can be quite small, probably 5 or 10 words.

A.5 Change Register

Each output word from FIFO #1 is clocked into two latches in series. An
XOR gate on each bit identifies which bits (each corresponding to an OM
input) have changed. The output from this stage is two 27 bit words; the first
identifies which inputs have changed state, the second records the direction

of the change.

A.8 Channel Number Encoder

The Change Register output feeds an encoder, which scans the change reg-
ister for 1 bits. Each time one is found, an output word is built, with the

15



current time stamp. A priority encoder converts the 1-of-27 input from the
change register into a 5-bit binary channel number. The channel number is
used to select the appropriate bit from the direction register for output.

When the roll-over flag is set, a word is built with channel number 0, and
auxiliary data in the clock field. If any bits are set in the change register,
normal data words are also built, with the clock field set to 0.

A.7 FIFO #2

The cutput from the channel encoder is stored in FIFQ #2, which is 17 bits
wide by about 100 words deep. Hits are transferred in every 2nS from the
channel number encoder. Hits are removed from FIFQ #2 and transmitted
(in pairs) to the Hot-Rod encoder every 80nS (per pair).

A.8 Output Data Format

The Hot-Rod chip transmits fixed length 40-bit words. A 40-bit word is
built from two 17 bit data words, a flag bit to indicate a Null Word (see
Section A.9) below, four parity bits, and a spare bit. The output words are
formatted as follows:

Data or Roll-Over Words

bit Description

0-16  data field #1 (earlier in time)
17-33 data field #2

34 spare (not used)

35 1=null word 0=data word
36 parity for bits 0,4,8...

37 parity for bits 1,5,9...

38 parity for bits 2,6,10...

39 parity for bits 3,7,11...

Data Field Details

bit Data Roll-Over

0-4 channel zeroes

5 up/down -not used-
6-15 to—tp t10—t13, at2y—-5

16 overflow overflow

16



Null Words

bit Description

04 tio—t14
5 -not used-
68-15 to-tg
The bit names in the above tables are defined as follows:
bit description
in clock time to 1nS
auzrg—y hydrophone data
auzry SBC computer data to shore

A.9 Null Words

Whenever FIFQO #2 is empty, a null word is transmitted, containing 14 bits
of time. A bit is set to flag null words. The null word replaces the low 17
bits of the 40-bit word. Bits 17-33 are set to zeroes,

17



Appendix B

Drawings of a Possible
Implementation
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' National
Semiconductlor

E'Y

Z 'd  p0:1Z 168,30-10 . AT

TIN WOodd

20 Blanchard Road Teiephone: (617 221-4500

Suile 1
Burlington, Massachusetis 01803

January 7, 1991

My, Erio Hazen

Boston University

590 Commonwealth Avenue
Boaton, MA 02215

Re: DUMAND Project — SBC Fast Digitizer

Dear Bric,

Besed on our conversations today and last December 19, Na-
tional Semiconducter is pleasud to provide the following quota-
tion for your project, assuming that the entire design will fit
into 1 Gate Array. National has not completed it’a gate estima-
tion, however based on a preliminary review, and Boston Universi-
ties inputa, 4t 4is anticipated that the design will occupy ap-
proximately 40 - 45k gates, National has proposed two gate ar-
rays, the NGAOG49T, which contains 492,000 equivalent gates,
features 256 ECL I/0’s, and is packaged in a 323 CPGA, and the
NGAOS2T which oontains 52,000 equivaleat gates, features 220
I/0’8 with mixed ECL/TTL interfaca capability, and is packaged in
a 303 CFGA. It ahould be noted that National has only taken test
data with the 323 CPGA at speeds over 1GHz, and additional test-
ing would be required on tha 303 CPGA package to determine if
these speeds are possible. The pricing for these arrays is as
followa!

NRE NRE _
Device Packsge (Joint) (Turnkey) $0-100 100-500 500-1k 1k-5k
NGAO49T 323 CRGA $225K £299K $1459 51428  $1295  §1234
NGAOSZ2T 303 CPGA $223K 8299K $14%9 #1390 1260  §1200

Note: NRE includes 10 Prototypes.
Joint NRE assumes BU supplies eimulated NSC netlist.
Turnkey NRE assumes BU supplies generic schematics
and test vectors.

Design Automation support for the NGA aeriea gate arrays
currently is available with NSC’a DA4 design automation aystem
only. DA4 features either Cadence or Viewlogic achematic cap-
ture, with Verilog simulatior. DA4 also provides several addi-
tional tools such as the NSC Electrical Design Rule Checker, and
static timing analyais using CPA. DA4 currently is available on
the SUN 4 pimtform, running 4.0.3 0.8, The cost for the Cadence
or Viewlogic Schematic Capture, Verilog simulation, and Dad
specific tool packages is estimated to be $60k for your applica-
tion. Yearly maintainence is also avaialable for 13% of the pur-
chase price. DA4 way also be leased for §7k/month.

Fax: (617) 272-€387
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Please note that National has not completed the evaluation
of a multichip solution to ycur project needs, and anticipates
completeing this by Jan 11. Until then, if you have any other
questions, please do not hesitate to contact me,

Regards,

Bill Carrigan
National Semiconductor
Boston ASIC Desgign Center

WoA 4
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NGA SERIES - ECL Gate Arrays

IR
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I

PRODUCT FEATURES
5% Q. Uwresfomu 109 e
e
Description NGAO500 NGAOSOD NGA1600 NG A45800 MHGAO49T
—— Equivalem Gales 500 D45 1610 4800 48700
# of Metal Layers 4 4 A 3 3
Typical Gate Delay (Note 1)

Internal ECL (ps} 100-250 100-250 100250 100-250 100-250Q
Speed/Power_Oplion YES YES YES YES YES
Typical Power {mW} 0.3-0.6 0.5.1.0 0.8-2.0 2.0-4.0 15.20
$O (Nole 2)

ECL 1O 0 0 0 ] 256

ECUTTL VO 13 25 48 72 ¢}

Power/GND 3 3 12 40 58
Packages 16L0CC 16/24L0CC 44L0CC 136LDCC 323PGA

TS5PGA 751 03PGA
Availability (Calendar) 2091 AQ00 2091 2091 4090

Note 1: FO=2, L«1mm
Nota 22 ECL O {100KAOKHOKH)

[DATE: OCTOBER 190 |

—




PRELIMINARY DATA SHEET

O VITE E VGFX100K/VGFX200K
High Performance

SEMICONDUCTOR CORPORATION FX Series Gatle Arrays
Features
+ Superior Performance: High Speed and Low + Choice of Sizes:
Power Dissipation - FX100K, 102K 2-Input NOR gates {raw}, over 50,000
. . \ . usable gates or 6,250 usable D flip-flops, 196 VO
Channelless Amray Architecture for Ultra High Density - FX200K, 195K 2-Input NOR gates (raw), over 100,000
« Four Layer Metal for High Gate Utilization usable gates or 12,500 usable D flip flops, 256 VO
« Proven GaAs Enhancement/Depletion MESFET Process  * Multiple Butfering Options for Each Macro Function
« Array Parformance + Embedded SRAM and Megacell Options Available
- D Flip-flop toggle rates: »1.6 GHz Schematic Ca ; :
! . pture and Simulation Supported on
- Typical gate delay: 115 ps @ 0.15 mW (Unbuffered
2-input NOR, F.O. = 1, 0.21 mm wire) MENTOR or VALID Platforms
- Typical gate delay: 130 ps @ 0.6 mW (Buffered « Bohavioral and Mixed Mode Simulation Support for
2-input NOR, F.O. = 3, 0.63 mm wira) VERILOG XL
- ECL and GaAs inputs/outputs . . .
i s » Logic Synthesis Supported with Synopsys
TTL compatible inputs/outputs Design Compiler™
Architecture
High Driva Clock L Coll =
(_) {4 par side, 8 otal} I-OC&# Eo;gulm
e {P 4
100 ki) ai
The VGFX100K Gate Array

© VITESSE SEMICONDUCTOR CORPORATION

741 Calle Plano, Carnaritio, CA §3012+ (805) 388-3700 « FAX (805) 987-5896
11/90
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VGFX100K/VGFX200K

High Performance
FX Series Gate Arrays

SEMICONDUCTOR CORPORATION

input Coll

The VGFX200K Gate Array

Introduction

The FX Series offers the integration level of BICMOS
gate arrays at the speed performance of much smalier
ECL devices. Implemented using Vitesse’s proprietary
H-GaAs process, the FX100K and FX200K are the firstin
a series of gate arrays that combine uitra high integration
with leading edge performance.

The FX array family incorporates a channelless array
architecture which allows metal routing on the first layer
to be placed directly over unused cells. This approach
avoids the need for pre-defined channels between
columins of macros and therefore allows much greater
density and flexibilty than channelled gate array archi-
tectures. Due to an advanced four layer metal process,
typical maximum array utilizations range from 50% to
70% of the total available gates. This yields over 50,000
and 100,000 utilizable gates (2-input NOR gates) for the
FX100K and FX200K, respectively.

Capable of operating from 50 MHz to well over 500

MHz, the FX Series arrays have been designed to
provide the best speed - power performance of any
gate array technology. The speed of leading edge ECL
technology is achieved at a fraction of ECL’s power. In
addition, because of the frequency independent power
consumption of H-GaAs technology, power dissipation
levels comparable to, or lower than, similar density
BiCMOS arrays are a reality at frequencies above 50
MHz to 80 MHz. This power savings can add up to
substantial cost savings to users in terms of overall
cooling requirements.

As with all of Vitesse’s ASIC products, the FX arrays
interface with TTL, ECL and GaAs devices directly.
The FX100K and FX200K use standard power supplies
and are supported on the ASIC industry’s most popular
CAE platforms for schematic capture, behavioral
modeling and logic synthesis. Vitesse also supporis
the custom implementation of embedded SRAM,
multiport register files, and other megacell functions in
the FX arrays.

11/90
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VI TESSE

SEMICONDUCTOR CORPORATION

VGFX100K/VGFX200K

High Performance
FX Series Gate Arrays

Technology

The FX Series arrays are implemented using Vitesse’s
proprietary H-GaAs Ill process. This process repre-
sents the third generation of the H-GaAs technology
developed by Vitesse to manutacture high yielding, LS!
and VLS| digital GaAs circuits. The H-GaAs [l process
features a 0.6 ym self-aligned gate MESFET and four
levels of metal interconnect. The basic logic structure
for the FX Series is a 2-input NOR gate implemented
using direct coupled FET logic (DCFL). Millions of
hours of life testing have proven the reliability of the
H-GaAs process technology and the DCFL logic
structure.

Applications

The FX Series of gate arrays canbe usedina
wide variety of applications including: mainframe
computers, workstations and communications
equipment. This family of high performance semi-
custom products is ideally suited for systems requiring
very high speed, low power digital logic at high levels
of integration.

Computers

The ultra high integration that the FX arrays offer,
combined with their high performance and low power
consumption, makes them ideally suited for the
implementation of high performance processors and
processor support logic. Offering a big performance
increase over BiCMOS technology and substantially
lower power than ECL technology, the FX Series gate
arrays are the perfect choice for systems with clock
rates in excess of 50 MHz. Specific computer
applications for FX arrays include integer arithmetic
processing, floating-point processing, cache control,
and bus interface functions.

Table 1: Array Cell Summary

Communications

Inteligent fiber optic communication links for voice
and data transmission can be designed with the FX
family. These applications can greatly benefit from the
low power dissipation inherent in the FX arrays while
allowing the user to implement the high speed VLSI
ang LSl circuits necessary to handle the new
generation of high-bandwidth telecommunications
standards. The implementation of large switching
networks on a single chip is just one example of
these applications.

Architecture

The FX arrays contain four celi types: internal logic
cells, input anly cells, input/output {I/0) celis and clock
receivers. The layout of the VGFX100K is shown on
page 1. Page 2 displays the layout of the VGFX200K.
The table below is a summary of the internai cells, VO
and package options for both arrays in the FX family.

internal Logic Celis

The internal logic cells comprise most of the area of
the array. These cells use direct coupled FET logic
{DCFL), which minimizes the number of elements
needed for each logic function. The primitive element
or building block is a cell which consists of a single
depletion-mode transistor and two enhancement-mode
transistors which can be connected to make a 2-input
NOR gate.

input Only Cells

Input only cells are located on two sides of the
periphery of the array. input cells are also located in
input/Output cells. Input cells can be personalized as
latches, registers, or buffers, and are compatible with
TTL, ECL or ‘native’ GaAs signals. All three signal
levels can be used in one chip design to optimize
overall system performance. Input cells can provide 1x

# of inteenal
Array Gales £ of inpid Cads £ of PO Calls srw P
ZT ECL | H- A i
Name | Tewr TE0 71 m AR EA K Options
51K 211 pin PGA™*
VGFXTOOK | 102K 8 100 | 1 196 \
0 6K g |88 8 e 256 pin LDCC
GBK L
VGFX200K | 195K » g2 | sz | & |156| 156 256 344 pin LDCC
* based ot 50% utilization  ** 172 tolal signal ping supported in this package

VITESSE Semiconductor Corp.
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VGFX100K/VGFX200K
High Performance VI TES SE
)

FX Series Gale Arrays SEMICONDUCTOR CORPORATION

or 2x drive on either the true or complement signal. The Input/Output (VO) Cells
input cells translate off-chip logic levels to intemal GaAs  Input/Output cells are located on the top and bottom of
logic levels for efficient internal operation. Thesecells  thearay. YO cells can be configured as output drivers,

also provide ESD input protection. input receivers, or bidirectional transceivers. TTL, ECL,
Each input only cell has enough resources, and can and GaAs /O signal levels are supported with no
be personalized through macro selection, to form a restrictions on mixing different VO types. The output

JTAG-compatible boundary scan flip-flop. Inthisway ~ portion of the VO cell can be configured as a latch, flip-

boundary scan can be accomodated without using core  flop. 2-input or 3-input OR or NOR, or as an inverting or

cells. non-inverting buffer. In addition, boundary scan can be
A number of input cells in each array are configured as  €asily accomodated since each /O cell can be

high-drive receivers intended for use as clock buffers.  configured as a scan flip-fop. When configured as an
ECL driver, the output cell can interface with ECL 10KH

or 100K receivers while driving a2 50Q load. Two output
cells may be paralieled to drive a double-terminated

These special input cells can support up to 6x the drive
capability of a standard input cell.

ECL bus (256Q DC load).
Macro Library
The FX Macro Library contains information to fully representative list of the macrocells which are available
evaluate the function and performance of fogic blocks for the FX arrays. Performance characteristics for
{macrocells). The FX library includes functional selected macros are given on page 4. For a complete
equivalents for all FURY Series macros as well as set of specifications, refer to the FX Design Guide.
optimized megacell functions. The following is a
BIE - Bidirectional ECL input/output buffer LLP3 - Muxed positive transparent D latch
CLK1 - Clock butfer LM1 - 2:1 multiplexer
CLK1G - Clock buifer with GaAs input LM1U - 2:1 mutiiplexer, unbutfered
IEDIFF - Differential ECL input LM3 - 4:1 multiplexer
IE1T - ECL input buffer {1x drive) LN2 - 2-input NOR
IECK3 - ECL input buffer (3x drive) LN2B - 2-input NOR with 2x buffer
IG - Buffered GaAs input LN2U - Dual 2-input NOR, unbuftered
LA1 - Half adder LN4 - 4-input NOR
{A1U - Half adder, unbutfered LN4U - 4-input NOR, unbuffered
LA2 - Fulladder LN9 - 9-input NOR
LAND - 2-input AND LN9U - 9-input NOR, unbuftered
LANDU - 2-input AND, unbuffered LNA2 - 2-input NAND
LBiUG - Unbuffered GaAs input LNA2U - 2-input NAND, unbufiered
LB3UG - Unbutfered inverting GaAs input LO2 - 2-inputCR
LDR1 - Line driver/inverting clock buffer, 1x drive LO4 - 4-inputOR
LDR3 - Line driverfinverting clock butfer, 3x drive LSP1 - Positive edge triggered D flip-fiop
LFP1 - Positive edge triggerad D ilip-flop with 2:1 mux input
LFP3 - Paositive edge triggered D flip-flop with LX1 - 2-input exclusive OR
asynchronous set & clear LX2 - Z-input exclusive NOR
LFP4 - Positive edge triggered D flip-lop with 3-input OR QOE - ECL output butfer
and asynchronous set OE25 - ECL 25Q cut-off output driver
LFP5 - Positive edge triggered D flip-flop with 4-input OR OG - GaAs outiput buffer
LLP1 - High transparent D latch °0 - Pull-down

LLP2 - Hightransparent D laich with 2-input OR

11/90 4 VITESSE Semiconductor Corp.
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FX Series Gate Arrays

Absolute Maximum Ratings

Recommended Operating Condmons

Power Supply Voltage (ECL), ¥,y potential to GND ...-2.5V to +0.5¥  ECL Supply Voltage, (V,, } 20V + 5%
Power Supply Voltage (TTL), ¥,,, potential 1o GND ... +4.3V10-0.5V  TTL Supply Voltage, (V) 3.3V £ 5%
ECL Input Voitage Applied, (V, m_) +05Vio V. Commercial Operating Temperature Range, (). ... 0° to 70°C
TTL Input Voltage Applied, (V,, - ) 05Vto Vi, Industrial Operating Temperature Range, (73 7. ..............~40° 1 85°C
ECL or TTL Output Current, [, (DG, output Hl) ..coiinrininn 50 mA Notes:
Maximum Junction Temperature, (T, ?2’ 150°C (1) CAUTION: Stresses listed under "Absolte Maximum Ratings™ may be
[ 1 1 o appa‘mdbdavmmataﬂmm‘ﬂuﬂwusm permanent damage.
Case Temperature Under Bias{z.,{'l'c} vee 505 to +125ﬂc Fonct v soovs e valoos lsted is foy .
Storage Temperaturs, ( T, ) -65°C to +150°C these values fr axtanded periods may affect device reliabiity.
{2) Lower Emit is ambient lemperalure and upper fimit Is case lemperalure.
DC Characteristics
TTL Inputs/Outpuls: (Over recommendsd commercial operating condiions, TTLGND = GND)
FParameters Dascription Min Typ Max Units Conditions
Vou Output HIGH voltage 24 - - v b, =-24mA
vy, Output LOW voltage — 0.5 v I =16 mA
Vi, Input HIGH voltage 2.0 — — v Guaranteed HIGH for all inputs
v, Input LOW voltage - 0.8 v Guarenteed LOW for all inputs
- Input HIGH current — — 50 pA V=24V
N Input LOW current -s00 | — — pA V=05V
fm 3-state output OFF current HIGH — —_ 100 HA vour =24V
bzt 3-state oulput OFF current LOW -100 —_ -— A Vour =05 v
Yooz Open collector output leakage current —_ -— 100 pA Vour =24V

ECL inputs/Ouiputs: (Ovar remmended commercial operating conditions with intermnal V..
- GND, Output load 502 © V,,)

ce ™ Yoea \
Parsmeters Description Min Typ Max Units Conditions
Vou Oulput HIGH voltage 020 | -eso | -700 mv V,, =V, (max)
Vo Output LOW voitage -2000 — -1620 mv ¥, (min)
v, Input HIGH voltage -1100 — -700 mV Guaranteed HIGH for all inputs
Vu_ input LOW voltage -2000 —_ -1540 my Guaranteed LOW for all inputs
i, Input HIGH current — —_ 200 pA Vi, =V, max
i input LOW current -50 —_ — pA Vi =V, min

Note: 1) Differential ECL oulput pins must be terminated idantically.
GaAs Inputs/Outputs: (Over recommended commercial aperating conditions, Vo = Voo, = GND, Output load 5002 to V)

2) i only GaAs I/Os are used, Vi =0V, V.

Parameters Description Min Typ Max Units Conditions
Vou Output HIGH voltage V4700 — PV 411001 mV v, =V, (max}
Vo, Output LOW voltage v, — {vsw00| mv | oV (min)
vV, input HIGH voltage V. +600] — |V+1200| mV Guaranteed HIGH for all inputs
Vv, Input LOW voltage Vv, -400 — vV, +200( mv Guaranteed LOW for all inputs
t, Input HIGH current — — 200 WA V=V, max
4, Input |LOW current -100 — — HA vV, =V, min

Note: 1) Differential GaAs oulput pins mus! be terminated identically.

= +2.0V. and all YO lavels are still referenced to ¥V,

VITESSE Semiconductor Corp.
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FX Serles Gate Arrays SEMICONDUCTOR CORPORATION

Selected Macrocell AC Performance (Commercial temp. amays)

LN2: Buffered 2-input NOR

Parameter Min Typ Max Units
Propagation Delay
Al A2 ZN Rising Signal 50 - 80 ps
Falfing Signal 40 — 50 ps
Load Dependent Delay A1 -
Delay/Fan-out Rising Signal & — 8 ps
Faling Signal — 8 ps A2
Delay/mm wire Rising Signal @2 — 150 ps
Falling Signal 76 — 95 ps
Power Dissipation —_ 0.50 0.79 mw

LX2: 2-Input XNOR

Paramator Min Typ Max Unita
Propagation Delay
Al AZt0Z Rislog Signal 120 — 320 ps
Fafling Signal 150 — 290 ps Al
load Dependent Delay Zz
Delay/Fan-out Rising Signal 5 - 8 ps A2
Falfing Signal — 11 ps ’
Delay/mm wire Rising Signal 82 — 150 pE
Falling Sipnal 87 — = ps
Power Dissipation — 099 1.53 mw
L M3: 4:1 Multiplexer
Parameter Min Typ Max Units
Propagation Delay :
50,81t Z Rising Signal 170 — 350 ps 10
Falling Signal 170 — 320 ps —
0-1BwZ Rising Signal 170 — 210 08 Tl LM3
Falling Signal 170 — 260 ps — | 7
Load Dependent Delay 2 1
Delay/Fan-out Rising Signal 6 — 9 ps I3 MUX
Falting Signal  © — 1 ps LS
Delay/mm wire Rising Signal 103 — 167 ps
Fafling Signal 97 — 121 ps | I
Power Dissipation — 140 228 mw St 50
LEP1: Poshtive Edge Triggered D Flip-fiop
Parameter Min Typ Max Units -
Propagation Delay
ClKtQ Rising Signal 110 — 180 ps
Fafiing Signal 240 — 300 ps
terer 61 — 102 ps D Q
LA 43 —_ 73 ps
Toggle ireq. fased on min. puss wictn) 1620 — 27o MHz LFP1
Load Dependent Delay
Dolay/Fan-out  Rising Signal 5 — 8 ps CLK _+-
Falting Signal 8 — 10 ps
Detay/mm wire Rising Signal 82 - 150 ps
Falling Signal 92 — 115 ps
Power Dissipation — 1.76 2.77 mw
11090 6 VITESSE Semiconductor Corp.
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211 Pin Grid Array (PGA)
cNONCNCRCRORORCNCNC]
OO RAEOEOE
GEeREEAEREE
@@ ©® 20O
hem | mm (inMax) | s (inax)
A | 241267 (v [0.0050.105 fyp)
B | 41.9144.45 (aq) | 18501750 (sq}
B C | 041051ty [0.0180.020 fyp)
D | 445495 (typ) |0.1750.195 qyp}
E 2000 0.,080.12
F | 2740sq)Rel | 1.08 (sq) Ret
G 0.3870.64 0.0150.025
H | 1252 (yp) |0.0400.000 typ)
A lepeeeee@ P ©ORFEEEEe
oRoNORORONORONONIRCECRONORCE]
D RONONORCEONORONONORONCHCROR D!
ROV EAREREE @6 |

O

A

-

—
D
itis
I e

F—

256 Pin Leaded Flatpack (LDCC)

VIIIIIIIIIIIIIIIIIIIIII f//liiiiiil;

4 V]

r r

/A :

’ y

) A

7| ’

2 :

Hom [ men (Min/llax) n (eI} 4 ;
-~

A | 200097 {aq) | 1.360/1.550 (m) ‘ ;

B| Rezme Piot 1.1 (s Z 5

| esiem 0.020 (o) ‘ /
A

D{ oo 00150625 z 7

E 2.033.08 ©.08/0.12 ; ‘

’

F |o.onee/0.215¢ (typ) [0.00350.0085 {typ) ? z

G L1708 {wp) 0204030 (WP} z ;

H 0. 150.26 (o) 0.0000.010 (hp) /111///11‘-1//11/111///1111111111111/

| Aol 254 (typ) Rt 0,100 {typ}
J 324 tye) 1.20 o)
* Al package body

VITESSE Semiconductor Corp.
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O
Packaging
344 Leaded Ceramic Chip Carrier (LDCC)
¥
— ¥
== Heat Sink =
= Side ==
= , K = !
= Package is
= Cavity Down
............................ L
L & I
e ‘ . eAAm T |' '“! i |” y L
45° ‘ l”|| I|| il ; ‘ il I1|J
4PLCS | | ' . : |..
* l—
' -
e A »
F __l— - 8 . E D
" >
i N | 14
= -
Htem | mm (Min/Max) In (MinvMax) | tem | mm (Min/Max) | In (Min/Max}
A 58.93/59.94 2.320/2.360 H 0.15/0.25 0.006/0.010
B 3554 TYP 1.36 TYP r REF 2.54 TYP REF 0.100 TYP
c* - 51 TYP 0.020 TYP J 32.00TYP 1.26 TYP
D 0.38/0.63 0.015/0.025 X 3946 TYP 116 TYP
E 2.16/2.92 0.085/0.115 L 36.57/37.59SQ 1.440/1.480
F 0.09/0.216 0.004/0.008 M* 5436 TYP 2,140 TYP
G 5.08/7.62 0.200/0.300
* At package body

11/90 8 VITESSE Semiconductor Corp.
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High Performance
SEMICONDUCTOR CORPORATION FX Series Gate Arrays
Option Development Procedure Gate Array Design Flow
Vitesse Semiconductor offers its customers the VITESSE BOTH CUSTOMER
option of fully designing their own gate array, or having SKNUP CUSTOMER - NTIAL DESIGN o SO TARE

Vitesse perform a turn-key implementation of their
design based on mutually agreed specifications.
Regardless of the interface, a Vitesse implementation
engineer is assigned to the customer to answer
questions and track the progress of the design from
start to finish. The following steps are normally
performed by a Vitesse implementation engineer.

- Final placement and routing of the design

- Net-length extraction

« Fan-out and metal delay calculation

- Design rule checking and layout vs schematic

Through experience with many gate array designs,
Vitesse has created a design automation framework and
a well defined flow for smooth implementation of
customer designs. The flowchart at right summarizes
the typical gate array project flow and the various tasks
delegated to the customer or to Vitesse.

CAD Tools/Support

FX designs are supported on MENTOR, VALID,
SYNOPSYS, and VERILOG platforms. LASAR
simulation software is used to verity the AC
performance of the design by taking into account on-
chip timing variations. Simulation libraries for VERILOG
XL™ are also supported. The Vitesse Design Kit
includes documentation and software which allow the
customer to perform schematic capture, functional
simulation, front-annotated timing simulation, electrical
rule checks, and back-annctated simulation upon
completion of placement and routing. To faciltate
floorplanning and block pre-placement, Vitesse has an
interactive graphical placement program that the
customer may choose to use for their design. This
program is supported in the X Windows™ environment.
Cadence placement and routing tools are used for
physical implementation.

ENGINEER GENERATE NET LIST

DELIVER DESIGN
MANUAL & SOFTWARE

CREATE FUNCTIONAL
TEST VECTOR FILE

DESIGN
AGCEPTANGE * D'

RUN FUNCTIONAL

PRELIMINARY LOGIC SIMULATION

RE-RUN ERCs ANO
L) DESIGN REVIEW

(T-SPEED SIMULATION

CREATE AT-SPEED
TEST YECTOR FILE

RUN FRONT
ANNOTATICN PROGRAM
RUN AT-SPEED
SIMULATION
FUNCTIONAL TEST
VECTOR YERIFICATION
GENERATE

PRE-PLACEMENT FILE
WITH VSCPRE

GENERATE BACK
ANNOTATION FILE ™\

GENERATE
DESIGN SUBMISSION

-

DETERMINE IF
ARRAY MEETS ALL
SPECIFICATIONS

CUSTOMER
RECEIVES PARTS

Training

Design classes are provided to help the customer
understand the design methodology and tools utilized in
the gate array design process. These classes are
recommended for all customers planning to implement a
design in a Vitesse gate array. Training can be
provided at the Vitesse facility or at the customer's site.

VITESSE Semiconductor Corp.

Q9 1190



VGFX100K/VGFX200K VITES SE

High Performance
FX Serles Gale Arrays SEMICONDUCTOR CORPORATION O
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Mr. Eric Hazen

Boston University
: Department of Physics
i 590 Commonwealth Avenue
Boston, Massachusetts 02115

‘ Dear Eric,

Attached please find a budgetary quotation for the VGFX100K High

~ Performance Channeliess Gate Array. We believe it is the optimum solution to
your DUMAND SBC Fast Digitizer requirements. Piease note that a firm tixed
pricing quotation will be furnished upon final review of the gate level design

requirements.

Additionally, | have included in this package a copy of the Preliminary Technical
Analysis of the Digitizer block diagram you provided. Allow me to make a few
comments regarding the TA:

_ . m .

4. It was authored by Steve Dias who can be reached at
(617) 239-8075.
2. The gate count and power dissipation seem to be very close
ifl 1o earlier estimates and well within both your budgets and
‘ the performance of the VGFX100K.

3. The maximum speed estimates of the design are completely a
function of the 211 PGA package fimitations. Using
techniques such as impedance matching and source
termination, other Vitesse customers have been able to

: exceed these limits. Steve and the Vitesse experts on
- printed circuit board layout will be in touch with you to
' discuss these methods of performance enhancement.

Regarding the development of this ASIC device, please be aware that as of
January 1, 1991, Vitesse will support Mentor designs running under version 7.0
of the IDEA Series Workstation. This week you will be receiving Vitesse
Release 3.2 of the FURY Design Kit. which is version 7.0 compatible.




Finally, the other items I've included in this package include the VGFX100K
Preliminary Data Sheet and the Quality Assurance and Reliability Report you
requested. | hope this information proves useful in your consideration of
Vitesse as a supplier in your program. We look forward to working with you.

Regards,

Tm«f MW
Tony McManus

District Sales Manager



12/3/90
Quotation No.: EBN/PG-1457

Boston University

VGFX100K High Performance FX Series Gate Array in a 211PGA
ceramic package; 102K 2-input NOR equivalents (raw); approx
50K usable gates.

Non-Recurring Engineering (NRE), including:
Mentor 7.0 Library and Utlities
Implementation engineer assignment
Netlist level interface
Preliminary and Critical Design Reviews

Mask generation __
Fabrication, Assembly and Test of five (5)

Production of the DUMAND SBC Digitizer ASIC

B PIECES..uverreerenrrrranrarresrsssssssssersnsssesmassratassasmisassessossessasnans $925 ea

Leadtimes

Design submission to prbtotypc delivery.............. 12 weeks
Production delivery ARO......c.ccoiciiiiniviiiniiniiiinns 12 weeks



VITESSE TECHNICAL ANALYSIS 30-Nov-90

CUSTOMER: Boston University
KEY CONTACT: Eric Hazen
PHONE: 617 353-4117
CIRCUIT: DUMAND SBC Digitizer

The following document contains a2 summary of the technical analysis done by Vitesse
applications engineering. All estimates are based on specified worst-case performance
unless otherwise indicated. Please contact Vitesse Applications if you have any questions.

ANALYSIS SUMMARY
Recommended Product: VGFX100K

Gate count: 41824
Total Power: 19.7 W

Critical Path Timing: Due primarily to package and clock distribution limitations the
maximum operating frequency is limited to 578 Mhz.

Package: 211 PGA

ECL TTL CMOS GaAs
Inputs: 62 0 0 0
Qutputs: 0 40 0 0

Required Supplies: 5V, -2V
Special Macros: No special macros are required.

Notes: The two FIFOs assume the implementation suggested
by Eric Hazen as a shift register based design.

Page 1



VITESSE Gate Count and Power Analysis

GATE COUNT AND POWER DISSIPATION SUMMARY
TOTAL CELLS:

COMPANY: Bosten University

CIRCUIT: DUMAND SBC Digitizer TOTAL POWER:

NOTE: YGFX 100K implementation

Macro Macro Total

Macro Function Count Cells Power Cells
INPUTS

IEDIF3 ECL diff in 3x 1 2 23.1 2

IEDIF 2 ECL diff in 2x 27 2 8.8 o4

€T ECL input & 1 5.61 6
QUTPUTS

oT TTL output 40 1 16.39 40
TIME STAMP

LFP3 DEF set/rst 12 14 6.16 168

LX1 XOR2 12 8 3.85 g6

LN4 NOR4 9 8 1.76 72

LNZ NOR?Z 3 4 1.76 12
EDGE DETECTOR

LFP3 DFf set/rst o4 14 6.16 - 756

LX1 XOR2 27 8 3.85 216
CLOCK MUX

LM 2:1 mux 10 8 3.41 80
WRITE CONTROL

LNZ NOR?2 50 4 1.76 200
FIFO *1 39 X 5 WORDS

LFP3 DFf set/rst 195 14 6.16 2730

LAND ANDZ 195 6 2.86 1170
PIPELINE LATCHES

LFP3 DFF set/rst 12 14 6.16 168

Page 1

29-11-90
41824 cells
19719.7 mW

Total

Power

23.1
237.6
33.66

£55.6

73.92
46,2
15.84
5.28

332.64
103.95

34.1

88

1201.2
557.7

73.92



LFP3
LFP3
LN4
LX1
LN2

LM3
LM1

LFP3
LAND
LFP)

LFP3
LX1

VITESSE Gate Count and Power Analysis

CHANGE REGISTER

OFF set/rst 2
DFF set/rst

NOR4

XOR2

NOR2

—- Oy

MUuX

4:1 mux @
2:1 mux

—_

FIFO *2 17 X 100 WORDS

DFf set/rst 1700
AND?2 1700
DFF 3

HOT ROD INTERFACE

DFF set/rst 80
XOR2 32

14
14

14

12

Page 2

6.16
6.16
1.76
3.85
1.76

5.06
3.4

6.16
2.86
6.16

6.16
3.85

378
70
24
32

126

23800
10200
36

1120
256

166.32
3048
5.28
15.4
1.76

45.54
3.4

10472
4862
18.48

492.8
123.2



BUCLK 11/30/90 1:55:35 PM

FX CoM NONE
Macro Path Wire Fan Rise Fall Rise  Fall
IEDIF3 +—PAD—>Z 1+~ 0.825  5.00,5.00 620 800 620 800
1DR3 +—A->ZN—+ 0.825  5.00,5.00 170 140 970 160

970 760

Total



FX COM
MACRO

LFP3
LN4B

LX1

SET UP
Total delay

DUMAND TIME STAMP COUNTER

NONE
PATH WIRE FAN RISE FALL RISE FALL

++CP->Q+- 0.660 4.00,4.00 400 510 400 510
+-D0->ZN-+ 0.165 2.042.04 170 110 680 510

+-DO->Z-+ 0.165 1.00,1.00 280 330 790 1010
180 180

970 1190
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i | Please raply (J No raply necessary

LY

power and functionul density for designs requiring high epesd multiplexing and registering
functions. |

T look forward to working with you on this quotation proposal and the developmant of the:
“DVMAND Digitizer". If you have eny questions or noed additional information, please
contact me at phone (508) 644-3585 x4025 or FAX (503) 644-83198.

Best Regards,

o el

Product Marketing
Digital/Linear Products

ce: John Toohey - EMA
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November 9, 1989

Dr. Steve Dye
Boston University

Subject: TriQuint Quotation #9-11-C-0007
Reference:  Your fax request dated 10-21-89

Dear Dr. Dye,

Thank you for the opportunity to respond to the ASIC development outlined in your fax
dated 11-6-89. I belleve TriQuint's technology and design experience are wall suited to
{mplement the circuitry requested and hope this is reflectad in the pricing and technical
sections of this quotation, This letter is intended to provide additionsl information and
clarifications and is to be made e part of the TriQuint quotation #9-11.C-0007 which is
attached. This quotation is valid for a period of 60 days.

The following quotation proposal is for the semicustom development by Boaton Unlversity
of the "DVMAND Digitizer" ASIC. The ASIC will developed using TriQuint's QLS |
standard cells and manufactured using TriQuint's QED Enhancement/Depletion Gallium
Arsenide (GaAs) process. The QLSI standard cell functions are implemented with a fully:
differential logic known as Source Coupled FET Loglo (SCFL). SCFL offers excellent speed,
power and functional density for designe requiring high speod multiplexing and registering
funetions. '

1 look forward to working with you on this quotation proposal and the development of £he-
“DVMAND Digitizer’. Ifyou have any questions or need additional information, please
contact me at phone (508) 644-3585 x4023 or FAX (503) 644-3198.

Best Regards,

Tl Dhooseond

Product Marketing
Digital/Linear Products

ce: John Tochey - EMA
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* TECHNICAL DISCUSSION

Based upon the functional block achematic supplied in your fax and your discussions with
Don Larson of TriQuint, the following estimates are provided.

The design will require approximately 900 core cells and 78 L/O signals resulting in a die .
size of 280x280 mils, The die size is alightly larger than TriQuint's 84 signal MLO132/84
package will allow. Although TriQuint offers a larger MLC196/128 package, the most
economical solution would be to veduce the die size to fit into the MLC132/84 package.

Included in the 900 cells is the FIFQ register block which requires approximately 440 core
colls. TriQuint will provide a custom routed FIFO block reducing the resultant dle size to
approximately 210x210 mils allowing the use of the MLO132/84 package. There will be;
no charge for the custom FIFO block. :

The design is stralght forward and within the capabilities of the QLS Standard Cells
product.
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BTATEMENT OF WORK
Semicustom Degign Option

TriQuint's semicustom design option distributes the development responsibilities betwesn
the customer and TriQuint. The logic design including simulation is the responsibility of
the customer. TriQuint is responsible for the manufacture of the ASIC to the functional .
performance evalusted by the customer supplied test vectors, -

TriQuint guarantees the logic functions supplied by TriQuint will operate as specified in |

" the simulation models. Appropriate design margin is required to ensure oparation over |
worst case conditions. A comprehensive design manual is provided detailing the Speaﬁc
design rules and guidelines,

Using the supplied workatation library, Boaton Univereity will complete the following
tasks:

(1)  Partition the system to fit the physical and eléctrical capabilities of @ QLSI
Standard Cell design. Guidelines to partition the design are included in the
QLSI Standaxd Cell Design Manual.

(2)  Design, enter and simulate the logic circuit using aupplied macro syzbols and
models, The QLSI Kbrary is supported on DAISY and MENTOR workstations.
The Standard Cell libzary contains all logic symbols, simulation moedels and
development utilities required to complete the design task.

A supplied utility caloulates the satimated macro delay londinc velue baood
upon statistical wirlng capacitance and actual device loading, :

Simulations should svaluste the design for nominal and worst case delay
timing,

(3) Qensrate the @:leaizn database containing the clreuit schomatio, netlist, and -
simulation test vectors.

(4)  Perform package pin to VO sigaal assigmment using supplied placement
parametar utility,

(5)  Assign routing priority to critical nets, TxiQuint's vouting software will optinize
the layout for the maximum performance of these nets. A development u’dlity is

supplied to assign the net priority.
()  Submit the iteras in (8), (4) and (5) above to TriQuint Semicenductor.
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STATEMENT OF WORK
Semicustom Design Option
{continued)

TriQuint Semiconductor will parform the following taska:

(7)  Review the design, test vectors and aimulation results for genersl design
violations. Resimulate the clxcuit to verify the test vectars and elrcuit

performance.

(8)  Automatic place and routs the submitted design databass based upon customer
specified IO placement and oritical net priority information, .

(9)  Extract the parasitic wiring capacitance from the layout and backannotate inte
the design database in place of the statistical capacitance values, Resimulate;
using the backannotated capacitance values to ensure desired circuit -
performance is maintained. TriQuint will adjust the net priorities and/or
manually place and route critical nets until the desired performance is achieved.

(10) Deliver the extracted capacitance fils to the customer for backannotation into
their design database. The customer resimulates the design for finel :
examination of the post-layout performance. Written accoptance of the design
from the customer {s required before TriQuint will begin task 11. -

The time from TriQuint receipt of design to delivery of extrasted capacitance file
is 2-4 weeks depending on design size, complexity and performance required. .

(11) . Generate the customer specific mask set for the QLSI Standard Cell ASIC,

(12) Fabricate the circuit using TriQuint's QED lum Enhancement/Depletion
Gallium Arsenide process. _

(13) Test the wafers to meet the DC parsmetric parformance as well as the
functional performance using the customer supplied test vectors.

(14) Packsgs the die and re-test using the same criteria as defined in (18),

(15)  Deliver functionally testad prototype parts and test fixture, The bigh speed |
evaluation board is provided by TriQuint for rapid and acourate prototype |
evaluation.




. W— L

TEL No. =38 692 7484 Nov 10,89 7:5& P.06

L, THUWU 18:106 Tr iGluint (DYe I SwN—oa>oa

DELIVERABLES
AND

SCHEDULE

The following items are considersd deliverables to Boston Undversity and will be billed in;
accordance with the enclosed pricing summary. -

Jtem 1: QLSI Standard Cell library for Meator Graphics workstation.

Includes QLS Standard Ceil Library cartridge, installation/utility guide and
design manual.

Delivery: 1 week ARO

Item 2. Extracted capacitance file,
Boston University to svaluats the performance of thelr dosign usingthe |
extracted capacitance values, Written approval of the layout {e required
before TriQuint will continue the manufacturing process, :
Delivery: 9.4 weeks from receipt of design database.

Ttem 8: Prototype parts puckuged in MLC182/84 multi-layer ceraxaic Jeaded carrier, ;
40 Prototype parts:

5 Commaercial parts included in NRE
35 Commercial parts optionally ordered with NRE

Delivery:
14-16 weeks from receipt of written
layout approval from Boston University.
Ttem 4: . (1) ETF-MLC182/84 high-speed test fixture,

Delivery: At time of prototype part delivexy.
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PRICING SUMMARY

Semicustom QLSI ASIC Devslopment NRE: $75,000.00
Includes:
8 Packaged Prototypes
1 High Speed Tent Fixture
Additional Prototype Parts: _
$8,750.00

a5 units ordered with development NRE

NRE charges will be invoiced in two phases:
55% of NRE following final design review.
45% of NRE following prototype delivery,
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1) 1 SEMICUSTOM QLS ASLC DEVELOPMENT NRE *75.000.' $73,000.

Includes:
5 Packaged Prototypes
} Righ Speed Tesat Fixtute

2 1 ADDITIONAL PROTOTYPE PARTE $|8,750. $8,750.
38 units ordered with development NRE :

NRE chargas will be invoiced im two
phases:

558 of BRE following final design
raview.

48% of WRE folleowing prototype
delivery.

Tha attached letter by David Drummond
48 to be mada & pert of this TriQuint
Quotation g=11=-C-0007.

THESE COMMODITIES ARE BUAIECT TOQ U.S, EXPCRT CONTROL REGULATIONS, % l’+ G (
’ ) - A
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Dightal Product Diision

QLS Standard Calls offer designete state-of-he-art capabilty In digitallinear ASICs.
- Deslgns raquiring high speed, low power and direct intertaces to ECL, TTL and CMOS
o ars kisally suted for im on with QLS| Standard Cefis, TriQuint
designed the standard cell function based upon a fully &iiferential logic structure knawn
a8 Source Couplad FET Logio (SCFL) for meximum performance and flxdolity, Thiee
spoedipower families offer designacs the abily to takior thelr ne for optimum apaad
with minimum power dissipation, The fully compatitle ECL, and CMOS YCs
oliminate the aystem level problama sssociated with non-standard Intedace lvels.

TriQuint's praven QED™ Enhancement/Deplation Qalfium Arsenide {QaAg) process i
used to manufacture the QLS Standerd Celis enawing comlatent product of exceptional
quaiity. QLS! Standard Ceiis are dacked by extensive quattty and rellablity testing and
svaluation,

Deslgn examples for use with TriGuint MLOC packsges

Equiv, Gates ars 1000 2000 4500 10000
Unk Csila 75 200 400 800 2000
¥ ot D Elip-fiops 3 100 200 450 1000
#ot O o4 40 84 84 128
MLC Package MLCA4 MLC#? MHLO132/84 Lot MLC104
High Performance
- Fully dittsrentiel $ource Coupied FET Logls (8CFL)
Excallant neige margin
lement outpute
Maintaing signal symmetry
~ Typical delsys (FOx1)
Inverier = $pe
2-input NOR = 95pe

Flip-fiop = 170ps OlkG, 85pa agtup, 50ps hold
- Akbridge routing mets! providas ultrasiow wiring oapachance
{701F/mm) ‘

Low Power
- 3 speadipower fernilies
2mw, 4mW and 8mW par admplex ceil
= Improved speed / power product over EQL

Standard Interface Lovels & Fower Suppiles

- ECL, TT\ and CMOS |Os
- 5V [+/-10%), GND, eptionsi +3V for TTLICMOS (O

High Spesd Packaging _
~  TriQuint designed 44, 88, 132 and 196 pin ML packages
for reflow a0ider board mount
50 onvirormant from bond pad 10 packege lesd
High speed evaluation board with quick connedt socket

Saftware / Design Support

~  Workatation fbraries for Dalsy and Mentor @7aphies
Daalgn manual with guidalines for iegic clroutt design
Deaign reviews and conaulling
Extenalve deaign verification

aLsi®
Standard Cells

|
& Suppons L81 Solutiong Beyond
2GHz

B 10,000 Bgquivalant Gates

m 128 High Speed O

» Intagratod ROM Cells

= Mixed Anaiog & Digital Circultry

s Commerciai & '
Milkary Temperature

B MIL-STD-883C Screoning

Class B Fackage
Class 8 Dle

m Directly Interfaces t0 EOL, TTL
and CMOS Basad 8ystems

u Optional Design by TGuintto
Customer Spacifications

APPLICATIONS:

| HighSpeed Logh

m Dighal Signal Processing

& Waveform Genoration |

m Croaspoint Swhoh Matrix

m Aocumulators :

| NCOw

@ Diroct Digital Synthesis (DDS)

Toil M\ 1ivid (dn
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QLS! Standard Celf
Workstation Macro

Horay

Linear
Funobion

Muttiayer

Cerami¢

Packages

Cell Punction Name |

Ceall Function

Name

10
10

$50

x40
gxs50
§xeo
gXZXOH
XIXOR
SXoi
8X3AND

e
B

(rertar
Clock Driver

2 o)
S-input SHINOH
B ke SRNOR

AND/NAND
g-lm AND/NAND

{AND, 10 RT
B RinaR O
R-inpul Muttiplexer

Asgurmulator
Goenerate
RO

Master Laich
Master w/ Reaat
Mastorw/Sat

Masior/Slave

‘ﬂmlam w/ Reast

astor/Slave w/ Sat
Master/Slave Res
Mastar'Siave w21 Mux

TTL Inpt
%ﬁ%uom

ingle-ende
ECL lnput ﬂg.:ﬂmd)

e
woxoond S

g+

SXDOML
8XROMLRA
§xDoMLe
EXDDFF
SMDDFR
SMDDFF8

SXDOFERS
8XMOOFF

IMTS1
IMC81
OXs01t
IXEB1
IXES2
OXSE!
OXSE2

TrQuint cffers linesr function Nmkl for integration lnto QLE! standard cell designe.
Pach functional block has bean characterized and can be inplemented as-is, Typically,

aach application will require moditication te the functional

to meet the ragulred

n riQuint will work with sach customaer and modify the basic functienal
mmﬂ:duhnmu&mm. TriQuint will parform ai deaign madiication and

mggedcmmplmcm (

layout tasks,

Bk Ampior
0 r%ﬁomlm
Drivare:
o
Mutti-Stage w/ Output control

gge BE

Singla S%vo
My

TAQ1:1,2
TAND

TAOR:1,2
TAOR2

For further inforrnation contact:

Saias Dapartment

Triduint Semiconductor, Inc.
Group 700, P.0, Box 4335
Baaveston, OR §7076

{503) 644-3535

FAX: {503} 644-3198

ages. The MLO packagos were deveioped
maenia of vary high

ICe. The packages

| el ars packaged In TriQuint's MutiLayer Ceramic (MLC} pack-
Rk dyrpyi o #t TriQuint to suppont the special require-
e designed to handie clock rates

W 103.5GHzZ and edge rates lass than 125ps. Signala are carried on 80-Ohm confrolied

transmieaion knaa from the packeg

capacitors minimize swiiching noise on the power 8
The paoc are fabricated from cofired aluming ceramic, The osramic packages

sdglly han

addiion of @ sutiable haat aink. The packages suppor both apaxy and solderd

and B a8l and are capable of hermatic oparation.

impodance wisedetothe bond pads. Exoslient signal
1soiation la provided by the use of multipie ground pine. Powst planes and decou

handle 4-10 Watts eircurs with the
powef dissipation of 1.5 Watlé and san o taah

TACRANL aoumen 1o responsibilly Jor 1he Las of s infornain,
Prices aml

SpACTLatonS O SuLiect 10 Ehange AR AOKIN. N patent fghte
nﬁd-gWIwer. Tﬁmmnmumwmmm
wyvbenis,

LA ane DED are tademartn o TriGuint Bemicondutior, Ine

Inlgrmuiign provised (v ] mmmmmummumwm
e o by “dmwmnmuumf.mm

of v cirulis Sesnribeg Mgl 28
uae ) M-ppet Vil Andor
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; Date VoLL &7
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Subject
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q?’ Honaiso o aled” 240 PI M:&L...u%

BIGNED
L. ! Please reply O No reply nacessary

the test vec | ' t), AGAITIONALLY, LEAwgmssay gpur——-—- 1'.
e :::: L“smlz:i;p:;g 31'.5): Design Manus] and the workstation library mode
ope

i #a to ensure
TriQuint will work with Boston University during ihe entire development proce

a sucocessful first time design.
Prototype Re-design Charges: |
ign Layout: $2,000-$6,000
?Ie;su:n Chngoa" $2,000 per layer
\(;-a: X llt'il.:r:():atiom $28,000 per rua
er 1]

: - $56,000
Typical re-design chargea $38,000 - $56
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T#iQuint @. B Sl
SEMICONDUCTOR FAX: (503) 644:0196

November 10, 1989

Dr. Steve Dye
Boston Univeraity

Subject: Quotation Addendum
Reforence: TriQuint Quotation #9.11.C-0007

Dear Dr. Dye,

This quotation addendum is to be made a part of TriQuint quotatlcn #9:11-C-0007. In .
reviewing the above referenced quotation, I realzad I did not include the re-design pricing

information requested.

Re-design charges will vary depending on the level of changes required. The variable
charges ave the design layout and mask charges. If the design change is due to a wiring |
error, only the two (2) loglc cell interconnect layers will require changes, Cell interconncet
changes will requine four (4) new mask Jayers. If additional or different logic cells are used,
the chip layout will change requiring all 11 mask layers and additional time for layout.

I want to stress that these re-design charges are only for design changes requested by
Boston University. TriQuint guarantees the prototype paxts will function as apecified with
the test veetors (low speed test), Additionally, TriQuint guarantees the logic cell maoros £0
operate as specified in the QLST Design Manual and the workstation library models.

TriQuint will work with Boston University during the entire development process to ensure
a successful first time design. _

Prototype Re-design Charges:
Design Layout: $2,000-$6,000
Mask Charges $2,000 per layer
(4-11 layers)
Wafer Fabrication: $28,000 per run

Typical re-design charges: $38,000 - $56,000
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1f you have any questions or need additional information, please contact
John Toohey - EMA at (508) 892.0070 or myself at (508) 844-8585 24025,

Best Regards,

Product Marketing
Digital/Linear Products Division

cc: John Toohey - EMA



