Rambus Conference Call:
Hynix Trial Update

April 24, 2006




Hynix vs. Rambus

 U.S. District Court for the Northern District of CA
Jury verdict:
 All 10 Rambus claims found valid and infringed
« Damages awarded: $306.9M

e Covers Hynix memory products sold in the U.S. from
June 2000 to the end of 2005

« SDRAM damages $30.5M
« DDR and DDR2 SDRAM damages $276.4M
Third phase of trial tentatively set for summer 2006
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Subject: RAMBUS Seminar, April 14, 1994; Your fax to Dr. v, Zitzewitz dated
March 30. 1994

The same thing was tried via Dr. Seluumacher: we refused then, too!

muant! At i i in tarme Al A,

e One day all computers will (have to) be built like this, but hopefully without
=« the royalties going to RAMBUS.

[ have ziready seen the demonsiralion with Kichard C, Cnsp (RAMBLUS college with
JEDEC). You really can put video images on the screen. There were a dozen or so of
this sort at the CBIT, without RAMBUS.

It's just =

Nene of our customers has - a5 far as | know - included RAMBUS DRAMS in their
purchase spectrum. Mo demand, ne chip.

Some users (Silicon Graphics, Nintendo, Apple) are currently discussing RAMBUS as a
replacement for VRAM.

RAMBUS should first of all secure a sustainable base among our customers. RAMBUS
is nol a memory, it is a memory system including conreller, bus, interface, protocol and
memory. One day all computers will (have 1] be built like this, bt hopefully withow
the royalties going 10 RAMBUS.

Sincerely,

cc. Dr. v. Zitzewitz
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Hynix: “Kil” Memo — October 17, 1992 (p. 1 of 4)
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To summarize whar has been made known regarding Rambus Interface and Rambus DRAM, both
developed by tie LIS-based venlure capita concern known as Rambus [company] in 1990, asd to condact
en evaluntion vis-k-vis our Company s particular requiremeats/needs. in the bopes of aiding in the
wtiablishment of the [Company's] next geocration product and the undertaking thereaf.

Banitrus Acchitésbisy

A new architeciure as reporied on in March of 1992 and comprised of s Rambus Channel, Rambos.
Iiterface and Rambus DRAM. in which a dars masseission [speed] of S0U MByie/sec. is possible. Fujitsu,
MEC and Toshiba have entered into & license agreement and are developing Rambus DRAM, Rambus
Interface Logic. ete. with a4 Bit

e e A new architecture as reported on in March of 1992 and comnrised of'a Rambus Channel. Rambus

particular performance [characieris

Rambsa DRAM Interface and Rambus DRAM.

A DRAM specially designed 1 have o s mioyieact. Gam UmHasRm Jpee INUUEE Wt S
Channel congprising of* 3 genesic DRAM memary eell, s cache-function sense omp. & umail voltage swing.
and through the elimination of pin-to-piu poise and the skew, Should the Rambus DRAM become &
standard, m market is expesied to form in full-fledged fshian for high speed applications. Additional
applications sre expested  be in those areas cousidered largely imrelated 1o the averall configuration of
the systemn and therefors casier W apply, such areas a3 aniniation end 3 graphics which require real-tlme

P : Should the Rambus DRAM become a

[Ref]: Given that Synchronous DRAM oy ' _ - N
et mortaseei e Standard, a market is expected to form in full-fledged fashion for high speed applications.
ernm(&w DRAM), developed by the US-based Ramtron company and [muss] produced

by Mitsubishi, has & very similar architective to Rambus' isternal operations (DRMA memory cell and

cache SRAM sense amp), and has a duta transmission speed of 100 MHz. Although Synchronows DRAM

s identical in terms of isvion sneed. fthis isi in ts operaticn.

[Ref]: Given that Synchronous DRAM operates within TTL compatible logic and the development of a
esieti . controller for the same is [relatively] feasible, a market is expected quickly to form, but with a maxirmum
data access rate of 100 MHz there s expected to be & disparity in the target market in comparison to
! Slight techno-linguinic smbiguity Embus BM.
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Hynix: “Kil” Memo — October 17, 1992 (p. 2 of 4)

1.0 Purpose

To summarize what has been made known regarding Rambus Interface and Rambus DRAM, both
deveioped by the US-based venture capital concein known as Rambus [company] in 1950, and 1o
conduct an evelustion vis-3-vis our Company's partieular requirements/needs, in the hopes of
alding in the establishment of the [Company's] next generation produet &nd the undentaking
thereof.

2.0 Rambus Incorporation [sicl
2.1 Establishmer
[sic) Scholar
Horowitz (€1 .
2.2 Investment: l G ?umﬂﬁc
three compar |
2.3 Chairman: B |

w5 To summarize what has been made known regarding Rambus Interface and Rambus DRAM, both

2537 devcioped by the US-based venture capital concein known as Rainbus [company] in 1990, and to

2.7 Address: 246

nemoes | conduct an evaluation vis-a-vis our Company’s particular requirements/needs, in the hopes of

2.9 Management
aidinp in the establishment of the {Company’s] next generation product and the undertaking
thereot.
A new architecture as reportea on in MATEN o1 | Y44 and COMPrIsed 01 8 FRAMOUS LNANNS),
Rambus Interface and Rambus DRAM, in which a data ransmission [speed) of 500 MByte/sec. is
possible. Fujitsu, NEC and Toskiba have entered into a license agreement and ere developing
Rambus DRAM, Rambus Interface Logic, etc. with a 4M Bit Rambus DRAM sample expested io

come oul by the end of 1992, followed by 1 report on related intarface chips by 1993, wheraby
which it will be made clear as to the particular performance [characteristics] and market.

3.0 Rambus Architecture

3,1 Rambus Chanael
1) Mo i i Ition time based on  Logic high-

Tow swing of 0.6 V.

2
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Hynix: “Kil” Memo — October 17, 1992 (p. 3 of 4)

4.0 Status on the Development of Related Produsts & Industry Interes

4.1 Teshiba
1) Planning to introduce 4.5M Bit RORAM “TCS$RD4DR VR [aic; illegible]
around July-Sept. of 1992 (no report made on it to date).
2) Planning to introduce an 13M RDRAM sample during Q2 of 1993.
3) Currently in development for a Bridge Chip for R400PC RISC for.a US PC
Manufacturer.
4) Market Forecast: of the overall DRAM market during 1995-1957,
-~ Existing generic DRAM: 50%
- Rambus DRAM: %
- Synchronous DRAM:  Expected 10 stake out 25% of the
market

4.2 NEC
1) Planning to produce 4M DRAM provided there is demand.
2) Planning to introduse an 18M DRAM “uPD488170" [sic.] during Q1 of 1993,
3) Plansing to introduce a 16M DRAM “uPD488130" [sic.] during Q2 of 1953.
4) Planning to introduce a Bridge for R4000 purposes to serve a3 the maln memory
* cache and perform the function of graphic cache, during Q2 ¢f 1993.

4.3 Fujitsu
1} Planning to introduce & 4M RDRAM sometime during 1992.
2) Planning to introduce an 18M RDRAM semetime during 1993,
) Planning to introduce sometime during 1993 a SPARCIits microprocesser
incorporating a Rambus interface.
4) Planning 1o introduce sometime during 1993 & Bridge chip for [486DX purposes.

4.4 Rambus, Inc.
1} The first application will be in the animation and 3D-graphic market, which

requires real-time display. The second RORAM will be of a 2M x 9-bit
configuration having either 2 4 or § bank {array}, and a product operating & 3.3
V plso may be possible.

2) RDRAM enticipated to comprise 50% of the DRAM market after 1995,

4.5 Intel
1) Adoption of the Rambus architecturs inevitable after 2-5 years.
(General Manager of Workgroup Computing Division)
2) Currently looking inte it (Vice President).

4.5 Intel
1) Adoption of the Rambus architecture inevitable after 2.5 years.
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Hynix: “Kil” Memo — October 17, 1992 (p. 4 of 4)

Development of ASIC technology fr;'rﬂ.le development of 2 Transceiver
incorporating a generic-purposes Bridge Chip and a plurality of PLL eireiits.

5.2 Assembly and Testing

1) Development of a 32-pin VSMP (Vertical Surface Mount Package) technology.
~ 25.6 mil lead pitch, 950 mil wide, 460 mil height, 47 mil thick.
Development of the Test Concept; Test Algorithm; Tester; and Interfuce Board,
in order lo gueranice operation at 250 MHz
Development of a PCB for Rambus DRAM module purposes in order to satisfy
Rambus channe] requirements,
*US-based company Augit develops a standard Rambus channel board in concert
with Rambus, Inc.

6.0 Epilogue
6.1 Whereas Microprosessors have been continually undergoing performance

improvements based on the adoption of supersealar and super-pipelined architectures,
etc., the speeds of memory elements—especially that of the DRAM used as main
memor_v-have not been eble to support such [advances]; the problem has been
partinlly addressed by way edopting an internal primary cache and an external
secondary cache within the microprocessor, yet has inevitably been accompanied by
the consequent increass in power consumption and rise in production costs.

6.2 Moreover, when operating af 50 MHz or higher, he current PCB material and
architecturs have not been able 1o accommodate the radical voltage swings and
limitations in impedance control, &tc., such that the PCB architacture, herstofore
viewed in terms of its simple, interconnection function enly, now is interpreted as
being a transmission conduil, whereln which the new problem of having accordingly
to lay out and conniect the chips has srisen.

6.3 Additianally, althaugh there hiave been speed improvements up to several hundred
MHz's based on the adoption of an ECL interface, the non-compatibility of the logic
levels and the ECL's non-saturated operational characteristics have resalted in an
cxeessively Iu;h ride ufpumrmmmpunn. generation of 8 high level of heat, etc.,
further necessitating the use of costly ceramic package [mmﬂd], tooi ing system(s];
large[r] power supply, etc., ultimately resulting in drastic increases in system cost.

6.4 Against such & backdrop, m appearance of Synchronous DRAM and Rambus
DRAM has resulted in new hapes on the part of many & system developer.

6.5 In the hope of having the many semiconductor companies and systems companies
adopt it a5 & standard, Synchronous DRAM has been making many efforts in JEDEC
meetings, such that a standardized Synchronous DRAM sample is expacted 1o come
out sometime during 1993,

6.6 Synchronous DRAM is operable at [the Jevel of]) TTL compatible logic, with the
development of a controller for it being quite feasible; yet, with a maximum data
sccess rate of 100 MHZ, there is anticipated to be a large disparity within the target
market, in comparison to Rambus DRAM.

Vi 6.6 Synchronous DRAM is operable at [the level of] TTL compatible logic, with the
development of a controller for it being quite feasible, yet, with a maximum data

access rate of 1{30 MHZ,
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Hynix 64M SDRAM Specification
December 1996 (p. 1 of 2)

'ﬂ% Confidential

HYUNDAI 64M SDRAM(4th-Gen.)

4Mx16/8Mx8/16Mx4(2/4 Banks) Proposal

Version 1.1 (December, 1996)

QQﬂIenQ

Version 1.1 (December, 1996) it

[2] Application & Market Analysis
[3] Design Strategy

[4] Device Features

[5] Development Milestone -

[6] Manpower

[7]1 Design Schedule

Written by : Jong-Hoon Oh

Approved by ; Jin-Yong Chung

ngnature date

Distributions; H.J.Shin/H.5. Park{HEA Semi R&D)), 5.H Ahn/A.5 Hwang{ HEl memory R&D)
Fahrad Tabrizil HEA markening)

4ih-Gen 64M SDRAM Rev.0) page 10l 9 a1of 1MI996
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Hynix 64M SDRAM Specification
December 1996 (p. 2 of 2)

Pipelinz schime

“Wavepipeli with pulsed signal "
skewed logic® in general, pantly pesishusalosctamployed

Vint ccherme 2.5V internal voliage )
+ Whether to utiliz¢ \emperatire compensation scheme®.
Input pacs * Improve VILL ch d that is, hoot pr ;
« Put strong enough Vs dlamp to CLE, DOM, CS#, DQ pin, at
least.(lntel's requiremet)
CLK buffers + Small elock buffer to strobe CKE state always except self

refresh.

+ Large clock buffers (o strebe all input buffers - control,
address, daa input, DM pins. 's been in power-down by
CKE.

. Bn&h‘cluk buffers use VREF-refercaced comparator type for
SSTL interface,

L 1 | LK buer for 0E

= DLL gireuitd will ployed los
delay for beiter tAC

+ Dauble clock edped are used 3t DDR mode, The duty rato of
lnck low and high time should be sdjusied 1o 0% each®

CKE Buffer

= Has asynchronous(static) and synchronous buffer.

+ Async buffer is a part of input delay chainfused far positive
set-up time). The output controls asynchronous exit from selfl
refresh, Power-down exit as well(tPDE')?

« Sync. buffer is dynamie latch-typed and its output controls
whether large clock, all the other input buffers are enabled.
Self refresh command is detected by this as well.

+ CKE latency is | clock cyele for synchronous rode.

All input buffers

+ An input buffer consists of input delay chain{power gated by
CKE state) and dynamic fatch surobed by large clock pulse

* Need to survey betier matching delay ehain (o achizve nar-
rower window of valid input.(Set-up + Hold time}

+ DDR SDRAM requires +0.5/+0.5a3 of serupold time of DO
write{D¥in),

RASICAS penerator

The same as has been in 16M/B4M SDRAM
+ careful at 2 bank or 4 bank aption.

CONFIDENTIAL HR905_148777

dth-Gen, GAM SORAM Rev.0
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« DLL circuit? will be employed to compensate clock-to-autput
delay for better tAC.
- Double clock edges are used at DDR mode. The duty ratioof | ————
clock low and high time should be adjusted to 50% each® -

.ﬂw Chip Architecture Confidennal
Item Strategy(or issues)
Voliage Generators + Make best use of well-proven generator circuits since dM
DRAM.
] « Generate the cookbook design of Vint, VBB, Vpp generators,
1 2 When a pulse is generaed, the sizes of inverier chaing 7% smpathized i make only one-side propagation 1o be

enach fasier than the other, This Is simple way to get speed-up, bul the pulse widlh is enlarped throagh the

path.
b, Originsted by Bab Proebsting. Ir's ussful vo achievs faxi, consiani-widih, and recovery-tres pulse scheme, Bt
it xhould add some &res penalty and complexity in layout. Need to design arousd due 10 Naticasl Semicenduc:
L toe's patent e,

i £, AS IEmperatae gocs o, Yint geis a Iatle bot higher. This compensates the speed delay ar higher emperatare.
The production peaple may sot like this ides, because they bave seen some problem with Vinl o eold temp.
The idea to employ smperatife diector would be bemer 1 wigger this sompsnsation anly ever Kame wmpST-
sture range.

. Acnally DLL has becn devised t0 achucve shomer lpcking time. NEC poblished its “synehsancas mistor
delaylSMD)" in 236M SORAM design. The locking time of SMI3 i snly 2 clock eycles. [ this SDRAM will
e mounted on the module PCB with FLL componentibaffered), then the bocking tme would b nod a concem
a

. Bafes w0 Rambws DRAM. The DLL has shury-rabite ssljustanssd with it
Refer 1o Samsung's SORAM spec

5. Usedin 2ndigen 6h SDRAM. I ivides the lemperature range ina0 3-4 degmests, then diffecent refresh

" intereal is peovided, As lempesatuse poes up, dada retestion lime geis worse. 36 thai more Frequent refresh
should be nved.

. “Shon-Side Middle™, where global column decoders am.

Double-cnded{MWL & MWLE} in Ind 64M designs. It caused ihe siand-by problem wheis meial | brdge bt
ihese fines be shored. Alio, lack of 1-decoder redundancy could lower the yield.

.

o e. Refer 1o Rambus DRAM. The DLL has duty-ratio adjustment with it.

CONFIDENTIAL

HR905_148780
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Hynix: July 13, 1998

{_' hjch@srhal.colkr To: Farhad Tabrizi/HEAL i i
@ 07/13/38 06:02 PH = u’é" el Sl mn-‘-::n'mgasww A

destrhoden@visi_com, Farhad Tabeizif HEAL
pimert.nessell@scl. siemens .com, hernp@hs-chip. com,
e, :

N ¥ 7,
he £20, 2, Jrshung .
pir el .co.kr, kRnungesr heicokr, Ji_songdihel oo ke

S
Subject: Rambws Patent

e hjch@erhal.cokr To: Farhad Tatwiri/HEs ]
ee: ey basliePoompaq.com, W-Vogley @it com, bhecthimioran. com,

T have & l1isX of Rambus pacenszs.

el s T | 07156 06:00 PN milla-Srasaid,com, dperimanius lem.com, dbg@SLORAM.com,
16 aryaosy has meve inferation, piesse des! rhoden@visi.com, Farhad Tabrizl/HEAL,
Vi ami palp eyt 0T 9 SEMMo pax Qilbert. russeli@sct Bermnens com, herne@s-chip.com,
e e i e 7 Rasbus pecencs stenderPhl.siemens. de, kryan@micron.com, pars Svmoss id.caen,
Yol demoneSmosaid.com, il yzham@Emotaid com, PO SN, Com,
e I‘uﬁlmﬂm imm_imlm,!ﬁ.l,

chou_tcedg, mea.com, Ueefmicron, com, shiamPdramd] ],

RS khpark@deambih, yjparkDdramh?, jnparkdramct,

P heyoon@drami20, dyeon@dramail, Jychung @drambs,

S chuhipirhel co kr, kiryunisr heico kr, $h_song@he) oo ke
Subject: Ramtwis Patent

T have & lis: of Ramtuas pltents,
Total number of patenta aryg 29[10ma; _9793-1%%6, 1lean; 1996=1%97)

Yo car agcess "IBM Patent Se-var Hoow Page=
Bact Asgisds, ht t‘Fi ffm._?..:ut:, lh. :MII

Haxlune €h
Hundai Electranlcs Inductries Cs.,Lod.
TEL: BZ-336-3¥-17e8

€®aLl: Kjoisas.hel.co.kr




JEDEC Council Meeting - 1997

TEREG ‘Gomck: Moing Ried 301997 ' Further proof of this can be seen by the
formation of parallel groups like PCMCIA, SLDRAM, and RAMBUS.
RESIEHE sl St e The recent result of this is that the work of these competitive groups has
been taken and adopted by JEDEC as our standards.

Review the scope of the JEDEC Council and brainstorm new ideas
for JEDEC to add or. delete. Our industry is critical of our (JEDEC)
ability to deliver semicondustor component standards which are timely
and relevant to its needs. One of our most active committees, the
memory committee, is continually getting bad press for not deliveri
timely and effective standards

I 3 Likewise, we are
now adapting the outside work of other national standard groups and
issuing them as our own

Should we create methods that allow such parallel efforts without
having to go outside of JEDEC?

The high performance demands of future electronics will force
rigorous specification and verification. A 500 MHz microprocessor
with a 250 MHz memory bus is happening soon. The requirements for
operation at 1 Ghz will separate the men from the boys. The industry
will need help and JEDEC is positioned to involve all of the key
companies (worldwide) with the industry’s best resources.

Are we (JEDEC) prepared to organize and offer such help?

Jedec 0004865

Kelley

cx0123-045




