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1. My name is June Ann Munford. [ am over the age of 18, have personal
knowledge of the facts set forth herein, and am competent to testify to the

same.

2. I earned a Master of Library and Information Science (MLIS) from the
University of Wisconsin-Milwaukee in 2009. I have over ten years of
experience in the library/information science field. Beginning in 2004, I
have served in various positions in the public library sector including
Assistant Librarian, Youth Services Librarian and Library Director. I have

attached my Curriculum Vitae as Appendix CV.

3. During my career in the library profession, I have been responsible for
materials acquisition for multiple libraries. In that position, I have cataloged,
purchased and processed incoming library works. That includes purchasing
materials directly from vendors, recording publishing data from the material
in question, creating detailed material records for library catalogs and
physically preparing that material for circulation. In addition to my
experience in acquisitions, I was also responsible for analyzing large

collections of library materials, tailoring library records for optimal catalog



search performance and creating lending agreements between libraries

during my time as a Library Director.

. I am fully familiar with the catalog record creation process in the library
sector. In preparing a material for public availability, a library catalog record
describing that material would be created. These records are typically
written in Machine Readable Catalog (herein referred to as “MARC”) code
and contain information such as a physical description of the material,
metadata from the material’s publisher, and date of library acquisition. The
MARC record has been the standard format for computerized library records
since the early 1970s. In particular, the 008 field of the MARC record is
reserved for denoting the date of creation of the library record itself. As this
typically occurs during the process of preparing materials for public access,
it is my experience that an item’s MARC record indicates the date of an
item’s public availability. In other words, an interested member of the

public would have been able to access a reference at the library soon after its

MARC record was created.

. I'am including five MARC records for each reference addressed in my

declaration because in my experience MARC records are the most detailed



records of library ownership, cataloging and circulation. These details
include fields describing title, author and publishers but also more technical,
unique designations such as International Standard Book Numbers (ISBN),
International Standard Serial Numbers (ISSN) or OCLC Control Numbers
(OCN). These numerical codes are registered to creators and right holders to
designate specific titles by specific authors. As such, matching the unique
details of these MARC records to ISBN, ISSN and OCN records (i) provide
a formal basis for comparison when examining multiple copies of the same
material, (i1) provide a rough timeline for that material’s availability, and

(111) indicate the publisher’s intent to make the material broadly available.

. T'have reviewed Exhibit 1004, “Development of a DSPMCM Subsystem
Assessing Low-volume, Low-cost MCM Prototyping for Universities” by

Peyman Dehkordi, Tim Powell and Donald Bouldin as published in

Proceedings: 1996 IEEE Multi-Chip Module Conference.

. Attached hereto as Appendix DEHKORDIO1 is a true and correct copy of
“Development of a DSPMCM Subsystem Assessing Low-volume, Low-cost

MCM Prototyping for Universities” as published in Proceedings: 1996 IEEE



Multi-Chip Module Conference. 1 secured this copy myself from the
Northwestern University Library’s digital holdings. In comparing Appendix
DEHKORDIO1 to Exhibit 1004, it is my determination that Exhibit 1004 is a
true and correct copy of “Development of a DSPMCM Subsystem Assessing
Low-volume, Low-cost MCM Prototyping for Universities” by Peyman

Dehkordi, Tim Powell and Donald Bouldin.

. Attached hereto as Appendix DEHKORDIO2 is a true and correct copy of
the MARC record for Proceedings: 1996 IEEE Multi-Chip Module
Conference as held by the Northwestern University library. I secured this
record myself from the library’s public catalog. The MARC record
contained within Appendix DEHKORDIO2 accurately describes the title,
author, publisher, and ISBN number of Proceedings.: 1996 IEEE Multi-Chip

Module Conference.

. Attached hereto as Appendix DEHKORDIO3 is a true and correct copy of
the MARC record for Proceedings: 1996 IEEE Multi-Chip Module
Conference as held by the University of Wisconsin-Madison library. I
secured this record myself from the library’s public catalog. The MARC

record contained within Appendix DEHKORDIO3 accurately describes the



title, author, publisher, and ISBN number of Proceedings: 1996 IEEE Multi-

Chip Module Conference.

10.Attached hereto as Appendix DEHKORDIO4 is a true and correct copy of
the MARC record for Proceedings: 1996 IEEE Multi-Chip Module
Conference as held by the University of Cincinnati library. I secured this
record myself from the library’s public catalog. The MARC record
contained within Appendix DEHKORDIO4 accurately describes the title,
author, publisher, and ISBN number of Proceedings.: 1996 IEEE Multi-Chip

Module Conference.

11.Attached hereto as Appendix DEHKORDIOS is a true and correct copy of
the MARC record for Proceedings: 1996 IEEE Multi-Chip Module
Conference as held by the Linda Hall library. I secured this record myself
from the library’s public catalog. The MARC record contained within
Appendix DEHKORDIOS accurately describes the title, author, publisher,
and ISBN number of Proceedings: 1996 IEEE Multi-Chip Module

Conference.

12. Attached hereto as Appendix DEHKORDIO6 is a true and correct copy of

the MARC record for Proceedings: 1996 IEEE Multi-Chip Module



Conference as held by the Queen’s University library. I secured this record
myself from the library’s public catalog. The MARC record contained
within Appendix DEHKORDIO6 accurately describes the title, author,

publisher, and ISBN number of Proceedings: 1996 IEEE Multi-Chip Module

Conference.

13.The MARC records included within Appendices DEHKORDIO02 - 06 all
contain 008 fields that designate the date of record creation, indicating a
range of public availability via these libraries and institutions. Appendices
DEHKORDIO2 & DEHKORDIO6 have a 008 field of August 30, 2001.
Appendices DEHKORDIO3 - 05 have a 008 field of April 5, 1996.
Considering this information, it is my determination that Proceedings: 1996
IEEE Multi-Chip Module Conference and therefore “Development of a
DSPMCM Subsystem Assessing Low-volume, Low-cost MCM Prototyping
for Universities” was made available and accessible to the public by shortly

after April 5, 1996 and certainly no later than August 30, 2001.

14. I note that Dehkordi was cited in other IEEE publications prior to 2001,
further confirming public availability. For example, IEEE Explore lists

other IEEE publications that have cited Dehkordi, including six other



publications with publication dates in the 1990s. See Appendix Dehkordi07

(https://ieeexplore.ieee.org/document/510775/citations#citations).

15.1 have reviewed Exhibit 1006, “A Novel Mixed Signal Programmable
Device with On-Chip Microprocessor” by Julio Faura, Chris Horton, Phuoc
van Duong, Jordi Madrenas, Miguel Angel Aguirre and Josep Maria
Insenser as published in Proceedings of 1997 IEEE Custom Integrated

Circuits Conference.

16.Attached hereto as Appendix FAURAOI is a true and correct copy of “A

Novel Mixed Signal Programmable Device with On-Chip Microprocessor”
as published in Proceedings of 1997 IEEE Custom Integrated Circuits
Conference. 1 secured this copy myself from the Northwestern University
Library’s digital holdings. In comparing Appendix FAURAO1 to Exhibit
1006, it is my determination that Exhibit 1006 is a true and correct copy of
“A Novel Mixed Signal Programmable Device with On-Chip

Microprocessor” by Julio Faura, Chris Horton, Phuoc van Duong, Jordi

Madrenas, Miguel Angel Aguirre and Josep Maria Insenser.

17.Attached hereto as Appendix FAURAOQ?2 is a true and correct copy of the

MARC record for Proceedings of 1997 IEEE Custom Integrated Circuits



Conference as held by the Northwestern University library. I secured this
record myself from the library’s public catalog. The MARC record
contained within Appendix FAURAO02 accurately describes the title, author,
publisher, and ISBN number of Proceedings of 1997 IEEE Custom

Integrated Circuits Conference.

18. Attached hereto as Appendix FAURAO3 is a true and correct copy of the
MARC record for Proceedings of 1997 IEEE Custom Integrated Circuits
Conference as held by the Indiana University library. I secured this record
myself from the library’s public catalog. The MARC record contained
within Appendix FAURAO3 accurately describes the title, author, publisher,
and ISBN number of Proceedings of 1997 IEEE Custom Integrated Circuits

Conference.

19. Attached hereto as Appendix FAURAO4 is a true and correct copy of the
MARC record for Proceedings of 1997 IEEE Custom Integrated Circuits
Conference as held by the Queen’s University library. I secured this record
myself from the library’s public catalog. The MARC record contained
within Appendix FAURAO04 accurately describes the title, author, publisher,
and ISBN number of Proceedings of 1997 IEEE Custom Integrated Circuits

Conference.



20.Attached hereto as Appendix FAURAOS is a true and correct copy of the
MARC record for Proceedings of 1997 IEEE Custom Integrated Circuits
Conference as held by the Linda Hall library. I secured this record myself
from the library’s public catalog. The MARC record contained within
Appendix FAURAOS accurately describes the title, author, publisher, and
ISBN number of Proceedings of 1997 IEEE Custom Integrated Circuits

Conference.

21.The MARC records included within Appendices FAURAO?2 - 05 all contain
008 fields that designate the date of record creation, indicating a range of
public availability via these libraries and institutions. Appendix FAURA02
has a 008 field of August 30, 2001. Appendices FAURAO3 & 05 have a 008
field of July 11, 1997. Appendix FAURAO04 has a 008 field of February 10,

1998.

22.Considering this information, it is my determination that Proceedings of
1997 IEEE Custom Integrated Circuits Conference and therefore “A Novel
Mixed Signal Programmable Device with On-Chip Microprocessor” was
made available and accessible to the public by shortly after July 11, 1997

and certainly no later than February 10, 1998.
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23.1 note that Faura was cited in other IEEE publications prior to 2001, further
confirming its public availability. For example, IEEE Explore lists other
IEEE publications that have cited Faura, including four other references with
publication dates in the 1990s. See Appendix Faura06

(https://ieeexplore.ieee.org/document/606594/citations#citations).

24.1 have reviewed Exhibit 1005, “The Texas Instruments TMS320C25 Digital
Signal Microcomputer” by Gene A. Frantz, Kun-Shan Lin, Jay B. Reimer

and Jon Bradley as published in /EEE Micro, December 1986.

25.Attached hereto as Appendix FRANTZO1 is a true and correct copy of “The
Texas Instruments TMS320C25 Digital Signal Microcomputer” as published
in [EEE Micro. | secured this copy myself from the Carnegie Library of
Pittsburgh’s holdings. In comparing Appendix FRANTZO01 to Exhibit 1005,
it is my determination that Exhibit 1005 is a true and correct copy of “The
Texas Instruments TMS320C25 Digital Signal Microcomputer” by Gene A.
Frantz, Kun-Shan Lin, Jay B. Reimer and Jon Bradley as published in /EEE

Micro, December 1986.

26.Attached hereto as Appendix FRANTZ0?2 is a true and correct copy of the

MARC record for IEEE Micro as held by the Carnegie Library of Pittsburgh.

10
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I secured this record myself from the library’s public catalog. The MARC
record contained within Appendix FRANTZ02 accurately describes the title,

author, publisher, and ISSN number of IEEE Micro.

27.Attached hereto as Appendix FRANTZO3 is a true and correct copy of the
MARC record for IEEE Micro as held by the Carnegie Mellon University
library. I secured this record myself from the library’s public catalog. The
MARC record contained within Appendix FRANTZ03 accurately describes

the title, author, publisher, and ISSN number of IEEE Micro.

28.Attached hereto as Appendix FRANTZ04 is a true and correct copy of the
MARC record for IEEE Micro as held by the Penn State University library. |
secured this record myself from the library’s public catalog. The MARC
record contained within Appendix FRANTZ04 accurately describes the title,

author, publisher, and ISSN number of /EEE Micro.

29.Attached hereto as Appendix FRANTZOS is a true and correct copy of the
MARC record for IEEE Micro as held by the Ohio University library. I
secured this record myself from the library’s public catalog. The MARC
record contained within Appendix FRANTZO05 accurately describes the title,

author, publisher, and ISSN number of /EEE Micro.
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12



30.Attached hereto as Appendix FRANTZO06 is a true and correct copy of the
MARC record for IEEE Micro as held by the SUNY Buffalo library. I
secured this record myself from the library’s public catalog. The MARC
record contained within Appendix FRANTZ06 accurately describes the title,

author, publisher, and ISSN number of /EEE Micro.

31.The MARC records included within Appendices FRANTZ02 - 06 all contain
008 fields that designate the date of record creation, indicating a range of
public availability via these libraries and institutions. For periodicals such as
IEEE Micro, this date also signifies the first date of subscription to that
periodical as future issues of the same periodical will be appended to a
singular record. Appendices FRANTZ02, FRANTZ03 & FRANTZ06 have
008 fields of October 6, 1980. Appendix FRANTZ04 has a 008 field of
January 5, 1982. Appendix FRANTZO0S5 has a 008 field of January 30, 1985.
Appendices FRANTZ02 — 06 each indicate that each library collected
further issues of IEEE Micro in perpetuity after initial acquisition and each
library’s collection contains the December 1986 edition of /EEE Micro
containing “The Texas Instruments TMS320C25 Digital Signal
Microcomputer”. Considering this information, it is my determination that

IEEFE Micro and therefore “The Texas Instruments TMS320C25 Digital
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Signal Microcomputer” was made available and accessible to the public by

shortly after initial publication in Winter 1986.

32.1 note that Frantz was cited in other IEEE publications prior to 2000, further
confirming its public availability. For example, IEEE Explore lists other
publications that have cited Frantz, including eleven references with
publication dates in the 1980s-1990s. See Appendix FRANTZ07

(https://ieeexplore.ieee.org/document/4089742/citations#citations).

33.1 have been retained on behalf of the Petitioner to provide assistance in the
above-illustrated matter in establishing the authenticity and public
availability of the documents discussed in this declaration. I am being
compensated for my services in this matter at the rate of $100.00 per hour
plus reasonable expenses. My statements are objective, and my

compensation does not depend on the outcome of this matter.

34.1 declare under penalty of perjury that the foregoing is true and correct. I
hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to
be true; and further that these statements were made the knowledge that

willful false statements and the like so made are punishable by fine or

13

14


https://ieeexplore.ieee.org/document/4089742/citations#citations
https://ieeexplore.ieee.org/document/4089742/citations#citations

imprisonment, or both, under Section 1001 of Title 18 of the United States

Code.

Dated: 2/2/2023

FAL

June Ann Munford

14
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J. Munford
Curriculum Vitae

Education

University of Wisconsin-Milwaukee - MS, Library & Information Science, 2009
Milwaukee, WI

e Coursework included cataloging, metadata, data analysis, library systems,
management strategies and collection development.
e Specialized in library advocacy, cataloging and public administration.

Grand Valley State University - BA, English Language & Literature, 2008
Allendale, M

e Coursework included linguistics, documentation and literary analysis.
e Minor in political science with a focus in local-level economics and
government.

Professional Experience

Researcher / Expert Witness, October 2017 — present
Freelance e Pittsburgh, Pennsylvania & Grand Rapids, Michigan

e Material authentication and public accessibility determination.
Declarations of authenticity and/or public accessibility provided upon
research completion. Experienced with appeals and deposition process.

e Research provided on topics of public library operations, material
publication history, digital database services and legacy web resources.

e Past clients include Alston & Bird, Arnold & Porter, Baker Botts, Fish &
Richardson, Erise IP, Irell & Manella, O'Melveny & Myers, Perkins-Coie,
Pillsbury Winthrop Shaw Pittman and Slayden Grubert Beard.

Library Director, February 2013 - March 2015
Dowagiac District Library @ Dowagiac, Michigan

e Executive administrator of the Dowagiac District Library. Located in

17



Southwest Michigan, this library has a service area of 13,000, an annual
operating budget of over $400,000 and total assets of approximately
$1,300,000.

e Developed careful budgeting guidelines to produce a 15% surplus during
the 2013-2014 & 2014-2015 fiscal years while being audited.

e Using this budget surplus, oversaw significant library investments
including the purchase of property for a future building site, demolition of
existing buildings and building renovation projects on the current facility.

e [ed the organization and digitization of the library's archival records.

e Served as the public representative for the library, developing business
relationships with local school, museum and tribal government entities.

e Developed an objective-based analysis system for measuring library
services - including a full collection analysis of the library's 50,000+
circulating items and their records.

November 2010 - January 2013
Librarian & Branch Manager, Anchorage Public Library ® Anchorage, Alaska

e Headed the 2013 Anchorage Reads community reading campaign
including event planning, staging public performances and creating
marketing materials for mass distribution.

® Co-led the social media department of the library's marketing team,
drafting social media guidelines, creating original content and instituting
long-term planning via content calendars.

e Developed business relationships with The Boys & Girls Club, Anchorage
School District and the US Army to establish summer reading programs for
children.

June 2004 - September 2005, September 2006 - October 2013

Library Assistant, Hart Area Public Library

Hart, MI

e Responsible for verifying imported MARC records and original MARC

18



cataloging for the local-level collection as well as the Michigan Electronic
Library.

e Handled OCLC Worldcat interlibrary loan requests & fulfillment via
ongoing communication with lending libraries.

Professional Involvement

Alaska Library Association - Anchorage Chapter
e Treasurer, 2012

Library Of Michigan
e [ evel VII Certification, 2008
e Lecvel II Certification, 2013

Michigan Library Association Annual Conference 2014
e New Directors Conference Panel Member

Southwest Michigan Library Cooperative
e Represented the Dowagiac District Library, 2013-2015

Professional Development

Library Of Michigan Beginning Workshop, May 2008

Petoskey, Ml
e Received training in cataloging, local history, collection management,
children’s literacy and reference service.

Public Library Association Intensive Library Management Training, October 2011
Nashville, TN
e Attended a five-day workshop focused on strategic planning, staff
management, statistical analysis, collections and cataloging theory.

Alaska Library Association Annual Conference 2012 - Fairbanks, February 2012
Fairbanks, AK
e Attended seminars on EBSCO advanced search methods, budgeting,
cataloging, database usage and marketing.
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Depositions

2019 e Fish & Richardson
IPR Petitions of 865 Patent, Apple v. Qualcomm (IPR2018-001281 /
39521-004211P & TPR2018-01282 / 39521-004211P2)

2019 e Erise IP
Implicit, LLC v. Netscout Systems, Inc (Civil Action No. 2:18-cv-53-JRQG)

2019 e Perkins-Coie
Adobe Inc. v. RAH Color Technologies LLC (Cases IPR2019-00627,
IPR2019-00628, IPR2019-00629 and IPR2019-00646)

2020 e O’Melveny & Myers
Maxell, Ltd. v. Apple Inc. (Case 5:19-cv-00036-RWS)

2021 e Pillsbury Winthrop Shaw Pittman LLP
Intel v. SRC (Case IPR2020-1449)

Limited Case History & Potential Conflicts

Alston & Bird
e Nokia (v. Neptune Subsea, Xtera)

Arnold & Porter
e [vantis (v. Glaukos)

Erise I.P.
e Apple
v. Future Link Systems (IPRs 6317804, 6622108, 6807505, and
7917680)
v. INVT

v. Navblazer LLC (Case No. IPR2020-01253)

20



v. Qualcomm (IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

v. Quest Nettech Corp, Wynn Technologies (Case No. [IPR2019-
00XXX, RE. Patent Re38137)
e Fanduel (v CGT)

e Garmin (v. Phillips North America LLC, Case No. 2:19-cv-6301-AB-KS
Central District of California)
e Netscout
v. Longhorn HD LLC)
v. Implicit, LLC (Civil Action No. 2:18-cv-53-JRG)
e Sony Interactive Entertainment LLC
v. Bot M§ LLC
v. Infernal Technology LLC
e Unified Patents (v GE Video Compression, Civil Action No. 2:19-cv-248)

Fish & Richardson
e Apple
v. LBS Innovations

v. Masimo (IPR 50095-0012IP1, 50095-00121P2, 50095-00131P1,
50095-00131P2, 50095-00061P1)

v. Neonode

v. Qualcomm (IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

e Dish Network
v. Realtime Adaptive Streaming, Case No 1:17-CV-02097-RBJ)
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v. TQ Delta LLC
e Huawei (IPR 76933211)
e Kianxis

e [.G Electronics (v. Bell Northern Research LL.C, Case No. 3:18-cv-2864-
CAB-BLM)

e Metaswitch

e MLC Intellectual Property (v. MicronTech, Case No. 3:14-cv-03657-SI)
e Realtek Semiconductor

® Quectel

e Samsung (v. Bell Northern Research, Civil Action No. 2:19-cv-00286-
JRG)

e Texas Instruments
Irell & Manella
e Curium

O’Melveny & Myers
e Apple (v. Maxell, Case 5:19-cv-00036-RWS)

Perkins-Coie

e TCL Industries (v. Koninklijke Philips NV, PTAB Case Nos. IPR2021-
00495, IPR2021-00496, and IPR2021-00497)

Pillsbury Winthrop Shaw Pittman
e Intel (v. FG SRC LLC, Case No. 6:20-cv-00315 W.D. Tex)
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Development of a DSP/MCM Subsystem
Assessing Low-volume, Low-cost MCM Prototyping for Universities

Peyman Dehkordi, Tim Powell, Donald Bouldin
University of Tennessee'

Abstract

This paper discusses the design and development of a
general-purpose programmable DSP subsystem packaged in
a multichip module. The subsystem contains a 32-bit
Sfoating-point programmable DSP processor along with 256
K-byte of SRAM, 128 K-byte of FLASH memory, 10 K-gate
FPGA and a 6-channel 12-bit ADC. The complete subsystem
is interconnected on a 37 mm by 37 mm MCM-D substrate
and packaged in a 320-pin ceramic quad flat pack. The
design has been submitted to the MIDAS brokerage service
to be fabricated by Micro Module Systems. Our experience
shows that low-volume MCM prototyping is achievable and
somewhat affordable for universities. The design flow,
electrical and thermal analyses, CAD tools, cost and lessons
learned are discussed in this paper.

Introduction

Multichip module packaging has been in use by IBM and
others for high-volume and/or high-cost products for many
years but only recently has a low-volume and low-cost
service become available to the design community. A
variety of other reasons have also impeded growth including
the availability of known good die (KGD) and the expense
of sophisticated CAD tools optimized for this purpose.
Previous work such as [1] discusses various MCM design
techniques in depth; however, real-world MCM design
problems are not well documented for the first-time users
[2]. There has been a tremendous push from Advanced
Research Project Agency (ARPA) for wide-spread usage of
this technology for the past few years through their
Application Specific Electronic Module (ASEM) program.
As a result, MIDAS is now offering MCM services for low-
cost prototyping [3]. As a part of our ARPA project, we
have exercised the availability of this technology for
universities. We have performed this exercise by acquiring
the appropriate CAD tools and designing a subsystem using
bare dies that were procured in small quantities within the
required time period. The final design has been submitted to
MIDAS for fabrication.

! This work was sponsored in part by ARPA under grant
DAAH04-94-G-0004

0-8186-7286-2/96 $05.00 © 1996 IEEE

Design Flow

We decided to implement a design representing a typical
application of a MCM including a processor, memory and
gate-array. It consists of a complete DSP subsystem based
on the Motorola 96002 32-bit floating point DSP processor
as shown in Figure 1. The module also includes 256 K-byte
of SRAM, 128 K-byte of EEPROM, a 10 K -gate Xilinx
4010 FPGA and a 6-channel 12-bit ADC. The module was
designed to exploit the multi-processing capability of the
96002. The FPGA is primarily a hardware pre-processor of
incoming data but also provides other generic logic
functions required for implementation of the entire

subsystem.
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Figure 1. The Block Diagram of the DSP Sub-system.

The design flow is shown in Figure 2 along with the
CAD tools used. We had to modify our original plans
several times in order to be certain that all of the dies could
be acquired within the desired time frame. We found out
that it is a good practice to establish a good working
relationship with the die supplier to reduce the design cycle
as well as die cost and to take advantage of the availability
of dies which have already been tooled by the supplier. We
performed an early analysis on the candidate design to make
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sure the selected components would fit within the various
available substrate sizes offered by MIDAS.

We were constrained to select one of a few choices of
substrates and packages offered by MIDAS at the time. The
substrate selected is a 37 mm x 37 mm S5-layer (1 pad, 2
power, and 2 routing layers, 62 p pitch) MCM-D based on
the MMS Merged Via D500 process [4]. It utilizes
copper/polymide  for interconnect/dielectric and an
aluminum substrate as a ground plane. The package is a
cavity-down, 320-pin ceramic quad flat pack with
preassigned power and ground pins and a lead pitch of 0.65
mm.

Bare Die Availability

Testing Issues

Conceptual Design

Design Capture

Mentor Design Architect

Placement
| Merrtor AMCM Stution

Thermal Analysis

Atemtor AutoTHERM & MM S Design Kit

MCM Availability

|

Routing
Metar ACM Station

Electrical Analysis
AD XTK & AMMS Design Kit
J MCM Testing H

Figure 2. The Design Flow and CAD Tools.

Submission to MIDAS
DRC, ERC, ..

Obtaining the bare dies was probably the most
challenging part of this exercise. Traditionally, third party
die suppliers have been providing bare dies for the MCM
and hybrid markets. Due to increased MCM activities, some
of the semiconductor manufacturers (i.e Intel, Motorola)
have started selling some of their products in bare die form.
For example, Intel offers some of its dies through its Smart
die program. We have found that there is a long lead time
(16 weeks) with these parts and it is necessary to execute a
legal agreement between the supplier and the university.
This step alone can delay a project by several months in our
experience.  Another issue was the minimum quantity
which suppliers wanted us to buy was sometimes several
hundred dies costing several thousand dollars, which
exceeded our budget for this low-volume project.

We contacted three die suppliers; however, only Chip
Supply was very helpful with our die needs. Known Good
Die was another issue we faced [5]. A true KGD (fully
tested at speed and burned-in) could be very expensive,
especially considering that the NRE cost for tooling a new
die may be $15,000. We ended up purchasing bare dies
which had been only wafer probed and visually inspected.

90
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All other bare die were donated to us and had undergone
similar testing which was acceptable since we will
porotyping only five copies of our MCM.

Electrical Analysis

Once the design was finalized and all the components
were selected, the MCM physical design was performed
using the Mentor Graphics MCM Station. The foundry
design kit for MMS was obtained via MIDAS and facilitated
template generation for the components and their bond-pads
on the substrate. This included all the connections to the
power and ground layers as well as thermal via generation
for each die. Once a good placement of the components was
reached (conforming to the electrical and thermal
constraints), the critical nets were manually routed and the
autorouter was then invoked. Figure 3 shows the final routed
layout.
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Figure 3. The Physical Layout of the MCM.

None of the components were speed-rated due to the
procurement reasons described above. We assume a nominal
frequency of operation of about 40 MHz since the DSP die
has come from a 40 MHz lot. The entire design was
simulated with QUAD's XNS tool which uses a time-domain
finite element analysis technique to compute over/under
shoot, simultaneous switching noise, rise/fall times, and
coupling noises on circuit networks of arbitrary topology. A
typical multi-drop net model and its electrical simulation are
shown in Figure 4 and 5 respectively.

The maximum delay was found to exist between the DSP
and the FPGA on an address line and computed to be 1.8 nS.
Approximately 55% of the signals are under 1.0 nS delay
and the longest total net length including all branches was



77.286 mm. The delay distribution on the module is shown
in below:
percent paths exceeding
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The maximum crosstalk was also induced on an address
line and was simulated to be 214 mV. The crosstalk was
only calculated on the plane of the routed trace. The other
routing plane which might couple intersecting traces was not
considered. The reflections were simulated to be low since
the source impedance of the driver added to the line
resistance presenting a source-series termination [6]. The
simulation data suggests that the limiting speed factor in this
design (with the current models) would be the data bus.
Almost all data lines exhibited noticeably more slewing than
address lines. We were not able to get the I/0 models from
the die vendors. Various published I/O models from other
vendors were used in the simulation. Although the results
may not be very accurate (due to I/O buffer assumption),
they can outline the trouble nets and general characteristics
of the design. A detailed analysis is presented in [7].

Thermal Analysis

MCMs integrate several large VLSI dies consuming
several watts within a small area. Thermal analysis of an
MCM is very important to ensure a reliable operation. The
objective of thermal analysis is to predict the junction
temperature of the dies in determining long-term reliability
of the components and the module. The thermal path from
the die to the heat sink is comprised of the following three
paths [4]:

Pathl = Rdie + Rdie €poXy + Rinterconnect + Rimercom\ect epoxy
Pathz = Rinterconnect €poxy
Path3 = Rﬁnermal grease+ Rheat sink

Thermal vias were placed under all the dies to improve
the thermal conductivity path from the dies to the backing
plate. Thermal vias were created in such a fashion to allow
two traces between them. This resulted in less routing
penalty under the dies due to the thermal vias. The junction
temperature distribution is shown in Figure 5 for an ambient

temperature of 25° C. The results were generated by the
Mentor Graphic AutoTHERM using two-dimensional finite-
element mesh analysis. The maximum junction temperature
was simulated to be 50° C at the DSP which is well within
the maximum rating of the dies. The module specification is
shown in Table 1.

Cost & Testing Issues

The purpose of this section is to provide the reader with
a rather realistic cost for this MCM .We have prototyped a
total of 5 MCMs which each MCM costing about $ 2,780.
The total cost of the bare die was $ 1,300, assuming retail
prices for the donated die.  The cost of the bare dies
included the dies and wafer-probe and visual inspections for
the stocked dies. The substrate cost of $ 1,480 per MCM
included the fabrication and test of the substrate, assembly
of the dies onto the substrate and the CQFP package. The
cost associated with the final system testing, design time,
and the CAD tools have not been included in the $2,780.

Due to their small feature sizes, MCMs cannot easily be
probed or reworked [8]. Therefore, testing and fault isolation
becomes a challenging area for MCM designs. Complete
boundary scan testing was not feasible for this MCM since
only the FPGA supported JTAG. The DSP supports a serial
emulation port which was connected to the module pins
along with the FPGA TAP port for testing purposes. The
FPGA has a RAM-based configuration where the
configuration may come from outside the module. A portion
of the FPGA is configured for multi-processing bus
arbitration and is connected to the internal data and address
bus on the module. The FPGA can easily be reconfigured to
route these lines to the module pins for possible probing and
debugging during testing. The DSP has a dual data and
address port architecture in which the second port was also
connected to the module pins for enhanced multi-processing
and testing. Testing procedures are being constructed at the
time of this publication.

Conclusion

Multichip modules are becoming a viable choice of
packaging for high performance / miniaturized electronics.
This technology is no longer considered to be an exotic
technology and is being used in telecommunications,
consumer electronics and workstations. Low-cost, low-
volume prototyping capabilities are a “must” for university
related programs as well as small/medium size companies
who wish to utilize this technology. We have found out that
accessing this technology is becoming a reality for
university programs at almost low-cost. The MMS design-
kit was very useful not only with the physical layout but also
since it provided a variety of check points and design tips.
Availability of the bare dies (and their I/O buffer models),
testing and rework issues will continue to be challenging
issues to be considered. We are looking forward to getting
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the MCM back to confirm the functionality as well as
validating the thermal/electrical analysis.

Substrate 37 mm by 37 mm MCM-D
Package 320 pin CQFP

Power consumption 10W

Power Density 0.73 W/cm2

Number of dies 6

Number of signal nets | 284

Silicon Efficiency 51%

Average net length 22 mm

Longest net length 77 mm

Total vias 510

Total wire-bonds 930

Module Cost $ 2,780 (MCM + dies)

Table I ) Module Specification
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Abstract
In this paper we present a novel field programmable mixed-
signal integrated device consisting of a Field Programmable
Gate Array (FPGA), a set- of programmable and
interconnectable analog cells, and a microprocessor core.
This processor can run general purpose user programs,
handle the dynamic reconfiguration of the programmable
blocks and probe in real time internal digital and analog
signals. The device is especially suitable for development
and fast prototyping of mixed signal integrated applications.

Introduction

As the complexity of electronic systems grows, it becomes
more and more difficult to follow a traditional design
methodology of working separately on different subsystems
with different design and prototyping tools. System
designers have been craving for flexible prototyping systems
onto which they could map large designs to validate them
before fabrication. Typically, these designs may include a
digital part, an analog part and a software program running
on a microprocessor or microcontroller. However, these
three domains (digital, analog and software) have to be
designed and prototyped separately, using different CAD
tools and hardware parts for each one. Besides FPGAs, only
recently analog arrays have been available (1) (2), which
confirms the interest shown by the industry for field-
programmable devices suitable for fast prototyping and
small time to market applications.

Within this framework we introduce the FIPSOC (Fleld
Programmable System On Chip) prototyping and integration
system, consisting of a mixed-signal Field Programmable
Device (FPD) with a standard microprocessor core (a 8051),
a suitable set of CAD tools to easily program it, and a set of
library macros and cells which support a number of typical
applications to be easily mapped onto the FPD and migrated
to an ASIC afterwards, if required.

The advantage of this approach relies upon the fully
integrated design and prototyping methodology that the user
can follow with such a system, because he can download his
application onto the programmable hardware and then use
the internal microcontroller to probe it in real time (both
digital and analog). A powerful integrated set of user-
friendly CAD tools is provided, with the final target of

letting the user specify, simulate, emulate (probe in real
time) and map the complete design on to a single chip using
one design environment. Also, a suitable library has been
developed providing a very easy path for migration to ASIC
after the prototyping phase.

The FIPSOC project is still under development, and will
provide a complete family of devices comprising a number
of different sizes and models. Only worst case simulation
results from the first familiy member will be given.

This paper is mainly focused on the FIPSOC chip
architecture and is organized as follows. The following
section describes the circuit in its three parts (digital
hardware, analog cells and microprocessor core and
interface). Next, we explain how the multicontext dynamic
reconfiguration works in this device and how it can be
applied to hardware-software interaction. Then, we describe
how this system can be used as a prototyping workbench
with real time probing. Finally, we give some ideas about
the CAD tools being developed to manage this chip.

System Description
Fig. 1 shows a block diagram of the FIPSOC device.

7o External To Other FIPSOCs
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Fig,1: Block diagram of the FIPSOC chip

The chip is a mixed signal field programmable device with
an on-chip microcontroller, It includes a Field
Programmable Gate Array (FPGA), a set of fixed-
functionality yet configurable analog cells, and a
microprocessor core with RAM memory and some
peripherals. The programmable digital and analog blocks
are well defined and are separated from one another due to
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noise inmunity considerations. Nevertheless, the different
interfaces between these blocks themselves and to the
microprocessor provide a very powerful interaction between
software, digital hardware and analog hardware.

The chip has been designed using a full custom
methodology for the FPGA and the analog area, and a
synthesized soft core for the microcontroller. A 0.5um triple
metal layer CMOS 3V process provided by ATMEL ES2
was chosen to implement the first generation of this device.
In the next paragraphs we describe separately the
programmable digital cells (the FPGA), the configurable
analog blocks, and the microcontroller. Finally, we talk
about the interfaces between these three blocks.

A. Programmable Digital Hardware

The FIPSOC chip includes a two-dimensional array of
programmable DMCs (Digital Macro Cell). The DMC is a
large granularity, Look Up Table (LUT) based, synthesis
targeted  4-bit wide programmable cell. Fig. 2 shows a
simplified block diagram of the DMC.
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Fig.2: Simplified DMC block diagram

The DMC has two main blocks: a combinational part,
composed of four 4-input LUTs, and a sequential block
including four FFs. Between them there is an internal router
which provides the necessary connectivity, and makes it
possible to feed direct inputs into the FFs rather than using
the combinational outputs. This makes it possible to use the
combinational and the sequential blocks more or less
independenty. Each lookup table (LUT) can implement any
Boolean function of 4 inputs. Every two 4-input LUT's share
two inputs, and two LUTSs can be combined to form a 5
input function or a 4 to 1 multiplexer (four inputs and two
control bits). The four LUTs of a DMC can be combined to
perform any 6 input Boolean function. The whole
combinational part of the DMC can be configured as a 16x4
RAM memory (in fact, two independent 16x2 memories) or
as a cascadable 4-bit adder or subtractor with carry-in and
carry-out (also some other arithmetic functions are possible).

The sequential part of the DMC includes four two-input flip-
flops (FF), each of which can be independently configured

as mux-type or enable-type, as latch or FF, and with
synchronous and asynchronous set or reset. Again, the
whole sequential part of the DMC can be configured as a
cascadable shift register with load and enable or as a
cascadable 4-bit up/down counter with load and enable.

These combinational and sequential macro functions are
especially suitable to be used by synthesis programs (4). The
routing architecture of this FPGA core has been designed
according to this large granularity phillosphy. Tracks
spanning one, two and four DMCs (horizontally and
vertically) are provided for general purpose interconnect.
Long lines spanning the whole heigth or width of a column
or a row and dedicated tracks for global reset and clock
spine distribution are provided. Interconnection switches
composed of MOS transistors are controlled with RAM
memory cells writeable by the microprocessor.

Table 1 summarizes the preliminary worst case timing
characteristics obtained from simulation in worst case
conditions.

Parameter Value (Worst)  Units
LUT delay 43 ns
FF propagation time 22 ns
FF setup time 24 ns
Routing track delay (spanning 1 DMC) 3.0 ns

Table 1: Preliminary Timing Characteristics (Worst Case Simulation)

B. Configurable Analog Hardware

The analog subsystem is composed of fixed functionality (yet
programmable) blocks of coarse granularity. The basic
building block is depicted in fig. 3. Each FIPSOC family
members will have a different number of these blocks.
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Fig.3: Analog block

The analog block is intended to support four input/cutput
analog channels with amplification, filtering, comparison
and digital conversion. The functionality of the analog cells
is fixed, although the cells themselves are programmable.
For instance, the amplifier cell can only work as an
amplifier (not as a filter or as a comparator) but its gain can
be selected from a given range. In particular, the DAC/ADC
block is especially flexible and actually quite suitable for
analog programmable hardware, in that it can be configured
as a 10 bit block, two 9 bits blocks or four 8 bits blocks.
Each block can be independently configured as DAC or
ADC. As it can be seen, the user can select between
accuracy and number of channels depending of the design
tradeoffs.
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A flexible interconnection architecture is provided to let the
user build a custom application out of these blocks. In
particular, nearly any internal point of the analog block can
be routed to the ADC. Then, the microprocessor can use the
ADC to probe in real time nearly any internal signal of the
analog structure by dynamically reconfiguring these analog
routing resources.

Finally, it is worth noting that having dedicated hardware
for each analog function allows an easy path for migration
to ASIC, as the same cells used in the prototype can be used
in the final ASIC design should production volume
subsequently justify it.

C. MicroprocessorCore

As it has been said, the chip contains a standard 8051
microcontroller, which can be used either for general
purpose user applications or for configuration tasks. Apart
from FPGA-microprocessor interface issues (3), most of the
efforts done for on-chip integration of a microprocessor and
programmable hardware have been targeted to enhance the
processing power of the microprocessor (8) (9), by providing
reconfigurable coprocessors or customizable instruction sets,
while we have focused a bit more on prototyping needs.

As the commercial device, the microcontroller contains not
only a microprocessor core but a serial port (RS232), timers,
parallel ports, etc. In particular the serial port is used to
allow the chip to communicate to a PC, so the user can
download the configuration and debug his applications
using a simple monitor program running in the
microprocessor and controlling it from the PC.

The microprocessor core is totally standard so all
commercial tools (assemblers, compilers, debuggers, etc.)
available for 8051 can be used for the FIPSOC device.

D. Interfaces between Subsystems

Most of the power of this chip when used as a prototyping
benchmark is the fact that the internal signals of the
programmable hardware can be read and even sometimes
written by the microprocessor as long as they are mapped as
memory locations in the address map. For the digital part,
the outputs of any DMC can be read as a memory location,
and the FFs can also be written to by the microprocessor in
real time. For the analog blocks, the ADCs can be directly
read and the DACs can be directly written by the
microprocessor in real time, and the comparators can be
read as memory locations as well. Finally, the
microprocessor address bus can also be physically connected
to the digital routing channels, which could be necessary for
building  microprocessor  peripherals (for example
communication  ports, coprocessors, etc.). These
communication points between the analog hardware and the
digital world are also linked to the digital programmable
hardware: The output of the comparators and the ADCs can
be connected to the digital routing channels (and therefore
to the DMCs inputs), and the inputs of the DACs can be
driven by DMC outputs.

Multicontext Dynamic Reconfiguration

As it has been already mentioned, the chip configuration is
managed by the internal microprocessor. To do so, the
configuration memory is organized in words which are
mapped - onto the microprocessor address space.
Furthermore, the configuration data is duplicated. It can be
shown that such a duplication only needs a chip area
overhead of below 12%. These two possible configurations
are called contexts.

The microprocessor can then read and write these memory
locations while in operation. This allows the user to
reconfigure a context while the other one is still active, then
change the active context to the new one. With this
approach, the whole circuit can be reconfigured just by
issuing a microprocessor command, and the reconfiguration
time would be that of a microprocessor write cycle. In fact, a
set of cells rather than the whole chip can be selected before
applying the reconfiguration command. The main advantage
of this techique is the possibility of loading the new context
data while the active context is still in operation, thus not
having to stop while the reconfiguration is taking place.
Furthermore, the data inside the FFs is also duplicated, and
can also be read and written by the microprocessor while the
application is running. When the context is swapped, the
status of the FFs can be maintained or stored with the rest of
the context. This makes possible to initialize the FFs in the
non-active context before setting it as active, and also to
save the values of the circuit nodes when changing the
context.

This technique has been christened as hardware swap, and it
makes it possible to efficiently work with virtual hardware.
Non-active contexts hold their configuration and data just
like virtual memory is stored into a swap archive in a
computer system. A hardware swap takes place when the
virtual hardware is mapped back onto the actual hardware
resources, just like the information inside the swap archive
is restored onto the actual memory of a computer when
required again. Moreover, an analogy can be established
between virtual hardware and software procedures: global
variables in software procedures can be likened to data in
the FFs which is kept after hardware swap, and procedure
parameters can be compared to data in the FFs which are
saved and restored during the hardware swap. Finally, this
tool is specially suitable to apply hardware procedures as
described in (5).

Several experiences (7) have already been reported on the
use of multicontexts for programmable devices, although our
approach here is different: The static RAM memory we use
to store the contexts can be used as program memory.
Therefore, the user can choose between having different
contexts (thus being able to immediately change the
hardware function) or having more program memory (thus
sacrificing reconfiguration speed but gaining memory
space). In (6) an interesting study on dynamic
reconfiguration and its applications can be found. It can be
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seen how the improvements suggested there have been
already implemented in this new system.

Hardware-Software Interaction

The FIPSOC chip is especially suitable for hardware-
software co-design techniques due to the flexible interfaces
between the programmable hardware areas and the
micrprocessor core. The interaction between hardware and
software is enhanced mainly due to: a) Internal signals from
the programmable hardware can be probed and read as
memory locations from the microprocessor core (analog
signals have to be converted with the ADC). 5) The
microprocessor can dynamically reprogram a piece of
hardware by overwritting the configuration memory. A co-
design CAD tool could then be targeted to this device,
putting in hardware those critical processes needing too high
a computational speed, and performing with software those
tasks which would be prohibitively area-consuming,

The FIPSOC as an Integrated Prototyping Workbench
with Internal Probing Capability

It is possible to emulate a whole laboratory benchmark using
just a FIPSOC Chip and a PC. The communication between
them is normally done through the on-chip RS232 serial
port (an external driver is needed for RS232 voltage levels).
It has already been explained how the outputs of the DMCs
can be probed as memory locations,and how the internal
ADC block can be dynamically rewired to probe neatly any
internal point of the analog architecture. Even the internal
DAC could also be used as a function generator, accepting
data from the microprocessor core or from some DMCs
configured as counters and memories.

The rest of the laboratory workbench is a matter of software:
A digital oscilloscope could be emulated to present the
acquired analog data (from the internal ADC) on the PC
screen; a logic state analyzer could be provided printing out
the digital data obtained from the DMC outputs in real time.
The real advantage is the integrated approach that the user
can follow to develop his system application: Everything is
integrated, and the final hardware and software solution is
exactly what the user is measuring when probing in real
time. The proposed analog programmable hardware is
especially suitable for this operation. In particular, the
possibility of severing the DAC/ADC block into a 9-bit
ADC and two 8-bit DACs, and then using these two DACs
to provide the ADC references, greatly simplifies the
emulated digital oscilloscope described: the “offset” and
“amplification factor” knobs would directly apply over the
reference DACs.

CAD Tools for FIPSOC
An integrated set of software CAD tools is being developed
for design entry and optimization; technology mapping,
placement and routing, device programming, mixed-signal
simulation and real-time system probing from a
Windows™-based PC station. A convinient set of library
functions is also provided to support typical design needs,

both digital and analog hardware functions as well as
software procedures for the microcontroller. An easy path
for migration to ASIC is then provided, because the analog
cells of the library are exactly the same as those included in
the field-programmable device, which ensures the reliability
of the measurements done in the prototype. The digital
hardware would normally be resynthesized to the ASIC
library for an optimum area utilization.

Conclusions

A new concept to mixed-signal system design and
prototyping for the FIPSOC device has been described and is
currently under development. The key point of this
workbench is the integrated methodology that can be carried
out due to the flexibility of the configurable analog and
digital hardware, and the simple interface between the
digital resources, the analog subsystem and the
microprocessor. It is estimated that the design cycle can be
cut down by 30-40% by the use of the configurable hardware
and the integrated emulation and verification design flows,
compared with the use of separate analog and digital off-the-
shelf FPGAs with their corresponding design tools. The use
of the FIPSOC chip entails immediate reduction of PCB
space, device reusability, dynamic reconfigurability and
small time-to-market, which altogether makes the chip more
than suitable for prototyping, pre-series fabrication and
microelectronics research.
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