Silicon Mountain DRAM

Building the World’s Fastest PCs

David Bondurant, Retired PE
Pikes Peak Life Member Affinity Group Chairman
Former VP of Marketing & Applications, Enhanced Memory Systems



HiStOry Of the DRAM June 4, 1968 R. H. DENNARD 3,387,286

Cl‘eating The NeW Main MemOry FIELD-EFFECT TRANSISTOR MEMORY

Filed July 14, 1967 o Sheets-Sheet 1

FIG. 1

. DynamiC Random Access MemOry WORD LINE 24

(DRAM) was used on code breaking
computers at Betchley Park UK
during WWII using Tubes and
Capacitors

« Magnetic Core Became the Main

Memory for computer during 1950s
and 1960s

« Dr. Robert Dennard of IBM Research

patented the first semiconductor
DRAM in 1968
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History of the DRAM

Creating The New Main Memor

Advanced Memory System
(AMS) in Sunnyvale produced
The First Monolithic 1Kbit
DRAM in 1969

AMS Founders were D.
Berding(IBM), R. LIoyd (IBM), B.
Dickson (Motorola), J.
Larkin(Fairchild), and C. Fa
(Collins Radio)
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History of the DRAM

Creating The New Main Memory
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- Honeywell worked with Intel
Corporation to produce the

first Commercially Successful
1Kbit DRAM - 1103

» By the early 1970s, Intel’s 1103
had replaced core memory

Intel 1103 1Kbit DRAM

 Intel’'s DRAM became the
world’s highest volume
semiconductor product
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« Mostek was founded in 1969 in -
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« Founders were LJ Sevin, Dr.
Richard Petritz from Texas
Instruments

Mostek MK4096 4Kbit DRAM

. MUSTEK
- Bob Proebsting was the key MK LOSEP_7

designer ASSB: MALAYSIA

- Mostek developed the first
address multiplexed DRAM, the
AKbit MK4096 in 1973
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Mostek MK4116 16Kbit DRAM
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History of the DRAM
Creating The New Main Memory
« Mostek developed a address

- Paul Schroeder was the key



History of the DRAM

NCR Microelectronics
First DRAMs Built on Silicon Mountain

« NCR Corporation sent a 12 man team
to open a semiconductor fab in 1975
and build a DRAM

 After attempting to develop their own,
NCR Microelectronics licensed MK4116
16K DRAM from Mostek

» Produced 16K DRAM through 1984

« NCR Fab later owned by AT&T, Symbios
Logic, LSI Logic

- NCR Fab now owned by dpiX, a leading
X-ray Sensor Company since 2011

Former NCR Microelectronics Fab
Now dpiX at 1635 Aeroplaza Drive
Colorado Springs, CO



History of the DRAM

Creating The New Main Memory

« By 1976, Mostek held 85%
market share in DRAM and was
ready to expand to a new facility

- By the late 1970s, Japanese
companies were entering the
DRAM market. Dark clouds

were gathering.

« Mostek would be late to market
with their 64Kbit DRAM

lable 6.3 The changing patterns of market leadership in DRAMs

Memory introduction dates and the initial leading four firms in each market segment:
Date 1974 1976 1979 1979 1982 1985

Leading Intel Mostek  Intel Motorola Hitachi Toshiba

firms TI Intel Hitachi  Fujitsu  Fujitsu  Hitachi
Mostek NEC Fuptsu  Hitachi NEC AT&T
NEC Fujitsu  Motorola TI AT&T NEC

Number of major suppliers in world market three years after introduction of DRAM:

Date 1974 1976 1979 1979 1982 1985
DRAM size 4K 16K* 16K 64K 256K IMb

Japanese 1 4 2 6 6 7
US 8 8 5 3 4
European I 2 I
Korean 0 0 I

5
0
0

0 0

—— e o

Sowrce: Based on data trom l).n.ulm-\l | urope, Denham UK
Nole: One ol the tour US |nm|uu-|s ol the INDB DRAN within three vears ol 1ls

mltmhn 1O wWas llu- |n(-\'|n||\|_\' «.npll\'r |nu<lm(-| \'|«"\'|



History of the DRAM

Creating The New Main Memory

+ Mostek would build a major . =
DRAM factory on Garden of e e
Gods Road in Colorado Springs e
by early 1980s.

» This facility would build 64Kbit
and 256Kbit DRAM e e T S

Mostek DRAM Fab would Grow Into

a Major Facility for Intel

CORPORATE RIDGE AERIAL VIEW - | e

Tini Structare
N 2198 Acivs

nic Arva . S
Craft Parking Lot Avea 891 Acres

. This facility would later = A = B
become UTMC, Rockwell (AR i |
International, and Intel Fabs R |

Craft Parking Lot
634 parking spaces




History of the DRAM

Creating The New Main Memory

« Mostek would launch the 64Kbit MK4564 from the Colorado
Springs fab

- By 1981, Fujitsu, Hitachi, Mitsubishi, NEC, and Oki had
entered the 64K DRAM market

« DRAM Demand would peak in 1984

Mostek MK4564 64Kbit DRAM would be

- During a market downturn in 1985, demand would decrease
and increasing competition would drive Mostek to major
losses

« Intel & Tl would leave the DRAM Market in 1985, AT&T would
leave the market in 1987

the primary product of Colorado Springs Fab

. Mostek would be sold to United Technologies. The DRAM T L P e e e
business would be sold to SGS-ATES which would later . M S'{iﬁ(@z R348
become STMicroelectronics . MKUSEUN-20 “

. The United Technologies Microelectronic Center (UTMC) § IRELAN |
would focus of military grade memory and microprocessors k= e
occupying a part of the former Mostek Fab

-y




History of the DRAM

Creating The New Main Memory

» 1979 - Inmos Corporation was
formed with support from the
British Enterprise Board

« Founders were Paul Schroeder,
lan Barron, and Dr. Richard
Petritz

» The Inmos DRAM Design & | 7 N
Manufacturing facility was il _isociine..
located in Colorado Springs, CO

Founders -Paul Schroeder, lan Barron,

and Dr. Richard Petritz



History of the DRAM

Creating The New Main Memory
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- US Facility was Located on Cheyenne Mountain next
to the Honeywell Semiconductor Facility

- Inmos would develop SRAM, DRAM, and Transputers T T g é‘%

. |t would manufacture & sell 64Kbit DRAM built in RS A LT RN
Colorado Springs

- Sold to Thorn EMI by the British Government in 1984

. It would reach $68 Million in Revenue by 1986

« In 1986, Inmos designed a high performance 256K
DRAM for NMB Semiconductor in Tateyama, Japan

« The 256K DRAM was the world’s first CMOS DRAM
product and fastest with 60 ns cycle time. The rest
of the DRAM industry would switch to CMOS at
1Mbit.




History of the DRAM
Ramtron, Non-Volatile DRAM

« Ramtron Australia Ltd. was
founded in 1984 in Colorado
Springs by George Rohrer, Dr.
Carlos Araujo, and Larry McMillan

» Ross Lyndon-James would be the
first CEO

- Ramtron developed Ferroelectric

RAM technology emerging from
the UCCS Microelectronics
Laboratory

George Rohrer, Larry McMillan, Ross Lyndon-James on
University of Colorado-Colorado Springs Campus



History of the DRAM

Ramtron, Non-Volatile DRAM

« |In 1986, Ramtron hired key personnel
from Inmos.

» Dr. Fred Gnadinger as VP of R&D

« Sheff Eaton and his team of DRAM
designers to develop FRAM Memory

- Sheff Eaton patented the first 1T-1C
ferroelectric RAM, a non-volatile DRAM

« By 1988, Ramtron demonstrated the
first 256-bit Ferroelectric RAM

- The Inmos DRAM team developed the
first production 4K FRAM in 19809.
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History of the DRAM

United Memories Inc.

» |n 1990, Ramtron formed a joint venture
company called United Memories with
NMB Semiconductor (Tateyama, Japan)

) Ramtron DRAM Design Team Moved to Bob Gower, CEO of United Memories
United Memories Sheff Eaton becomes President

- NMBS Built a $300M DRAM Fab in Japan

- United Memories designed TMbit & 4Mbit
Fast CMOS DRAM Products for NMBS

« These DRAMs were the Fastest DRAMs
Available at 60 ns Cycle Time.

- Ramtron Received Design Fees and
Royalties From NMBS DRAM Sales

Ramtron-NMBS 4Mbit DRAM (60 ns)
World’s Fastest DRAM



History of the DRAM

Ramtron Enhanced DRAM (EDRAM)

« In 1990, Ramtron decided to develop a unique
DRAM product based on NMBS fast DRAM
technology

- Cheetah International in Colorado Springs was

building fast PCs based on available DRAMs
Patent #6,347,357

« Ramtron, United Memories, and Cheetah
International defined the Enhanced DRAM, a
Cached DRAM

- EDRAM Targeted the Emerging High-end PC Market

- United Memories modified NMBS 4Mbit DRAM with
integrated SRAM cache row registers

- NMBS prototyped the 4Mb EDRAM by 1991

« The EDRAM Became the Fastest 4Mbit DRAM
Product on the market by 1992

Enhanced DRAM with
Embedded Registers
Sartore, Mobley, Carrigan, and

Jones

1/22/92




DRAM Array Row Register Cache

History of the DRAM

Ramtron Enhanced DRAM (EDRAM)
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« Ramtron Enhanced DRAM (EDRAM) integrated a 2Kbit __=‘:.-‘1

SRAM Row Cache into the NMBS Fast DRAM Core

- While Pin Compatible with Standard 4Mbit
Asynchronous DRAM, EDRAM could randomly read or
write data within a row in 15ns

« |If an access to EDRAM missed the cached Row, read
access time was 35 ns

« Unlike Standard DRAM, EDRAM could be refreshed at
the same time data was read or written to the Row
Cache

- This architecture would allow data read & write
operations with zero wait states like SRAM cache

- EDRAM was introduced in January 1992, was sampled
in July 1992, and entered production in January 1993

- EDRAM would be produced for over 8-years




History of the DRAM

Ramtron Enhanced DRAM (EDRAM)

DRAM Performance Comparison

Mode | 150 EDRAM 70ns DRAM Comment

Random Cycie Time 65ns 130ns 2X Faster
Randam Access Time 70ns 2X Faster

Page Read Cycle Time 40ns l 2.7X Faster
Page Access Time 35ns 2.3X Faster

Page Miss Access Time 35ns 130ns 3.7X Faster

First Write-in Page ’ 1Sns _ 2.7X Faster

Page Write Cycle Time ’ 1Sns 2.7X Faster

EDRAM was more than 2X Faster Standard DRAM

Original Product Picture 1992



History of the DRAM
The World’s Fastest PCs

- EDRAM was first disclosed publicly at the First Silicon Valley PC
Conference in 1991

« Ron Sartore documented his modified Cheetah Gold 486-33
System with EDRAM

- “New Generation of Fast, Enhanced DRAMs Replace SRAM
Cache in High-End PC Workstations”

- He found EDRAM faster than several Fast Memory Alternatives

- Ramtron Approached Intel For Support In Developing an Intel
Motherboard

- Ed Solari of Intel Hillsboro provided an existing Intel
Motherboard Design and Recommended Dr. Design, an Intel

Contractor to support the Ramtron Design - | =
o ° |
- First Ramtron PC Design was disclosed at the Third Silicon | % o [ 256K Cache [
Valley PC Conference in 1993 |
256K Cachs | . 1
« “Cacheless Fast DRAM Memory System Improves 486DX2-66 ORAM E—
System Performance”
| EDRAM
- System Demonstrated Clear Advantage over SRAM Cache in i | 256K Cache |

Unix Benchmarks and Basic Memory Tests

Benchmark Results



History of the DRAM
The World’s Fastest PCs

- Based Upon It's Work with Intel, Ramtron Developed a
Custom Chipset Based Upon Intel FlexLogic FPGA

- Won First Taiwan Motherboard Design with Digicom
. |t was first demonstrated at Comdex 1993

- By July 1994, Softwin Reports tested Digicom
System vs. Dell OptiPlex with 128KB SRAM cache
vs. 66MHz Pentium with 512KB SRAM Cache

. Softwin Found Digicom 486DX2-66 approached e RT3
Pentium System performance L2 s il U T

viliBorcu iy trvees divoer T BOABARAS — AN .
—t - - ~ T LILLL , . 9y -
AL . =] -

S
ey

« Ramtron worked with Ocean Information Systems
(Hong Kong) who developed their own optimized & AR NG
chipset in 1994 fore i e

ey

- Softwin Reports awarded Ocean DCA2 their Top _f * ;- gwn ,
Gun Award as the fastest 486DX4-100 System —— —— RN S P
tested and faster than a Pentium 1T00MHz system

Ocean Information Systems 486DX4-100
DCA2 Motherboard With EDRAM



History of the DRAM

Enhanced Memory Systems

In 1995, Ocean would be ready to place $100M
order for EDRAM

Ramtron’s Major Investor, Oren Benton was going
Bankrupt

Ramtron could not fund the work in process
(WIP) to take the order

Based upon test results from EDRAM
Motherboards, Ramtron would negotiate a
second sourcing agreement with IBM

Ramtron would spin-out EDRAM Business as
separate subsidiary, Enhanced Memory Systems

Enhanced Memory Systems would refocus
business on SRAM Replacement and reach $16M
Revenue in 1986
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History of the DRAM
Enhanced Memory ESDRAM

Enhanced Memory would produce 4Mb
EDRAM at IBM’s Factory in Essonnes, France

Enhanced Memory and IBM would invent and
patent the Enhanced Synchronous DRAM
(ESDRAM)

A 16Mb ESDRAM product family would be
built at IBM but would be late to market and
not a factor in the PC main memory market

PC focus would shift to Licensing EDRAM
Technology to Mainstream DRAM
Manufacturers

In 1998, ESDRAM and DDR ESDRAM would
become JEDEC Superset DRAM Standards

US005787457A

United States Patent (9 (111 Patent Number: 5,787,457
Miller et al. (451 Date of Patent: Jul. 28, 1998

[54] CACHED SYNCHRONOUS DRAM [57] ABSTRACT
ARCHITECTURE ALLOWING

SONCU RAM OPERATIONS ached syactwonous dynamic sandom eccess Mmemry
CONCURRENT D ( ached anwm ¢ having a mui-bank architecuue

(7S] Invertors: Chridepher Psml Miller. Urderhilk sdudes huonas d/ anic raadom access mCmOry
Jim Lewis Regers, Miloa; Steven ( DR‘\M’ b‘“k nzlading a row decoder lP* ed to a
Wildam Tomashet, Williston, all of Vt. memory benk zna f selecting 4 row of daui in te
memory bank array mplx.cr uupl t.hmmor)
[73] Assignze: Internstionsl Buiines: Machines ba nkzn ay v xabllna!(-r Latching the row ldaa slected
Corporation, Armonk, N.Y Ly the row deoade., and a syschsoaous coluna scicct mcans
for cclccu'ng a desi:ei column of Ihr row :'f dama A
4 T ™ randomly addressable row regsier stores a row of data
(21) Appl No.: 3L latched by the sense amplifiers A select Jogic gating means,
[12] Filed: et 1N, 1990 disposed between the s2rge amplinzrs and e row register.
schectively gates tic sow of data prescat on the bit lices to
[51] [0t CL® oo smasnsnea Codr 1288 the row :c;;stu in accordance to paticnlar synchronous
(52 US.Q.. - T11/108: 71U118; 711/163 memory operations of the cached SDRAM Leing pafonucd.
155] Fleid M\nrﬂ e s JAU103. 118, Data to be input .nto the cacaed SDRAM during 5 Write
7L113, 117, 163 CPErANon 1S rece:ved by the senss amplifers and wrinen into
tac memory bank array. Data to be cusput from the cached
(56) References Cited SDRAM during 2 Read command is read out oaly from the
U.S. PATENT DOCUMENTS 1ow scgister, the row of data contaiecd in the rew register
) firet haviag been read from the memcry bank array to the
3,184,320 21993 DyC wsnwe- wemmannienns Y6549 gapes ampiifiers and thea selectively gaed o the row
5588130 12199 Fmshmdal T8 register in accordonce with the pasticular synchronous
Frimary Examirver—Tddic P. Chaa memary operations.
Acristont Framir. e rHiep T. Nguyen
Anzrney, Ageni, or Firm—Robat A, Walsh 9 Claims, 13 Drawing Sheets

N4/ x N2y 4
Memory 3ark
IOQA 4
1

119A-
a
Sensem'mlas /L_-———

{_
=14 x4

o *«mn 4
102'\{ 1024 ] —~

e

ESDRAM Patent #5,787,457 Later
Assigned to Bondurant, Jones, and
Mobley



nEnhanood

Memary Sstems irc. 64Mbit - High Speed SDRAN (150 MHz)

‘ Preliminary Da‘a Sheet EMx8, 4Mx16 HSDRAM
Features Description

¢ JEDEC Standard PC-133 SCRAM Thz Enhanced Memory Systems SM3003 end SM360< High-

¢  Fust 4.5 ns Clock Access Time Speed SCRAM (HSDRAM) devices are high pedormance

» Low Latency Operation (2:2:2 @ 150 MHz) vessions of ths propascd JECEC PPC-123 SDRAM. Whic
* CAS Latency =3 compatbl: wrh standard SDEAM, they provide the fasler

' RAS 10 CAS Delay =2 clock access time (4.5 ns). shorter -andom access latency

»  Precharge Deley ) (312 ns), inc fast rank cycle tme 533 ns) reeded to

n a n C e e m O ry e Kast Rendom ACCC;S Fime (31.2 ns) mprove system :tability, capooity, end performancs in
. systems vpcrating al 150 MHz bus speed. The HSDRAM i1s

Fast Random Cytle time (53.3 ns) ; :

© - weal for any high performance sysemn including PCs,
workstaticns,  servers, commumizations switches, DSP
systems, 3-D graphics, und embedded romputers.

* DProgrammablc Burst length (1,2, 4 8, full pege)

* Programmable CAS Laercy (2, 3)

*  Low Powzrsuspznd, Self Refresh, and Fowes
Yawn Mades Suppored

* 4K Rcfresh /! €4 me

- Enhanced Memory would negotiate a foundry agreement B S0 over gty
with Infineon (Dresden, Germany) and design a 64Mbit
ESDRAM but it would not make it to the market Block Diagram (4Mx15 shown)

- To recapture the high performance PC Market, Enhanced
Memory would procure a high speed version of a
conventional DRAM with PowerChip Semiconductor
(Taiwan)

- The Enhanced HSDRAM would achieve 2:2:2 latency at 133 [ e o s1)
MHz and could be overclocked to up to 166 MHz "

Operating 64MB DIMMs 128MB DIMMs
I e
150

143
138

Erharced Mamory Systers e, 1850 Rartron COr,, Coly Spgs, C2 80821 1545 Ertercad Menory Systeme. Al righls resarved
FRONE: B0 2A5-D0AM FAX: {717) A5ED0E hiip Uews soran com e niamebce Contaned Peren & susjedt 10 change wiheul notce

Rowgor 1.0 Page1 4o

133
133
125
112
100
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Enhanced Memory Systems HSDRAM Product Picture 1999



History of the DRAM
Mushkin Enhanced Memory

- Enhanced Memory Systems would work with
Mushkin, a Denver-based memory module supplier
to gaming & overclocker PC markets to build

EQUAL PARTS

HSDRAM module products PROGRESSIVE

| i S et ededoedneint g mece
» Ramtron would buy Mushkin and make it a wholly- i e e

owned subsidiary

« The Mushkin Enhanced PC150 HSDRAM Module
would achieve 2:2:2 latency at 133 MHz and could

-—

be overclocked to up to 166 MHz T p——

« Mushkin would develop a unique DRAM heatsink
design to allow stable operation at high clock rates

« Mushkin continues as a leading e-commerce
supplier of memory modules, SSD modules, and
other electronic components today

Mushkin Enhanced PC150 HSDRAM Product Picture 1999



History of the DRAM

Mushkin at E3, The World’s Fastest Athlon 700

- Mushkin would exhibit at Electronic
Entertainment Expo in Los Angeles in May

2000

Mushkin and Enhanced Memory would
develop “Freak Machine”, the world’s fastest
Athlon 700 PC overclocked to 964 MHz

mushklw..

800 . %00, 1860 www.mushkin

HSDRAM delivered in unigue bubble pack
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What is it about this memory that makes it so good? Could it be the fact that it's
running at a low-latency 150 MHz, compared to 100 or 133 MHz that other memo-
ry DIMMs are known for? Maybe it's the lightning fast 4.5 ns clock access time that
makes it so great. Whatever it is, you can rest assured that this is some of the best
memory | have ever used, and will definitely go back to them should | wish to up-

grade.

Mushkin was on display at E3 last May, where they displayed what they called their
"Freak Machine." With this new memory, the Freak was running an Athlon-based
PC at a previously unheard of 964 MHz. Benchmarks of Quake 3, Unreal Tourna-
ment, and Incoming all had frame rates in the triple digits! Now | know my Athlon
700 will not come anywhere near these levels, but | have noticed a considerable
speed boost in my games. Unreal Tournament now runs near constant at 60 at
1024x768 resolution, and Quake 3 does the same at 800x600.

A strip of 128 MB PC150 memory runs for $119 (as of writing this review), and it's
definitely worth it. They can be found at www.mushkin.com.

Mushkin Freak Machine Shown at E3, May 2000
The Fastest Athlon 700 Overclocked to 964 MHz
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Bondurant ¢t al. (451 Date of Patent: Nov. 21, 2000

[S4]  ENHANCED BUS TURNAROUND Primary Fxamimer—Son T. Dinh

[ J [ J
’ INTEGRATED CIRCUIT DYNAMIC Attormey, Agent, or Firm—William J. Kubida, Esq.; Carol
W, Buron, Esqi Hogan & Hason LLP
'S lovemtors Doy Bondurant, David Fisch, both

of Cokorado Springs, Bruce |57) ABSTRACH

Grieshaber, Colorado Spong, Kenneth
Maobdey, Michael Peters, il of An eahanced bus turnsround insegrated circuit dynami

Colorado Springs, all of Colo random socess memoey ("DRAMY) devive varticulas
by 0 peovidiog maximum DRAM perlorman

- By 1998, Enhanced Memory Systems recognized they A e b Baliemh [0, cccomiiaaly alfoding » device with may be eadly nt

wratedd ko systems desagned 10 use 20r0 bus ternarosnxd

could not keep pace with commodity DRAM density | Ars. s LR 2 CZHI™, o pieline s st random s

likd Feb, 29, 2000 ("SRAM™) devises. The enhanced bus tumaround DRAM

Int, CL GLHIC 1500 dovice of the present invention peovsdes much of the same
[ WSS9 S 0 s wnehias of a conventional ZHTSRAM deviee with asimibh

- Focus changed to creating 1 Transistor SRAM Products 5] T o6 B e N A 303 plros, kg wad fousion i e s proiding

Jensily, power consumplson and

that were 4X higher density than SRAM R esiensbun N

100 of 2 “Wanl” pin, the eahanced bus ternarosnd
19N hekawa L device of the preseml wventson can signal the system
vatrolkr when addinonal wail states must be

- Enhanced Memory negotiated a foundry agreement T o s

wriommance to that of ZBT SRAM for all Read and Wrile

with Infineon (Dresden, Germany) - Infineon would take e HERPUBLICATIONS ekl sod bl et

30% Ownership Position in Ramtron/Enhanced Memory

- Enhanced Memory partnered with Cypress | @Lﬁt 1T ‘
Semiconductor (the Largest SRAM Supplier) to develop . S— “"":.:::: '

a 72-Mbit ZBT ESRAM | —

« Enhanced Memory patented an Enhanced SRAM
(ESRAM) version of ZBT SRAM

Command
D oxdor
et
Timing

‘ Geraralon

- Enhanced Memory Systems partnered with Hewlett
Packard to develop a 72-Mbit DDR ESRAM for L3 Cache
Application

Enhanced Memory ZBT ESRAM Patent - 2000
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e 2MXx36 e 2Mx36
e 100, 133, 166 MHz Clock Rates e 300 MHz Clock Rates

e NoBL Pin Compatible e 2.4GB/Second Bandwidth
e 100-Pin TQFP, 119-Pin PBGA e 209-Pin PBGA

e +3.3 & 2.5 Volt I/O and Paower Supply e +2.5 Volt Power Supply
e +1.2 Volt HSTL I/O
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Die Microphotograph
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/2Mb DDR ESRAM - SRAM Speed, DRAM Densi

Enhanced

Memory Systems Inc.




History of the DRAM

The World’s Highest Density SRAMs e e e

@ Dual 1GHz PA-RISC Processors

@ Dual 1.5MB L1 Caches
» Enhanced Memory and Cypress would ship @ 144-bit Wide L2 Cache Interface

72Mbit ESRAM 94 each 72Mb DDR ESRAM Parts

@ 13 ns Initial Latency

- Enhanced Memory and HP would present the |
72Mbit DDR ESRAM and PA-RISC at @ 10GB/Second Bandwidth

MicroProcessor Forum in 2001 @ To Be Used In Most HP
Workstations and Servers

« HP Announcement would drive Ramtron
Stock Price Briefly from $2 to $30.

« By 2004, Infineon would convince Ramtron
to shut-down Enhanced Memory Systemes,
not wanting to support a lower volume
SRAM business

. HP PA-8900 would go to market with a Enhanced Memory & HP Would Present PA-8800
144Mbit DDR ESRAM-like product from IBM

with ESRAM at Microprocessor Forum 2001



History of the DRAM

Integrated Silicon Solutions

United Memories continued to design the highest
performance DRAM products in Colorado Springs

United Memories President, Shef Eaton would die in a hang
gliding accident

United Memories would partner with ProMOS Technologies of
Taiwan for many years developing DRAMs through 2Gb
density

In addition to standard DRAM, they developed specialty DRAM
and embedded DRAM (eDRAM) designs

One embedded DRAM was a 0.6 volt, 16Mb design with 19.5
ns cycle time

In 2013, Integrated Silicon Solutions (ISSI), a Specialty DRAM
Company, hired many of the UMI design team

Bob Gower Retired in 2013
UMI would continued developing DRAM until 2018

Bob Gower, CEO of United Memories

|ISSI Continues to develop specialty DRAM products in
Colorado Springs today



History of the DRAM
DRAM Market Today

DRAM Products have been designed on Silicon
Mountain for more than 40-years but are not longer
manufactured here

After dominating the DRAM market, Japan was
superseded by Korea and Taiwan as leading
manufacturers of DRAM

Micron Technology is only US Manufacturer of DRAM

Only 3 companies compete for the leading edge DRAM
market - Samsung, SK Hynix, and Micron Technology

DRAM density has reached 16Gb at 10 nm feature size
The DRAM is now specialized

- PC & Server Market - DDR3, DDR4, and DDR5

» Mobile Market - LPDDR3, LPDDR4, LPDDR5

- Graphics and GPU Market - GDDR6 & HBM

GDDRG6 for Graphics and GPUs



