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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS

MARSHALL DIVISION
§
RAMPART ASSET MANAGEMENT LLC, §  Case No.
§
Plaintiff, § JURY TRIAL DEMANDED
§
v. §
§
TEXAS INSTRUMENTS, INC., §
§
Defendant. §
§

COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Rampart Asset Management LLC (“Rampart” or “Plaintiff”) for its Complaint
against Defendant Texas Instruments, Inc., (“Defendant”) alleges as follows:

THE PARTIES

1. Rampart is a limited liability company organized and existing under the laws of the
State of Texas, with its principal place of business located at 133 East Tyler Street, Longview,
Texas, 75601.

2. Upon information and belief, Defendant Texas Instruments, Inc. (“TI”) is a publicly
traded corporation organized and existing under the laws of the State of Delaware, with its
principal place of business located at 12500 TI Boulevard, Dallas, Texas 75243.

3. On information and belief, TI is a technology company in the business of
researching, developing, making, using, and selling semiconductor products, including the TI-
branded products accused of infringement in this case by Rampart (the “Accused Products”

defined below).
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JURISDICTION

4. This is an action for patent infringement arising under the patent laws of the United
States, 35 U.S.C. §§ 1, et seq. This Court has jurisdiction over this action pursuant to 28 U.S.C.
§§ 1331 and 1338(a) and 1367.

5. This Court has personal jurisdiction over the Defendant consistent with the
requirements of the Due Process Clause of the United States Constitution and the Texas Long Arm
Statute. Defendant TT has its principal place of business in Dallas, Texas, where it employs more
than 20,000 employees.

6. TI has, thereby, committed acts of direct infringement in the United States and in
this District in violation of Rampart’s intellectual property rights.

7. Venue is proper in this Judicial District pursuant to 28 U.S.C. §§ 1391(b) and
1400(b) because Defendant is subject to personal jurisdiction in this District, has committed acts
of patent infringement in this District, and has a regular and established place of business in this
District, including at least a commercial manufacturing facility located at 6412 U.S. Highway 75,
Sherman, Texas, 75090. In addition to its existing facilities in this District, Texas Instruments has,
upon information and belief, commenced its construction activities with respect to a new $30
billion chip manufacturing facility also located in this District. Further, upon information and
belief, Defendant has previously admitted or not contested proper venue in this District in other
patent infringement actions.

PATENTS-IN-SUIT

8. On June 14, 2016, the United States Patent and Trademark Office duly and legally

issued U.S. Patent No. 9,367,248 (the “’248 Patent”) entitled “Memory Component with Pattern
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Register Circuitry to Provide Data Patterns for Calibration.” A true and correct copy of the *248
Patent is attached as Exhibit A.

0. On August 1, 2017, the United States Patent and Trademark Office duly and legally
issued U.S. Patent No. 9,721,642 (the “’642 Patent”) entitled “Memory Component with Pattern
Register Circuitry to Provide Data Patterns for Calibration.” A true and correct copy of the *642
Patent is attached as Exhibit B.

10. On January 29, 2019, the United States Patent and Trademark Office duly and
legally issued U.S. Patent No. 10,192,609 (the “’609 Patent”) entitled “Memory Component with
Pattern Register Circuitry to Provide Data Patterns for Calibration.” A true and correct copy of
the *609 Patent is attached as Exhibit C.

11. On May 29, 2007, the United States Patent and Trademark Office duly and legally
issued U.S. Patent No. 7,225,311 (the “’311 Patent”) entitled “Method and Apparatus for
Coordinating Memory Operations Among Diversely-Located Memory Components.” A true and
correct copy of the 311 Patent is attached as Exhibit D.

12. On July 3, 2012, the United States Patent and Trademark Office duly and legally
issued U.S. Patent No. 8,214,616 (the “’616 Patent”) entitled “Memory Controller Device Having
Timing Offset Capability.” A true and correct copy of the 616 Patent is attached as Exhibit E.

13. On June 25, 2013, the United States Patent and Trademark Office duly and legally
issued U.S. Patent No. 8,472,511 (the “’511 Patent”) entitled “Selectable-Tap Equalizer.” A true
and correct copy of the *511 Patent is attached as Exhibit F.

14. Rampart is the sole and exclusive owner of all right, title, and interest in the’248
Patent, the *642 Patent, the 609 Patent, the *311 Patent, the 616 Patent, and the 511 Patent,

(collectively, the “Patents-in-Suit™), and holds the exclusive right to take all actions necessary to
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enforce its rights to the Patents-in-Suit, including the filing of this patent infringement lawsuit.
Rampart also has the right to recover all damages for past, present, and future infringement of the
Patents-in-Suit and to seek injunctive relief as appropriate under the law.

15. Rampart has at all times complied with the marking provisions of 35 U.S.C. § 287
with respect to the Patents-in-Suit.

FACTUAL ALLEGATIONS

16. The Patents-in-Suit generally cover systems and methods for coordinating memory
operations and providing data patterns for calibration of memory systems.

17. The ’248 Patent generally relates to the field of digital circuits and, more
particularly, to an apparatus and method for phase adjustment and memory device signaling
systems. The technology described in the *248 Patent was developed by Craig E. Hampel, Richard
E. Perego, Stefanos Sidiropoulos, Ely K. Tsern, and Frederick A. Ware. By way of example, this
technology is implemented today in memory systems that adjust the phase of data signals to
compensate for phase offset variations between devices during normal operation.

18. The ’642 Patent generally relates to the field of digital circuits and, more
particularly, to an apparatus and method for phase adjustment and memory device signaling
systems. The technology described in the 642 Patent was developed by Craig E. Hampel, Richard
E. Perego, Stefanos Sidiropoulos, Ely K. Tsern, and Frederick A. Ware. By way of example, this
technology is implemented today in memory systems that adjust the phase of data signals to
compensate for phase offset variations between devices during normal operation.

19. The ’609 Patent generally relates to the field of digital circuits and, more
particularly, to an apparatus and method for phase adjustment and memory device signaling

systems. The technology described in the *609 Patent was developed by Craig E. Hampel, Richard
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E. Perego, Stefanos Sidiropoulos, Ely K. Tsern, and Frederick A. Ware. By way of example, this
technology i1s implemented today in memory systems that adjust the phase of data signals to
compensate for phase offset variations between devices during normal operation.

20. The ’311 Patent generally relates to information storage and retrieval and, more
specifically, to coordinating memory operations among diversely-located memory components.
The technology described in the *311 Patent was developed by Frederick A. Ware, Ely K. Tsern,
Richard E. Perego, and Craig E. Hampel. By way of example, this technology is implemented
today in memory systems that configure multiple memory components to account for address bus
and data bus propagation delays.

21. The ’616 Patent generally relates to information storage and retrieval and, more
specifically, to coordinating memory operations among diversely-located memory components.
The technology described in the 616 Patent was developed by Frederick A. Ware, Ely K. Tsern,
Richard E. Perego, and Craig E. Hampel. By way of example, this technology is implemented
today in memory systems that configure multiple memory components to account for address bus
and data bus propagation delays.

22. The ’511 Patent generally relates to high speed signaling within and between
integrated circuit devices and, more particularly, to reducing latent signal distortions in high speed
signaling systems. The technology described in the *511 Patent was developed by Jared L. Zerbe,
Vladimir M. Stojanovic, and Fred F. Chen. By way of example, this technology is implemented
today in memory systems that perform iterative testing of signal wires and use pass/fail to correctly
set a parameter during initialization.

23. TI has infringed and is continuing to infringe one or more of the Patents-in-Suit by

making, using, selling, offering to sell, and/or importing, and by actively inducing others to make,
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use, sell, offer to sell, and/or import memory controllers that support one or more of the DDR3,
DDR3L, and DDR4 (the “Accused Products”). Such products include, but are not limited to, the
TI DRA780, DRA781, DRA782, DRA783, DRA784, DRA785, DRA786, DRA787, DRA78S,
TMS320C6655, TMS320C6657, 66AK2G12, 66 AK2HO06, 66 AK2H12, 66AK2H14, DRA744P,
DRA745P, DRA746P, DRA750P, DRA751P, DRA752P, DRA754P, DRA755P, DRA756P,
DRA710, DRA712, DRA714, DRA716, DRA724, DRA722, DRA725, DRA767P, DRA77xP,
DRA790, DRA791, DRA793, DRA797, TDA2P-ABZ, TDA2P-ACD, TDA2EG-17, TDA2EG,
TDA2EGABC, TDA2HF, TDA2SX, TDA2SG, TDA2SA, TDA2HG, TDA2HV, TDA2LF,
AMA4372, AM4376, AM4377, AM4378, AM4379, AM5748, AM5749, AM5706, AMS5708,
AMS5716, AMS5718, AM5726, AM5728, AM5729, AM6441, AM6442, AM6421, AM6412, and
AMG6411 Sitara Processors

COUNTII
(Infringement of the °248 Patent)

24. Paragraphs 1 through 23 are incorporated by reference as if fully set forth herein.

25. Rampart has not licensed or otherwise authorized Defendant to make, use, offer for
sale, sell, or import any products that embody the inventions of the 248 Patent.

26. Defendant has and continues to directly infringe the *248 Patent, either literally or
under the doctrine of equivalents, without authority and in violation of 35 U.S.C. § 271, by making,
using, offering to sell, selling, and/or importing into the United States the Accused Products
including, but not limited to, products supporting DDR4 external memories, such as the TI
AMG6442, AM6441, AM6421, AM6412, and AM6411 Sitara Processors.

27. For example, Defendant has and continues to directly infringe at least Claim 1 of
the 248 Patent by making, using, offering to sell, selling, and/or importing into the United States

products that include a memory controller that complies with the DDR4 standard. For example,
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the TT AM6442 processor includes DDR4 memory controllers capable of controlling a memory
system consisting of DDR4 SDRAM memory integrated circuits, each of which is compliant with

the JEDEC standard JESD79-4, as shown by the AM64x Sitara Processors Datasheet, SPRSP56B,

dated August 2021, p.5:

AMB4xX
Real-time cores Isolated core™

Arm® Arm Arm Arm
Cortex™-A53 Carmr -AS53 canex ‘R5F [l Cortex"-R5F | Cortex"-RSF [l Cortex®-RSF
256KB L2 with ECC 128KB TCM 128KB TCM 256KB SRAM

System Memory

Security System Services

=555 =Ee
[ wos J§ oes J§ aes |

Industrial Connectivity General Connectivity hdahd“ium_’:m“
for use

PRU-ICSS(Gh)

Memory subsystem:

= Up to 2MB of On-chip RAM (OCSRAM) with

SECDED ECC:

— Can be divided inte smaller banks in
increments of 256KB for as many as B separate
memory banks

— Each memory bank can be allocated to a single
core to facilitate software task partitioning

* DDR Subsystem (DDRSS)

— Supports LPDDR4, DDR4 memory types

— 16-Bit data bus with inline ECC

— Supports speeds up to 1600 MT/s

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 1.



Case 2:22-cv-00024-JRG-RSP Document 1 Filed 01/21/22 Page 8 of 80 PagelD #: 8

Table 5-1. Device Comparison

FEATURES ‘ HEPEENE | AMBH2 ‘ AuEes1 | AMBs22 | AMB421 ‘ AME412 | AMB4H
C: Ox18423 C:0x18403 | C:i{x18203
CTRLMMR_WKUF_JTAG DEVICE_ID{31:13] DEVICE_ID register | D-Ox10484 | D: 0x10264 D: Dx10224
bit fizkd walue!! E:Dx18465 | E: 0w19285 E: Dx18225
F: Dx12466 | F:Oxt0268 F: Ox19228
PROCESSORS AND ACCELERATORS
Zpeed Grades See Table 7-1
Arm Cortex-A53 Microprocessor Subsystem Arm AS3 Dual Core | Single Core Dl Core Single Core | Dual Core | Single Core
Arm Corex-R5F Arm REF ax 2 3 b Single Core | Single Core
Dual Core Dual Core Dual Core Dual Core
Armn Cortex-M4F Arm M4F Single Cors
Dievice Management Security Controfler DMSC-L ‘fes
Cryto Accelerators Security ‘fes
MCU domain with Am Cortex-M4F Safety fes
PROGRAM AND DATA STORAGE
On-Chip Shared Memory (RAM) in MAIN Domain | OCSRAM IMB
RSF Tightly Coupled Memory (TCM) TCM 256KB 256KB 256KB 256KB 128KB 128KB
On-Chip Shared Memory {(RAM) in M4F Domain | MCL_MZRAM 258KB
DDR4LPOCR4 DOR Subsystemn DDRSS Up to 2GB {18-bit data) with inline ECC

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 7.

28. The required characteristics of DDR4 memories and memory systems and,
therefore, of DDR4 memory controllers and their encompassing integrated circuits are defined by
JEDEC in a collection of publicly available standards. In particular, standard JESD79-4 is the
standard defining DDR4 SDRAMSs, and JESD79-4D is the latest version of that standard, dated

July 2021:

This document defines the DDR4 SDRAM specification, including features, functionalities, AC and DC characteristics, packages, and
ball/signal assignments. The purpose of this Standard is to define the minimum set of requirements for JEDEC compliant 2 Gb
through 16 Gh for x4, x8, and x16 DDR4 SDRAM devices. This standard was created based on the DDR3 standards (JESD79-3) and
some aspects of the DDR and DDR2 standards (JESD79, JESD79-2).

JESD79-4D, p. 1.

29.  The Accused Products including DDR4 memory controllers include a first circuit
to transmit commands to the memory component, the commands including a read command that
specifies data to be accessed from a memory core of the memory component. DDR4 SDRAM
memory controllers, including the TT AM6442 processor, include a first circuit which is a driver
circuit that sends commands to the DDR4 SDRAM using certain pins (e.g., DDRO RAS n,
DDRO _CAS n,and DDRO WE n). One such command is a read command that specifies the data

to be accessed from a memory core.
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6.3.2 DDRSS
6.3.2.1 MAIN Domain

Table 6-3. DDRSS0 Signal Descriptions

Page 9 of 80 PagelD #:. 9

SIGNAL NAME FIN TYPE DESCRIFTION ALV
DORO_ACT_n o DDRSS Activation Command H2
DDRO_ALERT n 10 DDRSS Alert H1
DORO_CAS n 4] DDRSS Column Address Strobe J8
DDRO_PAR o DDRES Cc+1'|mand and Address Parity KA
DORI_RAS n o DDRSS Row Address Strobe F&
DDRO_WE_n o DDRSS Write Enable Ha

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 74.

JESD79-4 calls these signals at the DDR4 SDRAMs RAS n/A16, CAS n/Al5, and WE n/Al4.

27  Pinout Description

Table 3 — Pinout Description

| Symbaol | Type ‘ Function
Do s T R e AT 11 M 1 1o R T e %1 1w
Activation Command Input - ACT_n defines the Activation command being entered along
ACT_n It with C5_n. The mput into RAS_nfA18, CAS nfA1S and WE_n/AT4 will be considered as
Fow Address A18, A15 and A14
Command Inputs: RAS_niA168, CAS niA1S and WE_n/A%4 {along with C5_n) define the
RAS rA18. CAS o command being entered. Those pins have multi function. For example, for activation
= Hiirima Impart with ACT_n Low, those are Addressing lke 416 A15 and A 14 but for non-activation

A15. WE_niA14

command with ACT_n High, those are Command pins for Read, Write and other
command defined in command truth table

JESD79-4D p. 5.

Inrad Fiatz Mack and Mada Roe crcicens Tk 0 anioced mack cional far weha daks
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4.1  Command Truth Table

{a) Motz 1.2,2 and 4 apply to the entire Command truth table
() Mote 5 applies to all ReadWirite commands.
[BiG=Bank Group Address. BA=Bank Address, RA=Row Address, CA=Colemn Address, BC_n=Burst Chop, X=Don't Care, V=\alid]

Table 35 — Command Truth Table

s S5, i BT,
Function tion | " i oo anT_nl SUSM SRt | e | 2a1 | @At | ©2€0| gon ] o NOTE
Cycis
Mode Register Set MRS | H | H|LTHRT Ll LT L eG|BA| V OP Code 12
Fefresn REF| H|A|L|HR|L|L|R|[V[V|[V]|[V][V][V]V
Seff Refresh Entry SRE | H | L| L|R|L|L[R[V|[V| V]|V [V [V]|V] T8
H x| x| x| % | x| x| x| x| x]|%x]|X]|7s8

Saif Refresh Exit sRX | L | H 2.

R LA | H|AR|A|[V]|V]|V]| V][V ][V v ®
SingleBarkPrecharge | PRE | H | H | L |H | L | H | L |BG|BA| V |V |V | L[|V
Frecharge 3 Banks PREA| H |H | L |H | L|B|L|[V]|V]|V|V[|[V|H]|V
RFU RFU | H|H| L|R|L[H][H RFU
Bank Activate ACT H H L L |Row Address (RAY BG | BA | V Row Address (RA)
Write (Fised ELErBC4) | WR | H | H | L | H | H | L [ L |BG|BA| vV | V [ V | L |CcA
Wrte(BCA.ontheFly) |WRS4| H | H | L | H | H | L | L |[BG|BA| V| L | V| L |cA
Wrte (BLE.onthe Fty) |WRSE| H | H | L | H | H | L | L |[BG|BA| V| H | ¥V | L | CA
‘Write with Auto Precharge
by ey wrA | H|H| L |w| || |es|ea|v|v|v|H|lca
e ‘;,’E‘uﬁ*;"ﬁlﬁmarﬂe wrasel H W | L |w|H|lo|L|eelea|lv]oe|v|H|ca
. ‘;ﬁ;ﬁ“grﬁ'm“arﬂe wrass| H | B | L W | H|o|L|ee|lealv]|sa]|v|uH|c
Read (Fined BLBorBC4)| RD | H | H| L |H| H| L |H |BG|BA| V| V |V | L|CA
Read (BCh.ontheFly) |RDS4| H | H | L |H | A | L | A [BG|BA| V| L |V | L|[CA
Read(BLB.onheFly) |RDSB| H |H | L |H | H| L |H |BG|BA| V| A |V | L|C
Read with Aute Precharge] #
bl i ROA | H | H| L |H|#H|L|H|ee|Ba|v|v|v|H|lca
firoy ‘;:“m‘":‘;;jm”ﬂe roAs4| H [H | L |H|H|L|H|es|ea|lv|L|v]|H|ca
BB onthe ) P RDASE| H | H | L |H|H|L|H|Bs|BA| V| H|V|H|cCA
Device Deseiacten DES | H | H|H [ X | X[ X [ X[ X[ X| x| X[ X[ X]|=%
Fower Domn Entry PDE | H | L |H | X | X[ X [ X[ X|X|X| X[ X|X|X[| @
Fower Down Exit PDX | L |H|H | X | X|X | X | X|X|X]| X[ X|X]|X| 8
20 caibraton Long ZGCL| H |H | L |H| R | R |[L [V |V ]| V| ¥ [V |H]|V
70 calbraton Snon Z0C5| H |H| L |H|H|HR|[L[V | V| V|V [V [L|V

JESD79-4D, p. 29.

Among the commands that DDR4 SDRAMs can respond to are Read commands. A Read
command is provided to a DDR4 SDRAM by sending a command in which ACT n is H,
RAS n/Al16is H, CAS n/Al15is L, and WE n/A14 is H, where H and L represent voltage levels
representing logic states, as defined in Section 8 of JESD79-4. A Read command presented to a
DDR4 SDRAM causes it to convey an addressed memory location to its pins for conveyance to

the memory controller, as described in Section 4.24 of JESD79-4.

10
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RLeAlL=CL=PL I i

DAS 0G5S ¢

Dl |Last dat)

Y
=

- oy

G & & f;-'i“: 08 e/
ZON'TCP.RE

DiCH First datah

All D35 Collectwsly

T T

JESD79-4D, p. 96.
The DDR4 SDRAMs have a memory core consisting of 16 banks. Read operations are burst

oriented, beginning at a selected location within the memory code:

3.2  Basic Functionality

The DDR4 SDRAM is a high-speed dynamic randoem-access memory intemally configured as sixteen-banks, 4 bank group with 4
banks for each bank group for x4/x8 and eight-banks, 2 bank group with 4 banks for each bankgroup for x16 DRAM.

The DDR4 SDRAM uses a 8n prefetch architecture to achieve high-speed operation. The 8n prefetch architecture is combined with
an interface designed to transfer two data words per clock cycle at the /O pins. A single read or write operation for the DDR4 SDRAM
consists of a single 8n-bit wide, four clock data transfer at the internal DRAM core and eight corresponding n-bit wide, one-half clock
cycle data transfers at the /O pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue for a burst length of eight
or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the registration of an ACTIVATE Command, which is
then followed by a Read or Write command. The address bits registered coincident with the ACTIVATE Command are used to select
the bank and row to be activated (BGO-BG1 in x4/8 and BGO in x16 select the bankgroup; BAO-BA1 select the bank; AD-A17 select
the row; refer to "DDR4 SDRAM Addressing” on Section 2.8 for specific requirements). The address bits registered coincident with
the Read or Write command are used to select the starting column location for the burst operation, determine if the auto precharge
command is to be issued (via A10), and select BC4 or BL8 mode ‘on the fly’ (via A12) if enabled in the mode register.

JESD79-4D, p. 11.

30.  Additionally, the Accused Products including DDR4 memory controllers, including
the TI AM6442 processor, include a second circuit to receive data sent by the memory component
via an external bus, the data sent by the memory component in response to the read command. A

read command presented to a DDR4 SDRAM causes the DDR4 SDRAM to convey an addressed

11
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memory location to its pins for conveyance to the memory controller, as described in Section 4.24

of JESD79-4.

COMMAND

ADDRESS

DQS_t DAS_e

IRPRE
—

il £ ST [ S et EE T

Sy

D {Last data) —
| ElE 6o G ) G
E =3

- o

DEEEE

S EEEE
DONT CARE

]
! ]h
E

T T
g
: g
g @ s
: E

D First data)

All 0G5 Collectively

&
iy

JESD79-4D, p. 96.
The DQ lines are defined as Data Input/Output lines that bi-directionally carry data into and out of
the DRAM. For Read commands, the data is output on the DQ lines and conveyed on an external

bus comprised of signal traces to the memory controller. The DQ pins of the DDR4 SDRAMs are

connected to DDR0O_DQ pins via said external bus.

Table 3 — Pinout Description (Cont'd)

Symbol Type Function

Data Input/ Output: Bi-directional data bus. If CRC is enabled via Mode register then
CRC code is added at the end of Data Burst. Any DQ from DQO~DQ3 may indicate the
DQ Input / Output | internal Vref level during test via Mode Register Setting MR4 Ad4=High. During this mode,
RTT value should be set to Hi-Z. Refer to vendor specific datasheets ta determine which

DQ is used.

JESD79-4D, p. 6.

12
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6.3.2 DDRSS
6.3.2.1 MAIN Domain

Table 6-3. DDRSS0 Signal Descriptions

SIGNAL NAME |PIN T\‘PEl DESCRIFTION ALV
CORO_DQO 1o DDRSS Data A3
DDRO_DQ1 10 DDRSS Data A2
DDRO_DQ2 10 DDRSS Data BS
DDRO_DGQ3 1o DDRSS Data A4
DDRO_DO4 10 DDRSS Data B3
DDRO_DGS 10 DDRSS Data C4
DORO_DGQB8 1o DDRSS Data c2
DDRO_DQT 10 DDRSS Data B4
DORO_DGe 10 DDRSS Data NE
DDRO_DQO 10 DDRSS Data L4
DDRO_DGQ10 10 DDRSS Data L2
DORO_DQ o DDRSS Data M3
DDRO_DQ12 10 DDRSS Data N4
DDRO_DQ13 10 DDRSS Data N3
DDRO_Da14 10 DDRSS Data M4
DDRO_DQ15 10 DDRSS Data N2

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, pp. 74-75.

These pins located in the DDR4 SDRAM Memory Interface within the Accused Products,
including the AM6442 processor, necessarily have a second circuit to receive the data being sent
from the memory component as a result of a Read command.

31. Additionally, the Accused Products including DDR4 memory controllers, including
the TT AM6442 processor, include calibration circuitry, operable during calibration, to receive at
least a first data pattern and a second data pattern from the memory component. DDR4 SDRAMs
include a calibration mode called DQ Read Training. Read Training is performed as part of power-
up initialization:

3.3.1 Power-up Initialization Sequence
The following sequence is required for POWER UP and Initialization and is shown in Figure 7.

- Apply power (RESET_n and TEN are recommended to be maintained below 0.2 x VDD; all other inputs may be undefined).
RESET_n needs to be maintained below 0.2 x VDD for minimum 200us with stable power and TEN needs to be maintained below
0.2 x VDD for minimum 700us with stable power. CKE is pulled “Low” anytime before RESET_n being de-asserted (min. time
10ns). The power voltage ramp time between 300mV to Vg min must be no greater than 200ms; and during the ramp, Vpp 2
Vopg and (Vpp-Vpopg) < 0.3volts. VPP must ramp at the same time or earlier than VDD and VPP must be equal to or higher than
VDD atall times.

15. The DDR4 SDRAM is now ready for read/Write training (include Vref training and Write leveling).

JESD79-4D, pp. 11-12.

13
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32. Read DQ Training is the mechanism by which the DDR4 memory controllers,
including the TI AM6442, adjust their receive timing to reliably capture read data from the memory
components. The circuitry in the DDR4 memory controller coupled to the DQ receivers that
calibrates the DQ receivers is the claimed calibration circuitry.

33. Additionally, the Accused Products including DDR4 memory controllers include
pattern register circuitry. In DDR4 SDRAMs the Multi-Purpose Register (MPR) is a collection of
4-four 8-bit registers that provide the data source for DQ Training data patterns.

4.10 Multi Purpose Register
4.10.1 DQ Training with MPR

The DDR4 DRAM contains four 8bit programmable MPR registers used for DQ bit pattern storage. These registers once
programmed are activated with MRS read commands to drive the MPR bits on to the DQ bus during link training.

And DDR4 SDRAM only supports following command, MRS, RD, RDA WR, WRA, DES, REF and Reset during MPR enable Mode:
MR3 [A2 = 1]

Note that in MPR mode RDA/WRA has the same functionality as a READ/WRITE command which means the auto precharge part of
RDA/WRA is ignored. Power-Down mode and Self-Refresh command alse is not allowed during MPR enable Mode. No other
command can be issued within tRFC after REF command and 1x Refresh is only allowed when MPR mode is Enable. During MPR
operations, MPR read or write sequence must be complete prior to a refresh command.

JESD79-4D, p. 43.

The contents of at least two of the MPRs are the first data pattern and the second data pattern in
the memory component. The MPR functional unit, including the two MPRs, is thus the pattern
register circuitry. Mode register 3 (MR3) in the DDR4 SDRAMs is used to control the

programming of the MPR registers:

14
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4.10.2 MR3 definition

Mode register MR3 controls the Multi-Purpose Registers (MPR) used for training. MR3 is written by asserting CS_n, RAS_n/A16,
CAS_n/A15 and WE_n/A14 low, ACT_n, BAD and BA1 high and BG1! and BGO low while controlling the states of the address pins
according to Table 44.

Table 44 — MR3 Programming
[ BG1[BGD [ BA1 [BAo [ Az [ Au [An [ Ao [ As [ A7 [ As | As [ As [ As [ Ao [ A1 | A | AddressField

J
| 1 | 1 |M.:‘R realu' fomal| Mode Register 3

BA1 BAO MR select A12 Atl MPR read format A2 MPR Operation
0 0 MRO 0 0 Serial 0 Normal operation
0 1 MR 1 0 1 Parallel 1 Dataflow from/to MPR
1 0 MR2 1 0 Staggered
1 1 MR3 1 1 RFU

Read or Write with MPR LOCATION :

Al AD MPR Page Selection
0 0 Page 0
0 1 Page 1 Default value for MPRO @ Page0= 01010101
1 o Page 2 Default value for MPR1 @ Page0 = 00110011
| i Page 3 Default value for MPR2 @ Page0 = 00001111

Default value for MPR3 @ Page0 = 00000000

JESD79-4D, p. 43.

The command that sets the MR3 mode register A2 bit to 1 to direct dataflow to be to and from the
MPR from and onto the DQ pins is a precursor to the read command that causes the contents of
the MPR to flow onto DQ pins of the DDR4 SDRAM. In DQ Training, the memory controller
can use the default values of the different MPR registers, or program them to other values. These
values are communicated from the DDR4 SDRAM memory components to the memory controller

on the DQ external bus as a result of MPR Read operations:

15
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4.10.3 MPR Reads

MPR reads are supported using BL8 and BC4(Fixed) modes. BC4 on the fly is not supporied for MPR reads.

In MPR Mode:

Reads (back-to-back) from Page 0 may use tCCD_S ortCCD_L timing between read commands; Reads (back-to-back) from Pages
1, 2, or 3 may not use tCCD_S timing between read commands; {CCD_L must be used for timing between read commands

MPR reads using BC4:

BA1 and BAO indicate the MPR location within the selected page in MPR Mode.

A10 and other address pins are don't care including BG1 and BGO.
Read commands for BC4 are supported with starting column address of A2:A0 of '000" and '"100".

Data Bus Inversion (DBI) is not allowed during MPR Read operation. During MPR Read, DRAM ignores Read DBl Enable setting in
MRS bit A12 in MPR mode.

DDR4 MPR mode is enabled by programming bit A2=1 and then reads are done from a specific MPR location.
MPR location is specified with the Read command using Bank address bits BA1 and BAD.

Each MPR location is 8 bit wide.

JESD79-4D, p. 44.

Read command
-A[1:0] = ‘00'b (data burst order is fixed starting at nibble, always 00b here)
-A[2]=‘0'b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
(For BC=4, burst order is fixed at 0,1,2,3, T,T,T,T)

r ey

or
- A[2]= 1 (For BL=8 : Not Support)
(For BC=4, burst order is fixed at 4,5,6,7,T,T,T,T)
- A12/BC= 0 or 1 : Burst length supports only BL8 and BC4(Fixed), not supports BC4(OTF).

When MRO A[1:0] is set 017, A12/BC must be always ‘1'b in MPR read commands (BL8 only).
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don’t care including BG1and BGO

JESD79-4D, p. 44.

Memory controller repeats these calibration reads until read data capture at memory controller is optimized. Read MPR location can
be a different location as specified by the Read command

JESD79-4D, p. 44.

16
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4.10.3 MPR Reads (cont'd)
This process is depicted below(PL=0).

ADDRESS VAL

CKE/
d -
PL®+AL+CL
> LRI LR OF <~ - ) T
DQS_t, DAs_¢ i / ) \ ,/_\_/‘ 7 /_\_/' b ?i
{« « (8 L E— s v o ke w 58 W
[s[e] &) &) T Ny a5
( { " oo X XY ue ] { {
7 I 1 Cow X um vz 05 Y s U .
G a s
3 TIME BREAK % DON'T CARE

NOTE 1 Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)
- Redirect all subsequent read and writes to MPR locations
NOTE 2 Address setting
- A[1:0] = “00"b (data burst order is fixed starting at nibble, always 00b here)
- A[2]= “0"b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
- BA1 and BAQ indicate the MPR location
- A10 and other address pins are don'’t care including BG1 and BGO. A12 is don't care when MRO A[1:0] = “00” or “10” , and must be ‘1’b when
MRO A[1:0] = “01”

JESD79-4D, p. 45.
Once the MR3 A2 bit is set to 0, a selected one of the first data pattern and the second data pattern
is transmitted by the memory component from an MPR register onto the external bus in response
to a RD (Read) command. Once such command is, illustrated above, being provided to the
memory component at time TbO0.

34, Defendant has and continues to indirectly infringe one or more claims of the ’248
Patent by knowingly and intentionally inducing others, including TI customers and end-users, to
directly infringe, either literally or under the doctrine of equivalents, by making, using, offering to
sell, selling, and/or importing into the United States the Accused Products.

35. Defendant, with knowledge that these products, or the use thereof, infringe the *248

Patent at least as of the date of this Complaint, knowingly and intentionally induced, and continues

17
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to knowingly and intentionally induce, direct infringement of the *248 Patent by providing these
products to end-users for use in an infringing manner.

36. Rampart has suffered damages as a result of Defendant’s direct and indirect
infringement of the *248 Patent in an amount to be proved at trial.

37. Rampart has suffered, and will continue to suffer, irreparable harm as a result of
Defendant’s infringement of the 248 Patent for which there is no adequate remedy at law, unless
Defendant’s infringement is enjoined by this Court.

COUNT 11
(Infringement of the 642 Patent)

38. Paragraphs 1 through 23 are incorporated by reference as if fully set forth herein.

39. Rampart has not licensed or otherwise authorized Defendant to make, use, offer for
sale, sell, or import any products that embody the inventions of the 642 Patent.

40. Defendant has and continues to directly infringe the *642 Patent, either literally or
under the doctrine of equivalents, without authority and in violation of 35 U.S.C. § 271, by making,
using, offering to sell, selling, and/or importing into the United States the Accused Products
including, but not limited to, products supporting DDR4 external memories, such as the TI
AMG6442, AM6441, AM6421, AM6412, and AM6411 Sitara Processors.

41. For example, Defendant has and continues to directly infringe at least Claim 1 of
the 642 Patent by making, using, offering to sell, selling, and/or importing into the United States
products that include a memory controller that complies with the DDR4 standard. For example,
the TI AM6442 includes DDR4 external memory controllers capable of controlling a memory
system consisting of DDR4 SDRAMs, each of which is compliant with the JEDEC standard

JESD79-4, as shown by the AM64x Sitara Processors Datasheet, SPRSP56B (dated August, 2021)

p.5:
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AMG4x
Application cores Real-time cores Isolated core™

Arm® Arm® Arm® " Arm® Arm"
Cortex"A53 || Cortex*-A53 il Cortex™R5F [l Cortex"-R5F | Cortex"-RSF [l Cortex®-RSF

System Memory
Security System Services
EN 3
| wos J soes il aes |

Industrial Connectivity
PRU-C53{Gb)

PRUACSS(Gb)

Memory subsystem:
= Up to 2MB of On-chip RAM (OCSRAM) with
SECDED ECC:

— Can be divided into smaller banks in
increments of 256KB for as many as 8 separate
memory banks

— Each memory bank can be allocated to a single
core to facilitate software task paritioning

= DDR Subsystem (DDRSS)

— Supports LPDDR4, DDR4 memory types

— 16-Bit data bus with inline ECC

— Supports speeds up to 1600 MT/s

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, page 1.

Table 5-1. Device Comparison

FEATURES ‘ “EE"'E:CE ‘ AMB442 | AMB24] ‘ AMas22 ‘ AMB421 ‘ AME412 ‘ AMES £
C: Ox1e423 C:0x10403 | C:(0x19202
CTRLMMR_WKUP_JTAG_DEVICE_ID{31:13] DEVICE_ID register | D- 0x18484 | D:0x18284 D Ox18224
bt field walue!!! E 0x12465 | £ Oxiz2ss E Ox18225
F:0x10460 | F:Oxi0260 F: Ox19226
PROCESSORS AND ACCELERATORS
Speed Grades See Table 7-1
Am Cortex-AZ3 Microprocessor Subsystem Arm AS3 Dual Core | Single Core Dwaf Core | Single Core | Dual Core | Single Core
Am Cortex-RSF Arm REE Du:a“ Du; Ee D“a‘.;m Dua‘] o | Simgie Core | Singie Core
A Cortex-M4F Arm M4F Single Core
Device Management Sscunty Controfler DMSC-L fes
Cryto Acceserators Security Yes
MCL domain wih Arm Cortex-M4F Safety Yes
PROGRAM AND DATA STORAGE
On-Chiip Shared Memory (RAM) in MAIN Domain | OCSRAM 2B
RSF Tightty Coupled Memary (TCM) TCM 255KB 258KE 256K8 258KB 128KB 128KB
Cn-Chip Shared Memory (RAM) in M4F Domain | MCL_MSRAM 256KB
DOR4LPODR DDR Subsystem DDRSS Up to 2068 (18- data) with infinz ECC

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, page 7.
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42. The required characteristics of DDR4 memories and memory systems and,
therefore, of DDR4 memory controllers and their encompassing integrated circuits are defined by
JEDEC in a collection of publicly available standards. In particular, standard JESD79-4 is the
standard defining DDR4 SDRAMs, and JESD79-4D is the latest version of that standard, dated

July 2021.

This document defines the DDR4 SDRAM specification, including features, functionalities, AC and DC characteristics, packages, and
ball/signal assignments. The purpose of this Standard is to define the minimum set of requirements for JEDEC compliant 2 Gh
through 16 Gb for x4, x8, and x16 DDR4 SDRAM devices. This standard was created based on the DDR3 standards (JESD79-3) and
some aspects of the DDR and DDR2 standards (JESD79, JESD79-2).

JESD79-4D page 1.

43.  The Accused Products including DDR4 memory controllers, including the TI
AMG6442, include a first circuit to transmit commands to the memory component, the commands
including a Read command that specifies data to be accessed from a memory core of the memory
component. DDR4 SDRAM memory controllers, including the TT AM6442 processor, include a
first circuit, which is a driver circuit that sends commands to the DDR4 SDRAMs by outputting

signals onto command pins DDRO_RAS n, DDRO CAS n, and DDRO WE n:

6.3.2 DDRSS
6.3.2.1 MAIN Domain

Table 6-3. DDRSS0 Signal Descriptions

SIGNAL NAME FIN TYFE DESCRIFTION ALY
DORO_ACT_n (4] DDRSS Activation Command H2
DDRO_ALERT n 0 DDRSS Alert H1
DORO_CAS_ n o DDRSS Column Address Strobe J5
DDRO_PAR 4] DDRSS Cc+1'| mand and Address Parity K5
DOROI_RAS n (] DDRSS Row Address Strobe F@
DDRO_WE_n o DDRSS Write Enable Ha

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 74.
JESD79-4 refers to these signals at the DDR4 SDRAMs, as RAS n/A16, CAS n/A1lS5, and

WE n/Al4.
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27  Pinout Description
Table 3 — Pinout Description

| Symbal | Type ‘ Function

i i 8 [ILT RRAR e TR 1 ST 31 for [ e e R R W e 53§ LR i

Activation Command Input - ACT_n defines the Activation command being entered along
ACT_n It with C3_n. The mput into RAS_nfA18, CAS nfA1S and WE_n/AT4 will be considered as
Row Address A6, A15 and A4

Command Inputs: RAS_niA16, CAS niA1S and WE_n/A%4 (along with C5_n) define the
command being entered. Those pins have multi function. For example, for activation
It with ACT_n Low, those are Addressing Ike A16,A15 and A 14 but for non-activation
command with ACT_n High, those are Command pins for Read, Write and other
commmand defined in command truth table

Inrad Miata Mack and Mada Boie nneocciven: DIl n 5 oon ineed mack ciamal fre werbs daks

RAS_niA18. CAS_n/
A15. WE_niAl4

JESD79-4D p. 5.

4.1  Command Truth Table

{a) Motz 1.2,2 and 4 apply to the entire Command truth table
() Mote 5 applies to all ReadWirite commands.
[BiG=Bank Group Address. BA=Bank Address, RA=Row Address, CA=Colemn Address, BC_n=Burst Chop, X=Don't Care, V=\alid]

Table 35 — Command Truth Table

CKE AT,
Function fion | "I | | GBI ACT ) T e | A | ot | Bax | c2eo| ag A for ““'l NOTE
5
Mods Register Sat MRS | H |H| LTHT Ll L o Tee Al V OP Code 12
Refresh REF | H|R|L|H|L|L|H|V[V|[V|V][V][V]V
Seff Refresh Entry SRE| H|L|L[A| L[ LRV V[ V[V [ V[V[V]TE
H x| x| x| x| X| x| X]| X | X|%|%X|7an

Salf Refresh Exit sax | L | H 2

i CIH|H|HB[HA[V[V|[V]|V[V[V]|Vv] ®
SingleBankPrecharge | PRE | H |H | L |H | L | H | L [BG|BA| V| vV [V [ L[V
Frecharge 3l Banks FREA| H |[H | L|[H | LB | L[ V|V [V [V ]|[V][H][V
REU RFU | H|[A| L|[H|L|HR|H RFU
Bank Activate ACT H H L L |Row Address (RAY) BG | BA | V Row Address (RA)
Write [FixedBLEorBCA)| WR | H | H | L |H | A L L[BG|BA[ V| V| V]| L]J|CA
Wrte(BCA.ontheFly) |WRS4| H | H | L |H | A | L | L |[BG|BA| V| L | V| L |cA
Wrie(BLB.ontheFly) |WRSB| H | H [ L [H | H | L | L |[BG|BA| V| H | V| L |CA
‘Write with Auto Precharge
il wra | H| W | |w ||l ||ee|ea|v|v|v|H|ca
Bos ey 2= wrase| H [H | L |H|H|L|L|Bs|ea| v |L|v]|H|ca
B ot pancrere wRass| H | H | L | H | H|L|[C|Be|Ba|v|a|v]|H|ca
Read (Fixed BLBorBC4)| RD | H |H | L | H | H| L |H|BG|BA| V|V |V]|L]|CA
Resd(BCA.ontheFly) |RDS4| H | H | L |H | H | L |H [BG|BA| V| L | V | L |cA
Read(BLB.ontheFly) |RDS8| H | H | L |H | H| L |H |BG|BA| V| H |V | L]|C
Read with Aute Precharge]| =
e ot moA | H|H|L|H| ]| H|ee|ea|v|v|v|H|ca
iy ‘:ﬂ_’[“m"‘;";;jmame roAs4| H [H| L |H|H| L |H|ee|ea|lv|L|v]|H|ca
oy :ﬁmmﬁ“,ﬁf?fmmrﬂe roase| H [H| L |H|H|L|H|es|ea|lv|n|v|H|ca
Device Dessiecten DES | H |H|H | X| X | X | X[ X[ X|X]| X ]| X]|Xx]|x
Fower Down Enty FOE | H|L|H [ X| X[ X [ Z | X[ X[ X[ X[ X[X[X[ &
Power Down Exi POX | L |A| R | X| X[ X | XX | XXX | X|X|X][ s
70 caibration Long ZCL| A [A| L [R|R[R|LC [V [V [ V[V [V [H][V
70 calibraton Shont Zocs | H A | L |[A| B[R L[V [V V[V [ V[L][V

JESD79-4D, p. 29.
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44. The Accused Products including DDR4 memory controllers include circuits that
drive these command signals toward the DDR4 SDRAMs. Among the commands that DDR4
SDRAMs can respond to are Read commands. A Read command is provided to a DDR4 SDRAM
by sending a command in which ACT nis H, RAS n/A161is H, CAS n/A15is L, and WE n/Al4
is H, where H and L represent voltage levels representing logic states, as defined in section 8 of
JESD79-4. A Read command presented to a DDR4 SDRAM causes it to convey an addressed

memory location to its pins for conveyance to the memory controller, as described in Section 4.24

of JESD79-4:

CR.g - 2—-- A trom trom . = te=
: < < o ;:- :22'/3: :22 g
COMMM\D Mﬁ:‘ DES DER / == / DE3 / = DES Z}( oEs égg
T T

A?DRESH

FL=AL=CL=FL

]
DQS_t BO9_e ¢

D {Last data)

o

DO First data)

g Thg

All DQs Collectivaly

DONT CARE

JESD79-4D, p. 96.

The DDR4 SDRAMs have a memory core consisting of 16 banks. Read operations are burst

oriented, beginning at a selected location within the memory code:
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3.2  Basic Functionality

The DDR4 SDRAM is a high-speed dynamic random-access memory intemally configured as sixteen-banks, 4 bank group with 4
banks for each bank group for x4/x8 and eight-banks, 2 bank group with 4 banks for each bankgroup for x16 DRAM.

The DDR4 SDRAM uses a 8n prefetch architecture to achieve high-speed operation. The 8n prefetch architecture is combined with
an interface designed to transfer two data words per clock cycle at the I/O pins. A single read or write operation for the DDR4 SDRAM
consists of a single 8n-hit wide, four clock data transfer at the internal DRAM core and eight corresponding n-bit wide, one-half clock
cycle data transfers at the /O pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue for a burst length of eight
or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the registration of an ACTIVATE Command, which is
then followed by a Read or Write command. The address bits registered coincident with the ACTIVATE Command are used to select
the bank and row to be activated (BGO-BG1 in x4/8 and BGO in x16 select the bankgroup; BAO-BA1 select the bank; AD-A17 select
the row; refer to "DDR4 SDRAM Addressing” on Section 2.8 for specific requirements). The address bits registered coincident with
the Read or Write command are used to select the starting column location for the burst operation, determine if the auto precharge
command is to be issued (via A10), and select BC4 or BL8 mode “on the fiy" (via A12) if enabled in the mode register.

JESD79-4D, pg. 11.

45.  Additionally, the Accused Products including DDR4 memory controllers, including
the TI AM6442, include a second circuit to receive data sent by the memory component via an
external bus, the data sent by the memory component in response to the Read command. A Read
command presented to a DDR4 SDRAM by DDR4 SDRAM memory controllers, causes the
DDR4 SDRAM to convey an addressed memory location to its pins for conveyance to the memory
controller, as described in Section 4.24 of JESD79-4. The Accused Products, including the TI
AMO6442, necessarily have a second circuit to receive the data being sent from the memory

component as a result of a Read command.
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COMMAND

ADDRESS

DQS_t DAS_e

IRPRE
—

il £ ST [ S et EE T

Sy

D {Last data) —
| ElE 6o G ) G
E =3

- o

DEEEE

S EEEE
DONT CARE

]
! ]h
E

T T
g
: g
g @ s
: E

D First data)

All 0G5 Collectively

&
iy

JESD79-4D, p. 96.

The DQ lines are defined as Data Input/Output lines that bi-directionally carry data into and out of
the DRAM. For Read commands, the data is output on the DQ lines and conveyed on an external
bus comprised of signal traces to the memory controller. The DQ pins of the DDR4 SDRAMs are
connected to DDR0O_DQ pins via said external bus. These pins in the DDR SDRAM Memory
Interface necessarily have circuitry within the AM6442 processor to receive the data being sent

from the memory component as a result of a read command. This circuitry is the second circuit.

Table 3 — Pinout Description (Cont'd)

Symbol Type Function

Data Input/ Output: Bi-directional data bus. If CRC is enabled via Mode register then
CRC code is added at the end of Data Burst. Any DQ from DQO~DQ3 may indicate the
DQ Input / Output | internal Vref level during test via Mode Register Setting MR4 A4=High. During this mode,
RTT value should be set to Hi-Z. Refer to vendor specific datasheets to determine which
DQ is used.

JESD79-4D, p. 6.
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6.3.2 DDRSS
6.3.2.1 MAIN Domain

Table 6-3. DDRSS0 Signal Descriptions

SIGNAL NAME | PIN TYPE | DESCRIFTION ALV
DDRO_DQOD 10 DDRSS Data A3
DDRO_DQ1 10 DDRSS Data A2
DDRO_DQ2 10 DDRSS Data BS
DDRO_DGQ3 1o DDRSS Data A4
DDRO_DO4 10 DDRSS Data B3
DDRO_DGS 10 DDRSS Data C4
DORO_DGQB8 1o DDRSS Data c2
DDRO_DQT 10 DDRSS Data B4
DORO_DGe 10 DDRSS Data NE
DDRO_DQO 10 DDRSS Data L4
DDRO_DGQ10 10 DDRSS Data Lz
DORO_DQ o DDRSS Data M3
DDRO_DQ12 10 DDRSS Data N4
DDRO_DQ13 10 DDRSS Data N3
DDRO_Da14 10 DDRSS Data M4
DDRO_DQ15 10 DDRSS Data N2

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, pp. 74-75.

46. Additionally, the Accused Products including DDR4 memory controllers, including
the TT AM6442, include calibration circuitry, operable during calibration, to receive from the
memory component, in response to one of the commands, a pattern selected from at least one of a
first data pattern and a second data pattern and to, based on the selected pattern, adjust a timing of
a timing reference signal for sampling the data at the second receive circuit, wherein the timing of
the timing reference signal is initially set using an initial calibration sequence and then updated
during one or more subsequent calibration sequences. DDR4 SDRAMs include a calibration mode
called DQ Read Training (also known as Read Leveling). Read Training is performed as part of

power-up initialization:
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3.3.1 Power-up Initialization Sequence
The following sequence is required for POWER UP and Initialization and is shown in Figure 7.

1. Apply power (RESET_n and TEN are recommended to be maintained below 0.2 x VDD, all other inputs may be undefined).
RESET_n needs to be maintained below 0.2 x VDD for minimum 200us with stable power and TEN needs to be maintained below
0.2 x VDD for minimum 700us with stable power. CKE is pulled "Low” anytime before RESET_n being de-asseried (min. time
10ns). The power voltage ramp time between 300mV to Vpp min must be no greater than 200ms; and during the ramp, Vpp =

Vopg and (Vpp-Vppg) < 0.3volts. VPP must ramp at the same time or earlier than VDD and VPP must be equal to or higher than
VDD at all times.

15. The DDR4 SDRAM is now ready for read/Write training (include Vref training and Write leveling)
JESD79-4D, pp. 11-12.

47.  Read DQ Training is the mechanism by which the DDR4 memory controllers,
including the TI AM 6442, adjust their receive timing to reliably capture read data from the memory
components. The circuitry in the DDR4 memory controller coupled to the DQ receivers that
calibrates the DQ receivers is the claimed calibration circuitry.

48.  Additionally, the Accused Products including DDR4 memory controllers include
pattern register circuitry. The Multi-Purpose Register (MPR) is a collection of 4-four 8-bit
registers that provide the data source for DQ Training data patterns.

4.10 Multi Purpose Register
4.10.1 DQ Training with MPR

The DDR4 DRAM contains four 8bit programmable MPR registers used for DQ bit patiern storage. These registers once
programmed are activated with MRS read commands to drive the MPR bits on to the DQ bus during link training.

And DDR4 SDRAM only supports following command, MRS, RD, RDA WR, WRA, DES, REF and Reset during MPR enable Mode:
MR3 [A2 = 1]

Note that in MPR mode RDA/WRA has the same functionality as a READ/WRITE command which means the auto precharge part of
RDA/WRA is ignored. Power-Down mode and Self-Refresh command also is not allowed during MPR epable Mode. Mo other
command can be issued within tRFC after REF command and 1x Refresh is only allowed when MPR mode is Enable. During MPR
operations, MPR read or write sequence must be complete prior to a refresh command.

JESD79-4D, p. 43.
The contents of at least two of the MPRs are the first data pattern and the second data pattern in
the memory component. Mode register 3 (MR3) in the DDR4 SDRAMs is used to control the

programming of the MPR registers:
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4.10.2 MR3 definition
Mode register MR3 controls the Multi-Purpose Registers (MPR) used for training. MR3 is written by asserting C5_n, RAS_n/A16,

CAS_n/A15 and WE_n/A14 low, ACT_n, BAD and BA1 high and BG1' and BGO low while controlling the states of the address pins
according to Table 44.

Table 44 — MR3 Programming
[ BG1[ BGD [BA1 [BAo [ Az [ An J Ao | Ae | As [ Ar [ As [ As [ As [ A [ A2 [ A | A | AddressField

L d

| i | |1 [MR read format| Mode Register 3
l
BA1 BAO MR select Al12 ATl MPR read format A2 MPR Operation
0 0 MROD 0 0 Serial 0 Mormal operation
0 1 MR 1 0 1 Parallel 1 Dataflow from/to MPR
1 0 MR2 1 D Staggered
1 1 MR3 1 1 RFU
Read or Write with MPR LOCATION :
AT AO MPR Page Seleciion
0 0 Page 0
0 1 Page 1 Default value for MPRO @ Page0= 01010101
1 1] Page 2 Default value for MPR1 @ Page0 = 00110011
] 1 Page 3 Default value for MPR2 @ Page0 = 00001111
Default value for MPR3 @ Page0 = 00000000

JESD79-4D, p. 43.
The command that sets the MR3 mode register A2 bit to 1 to direct dataflow to and from the MPR
from and onto the DQ pins is a precursor to the Read command that causes the contents of the
MPR to flow onto DQ pins of the DDR4 SDRAM.

49.  In DQ Training, the memory controller can use the default values of the different
MPR registers, or program them to other values. These values are communicated from the DDR4
SDRAM memory components to the memory controller on the DQ external bus as a result of MPR

Read operations:
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4.10.3 MPR Reads

MPR reads are supported using BL2 and BC4(Fixed) modes. BC4 on the fly is not supported for MPR reads.

In MPR Mode:

Reads (back-to-back) from Page 0 may use tCCD_S or tCCD_L timing between read commands; Reads (back-to-back) from Pages
1, 2, or 3 may not use tCCD_S timing between read commands; tCCD_L must be used for timing between read commands

MPR reads using BC4:

BA1 and BAOD indicate the MPR location within the selected page in MPR Mode.

A10 and other address pins are don't care including BG1 and BGO.
Read commands for BC4 are supported with starting column address of A2:AQ of '000" and '100".

Data Bus Inversion (DBI) is not allowed during MPR Read cperation. During MPR Read, DRAM ignores Read DBI Enable setting in
MRS bit A12 in MPR mode.

DDR4 MPR mode is enabled by programming bit A2=1 and then reads are done from a specific MPR location.
MPR location is specified with the Read command using Bank address bits BA1 and BAOD.

Each MPR location is 8 bit wide.

JESD79-4D, p. 44.

Read command

-A[1:0] = '00'b (data burst order is fixed starting at nibble, always 00b here)

-A[2]= ‘0’'b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)

(For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)

or

- A[2]= 1 (For BL=8 : Not Support)

(For BC=4, burst order is fixed at 4,5,6,7,T,T,T,T)
- A12/BC= 0 or 1 : Burst length supports only BL8 and BC4(Fixed), not supports BC4(OTF).

When MRO A[1:0] is set “01” , A12/BC must be always ‘1'b in MPR read commands (BL8 only).
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don't care including BG1and BGO

JESD79-4D, p. 44.

Memory controller repeats these calibration reads until read data capture at memory controller is optimized. Read MPR location can
be a different location as specified by the Read command

JESD79-4D, p. 44.
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4.10.3 MPR Reads (cont'd)

This process is depicted below(PL=0).

T0 Ta0o Tal Tbo Ted Te1 Tc2 Tc3 Tdo Td1 Te0 T ™
CKC=—n LY - - LI LRI -
okt —|

7 T [ [ [ [ | | | [} | | e | a7

PLO+ AL + CL

Y Y (RIS el 7 n -n = Ny
DQS_t. DAS_c / N /—\\_/, /—\\_/? / )]
« « « LH,\\_/~Hd R (S R, { «
[ale} ~ 5 5y N ~
)i i ) ] ) DI
U U1 O D € T2
« 7 -
% TIME BREAK [7] ponT carE

NOTE 1 Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)
- Redirect all subsequent read and writes to MPR locations
NOTE 2 Address setting
- A[1:0] = “00"b (data burst order is fixed starting at nibble, always 00b here)
- A[2]= “0"b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
- BA1 and BAO indicate the MPR location

- A10 and other address pins are don't care including BG1 and BGO. A12 is don't care when MRO A[1:0] = “00” or “10” , and must be ‘“1’b when
MRO A[1:0] = “01"

JESD79-4D, p. 45.

Once the MR3 A2 bit is set to 0, a selected one of the first data pattern and the second data pattern
is transmitted by the memory component from an MPR register onto the external bus in response
to a RD (read) command. Once such command is, illustrated above, being provided to the memory
component at time TbO0.

51. Additionally, the Accused Products including DDR4 memory controllers, including
the TI AM6442, include DQ Training to adjust a timing of a timing reference signal for sampling
the data at the second receive circuit. The MPR data sequences are used during the DQ Training
(Read Leveling) phase of initialization of a DDR4 memory subsystem. The timing reference signal
in need of adjustment during initialization is the delay of the edges in the DQS signal to place them
in the center of the eye of the DQ data signals so that the delayed DQS signals can reliably be used

to sample the incoming read data from the DDR4 SDRAMs.
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52. Defendant has and continues to indirectly infringe one or more claims of the *642
Patent by knowingly and intentionally inducing others, including TI customers and end-users, to
directly infringe, either literally or under the doctrine of equivalents, by making, using, offering
to sell, selling, and/or importing into the United States the Accused Products.

53. Defendant, with knowledge that these products, or the use thereof, infringe the *642
Patent at least as of the date of this Complaint, knowingly and intentionally induced, and continues
to knowingly and intentionally induce, direct infringement of the 642 Patent by providing these
products to end-users for use in an infringing manner.

54. Rampart has suffered damages as a result of Defendant’s direct and indirect
infringement of the *642 Patent in an amount to be proved at trial.

55. Rampart has suffered, and will continue to suffer, irreparable harm as a result of
Defendant’s infringement of the *642 Patent, for which there is no adequate remedy at law, unless
Defendant’s infringement is enjoined by this Court.

COUNT 111
(Infringement of the 609 Patent)

57. Paragraphs 1 through 23 are incorporated by reference as if fully set forth herein.

58. Rampart has not licensed or otherwise authorized Defendant to make, use, offer for
sale, sell, or import any products that embody the inventions of the 609 Patent.

59. Defendant has and continues to directly infringe the *609 Patent, either literally or
under the doctrine of equivalents, without authority and in violation of 35 U.S.C. § 271, by making,
using, offering to sell, selling, and/or importing into the United States the Accused Products
including, but not limited to, products supporting DDR4 external memories, such as the TI

AMG6442, AM6441, AM6421, AM6412, and AM6411 Sitara Processors.
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60. For example, Defendant has and continues to directly infringe at least Claim 1 of
the ’609 Patent by making, using, offering to sell, selling, and/or importing into the United States
products that include a memory controller that complies with the DDR4 standard. For example,
the Accused Products, including the TI AM6442 includes DDR4 external memory controllers
including a controller capable of controlling a memory system consisting of DDR4 SDRAMSs, each
of which is compliant with the JEDEC standard JESD79-4, as shown by the AM64x Sitara

Processors Datasheet, SPRSP56B (August 2021, p.5):

AMG4x
Application cores Real-time cores

Isolated core™
Arm® Arm® Arm® Arm® Arm® Arm"
Cortex"A53 || Cortex*-A53 il Cortex™R5F [l Cortex"-R5F | Cortex"-RSF [l Cortex®-RSF
256KB SRAM

256KB L2 with ECC 128KB TCM 128KB TCM

System Memory
21m s e
Security SBystem Services
Boot
| wos J soes il aes |

Industrial Connectivity General Connectivity Isolated Connedivity™
{for use wilh Cortex-MF)

rrucssca =

4x Single lana

Gen2

3-port Gb
il EETIR
PRUACSS(Gh)

.1 DRD™ 2x UART

Memory subsystem:

= Up to 2MB of On-chip RAM (OCSRAM) with

SECDED ECC:

— Can be divided into smaller banks in
increments of 256KB for as many as B separate
memory banks

— Each memory bank can be allocated to a single
core to facilitate software task partitioning

* DDR Subsystem (DDRSS)

— Supports LPDDR4, DDR4 memory types

— 16-Bit data bus with inline ECC

— Supports speeds up to 1600 MT/s

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 1.
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Table 5-1. Device Comparison

FEATURES ‘ R ‘ AMBH2 | AMB241 ‘ AMas22 ‘ AMB421 ‘ AMB412 ‘ AMESH
C: Ox12423 C:0x18403 | C:(x18202
CTRLMMR_WKUF_JTAG DEVICE_ID{31:13] DEVICE_ID register | D:-Ox10484 | D: Ox10264 D:Dx10224
bit fizkd walue!! E: Dx18465 | E: Ox18285 E: Ox18225
F: Ox12456 | F:Ox18268 F: Ox 18226
PROCESSORS AND ACCELERATORS
Zpeed Grades See Table T-1
Arm Cortex-A53 Microprocessor Subsystem Arm AS3 Dual Core | Single Core Dual Core Single Core | Dual Core | Single Core
A Coctex-RoF A FRoE Du32I Eo'e Du.::'j ;ore D-.sa" :':Dne Dua1l écne Swgfe Lo | Sangle Core
Armn Cortex-M4F Arm M4F Single Core
Dievice Management Security Controfler DMSC-L fes
Cryto Accelerators Security fes
MCU domain with Amm Cortex-M4F Safety fes
PROGRAM AND DATA STORAGE
On-Chip Shared Memory (RAM) in MAIN Domain | OCSRAM IMB
RSF Tighty Coupled Memory (TCM) TCM 256KB 256KB 256KB 256KB 128KB 128KB
On-Chip Shared Memory (RAM) in M4F Domain | MCLU_MSRAM 258KB
DOR4LPOCR4 DOR Subsystern DDRSS Up to 2GB {18-bit data) with inline ECC

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 7.

61. The required characteristics of DDR4 memories and memory systems and therefore
of DDR4 memory controllers and their encompassing integrated circuits are defined by JEDEC in
a collection of publicly available standards. In particular, standard JESD79-4 is the standard

defining DDR4 SDRAMs, and JESD79-4D is the latest version of that standard, dated July 2021:

This document defines the DDR4 SDRAM specification, including features, functionalities, AC and DC characteristics, packages, and
ball/signal assignments. The purpose of this Standard is to define the minimum set of requirements for JEDEC compliant 2 Gh
through 16 Gb for x4, x8, and x16 DDR4 SDRAM devices. This standard was created based on the DDR3 standards (JESD79-3) and
some aspects of the DDR and DDR2 standards (JESD79, JESD79-2).

JESD79-4D page 1.

62. The Accused Products including DDR4 memory controllers, including the TI
AM6442 processor, include a first circuit to transmit commands to the memory component. DDR4
SDRAM memory controllers, including the AM6442 processor, include a first circuit which is a
driver circuit that outputs signals onto the command pins DDR0O RAS n. DDRO CAS n, and

DDRO WE n:
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6.3.2 DDRSS
6.3.2.1 MAIN Domain

Table 6-3. DDRSS0 Signal Descriptions

SIGNAL NAME FIN TYPE DESCRIFTION ALV
DORO_ACT_n o DDRSS Activation Command H2
DDRO_ALERT n 10 DDRSS Alert H1
DORO_CAS n 4] DDRSS Column Address Strobe J8
DDRO_PAR o DDRES Cc+1'|mand and Address Parity KA
DORI_RAS n o DDRSS Row Address Strobe F&
DDRO_WE_n o DDRSS Write Enable Ha

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 74.
JESD79-4 refers to these signals at the SDRAMs, as ACT n, RAS n/A16, CAS n/AlS5, and

WE n/Al4.

2.7  Pinout Description
Table 3 — Pinout Description

Symbal | Type | Function

Ll e s e me e e e L e e e o+ 41 1w
Activation Command Input - ACT_n defines the Activation command being entered along
ACT_n Impaut with C5_n The mput into RAS_n/A16, CAS niA15 and WE_niAT4 will be considered as
Row Address A18, A15 and A14

Command Inputs: RAS niA&16, CAS nlA1S and WE_n/At4 {along with T5_n) define the
command being entered. Those pins hawve multi function. For example, for activation
Inpart with ACT_n Low. those are Addressing ke A16,A15 and A14 but for non-activation
command with ACT_n High, those are Command pins for Read, Write and other
command defined in command truth table

Imract Mats Mack and Mata Bie imesrcinn: T 6 ose 30 ineed mack sional for weks daks

RAS niA18. CAS nf
A15. WE_nia 14

JESD79-4D p. 5.
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4.1 Command Truth Table

{a) Mote 1,2,3 and 4 apply to the enfire Command truth tabie
{b) Mote 5 applies fo all Read/Write commands.
[BG=Bank Group Address, BA=Bank Address, RA=Row Address, CA=Column Address, BC n=Burst Chop, X=Don't Care, V=\/alid].

Table 35 — Command Truth Table

CKE
Function DO | ot [ camg| C8.0 [8€T.nRAS NICAS o WE nif BOD- | BAG- | op gy A2 iy AN aneas| NOTE
2= | e M A

Mode Register Set MRS H H L H L L L BG | BA | V OP Code 12

Refresh REF H H I H I L H v v W W W \i W

Self Refresh Entry SRE H L F H L L H W v v v v VW 79
H X X b X X X S X X A

Seff Refresh Exit sRX | L | H £ | Bl L
LIH|[H[H][H][V]WV][Vv]Vv]Vv]v]V

Single Bank Precharge PRE H H L H L H L [BG|BA| V Vv v L V

Precharge all Banks PREA|H|H|L[H|L][H]L[V]V][V]V]V]H]VY

|RFU RFU H H L H L H H RFU

Bank Activate ACT H H L L |Row Address (RA) BG | BA | W Row Address (RA)

Write (Fixed BL8 or BC4) | WR H H L H H B L [BG|BA| V W W L | CA

Write (BC4, on the Fly) WRS4 | H H ; H H L L [BG|BA| V L W L | CA

Wite (BLE, on the Fly) WRS8 | H H I H H B L [BG|BA| V W L | Ca

(Wite with Auto Precharge ’ ’

(Fixed BLS or BC4) WRA H H L H H L L [BG|BA| V Y W H | CA

(Wirite with Auto Precharge|, r

(BC4, on the Fiy) WRAS4| H H L H H L L [BG|BA | V L W H | CA

(Wnte with Auto Precharge ;

(BLE, on the Fiy) WRASE| H H L H H L L [BG|BA | V H W H | CA

Read (Fixed BLBor BC4) | RD H H L H H L H [BG|BA| V W W L | CA

|Read (BC4, on the Fly) RDS4 | H H L H H L H |BG|BA|[ V L W L |CA

Read {BL8, on the Fly) RDSE | H H L H H L H [BG|BA| V H W L | CA

Read with Auto Precharge] 3

(Foced BLS or BC4) ROA | H| H|L|H|H|L|H[B|BA| V|V |V]|H|ca

Read with Aute Precharge]

(B4, on the Fiy) ROAS4| H(H | L|H|H|L|H|BG|BA|V|L|V|H]|CA

Read with Aute Precharge]

(BLS, on the Fiy) RDASE| H H L H H I H |BG|BA| V H W H | CA

No Operation NaP H H L H H H H A v v W W v W 10

Device Deselected DES H H H X x X x X x b X X X X

Power Down Entry PDE H L H X x x x X x x x X X X [

Power Down Exit PDX L H H X X X X X X X X X x| X g

203 calibration Long ZQCL | H H 1 H H H L v W W W W H v

ZQ) calibeation Short ZQC5 | H H 1 H H H L v W W W A L v

JESD79-4D, p. 29.

63.  Additionally, the Accused Products including DDR4 memory controllers, including
the TI AM6442, initiate a first command that specifies a first data pattern to be stored in a first
register of the memory component. DDR4 SDRAMs, including DDR4 SDRAMs used with the
TI AM6442 processor, include a Multi-Purpose Register (MPR) for storing bit patterns for use in

initialization/channel calibration:
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410 Multi Purpose Register

4 101 DA Training with MPR

The DDOR4 DRAM contains four Shit programmable MPR registers used for DQ bit pattern storage. These registers once
pragrammmed are activated with MRS read commands to dnve the MPR btz on to the DO bus during link training.

And DDR4 SDRAM only supports following command, MRS, RD, RDA WR, WRA, DES, REF and Reset during MPR enable Mode:

MR3 [A2 =1].

Note that in MPR mode RDAMWRA has the same functionality as a READ/MWRITE command which means the auto precharge part of
ROAMWRA is ignored. Power-Down mode and Seli-Refresh command also is not allowed during MPR enable Mode. No other
command can be issued within tRFC after REF command and 1x Refresh is only allowed when MPR mode is Enable. During MPR

operations, MPR read or write sequence must be complete prior to a refresh command.

JESD79-4D, p. 43.
Each of the four (4) MPR registers can be written by write command (WR) after the SDRAM is
placed into appropriate mode, as indicated by a write into Mode Register 3 (MR3):

4.10.2 MRS3 definition

Mode register MR3 controls the Multi-Purpose Registers (MPR) used for training. MR3 is written by asserting CS_n, RAS_n/A16,
CAS_n/A15 and WE_n/A14 low, ACT_n, BAD and BA1 high and BG1! and BGO low while controlling the states of the address pins
according to Table 44.

Table 44 — MR3 Programming
[ BGI][BGD [BA1 [BAo [ Az [An [An [ A [ As [ A7 [ As [ As [ A« [ A [ A [ A [ A | AddressField

L

1 |MPR read format Mode Register 3

BA1 BAD MR select Al2 A1l MPR read format A2 MPR Operation
0 0 MRO 0 0 Serial 0 MNormal operation
0 1 MR1 0 1 Parallel 1 Dataflow from/to MPR
1 0 MR2 1 0 Staggered
1 1 MR3 1 1 RFU

Read or Write with MPR LOCATION :

Al AD MPR Page Selection
1] 1] Page 0
0 1 Page 1 Default value for MPRO @ Page0= 01010101
1 1] Page 2 Default value for MPR1 @ Page0 = 00110011
T ] Page 3 Default value for MPR2 @ Page0 = 00001111
Default value for MPR3 @ Page0 = 00000000

JESD79-4D, p. 43.
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4104 MPR Writes
DDR4 allows 8 bit writes to the MPR lecation using the address bus AT-AD.

Table 45 — Ul and Address Mapping for MPR Location

MPR Location 1 [6} [5] [4] 31 [ 11 [0]
SDRAM Address AT AR AS A4 A3 A2 Al AD
u uin uH ui2 ul3 Ui uls uig Uiz
STEPS:
DLL must be locked prior to MPR Writes. if DLL is Enabled : MR1[A0 = 1]
Precharge all

Wait until tRP is satisfisd
MRS MR3, Opcode A2='1'b
Redirect all subsequent read and writes to MPR localions

Wait until tMRD and tMOD satisfied

Wite command

BA1 and BAD indicate the MPR location

A T7-0] = data for MPR

Wait until WR_MPR safisfied, so that DRAM to complete MPR write transaction.

Memaory coniraller repeats these calibration writes and reads until data capture at memony controller is optimized.
After end of last MPR read burst, wait until tMPRR is satisfied

MRS MR3, Opcode A2=‘0b
All subsequent reads and writes from DRAM array

JESD79-4D, p. 46.

4104 MPR Writes (cont'd)

1 i Y T T Y 2

e - 3 ;£ S R e i
~f—gr - — - ~f—r -y ;
s Rl - a_fns_f,\_n',T,\_J

b
COMMAN: © HFREAN, L RS S e LW pee T W nee T W o YT T e
T
sz T T g '.?.'3"‘ £

o ey | Reny ol | Seder | e | e | R | ey rnof | Nand | Yooy | ool

Pleiis
D38 1, 0 ¢ 5 5 . P g P =t
e U T [ A . .
i 5 ; =
i Iy ';; o U X LUK U XM YL R e T

NOTE 1 Mult-Purpose Registers Read/Write Enable (MR3 A2 = 1)
NOTE 2 Address setting - BA1 and BAQ indicate the MPR location
- A [7:0] = data for MPR
-A1D and other address pins are don't care.
NOTE 2 PL (Parity latency) is added to Data output delay when C/A party [atency mode is enabled.

JESD79-4D, p. 47.

During such a write command, as indicated at time Tb0, address signals BA1 and BAO indicate
which MPR register is to be written with the specified bit pattern provided on A[7:0]. The Accused
Products, including the TI AM6442 processor, perform a write command writing a first one of the
four MPR registers, which is a first command that specifies a first data pattern to be stored in a

first register of the memory component.
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64. Additionally, the Accused Products including DDR4 memory controllers initiate a
second command that specifies a second data pattern to be stored in a second register of the
memory component. Subsequent to the writing of a first MPR register with a first bit pattern, a
second MPR is written with a second bit pattern with a second MPR register, as addressed by the
BA1 and BAO address bits in conjunction with the Write command:

4.104 MPR Writes (contd)

NOTE 1 Multi-Purpose Registers ReadWrite Enable {MR3 A2 = 1)
NOTE 2 Address sefting - BA1 and BAQ indicate the MPR location
- A [7:0] = data for MPR
-A1D and other address pins are don't cars.
NOTE 3 PL (Parity latency) is added to Data output gelay when C/A panty latency mode is enabled.

JESD79-4D, p. 47.

65. Additionally, the Accused Products including DDR4 memory controllers initiate a
third command to select one of the first data pattern or the second data pattern to be output by the
memory component. Subsequent to the writing of the MPR registers with desired bit patterns, the
contents of the MPR registers are read out with Read commands (RD) onto the DQ lines for use
in DQ Training. Once the MR3 A2 bit is set to 0, a selected one of the first data pattern and the
second data pattern is transmitted by the memory component from an MPR register onto the
external bus in response to a RD (read) command. One such command is illustrated below as

being provided to the memory component at time TbO0.
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4.10.3 MPR Reads (cont'd)
This process is depicted below(PL=0).

5y ) B % N x 5 5y
DQS DA ¢ ) i ) /—\\_f ) /—\_/i ] )]
1035 ( d { N . (R S { {
pa 5 5 S 5 5
)i i i r
( U d Ko 3 un X o s X ve ¢ «
@ E8 :
§ TivE BREAK ] bonT care

NOTE 1 Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)
- Redirect all subsequent read and writes to MPR locations
NOTE 2 Address setting
- A[1:0] = “00"b (data burst order is fixed starting at nibble, always 00b here)
- A[2]= “0"b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don't care including BG1 and BGO. A12 is don't care when MRO A[1:0] = “00" or “10” , and must be "1’b when
MRO A[1:0] = “01”

JESD79-4D, page 45.

A RD command while MPR mode is enabled, outputting the contents of either the first or the
second MPR register previously written by a WR command is a third command to select one of
the first data pattern or the second data pattern to be output by the memory component.

66.  Additionally, the Accused Products including DDR4 memory controllers, including
the AM6442, include a second circuit to receive from the memory component as a received data
pattern, the one of the first data pattern or the second data pattern output by the memory component
as selected by the third command. A Read command presented to a DDR4 SDRAM causes it to
convey an addressed memory location or MPR register to its pins for conveyance to the memory

controller, as described in Section 4.24 of JESD79-4.
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CE. e
CH_t
COMMAND
ADDRESS
D05 L DAS_ ¢
‘j} 1
Pl # e N S EE
: } - t poH -Il-: - -
-
All D@5 Collectivaly ﬁ} \".@ @ @ {H ﬁ &.si} @ @ zf
n et 3] ;

DONT CARE

JESD79-4D, pg. 96.
The DQ lines are defined as Data Input/Output lines that bi-directionally carry data into and out of
the DRAM. For Read commands, the data is output on the DQ lines and conveyed on an external

bus comprised of signal traces to the memory controller.

Table 3 — Pinout Description (Cont'd)

Symbol Type Function

Data Input/ Qutput: Bi-directional data bus. If CRC is enabled via Mode register then
CRC code is added at the end of Data Burst. Any DQ from DQO~DQ3 may indicate the
Da Input / Output | internal Vref level during test via Mode Register Setting MR4 A4=High. During this mode,
RTT value should be set to Hi-Z. Refer to vendor specific datasheets to determine which
DQ is used.

JESD79-4D, p. 6.
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The DQ pins of the DDR4 SDRAMSs are connected to DDR0O_DQ pins via said external bus.

6.3.2 DDRSS
6.3.2.1 MAIN Domain

Table 6-3. DDRSS0 Signal Descriptions

SIGNAL NAME |PIN T\‘PEl DESCRIFTION ALV
CORO_DQO 1o DDRSS Data A3
DDRO_DQ1 10 DDRSS Data A2
DDRO_DQ2 10 DDRSS Data BS
DDRO_DGQ3 1o DDRSS Data A4
DDRO_DO4 10 DDRSS Data B3
DDRO_DGS 10 DDRSS Data C4
DORO_DGQB8 1o DDRSS Data c2
DDRO_DQT 10 DDRSS Data B4
DORO_DGe 10 DDRSS Data NE
DDRO_DQO 10 DDRSS Data L4
DDRO_DGQ10 10 DDRSS Data L2
DORO_DQ o DDRSS Data M3
DDRO_DQ12 10 DDRSS Data N4
DDRO_DQ13 10 DDRSS Data N3
DDRO_Da14 10 DDRSS Data M4
DDRO_DQ15 10 DDRSS Data N2

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, pp. 74-75.
These pins in the DDR SDRAM Memory Interface necessarily have circuitry within the TI
AM6442 to receive the data being sent from the memory component, either memory core contents
or MPR register contents, as a result of a read command. This circuitry is the second circuit.

67.  Additionally, the Accused Products including DDR4 memory controllers, including
the TT AM6442 processor, include calibration circuitry, operable during calibration, to receive a
data pattern and adjust the timing of a timing reference signal for sampling data at the second
circuit. DDR4 SDRAMs include a calibration mode called DQ Read Training (Read Leveling).

Read Training is performed as part of power-up initialization:

3.3.1 Power-up Initialization Sequence
The following sequence is required for POWER UP and Initialization and is shown in Figure 7.

1. Apply power (RESET_n and TEN are recommended o be maintained below 0.2 x VDD; all other inputs may be undefined).
RESET_n needs to be maintained below 0.2 x VDD for minimum 200us with stable power and TEN needs to be maintained below
0.2 x VDD for minimum 700us with stable power. CKE is pulled "Low™ anytime before RESET_n being de-asseried (min. time
10ns). The power voltage ramp time between 300mV to Vpp min must be no greater than 200ms; and during the ramp, Vpp 2

Vppg and (Vpp-Vppg) < 0.3volts. VPP must ramp at the same time or earlier than VDD and VPP must be equal o or higher than
VDD at all times.

15. The DDR4 SDRAM is now ready for read/Write training (include Vref training and Write leveling).
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JESD79-4D, p. 11-12.
Read DQ Training is the mechanism by which the DDR4 memory controller adjusts its receive
timing to reliably capture read data from the memory components. The circuitry in the DDR4
memory controller coupled to the DQ receivers that calibrates the DQ receivers is the claimed
calibration circuitry. The DDR Memory Controller in the Accused Products necessarily includes
calibration circuitry operating on the received data pattern, to adjust a timing of a timing reference
signal for sampling data at the second circuit as part of DQ Training.

68. Defendant has and continues to indirectly infringe one or more claims of the 609
Patent by knowingly and intentionally inducing others, including TI customers and end-users, to
directly infringe, either literally or under the doctrine of equivalents, by making, using, offering to
sell, selling, and/or importing into the United States the Accused Products.

69. Defendant, with knowledge that these products, or the use thereof, infringe the *609
Patent at least as of the date of this Complaint, knowingly and intentionally induced, and continues
to knowingly and intentionally induce, direct infringement of the 609 Patent by providing these
products to end-users for use in an infringing manner.

70. Rampart has suffered damages as a result of Defendant’s direct and indirect
infringement of the 609 Patent in an amount to be proved at trial.

71. Rampart has suffered, and will continue to suffer, irreparable harm as a result of
Defendant’s infringement of the 609 Patent for which there is no adequate remedy at law, unless
Defendant’s infringement is enjoined by this Court.

COUNT 1V
(Infringement of the 311 Patent)

72. Paragraphs 1 through 23 are incorporated by reference as if fully set forth herein.
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73. Rampart has not licensed or otherwise authorized Defendant to make, use, offer for
sale, sell, or import any products that embody the inventions of the 311 Patent.

74. Defendant has and continues to directly infringe the *311 Patent, either literally or
under the doctrine of equivalents, without authority and in violation of 35 U.S.C. § 271, by making,
using, offering to sell, selling, and/or importing into the United States the Accused Products
including, but not limited to, products supporting the DDR3 and DDR3L external memories and a
x32 or x64 bus, such as the TI DRA780, DRA781, DRA782, DRA783, DRA784, DRA78S,
DRA786, DRA787, DRA788, TMS320C6655, TMS320C6657, 66AK2G12, 66AK2HO6,
66AK2H12, 66AK2H14, DRA744P, DRA745P, DRA746P, DRA750P, DRA751P, DRA752P,
DRA754P, DRA755P, DRA756P, DRA710, DRA712, DRA714, DRA716, DRA724, DRA722,
DRA725, DRA767P, DRA77xP, DRA790, DRA791, DRA793, DRA797, TDA2P-ABZ, TDA2P-
ACD, TDA2EG-17, TDA2EG, TDA2EGABC, TDA2HF, TDA2SX, TDA2SG, TDA2SA,
TDA2HG, TDA2HV, TDA2LF, AM4372, AM4376, AM4377, AM4378, AM4379, AM5748,
AMS5749, AM5706, AMS5708, AM5716, AM5718, AM5726, AM5728, and AM5729.

75. For example, Defendant has and continues to directly infringe at least Claim 26 of
the *311 Patent by making, using, offering to sell, selling, and/or importing into the United States
products that include a memory controller that complies with the DDR3 and DDR3L standard.
For example, the TI 66 AK2H06 SoC includes DDR3 and DDR3L external memory controllers
capable of controlling a memory subsystem consisting of DDR3 SDRAMSs, each of which is

compliant with the JEDEC standard JESD79-3.

42



Case 2:22-cv-00024-JRG-RSP Document 1 Filed 01/21/22 Page 43 of 80 PagelD #: 43

—————————————— BEAZHE
| MemorySubsysiem
4——1" DDRJ EMIF e ———— -4 f.“_e:ﬁ : Cé6x™
al SRAM | CorePac
bl e
2 kel e — | | s2kBL1 | 226B L1
P-Cache | D-Cache
Debug & T
pEmTT=]— t il s
[ooxron ]« -
IXBLT|32KBL1|2KB L1|32KB L1
P-Lache |D-Cache| P-Cache|D-Cache
_Senlapmre -
ARM ARM
-— A15 A15
5x
EDMA
| <> 4 C66x DSP Cores @ up to 1.2 GHz
5x 2 ARM Cores @ up to 1.4 GHz
<x HyperLink TeraNet
A, A r'y r 'y rF ‘\ rF
t) Multicore Navigator
* | Queue Packet
[ Manager DMA
* v v vy v v V¥VVY wrr
o (] = 5-Port
- o= o Security
E R g o % % ; 0" Ethernet *| Accelerator
55{5%3‘45& Swm:h ke
w
| e
ﬁ
e
Network
Coprocessor

T

Figure 1-3. Functional Block Diagram for 66AK2ZHOE

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 5.

SCmsouvu_muvemoCn cure nevicew unvecn Ut

B66AK2Hxx Multicore DSP+ARM® KeyStone™ Il System-on-Chip (SoC)

1 Device Overview

1.1 Features

— Memory Protection Unit (MPU) for Both MSM — Two 72-Bit DORY/DDR3L Interfaces With
SRAM and DDR3_EMIF Speeds up o 1600 MHz

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 1.

11.9 DDR3A and DDR3B Memory Controllers

The 72-bit DDR3 memory controller bus of the 66AK2Hxx is used to interface to JEDEC standard-
compliant DDR3 SDRAM devices. The DDR3 external bus interfaces only to DDR3 SDRAM devices and
does not share the bus with any other type of peripheral.

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 278.
76.  The Accused Products including DDR3 memory controllers include a first
transmitter to output first control information synchronously with respect to a first transition of a

timing signal and second control information synchronously with respect to a second transition of
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the timing signal. DDR3 SDRAM memory controllers, connected to the TT 66 AK2HO06, include
a collection of control signals which provide control information to the memory components to
direct their operation. A first set of control information is sent synchronously with the memory
clock signal, which is the timing signal. Subsequently, a second set of control information is sent
along the same control information signal lines synchronously with respect to a second transition
of the memory clock. For example, the following timing diagram from the DDR3 SDRAM
standard (JESD79-3) shows two consecutive write operations as a result to two separate write

commands (control information) being transmitted on the command bus from a first transmitter,

each synchronous with to CK/CK# signal.

AnsoNING DATA  [7] Do care

the first rising clock edge at T13 (4 chacks from T9).

Figure 53 — WRITE (BC4) to WRITE (BC4) OTF
JESD79-3F, p. 73.
In DDR3 SDRAM memory systems, the command bus comprises the RAS#, CAS#, and WE#

signals:
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2.10 Pinout Description

Table 1 — Input/output functional description

Symbol Type Function

Clock: CK and CE# are differential clock mputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and negative edge of CK#.
Clock Enable: CKE HIGH activates, and CKE Low deactivates, mternal clock sigmals and
device mput buffers and output dnvers. Taking CKE Low provides Precharge Power-Down and
Self-Refresh operation (all banks idle), or Active Power-Down (row Active in any bank). CKE is
asynchronous for Self-Refresh exit. After VEEFCA and VEEFDQ have become stable during
the power on and initialization sequence, they must be maintamed during all operations
(including Self-Refresh). CKE mmust be maintained high thronghout read and write accesses.
Input buffers, excluding CE. CK#, ODT and CKE, are disabled during power-down. Input
buffers, excluding CKE, are disabled during Self Refresh.
CS#, (CS0#), (C51#9), Tnput Chup Select: All commands are masked when C5# is registered HIGH. CS# provides for extemal
(C528), (C535) Fank selection on systems with nmltiple Ranks. C5# is considered part of the command code.
On Die Termmnation: ODT (registered HIGH) enables termination resistance internal to the
DDE3 SDRAM. When enabled. ODT is only applied to each DQ. DQS, DQS# and DM/TDQS,
NUTDQS# (When TDQS is enabled via Mode Register Al11=1 in MR.1} signal for x4/x8

CK.CK# Tnput

CKE. (CKED),
(CKE1) Tupst

ODT. (ODTO),

{ODT1) Tnput configurations. For x16 configuration, ODT is applied to each DQ. DQSU, DQSU#, DQSL,
DQSL# DMU. and DML signal The ODT pin will be ignored if MR1 and MR2 are
programmed to disable BTT.

RAS# CAS# WE# |Input Command Inputs: RAS# CAS# and WE# (along with C5#) define the command being entered.

JESD79-3F, p. 13.

The TI 66 AK2HO06 SoC includes transmitter circuits that drive command signals onto output

pins.
Table 4-2. Terminal Functions — Signa!s and Control by Function |c>ontinued)
BALL
SIGNAL NAME NO. TYPE | IPDAPU | DESCRIPTION
DDR3ACAS G13 0z DDR3A EMIF column address strabe
DOR3ARAS Ald OZ DDR3A EMIF row address strobe
TORZEWE F12 0Z DDR3A EMIF write enable
DDR3ACKED 512 0Z DDR3A EMIF clock enablel
DOR3ACKET At 0Z DDR3A EMIF clock enablel

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 19.

77. Additionally, the Accused Products including DDR3 memory controllers send first
control information indicating a first write operation to a first memory device, such that the first
memory device samples first data in response to the first control information. A DDR3 SDRAM
memory system comprises a bus width of 32 or 64 bits and comprise at least a first and second

memory device attached to different ones of the 32 or 64 data bus lines.

MO U WSS U S MEVISEL L | UEEr S

B86AK2Hxx Multicore DSP+ARM® KeyStone™ Il System-on-Chip (SoC)

1 Device Overview
1.1 Features

— Memory Protection Unit (MPU) for Both MSM — Two 72-Bit DDR¥DDR3L Interfaces With
SRAM and DDR3_EMIF Speeds up to 1600 MHz
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66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 1.

11.9 DDR3A and DDR3B Memory Controllers

The 72-bit DDR3 memory controller bus of the 66AK2Hxx is used to interface to JEDEC standard-
compliant DDR3 SDRAM devices. The DDR3 external bus interfaces only to DDR3 SDRAM devices and
does not share the bus with any other type of peripheral.

11.9.1 DDR3 Memory Controller Device-Specific Information

The B6AKZHxx includes one 64-bit wide, 135V / 1.5V DDR3 SDRAM EMIF interface. The DDR3
interface can operate at 800 mega transfers per second (MTS), 1033 MTS, 1333 MTS, and 1600 MTS.

Due to the compfcated nature of the interface, a limited number of topologies are supported to provide a
16-bit, 32-bit, or 64-bit interface.

The DDR3 electrical requirements are fully specified in the DDR JEDEC specification JESD7T9-3C.
Standard DDR3 SDRAMs are available in 8-bit and 16-bit versions allowing for the following bank
topologies to be supported by the interface:

= 72-bit: Five 16-bit SDRAMs (including 8 bits of ECC)
= 72-bit: Nine 8-bit SDRAMSs (including 8 bits of ECC)

= 36-bit: Three 16-bit SDRAMs (including 4 bits of ECC)
= 36-bit: Five 8-bit SDRAMs (including 4 bits of ECC)

»  B4-bit: Four 16-bit SDRAMSs

= B4-bit: Eight 8-bit SDRAMs

+  32.bit: Two 16-bit SDRAMs

+  32-bit: Four 8-bit SDRAMs

« 16-bit: One 16-bit SDRAM

«  16-bit: Two 8-bit SDRAMs

66 AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 278.

!ﬂﬁ

—illl N .
U E D N S

Data anc Sirobe Data anc Sirobe
(s, DM DS D05 o CommandlAddress/Clock |DCe, DM D2E_vDAS o)

Contraller

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-35.

6.6 Net Structure Routing for Address/Command

[sDRAM] [spRAM] [sDRAM] [sDRAM| [sDRAM| [sDRAM| [sDRAM] [sDRAM]

= om0 0 0 0 0 0 ¢

TLOA TLOB TL1 TL3 TL4 TLS L6 TL? TL3 TLS TLHy. TLII

Figure 33 — Net Structure Roufing for Addj'esis and Command (Raw Card Version A)

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-49.
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If the first control information specifies a write operation, the first memory device will, at the

appropriate time, sample first data arriving on a set of data signal lines from the memory controller.

Table 6 — Command Truth Table

CKE AD-
5 Abbrevia BAQ- | A3 | ALl | ALD- | e
Function G| Previons |G L| C5# | RAS# | CAS# |\ WE#| ‘piy |47z | BcE | AP 2{i Notes
Cyele Cyele :
Mode Register Set MRS H H L i L L BA OFP Code
Refresh REF H H L L L H v v v v V
Self Refresh Entry SRE H L L L L H v v v v v 7912
= 5 = H X X X X X X X X | 789,
Self Refresh Exit SRX L H T " " 0 v v v v v 1
Single Bank Precharge PRE H H L. L H E BA v A L v
Precharge all Banks FREA H H L L H L v \i v H v
Bank Activate ACT H H L: L H H BA Fow Address (FA)
Write (Fixed BL8 or BC4) WR H H L H L L BA |RFU | V E CA
Write (BC4. on the Fly) WES4 H H L H L L BA [RFU| L L CA
Wrte (BLS. on the Fly) WESS H H L H L L BA |RFU| H L CA
Write with Auto Precharge - - T r
(Fixed BLS or BC4) WRA H H L H L L BA [RFU | V H CA
Write with Auto Precharge =
(BCA. on the Fly) WRAS4 H H i B H L L BA [RFU| L H CA
Wiite with Auto Precharge . . T
(BLS, on the Fly) WRASR H H i B H | L BA (RFU| H H CA

JESD79-3F, p. 33.

o -y
o

COMMAND?

ADDRESS:

D05, DG

[ ruansionm o [7] oowr care
MNOTE: 5(CWL=5AL=10)

data-in from column n {or coiumn b).

ds are shown for ease of illustration; other commands may be valid at these times.
ctivated by MRO[A A12 ing WRITE com nd T4
overy time {tWR} a 7 {WTR) are re

i

ng p: rom the first rising clock edge at T13 (4 clacks from T9)

Figure 53 — WRITE (BC4) to WRITE (BC4) OTF
JESD79-3F, p. 73.

78.  Additionally, the Accused Products including DDR3 memory controllers send
second control information indicating a second write operation to a second memory device, such
that the second memory device samples second data in response to the second control information.
DDR3 SDRAM memory controllers connected to the TI 66 AK2HO06, send a second write to the
same rank of memory devices causing a second memory device in the same rank to sample the

second data in response to the second control information.
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VTT

by owow gk

Data ang Strobe Data ang Strobe
(Dds. DM DQS vDOsS o Command/Address.Clock Die, DM DOE vDAS o)

Controller

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-35.

6.6 Net Structure Routing for Address/Command

[sDRaM| [spRaM] [sDRAM| [sDRAM]| [sDRAM| [sDRAM] sDR2M] [sDRAM]

Edse J I- + 1 Var

Fnges T O T i %

M e -;J*Z—H:J—r:w:r--g.']
TLOA TLOB TLI L3 TL4 TLS TLé TET TLS TL2 TLIF TLI1

Figure 33 — Net Structure Routing for Add.resis and Command (Raw Card Version A)

TLI — |

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-49.

79. Additionally, the Accused Products including DDR3 memory controllers include a
second transmitter to output the first data using a first timing offset that is based on a first time that
the first control information takes to propagate from the first transmitter to the first memory device.
The DDR3 SDRAM controller is connected to the plurality of data signal conductors connecting
the TI 66 AK2H06 SoC memory controller to the first memory device for transmitting a first data

to the first memory component.

6.6 Net Structure Routing for Address/Command

[sDRAM] [spRAM] [sDRAM] [sDRAM| [sDRAM| [sDRAM| [sDRAM] [sDRAM]

B 1 I 1 + Vo
e 0 B 4l 1 1 n
TLOA TLOB TLI L3 TiA TES TL6 TET TL3 T2 TLIGF TLI1

TLI —p |

Figure 33 — Net Structure Roufing for Addj'esis and Command (Raw Card Version A)

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-49.
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SCmsouvu_muvemoCn cure nevicew unvecn Ut

B66AK2Hxx Multicore DSP+ARM® KeyStone™ Il System-on-Chip (SoC)

1 Device Overview

11 _Features

— Memory Protection Unit (MPU) for Both MSM — Two 72-Bit DOR3/DDRAL Interfaces With
SRAM and DDR2 EMIF Speeds up to 1600 MHz

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 1.

Table 4-2. Terminal Functions — Signals and Contrel by Function (continued)

SIGMNAL NAME ﬁgu_ TYPE | IPDAPU | DESCRIPTION
DODRIADOO G1 10z

DDRIADO1 H2 10z

DDR3ADO2 F1 10z

DDR3ADOA G2 10z

DOR3IADDL Hi 1oz

DOR3ADOS E2 1oz

DDR2IADDE F2 102

DDRIADDT D2 10z

DOR3ADDA Ea 0z DDR3A EMIF data bus
DODR3IADDO F4 0z

DDR3ADI0 G3 0z

DDR3ADT A4 1oz

DDR3AD12 B4 1oz

DDR2AD13 H3 10z

DOR3AD14 D3 0z

DDRZAD1S D4 10z

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 18.

80.  DDR3 SDRAM memory controllers connected to the TI 66 AK2HO06 employ write
leveling to adjust the timing of write data being sent to the respective DDR3 SDRAM memory
devices to compensate for the differing propagation delay of the control information and clock
from the memory controller to the respective memory devices. Post write leveling during
initialization of the memory subsystem, the second transmitter outputs the first data using a first
timing offset that is based on a first time that the first control information takes to propagate from
the first transmitter to the first memory device:

3.4.3.5 Write leveling

For better signal integrity, DDR3 memory module adopted fly-by topology for the commands. addresses.
control signals, and clocks. The fly-by topology has the benefit of reducing the number of stubs and their
length, but it also causes flight time skew between clock and strobe at every DRAM on the DIMIVL. This
makes it difficult for the Controller to mamntain tDQSS, tDSS. and tDSH specification Therefore, the DDR3
SDRAM supporis a ‘wnte leveling” feature to allow the controller to compensate for skew. See 4.8 “Wte
Leveling™ on page 42 for more details.

JESD79-3F. p.28.
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4.8 Write Leveling

For better signal integrity, the DDE3 memory module adopted fly-by topology for the commands,
addresses. control signals. and clocks. The fly-by topology has benefits from reducing number of stubs and
thewr length, but 1t alse canses flight time skew between clock and strobe at every DRAM on the DIMDMVL
This makes it difficult for the Controller to maintain tDQSS. tDSS, and tDSH specification. Therefore, the
DDR3 SDEAM supports a “write leveling” feature to allow the controller to compensate for skew.

The memory controller can use the “write leveling” feature and feedback from the DDE3 SDRAM to adjust
the DQS - DQS# to CK - CK# relationship. The memory controller involved in the leveling must have
adjustable delay setting on DQS - DQS# to align the nising edge of DQS - DQS# wiih that of the clock at
the DRAM pin. The DRAM asynchronously feeds back CK - CK#. sampled with the nising edge of DQS -
DQS#, through the DQ bus. The controller repeatedly delays DQS - DQS# uniil a transttion from 0 to 1 15
detected. The DQS - DQS# delay established though this exercise would ensure tDQSS specification.
Besides tDQSS. tDSS and tDSH specification also needs to be fulfilled. One way to aclueve thus 1s to com-
bine the actual tDQSS in the application with an appropnate duty cycle and jitter on the DQS - DQS# sig-
nals. Depending on the actual tDQSS in the application, the actual values for tDQSL and tDQSH may have
to be better than the absolute limits provided in the chapter "AC Timing Parameters” in order to satisfy
tDSS and tDSH specification. A conceptual tinung of this scheme 15 shown mn Figure 17.

o i3 T2 T3 5

T4 5 TB ™
CKE  ----, = . . REEEEE " ; Ve e e
Sowee X AN XN T RO T N T A

dift DOS

SR
Desfination
CK

diff DQS

o | Dort \ 0 % 0 X% 0
Push DOS to capture 0-1 \
dif Das cxiziae ! % - /_ \ = - X
oo Dord % 1 W 1 X 1

Figure 17 — Write Leveling Concept
JESD79-3F, p. 42.

2.12 Leveling

The DDR3 controller supports leveling to compensate for the command and DQS skew as a resuit of the
fiy-hy topology. Leveling compensates the skew for both reads and writes. Unlike Keystone | devices, the
controller in Keystone |l devices does not require the user fo program initial leveling values (INIT_RATIOs)
fo establish the starting point of the search window before triggering hardware leveling. The logic inside
the DDR PHY is able to automatically search for and determine the optimal starting point when leveling
and training sequence is triggerad by writing to the PHY Initialization Register (PIR). Please refer to the
DDR32 initialization application note for software programming sequence to initialize DDR3 on Keystone 1|
devices.

Keystone II Architecture DDR3 Memory Controller, p. 30.
81.  Additionally, the Accused Products including DDR3 SDRAM memory controllers

include a third transmitter to output the second data using a second timing offset that is based on
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a second time that the second control information takes to propagate from the first transmitter to
the second memory device, the second time being longer than the first time. A DDR3 SDRAM
memory system, such as one built using a DDR3 SDRAM UDIMM, comprises control information
following the same path as the memory clock, so that the timing offset for sending the second data
is based on both the propagation delay of the memory clock and the control information. In the
DDR3 SDRAM memory system, the propagation delay of clock and control information travelling
together are different to different memory devices as a result of the fly-by memory system
configuration. Therefore, the second memory device is one of the pair such that the second time

is longer than the first time.

6.6 Net Structure Routing for Address/Command

[sDRAM] [spRAM] [sDRAM] [sDRAM| [sDRAM| [sDRAM| [sDRAM] [sDRAM]

-3 0 0 0 0 o

1

TLOA TLOB TLI1 TL3 TL4 TLS L6 TL? TL3 TLS TLHy. TLII

TLI —p |

Figure 33 — Net Structure Roufing for Addj'esis and Command (Raw Card Version A)

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, p. 4.20.19-49.

Table 4-2. Terminal Functions — Signals and Control by Function (continued)

BALL

SIGNAL NAME N, TYPE | IPE/IPU | DESCRIPTION
DDR3AD4D B20 102

DDR3ADE0 D20 10Z

DDR3ADS1 G20 10Z

DDR3ADS2 c21 10Z

DDR2ADE3 E2D0 102

DOR2ADSS F20 102

DDRIADES G21 10Z

DDR3ADSE c23 10Z DDR3A EMIF data bus
DOR2ADST G22 102

DOR2ADSE D23 102

DDR3ADSD F22 102

COR2ADED EZ2 102

DOR3ADE1 BIZ2 10Z

DOR3ADG2 F21 102

DDR3IADG2 D22 102

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 18.
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Post write leveling during initialization of the memory subsystem, the third transmitter outputs the
second data using a second timing offset that is based on a second time that the second control
information takes to propagate from the first transmitter to the second memory device:

3.43.5  Write leveling

For better signal imntegrity, DDR3 memory module adopted fly-by topology for the commands, addresses,
control signals, and clocks. The fly-byv topology has the benefit of reducing the number of stubs and their
length_ but 1t also causes flight time skew between clock and strobe at every DRAM on the DIVIVL. This
makes 1t difficult for the Controller to mamtain tDQSS, tDSS. and tDSH specification. Therefore, the DDR3
SDRAM supports a “write leveling” feature to allow the controller to compensate for skew. See 4 8 “Write
Leveling”™ on page 42 for more details.

JESD79-3F, p. 28.

4.8 Write Leveling

For better signal integnty, the DDE3 memory module adopted fly-by topology for the commands,
addresses, control signals. and clocks. The fly-by topology has benefits from reducing number of stubs and
ther length, but 1t also causes flight time skew between clock and strobe at every DRAM on the DIMDVL
This makes 1t difficult for the Controller to maintamn tDQSS. tDSS, and iDSH specification. Therefore, the
DDR3 SDRAM supports a “wrte leveling” feature to allow the controller to compensate for skew.

The memory controller can use the “write leveling” feature and feedback from the DDE3 SDRAM to adjust
the DQS - DQS# to CK - CK# relationship. The memory controller involved in the leveling must have
adjustable delay setting on DQS - DQS# to align the nising edge of DQS - DQS# wiih that of the clock at
the DRAM pin. The DRAM asynchronously feeds back CK - CK#. sampled with the rising edge of DQS -
DQS#, through the DQ bus. The controller repeatedly delays DQS - DQS# uniil a transition from 0 to 1 1s
detected. The DQS - DQS# delay established though this exercise would ensure tDQSS specification.
Besides tDQSS, tDSS and tDSH specification also needs to be fulfilled. One way to achieve this 1s to com-
bane the actual tDQSS 1n the application with an appropnate duty cycle and jitter on the DQS - DQS# sig-
nals. Depending on the actual tDQSS in the application, the actual values for tDQSL and tDQSH may have
to be better than the absolute limits provided in the chapter "AC Tinung Parameters" 1w order to satisty
tDSS and tDSH specification. A conceptual timing of this scheme is shown in Figure 17.

T0 T T2 T3 5

T4 T5 T8 T
S oL A N X U 3k KX WX

diff_ DOS

TER Ck#
Desfination
CK

dift DAS
oa | Oort | o % 0 % 0

e \/_\ N _
oo Oor X 1 bd 1 X 1

Figure 17 — Write Leveling Concept
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JESD79-3F, p. 42.

2.12 Leveling

The DDR3 contreller supports leveling to compensate for the command and DOS skew as a result of the
fiy-by topology. Leveling compensates the skew for both reads and writes. Unlike Keystone | devices, the
controller in Keystone |l devices does not require the user to program initial leveling values (INIT_RATIOs)
o establish the starting point of the search window before triggering hardware leveling. The logic inside
the DDR PHY is able to automatically search for and determine the optimal starting point when leveling
and training sequence is triggerad by writing to the PHY Initialization Register (PIR). Please refer to the
DDR32 initialization application note for software programming sequence to initialize DDR3 on Keystone 1|
devices.

Keystone II Architecture DDR3 Memory Controller, p. 30.

82. Defendant has and continues to indirectly infringe one or more claims of the *311
Patent by knowingly and intentionally inducing others, including TI customers and end-users, to
directly infringe, either literally or under the doctrine of equivalents, by making, using, offering to
sell, selling, and/or importing into the United States the Accused Products.

83. Upon information and belief, with knowledge and intent, or with willful blindness,
Defendant encourages and facilitates infringement of one or more claims of the 311 Patent by
others, including at least Claim 26. For example, Rambus Inc. notified TI in April 2013 that the
’311 Patent was a member of the Ware 2001 Patent Family that Rambus was offering to license.
Rambus notified TI at that time that TI was infringing patents in the Ware 2001 family, including
U.S. Patent No. 7,177,998 based on its manufacture and sale of DDR3 memory controllers. In
June 2015, Rambus notified TI that it was infringing the’616 Patent, U.S. Patent No. 8,537,601
(the “’601 Patent), U.S. Patent No. 8,395,951 (the “’951 Patent”), and U.S. Patent No. 7,210,016
(the “’016 Patent”) by making, using, selling, offering to sell, and/or importing products practicing
the DDR3 standard, including the TMS320C6654 DSP, TMS320DM64x DaVinci Digital Media
Series DSP SoC, OM APX3530 Series Mobile Applications Processor, Keystone Multicore
Family, Sitara AM389x ARM MPU Family, TMS320C6a81 6x C6-Integra DSP+ARM
Processors, TMS320DM81xx DaVinci Digital Media Processors, and TMS320TC1 66xx/xx

SoCs. The ’616 Patent, 601 Patent, 951 Patent, and 016 Patent are all continuations of the 311
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Patent and are part of the same patent family. Based on these disclosures, TI was notified or
willfully blind to the fact that the 311 Patent is infringed by TI products practicing the DDR3
standard.

84. Defendant, with knowledge that these products, or the use thereof, infringe the *311
Patent at least as of April 2013 and June 2015, knowingly and intentionally induced, and continues
to knowingly and intentionally induce, direct infringement of the 311 Patent by providing these
products to end-users for use in an infringing manner.

85. Defendant induced infringement by others, including end-users, with the intent to
cause infringing acts by others or, in the alternative, with the belief that there was a high probability
that others, including end-users, infringe the 311 Patent, but while remaining willfully blind to
the infringement.

86. Rampart has suffered damages as a result of Defendant’s direct and indirect
infringement of the *311 Patent in an amount to be proved at trial.

87. Rampart has suffered, and will continue to suffer, irreparable harm as a result of
Defendant’s infringement of the *311 Patent, for which there is no adequate remedy at law, unless
Defendant’s infringement is enjoined by this Court.

88. TI has committed and continues to commit acts of infringement that TI actually
knew or should have known constituted an unjustifiably high risk of infringement of at least one
valid and enforceable claim of the 311 Patent. TI’s direct and indirect infringement of the *311
Patent has been and continues to be willful, intentional, deliberate, and/or in conscious disregard
of Rampart’s rights under the patent. Rampart is entitled to an award of treble damages, reasonable

attorney fees, and costs in bringing this action.
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COUNT YV
(Infringement of the 616 Patent)

89.  Paragraphs 1 through 23 are incorporated by reference as if fully set forth herein.

90. Rampart has not licensed or otherwise authorized Defendant to make, use, offer for
sale, sell, or import any products that embody the inventions of the *616 Patent.

91.  Defendant has and continues to directly infringe the *616 Patent, either literally or
under the doctrine of equivalents, without authority and in violation of 35 U.S.C. § 271, by making,
using, offering to sell, selling, and/or importing into the United States the Accused Products
including, but not limited to, products supporting DDR3 and DDR3L external memories and a x32
or x64 bus such as the TI DRA780, DRA781, DRA782, DRA783, DRA784, DRA785, DRA786,
DRA787, DRA788, TMS320C6655, TMS320C6657, 66AK2G12, 66AK2H06, 66AK2H12,
66AK2H14, DRA744P, DRA745P, DRA746P, DRA750P, DRA751P, DRA752P, DRA754P,
DRA755P, DRA756P, DRA710, DRA712, DRA714, DRA716, DRA724, DRA722, DRA725,
DRA767P, DRA77xP, DRA790, DRA791, DRA793, DRA797, TDA2P-ABZ, TDA2P-ACD,
TDA2EG-17, TDA2EG, TDA2EGABC, TDA2HF, TDA2SX, TDA2SG, TDA2SA, TDA2HG,
TDA2HV, TDA2LF, AM4372, AM4376, AM4377, AM4378, AM4379, AM5748, AMS5749,
AMS5706, AM5708, AM5716, AMS5718, AM5726, AM5728, and AM5729.

92.  For example, Defendant has and continues to directly infringe at least Claim 36 of
the *616 Patent by making, using, offering to sell, selling, and/or importing into the United States
products that include a memory controller that complies with the DDR3 standard. For example,
the TI 66 AK2HO06 includes DDR3 and DDR3L memory controllers capable of controlling a
memory system consisting of DDR3 SDRAMs, each of which is compliant with the JEDEC

standard JESD79-3.
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Figure 1-3. Functional Block Diagram for 66AKZHO6
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66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 5.
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B66AK2Hxx Multicore DSP+ARM® KeyStone™ Il System-on-Chip (SoC)

1 Device Overview

1.1 _ Features

- Memory Protectlon Unlt (MPU}for E!oth MSM — Two 72-Bit DDR¥DDR3L Interfaces With
SRAM and DDR3 EMIF Speeds up to 1600 MHz

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 1.

11.2 DDR3A and DDR3B Memory Controllers

The 72-bit DDR3 memory controller bus of the 66AK2Hxx is used to interface to JEDEC standard-
compliant DDR3 SDRAM devices. The DDR3 external bus interfaces only to DDR3 SDRAM devices and
does not share the bus with any other type of peripheral.

66 AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 278.

93. The Accused Products including DDR3 memory controllers, including the TI
66AK2HO06, include a clock buffer to provide a clock signal to an external clock line routed in
succession to a first and second memory component. DDR3 SDRAM memory controllers,

connected to the 66 AK2HO06, include a buffer that drives the memory clock signal onto the external
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clock line toward the plurality of DDR3 SDRAMs that necessarily include a first and second
memory components. DDR3 memory systems generally incorporate a fly-by clock distribution

topology, whereby the clock is routed in succession to the first and second memory components.

VIT

by owow gk

Data ang Strobe Data ang Strobe
(Dds. DM DQS vDOsS o Command/Address.Clock Die, DM DOE vDAS o)

Controller

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-35.
6.4 Clock Net Structures

SDEAM clock sipnals nust be carefully routed to meet the following requirements:
+ Signal quality (slew rate and crossing point}

+ Rise/fall time

+ SDRAM component edge skew

|sprant] [sorane] [soram] [soram] [soRam] [soRan] [sDRAM] [sDRAM]

B =00 00 00 00 00 D0 00 D0 [l
CE_t DCTE?]_E T o—f o T ) £ T en ‘_T
TL-ﬂ-:_LDBl;':a:quT-E : pesk: R b TLI6 TLII -.
(_I:_cI:F:".—,EE ] T —T_* H= g,

Figure 21 — Clock Net Structures (Raw Card Version A) CKO0 _t, CK0 ¢

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-39.
The same would be the case if the DDR3 SDRAMs are mounted directly on the same printed

circuit board as the TI 66 AK2HO06 SoC if a comparable clock distribution strategy was used within

the memory subsystem.
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[0 12 13 14 15 18 17 3 13 20
AW| HYPIRXPOD VS5 REVIET REViEd VSS RSV1E1 RSV1IEZ vES XFIFXE1 XFIRANT
av|  wss RSVITH RIVIT2 vSS REV1ES RSV1ES vss HFIRXPD HFIRXND VSS
AU| HYPIRXP1 vss REV1SS RSVITD VSS REV1E3 REV1E4 vSS XFICLKR XFICLEN

?‘ VS5 RSV183 : V55 RSVITT RSV178 V55 HFITXED XFITXND V5S

| ar| HrpoTxe! vss REV181 REV1E2 VES REV1TS REVITE VES XFITXP1 XFITENT
AP| HYPOTHND HYPOTXPD vss RSVITS REV1ED vss REVIT3 RSVIT4 vss vss
AN|  vss vsS vss vss Vs XFIREFRESD vss vss REVI2S VsS
am|  Rmavoes vss vss REVD2S RSViEs RovI2s vss VES XFIREFRES1 VSS
ALl vss VDDAHV vES VDDAHV vsS VODAHV vsS WDDAHV vss WVODAHV
AK| VDDAHV vss VDDAHV vsS VDDAHY VsS WODAHV vES VDDAHV VSS
adl  vss VDDALY VES VDDALY VS5 VDDALY VES VDDALV V5S VDDALV

| aH| vDDALV vss WDDALY V55 VDDALY vss WDDALY vss WDDALY V55
a6 wss VDDALY VsS VDDALV VSS VODALY VES VDDALV VES WDDALV
AF| AVDDA1 w5 WDDALY vss VDDALV vss VODALY ves VODALY vES
AE|  vss cvDD vss cvDo vsS VDD vss cvoo vsS cvoo
AD|  VNWAZ Vs CVDD WSS CVDD vSS CVDD1 vES cvDD! VSS
ac|  vss CVDD VsS CVOD == CVDD VSS cvDD1 V5SS VDD
&8| cvoo vss VDDUSB vsS CVDD VSS cvDD vES cVDD VES
aal VS5 Ve V55 DWDD33 VS5 VDD VS5 cvoo V55 cvDD
Y| WPTX VsS vRH W3S CVDD VS5 cvDD V5SS CVDD V35
w| vss CVDD vss cvoo vSS cvDo1 vES cvoo vss CvoD
V| VWAL 55 cvDD1 w35 CVDD vss VDo vss cvDD vEs
u|  vss VDD vsS cvoot VS5 cvDo1 VSs cvoo vss cvDDt
7| cvoo WSS cvDD1 WSS CVDD vsSS CVDD VES CVDD V53
R|  wvss cvDD vss cvoo vss VDD vss cvoo vsS cvoo
[ vss cvoD W3S CVDD vss cvon vSS cwoD VSS
N CVDD VS5 cvDo V55 VDD V55 cvoo V55 AVDDAZ

| | vss AVDDAT vsS AVDDAE VsS DVDO15 AVDDAS DVDD1S AVDDA1D
L OVDDMS vss DWDDHS vss DNDDIS vEs DVDDI5 vss DVDD15
K| vss DVDO1S wss DVDO1S vsS DVDD15 ves DVDD15 vsS
J OVDDHS vss DVDDHS VSS DNDD1S vss DVDDS vss DVDD1S
H DVDD15 vsS DVDO15 DORIARGD DVDD15 VES DOVDO1S vss
@ DDR3AODT! | DDR3AVREFSSTL | DDR3ACEDT | DOA3AD33 | DDR3AD3E | DOR3AD4Z | DDR3AD44 | DOR3ADS
F| REVIZS DORIACEDS DDRIACEDS | DDRSAD3 | DDR3AD3S | DDR3ADMT | DDR3ADMS | DDR3ADSS
E VS5 DDR3IADGME VS5 DDRIADEZ vsS DDR3AD3S V55 DOR3ADS3
[ REVIZE DOR3ACEDS DOR3ACEDS | DDR3AD35 | DOR3AD37 | DOR3ADME | DDR3ADM! | DDR3ADSD
| | boRaasAl DORZACAS S5 DDRIACEN VS5 DOR3ADOMS VES DDRIADMD VS
B| DDR3ASAD DDRIACLKOUTHN DORIADOSSP | DDR3ACE02 | DORIADOSSN | DDR3AD4S | DDR3ADQSSP | DOR3AD43
| DDRIACKE1 | DORIACLKOUTRD | DDRIACLKCWTR DDRZADQSSN | DDR3ACENO | DOR3ADGSAP | DDR3ADGMS | DDR3ADASSN | DDR3IAD4S
1 12 13 15 18 7 5 13 20

Figure 4-4. 66AK2HXx Pin Map Left Center Panel (B) — Bottom View

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 12.

Table 4-2. Terminal Functions — Signals and Control by Function (continued)

BALL
SIGNAL NAME NO. TYPE | IPDMIPU | DESCRIPTION
DDR3A_REMAP_ENT |A36 | Down Control ARM remapping of DDR3A address space in the lower 4GB {32b space) Mode select
Secondary function. Pin shared with GPIO18.
LEMDIANT F29 | Up Little-endian configuration pin. Pin shared with GPIOO0.
MANPLLODSELT E32 | Down Main PLL Qutput divider sefect. Pin shared with GPIO14
Clock | Reset
ALTCORECLKN AL2 | 5
Alternate clock input to Main PLL
ALTCORECLKP ANMZ |
ARMCLEM BaT | 2t
Reference clock to drive ARM CorePac PLL
ARMCLKP c37 |
CORECLKSEL AL I Down Core clock select to sefect between SYSCLK(NIp) and ALTCORECCLEK to the main PLL
CORESELD F24 I Down
CORESEL! E24 | Down
= Select for the tanget core for LRESET and NMI
CORESEL2 D24 | Down
CORESEL2 G24 | Down
DDR3ACLEN AZE | .
DOR3A ref clock input to DDR PLL
DDR2ACLKP B25 |
DDR3BCLKN AR3E | B
DDR38 refe clock input to DDR PLL
DDR3BCLKP AR3E |

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 16.
94.  Additionally, the Accused Products including DDR3 memory controllers include a
memory controller component wherein a first propagation time required for the clock signal to

propagate on the clock line from the memory controller component to the first memory component
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is shorter than a second propagation time required for the clock signal to propagate on the clock
line from the memory controller component to the second memory component. In DDR3 SDRAM
UDIMMs, the clock signal traverses the DIMM from one SDRAM near one edge to the last
SDRAM near the opposite edge. Those edges are specified to be 133 mm apart. Based on this or
any comparable clock distribution topology, the first propagation time required for the clock to
propagate from the memory controller to the first memory component will be shorter than the

second clock propagation time from the memory controller to the second memory component.
6.4 Clock Net Structures

SDEAM clock signals must be carefully routed to meet the following requirements:
= Signal qualify (slew rate and crossing poinf)

* Rise/fall time

= SDRAM component edge skew

[spraM] [spRAM]| [sDRAM| [sDRAM| [sDRAM| [SDRAM] |SDRAM] [sDRAM

i mo()) O]

CKtlH — o0 ]
B TLOB[ ]
TL4A CooneTL1

11080

" “Differential
Pair Routing

CE ¢

Figure 21 — Clock Net Structures (Raw Card Version A) CK0 _t, CK0 ¢
JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-39.

Table 16 — Trace Lengths for Clock Net Structures (Raw Card Version A) CKO0 t, CK0 ¢
_~ Length| 4 B TL1|TL2 | TL3 | TL4| TLS | TL6 | TL7 | TLE | TLY} F=t DRAM | LastDRAM |TL10|TLII

'Cn:unl:narlglna‘:l2 Cumpema‘bad3 Coone | Rrv | Crr

Ms | Ms |sL|Ms|sL|se|sc|sc s st|s| _ | sL [ s _
o | M | 42 | 11 [40] 10 [153[153(153 (248153153153 989 2055 | 117 0.7 | 2.25F | 360 | 0.1pF
max | 43 | 12 |941] 11 [154|154|154 249 154 [154]154] 990 2156 | 118 08 | 225F {360 |00uF

Note | Coluons which represent the sum of the other colunms are expressad in equivalent shiphne lengths with the comversion factor of 1.1 num of
microstrip = 1.0 mm of smpline.

Note 2 Equnvalent sinpline length to first DRAM [TL0A/L1 + TL1 + TLZ/1.1].

| Note 3 Equivalent stnipline length to last DRAM [TLOA.1 +TL1 + TLY1.1 + TL3 + TL4 + TLS + TL& + TL7 +'TLS + TLY].

|Moted The pair CE1_t and CKI_c 15 ronted toa 7501, termination resister but 15 net connected to any DRAM.

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-39.
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Table 1 — Product Family Attributes

DIV Chganization x4, xT2 ECC Hotes
133.35 mm x 30.00 mm x 4 mm Eefar to MO 269
DINVM Dimensions (NOM)
13335 mm x 1275 mm x 4 mm Refor to MO 269
Pm Count 240
DDR3 SDRAMs Supparted | 512Mb, 1Gb, 2Gb, 4Gb, 5Gb ;E:-l,gf.hﬂ] FBGA package for xB and 967112-ball FBGA for x16

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-9.

FRONT

s UUOs »

Figure 11 — Example Component Placement (Raw Card Version A)

SIDE

4 | |

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-30.

95.  Additionally, the Accused Products including DDR3 memory controllers include a
first transmitter to transmit first data along a first dedicated data bus to the first memory
component. The Accused Products, including the TT 66 AK2H06 SoC, include DDR3 SDRAM
memory controllers connected to the plurality of data signal conductors that connect to the first

memory component for transmitting a first data to the first memory component.

B66AK2Hxx Multicore DSP+ARM® KeyStone™ II System on- Chlp (SoC]

1 Device Overview

1.1 _ Features

- Memory Protection Uit (MPU}for Both MSM — Two 72-Bit DDR3/DDR3L Interfaces With
SRAM and DDR3_EMIF Speeds up to 1600 MHz

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 1.
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Table 4-2. Terminal Functions — Signals and Control by Function (continued)

SIGNAL NAME E[ﬂ)u- TYPE (IPDAPU | DESCRIPTION
DORIADOD 3} 102

DOR3ADO1 Hz 0z

DOR2ADO2 F1 I0Z

DDR3ADO3 Gz oz

DOR3ADD4 H1 10z

DOR3ADOS E2 0z

DDR3ADOA F2 0z

DDR3ADO7 D2 oz

CORIADDS £a 0z DDR3A EMIF data bus
DDRIADOO F4 1oz

DORIADID 3 oz

DOR2AD1 A4 10z

DOR3AD1Z B4 oz

DDR3AD13 Ha oz

DDR2AD14 D3 oz

DOR2AD1S D4 oz

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 18.

Pin Name Description
Al-ALS SDEAM address bus
BAQ-BA2 SDEAM bank select
RAS n .SDRA_?'-'I row address sirobe
CAS n SDEAM eolumn address strobe
WE n SDEAM wnte enable

S0nSln  |DDMM Rank Select Lines
CKEO-CKEl  |SDRAM clock enable lines
ODID-ODTl  |On-die termination control lines
DQO-DQ63 |DIMM memory data bus
CBOCB7 DIMM ECC chack bits

SDEAM data strobes
DOSO LIRS | it o it it gt}
SDEAM data strobes

D R N s i ditEetiial )

SDEAM data maske/high data strobas
{x8-based x72 DIMMs)

CED +CE1_t SDEAM clocks (posifive line of differential pair)
CE0 «CEKl ¢ | SDFEAM clocks (negative ine of differenhal pair)

DMO-DIME

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-11.

2.10 Pinout Description

Table 1 — Input/output functional description

Symbol | Tvpe Function |
DG | Input / Cutput Data Input’ Output: Bi-directional data bus. |

JESD79-3F, p. 13.
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96. Additionally, the Accused Products including DDR3 memory controllers include a
second transmitter to transmit second data along a second dedicated data bus to the second memory
component. The Accused Products, including the TI 66 AK2H06 SoC, include DDR3 SDRAM
memory controllers, connected to the plurality of data signal conductors that connect to the second

memory component for transmitting a second data to the second memory component.

Table 4-2. Terminal Functions — Signals and Control by Function (continued)

BALL

SIGNAL NAME NO. TYPE | IPDMIPU | DESCRIPTION
DDR3AD40 BZD 10Z

DDR3ADSD D20 102

DDR3ADS1 G20 102

DDRADE2 c21 10Z

DDR3ADE3 EZ20 102

DOR2ADSS Fz0 10Z

DDR3ADSS G21 102

DDR3ADSE <23 102 DDR3A EMIF data bus
DORIADEY G22 102

DDR3ADSE D23 10Z

DOR3ADED F22 10Z

DOR3ADED EZZ2 10Z

DOR3ADE1 B22 102

DORIADGE2 F21 102

DOR3ADG3 D22 102

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 18.
The JEDEC DDR3 SDRAM UDIMM Design Specification shows parallel data buses from the

controller to each of the memory components in a rank of the memory subsystem.

VR R T

Data ang Strobe Data ang Strobe
(Dds. DM DQS vDOsS o Command/Address.Clock Die, DM DOE vDAS o)

Controller

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-35.

97.  Additionally, the Accused Products including DDR3 memory controllers comprise
a memory controller component wherein the time at which the second data is transmitted is offset
from a time at which the first data is transmitted based, at least in part, on the difference between

the first and second propagation times. In the DDR3 SDRAM memory systems, including the TI
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66AK2HO06, write leveling is applied to adjust the time that write data is transmitted towards each
respective memory component so that the data arrives approximately coincidently with the clock
signal arriving at each of the respective SDRAMs. Thus, after write leveling has been performed
as part of memory system initialization, the time the second data is sent toward the second memory
component is offset from the time the first data by an amount approximately equal to the difference
in the clock propagation times.

3.43.5  Write leveling

For better signal mtegrity, DDR3 memory module adopted fly-by topology for the commands. addresses.
control signals, and clocks. The fly-byv topology has the benefit of reducing the number of stubs and their
length_ but 1t also causes flight time skew between clock and strobe at every DRAM on the DIVIVL. This
makes 1t difficult for the Controller to mamtain tDQSS, tDSS. and tDSH specification. Therefore, the DDR3
SDRAM supports a “write leveling” feature to allow the controller to compensate for skew. See 4 8 “Write
Leveling”™ on page 42 for more details.

JESD79-3F, p. 28.
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4.8 Write Leveling

For better signal integnity, the DDE3 memory module adopted fly-by topology for the commands,
addresses. control signals. and clocks. The fly-by topology has benefits from reducing number of stubs and
thewr length, but 1t also causes flight time skew between clock and strobe at every DRAM on the DIMDVL
This makes it difficult for the Controller to maintain tDQSS. tDSS, and tDSH specification. Therefore, the
DDR3 SDRAM supports a “wrte leveling” feature to allow the controller to compensate for skew.

The memory controller can use the “write leveling” feature and feedback from the DDE3 SDRAM to adjust
the DQS - DQS# to CK - CK# relationship. The memory controller involved in the leveling must have
adjustable delay setting on DQS - DQS# to align the nising edge of DQS - DQS# wiih that of the clock at
the DRAM pin. The DRAM asynchronously feeds back CK - CK#. sampled with the nising edge of DQS -
DQS#, through the DQ bus. The controller repeatedly delays DQS - DQS# uniil a transttion from 0 to 1 15
detected. The DQS - DQS# delay established though this exercise would ensure tDQSS specification.
Besides tDQSS. tDSS and tDSH specification also needs to be fulfilled. One way to aclueve thus 1s to com-
bine the actual tDQSS in the application with an appropnate duty cycle and jitter on the DQS - DQS# sig-
nals. Depending on the actual tDQSS in the application, the actual values for tDQSL and tDQSH may have
to be better than the absolute limits provided in the chapter "AC Timing Parameters” in order to satisfy
tDSS and tDSH specification. A conceptual tinung of this scheme 15 shown mn Figure 17.

o i3 T2 T3 5

T4 5 T8 7
CKé -, ; . i : L : & . F . . ; K .
soer oL o X A X M X AN K T N X

dift DQS Y
e W N ] L ™ ™ T8 _
Destination s N L _‘-. ) ’ ,\{' ‘ \\ 4 _\,r { S i " 3{‘
dift DQS Y\ / N /
Do | Dort | % 0 X% 0
Push DQS to capture 0-1 \
o transition \ i g \ i F
oa Oord X 1 " 1 X 1
Figure 17 — Write Leveling Concept

JESD79-3F, p. 42.

98.  Additionally, the Accused Products including DDR3 memory controllers include a
third transmitter to transmit a first strobe signal along a first dedicated strobe signal line to the first
memory component, wherein the first memory component receives the first strobe signal to sample
the first data. In DDR3 SDRAM memory systems, each 8 data lines has associated with them a
single differential data strobe signal. The DDR3 external memory controller part of the TI
66AK2HO06 SoC includes a transmitter for sending a first dedicated data strobe signal on a first

dedicated strobe signal line that is associated with the data signals/lines going to the first memory
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component. The first DDR3 SDRAM memory component uses the received strobe signal to

sample the first data.

!ﬂﬁ

—il-l il N .
VR R T

Data ang Strobe Data ang Strobe
(Dds. DM DQS vDOsS o Command/Address.Clock (D, DM DS HDAS o)

Controller

JEDEC DDR3 SDRAM UDIMM Design Specification, Revision 1.06, pp. 4.20.19-35.

2.10 Pinout Description

Table 1 — Input/output functional description

Symbol Trpe Function
DQ Input / Cutput Data Input/ Output: Bi-directional data bus.
Data Strobe: output with read data, input with write data. Edge-aligned with read data, centered
DQU, DQL, DQS, in winte data. For the x16, DQSL comresponds to the data on DQLO-DQLT; DQSU comesponds
DS, DOQSUL  Ou to the data on DQUO-DQUY. The data strobes DQS. DQSL, and DQSU are paired with
DQSU% DQsL, | Pt/ Output differential signals DQS#, DQSL# and DQSU%, respectively, to provide differential pair
DQsL# signaling to the system during reads and wrnites. DDE3 SDEAM supports differential data strobe
only and does not support single-ended.

JESD79-3F, p. 13.

masvﬁ':'_'{'.l.'ﬂéf' ITELITIIIY, KLITEIIIIT fz‘ff';’;‘lff'frfif" / ;’fr':f:”ff/f’:' r’i’;‘;%a‘i
TMPRE 1 1 1 1 _MAEST 1 1
s e I XA\ i
e e N eI '
WOTE: 'I;‘ EL,E_ Wld- G AL F- o, IZWIL =5,
Dwon = data-im from calumn n.
e T e T WA e T T o i

Figure 47 — WRITE Burst Operation WL =5 (AL =0, CWL =5, BLS)

JESD79-3F, p. 71.
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Table 4-2. Terminal Functions — Signals and Control by Function (continued)

SIGNAL NAME ‘ :[A)LL |TYPE ‘ IPDAPU |DESCR1PTION
DDR3A

DDRIADGMO o2 0z

DORIADOMI1 F3 0Z

DDRIADOM2 A& 0Z

DDRIADGM3 E6 0Z

DDRIADOMS Ci7 0Z DDR3A EMIF data masks
DDRIADCOMS AlB 0Z

DDRIADCME D21 0z

DDRIADCMT AZZ 0Z

DDRIADGMA Eid 0z

DDRIADCSOP Ef 10Z

DDRIADQSON D1 I0Z

DDRIADQSIP B2 I0Z

DDR3ADOQSIN G3 oz

DDR3ADOQSZIP A5 0z

DDR3IADQS2ZN BS 07

DDR3IADQSIP B7 0z

DDRIADOSIN AT I0Z

DDRIADOS4P ATT I0Z

SORANDGEEN iz ra DDR3A EMIF data strobe
DDR3ADOQSEP Big 0z

DDRIADQSEN AlD 10Z

DDR3ADOQSEP AZ1 I0Z

DDR3ADOQSEN B21 0Z

DDRIADCSTP AZ3 102

DDRIADCSTN B23 10Z

DDR3IADQSEP Bi5 I0Z

DDRIADQSEN A15 I0Z

66AK2Hxx Multicore DSP+ARM® KeyStone™ II System-on-Chip (SoC), p. 17.

99. Additionally, the Accused Products including DDR3 memory controllers include a
fourth transmitter to transmit a second strobe signal along a second dedicated strobe signal line to
the second memory component, wherein the second memory component receives the second strobe
signal to sample the second data. DDR3 SDRAM memory systems, including the TI 66 AK2HO06,
include data lines, wherein each 8 data lines has associated with them a single differential data
strobe signal. The DDR3 external memory controller part of the TI 66 AK2H06 SoC includes a
transmitter for sending a second data strobe signal on a second dedicated strobe signal line that is
associated with the data signals/lines going to the second memory component. The second DDR3

SDRAM memory component uses the received strobe signal to sample the second data.
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2.10 Pinout Description

Table 1 — Input/output functional description

Symbol Type Function
DQ Input / Cutput Data Input’ Output: Bi-directional data bus.
Data Strobe: output with read data. mput with write data. Edge-alizned with read data, centered
DQU, DQL, DQS. in write data. For the x16, DQSL corresponds to the data on DQLO-DQL7; DQSU comesponds

DQSs. DOSUL R - to the data on DQUO-DQUT. The data strobes DQS, DQSL, and DQSU are paired with
DQSU=, DOSL. Tirpra Tpu differential signals DQS#, DQSL#, and DQSUR, respectively, to provide differential pair

DQSL# signaling to the system dunng reads and writes. DDF.3 SDRAM supports differential data strobe
only and does not support single-ended.

JESD79-3F, p. 13.

o NN T T T

1
TWPRE | | 1 I BEEET 1 1
i 0 i 0 ' '
i o o  Htanke #—
o oo T, FAL/LALTAELATAY S A R S G S G N S /LS LA
I 1 1
o q= = T
ROTE: 1. BLE WL=5AL=0,CWL=E,
Z D = data-in from calumn n.
E NOP commands ara shown for ezs of Slustration; othar commands may ba valid st thesa fimes. EJ'RMEH:“INI’. LATA m DO CARE
4 BLE satting actvated by cithar MRUJALD - O0] cr MROIATD - 017 and ALZ - 1 during WRITE command at T

Figure 47 — WRITE Burst Operation WL =5 (AL = 0, CWL =5, BLS)
JESD79-3F, p. 71.

100. Additionally, the Accused Products including DDR3 memory controllers transmit
the second strobe signal at a time that is offset from a time at which the first strobe signal is
transmitted based, at least in part, on the difference between the first and second propagation times.
In DDR3 SDRAM memory systems, including the TT 66 AK2HO06 SoC, the time the second strobe
signal is sent is offset from the time the first strobe is sent, comparably to the offset between when
the first data is sent and when the second data is sent.
3.4.3.5 Write leveling
For better signal integrity, DDR3 memory module adopted fly-by topology for the commands. addresses.
control signals, and clocks. The fly-by topology has the benefit of reducing the number of stubs and their
length, but it also causes flight time skew between clock and strobe at every DRAM on the DIMIVL. This
makes it difficult for the Controller to mamntain tDQSS, tDSS. and tDSH specification Therefore, the DDR3

SDRAM supporis a ‘wnte leveling” feature to allow the controller to compensate for skew. See 4.8 “Wte
Leveling™ on page 42 for more details.

JESD79-3F, p. 28.
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4.8 Write Leveling

For better signal integnity, the DDE3 memory module adopted fly-by topology for the commands,
addresses. control signals. and clocks. The fly-by topology has benefits from reducing number of stubs and
thewr length, but 1t also causes flight time skew between clock and strobe at every DRAM on the DIMDVL
This makes it difficult for the Controller to maintain tDQSS. tDSS, and tDSH specification. Therefore, the
DDR3 SDRAM supports a “wrte leveling” feature to allow the controller to compensate for skew.

The memory controller can use the “write leveling” feature and feedback from the DDR3 SDRAM to adjust
the DQS - DQS# to CK - CK# relationship. The memory controller mvolved in the leveling must have
adjustable delay setting on DQS - DQS# to align the rising edge of DQS - DQS# with that of the clock at
the DRAM pin. The DEAM asynchronously feeds back CK - CE#. sampled with the nising edge of DQS -
DQS#, through the DQ bus. The controller repeatedly delays DQS - DQS# until a transition from 0 to 1 15
detected. The DQS - DQS# delay established though this exercise would ensure tDQSS specification.
Besides tDQSS. tDSS and tDSH specification also needs to be fulfilled. One way to achieve this 1s to com-
bine the actual tDQSS in the application with an appropnate duty cycle and jitter on the DQS - DQS# sig-
nals. Depending on the actual tDQSS in the application, the actual values for tDQSL and tDQSH may have
to be better than the absolute limits provided in the chapter "AC Timing Parameters" i order to satisfy
1DSS and tDSH specification. A conceptual tinung of this scheme is shown mn Figure 17.

TO T T21 T3 T4 TS T8 T
Ch#E -, pEEay pWaLLELH fRmaas - et o A= gy
soer oL o X A X M X AN K T N X
diff DOS / b
) i cke om0 TBONN T T = :I'4 ______ TS - T8
Destination e “ M " Y ‘ . _'\{. l' \,_ ( b
diff DQS s B / \
o | Dort \ 0 % 0 X% 0
F'ushDQSho_l_:th.lrEEl—] \
p— trarsition ! b = i N, s Fi N
oa Oord X 1 W 1 X 1

Figure 17 — Write Leveling Concept

JESD79-3F, p. 42.
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4.8.2 Procedure Description

The Memeory controller initiates Leveling mode of all DRAMs by setting bit 7 of MR to 1. When entering
write leveling mode. the DQ pins are 1 undefined driving mode. During write leveling mode, only NOP or
DESELECT commands are allowed, as well as an MRS command to change Qoff bit (MR1[A12]) and an
MRS command to exit write leveling (MR1[A7]). Upon exiting write leveling mode. the MRS command
performing the exit (MR1[A7]=0) may also change MR1 its of A12-A11, A9, A6-AS and A2-A1 Since
the controller levels one rank at a time. the output of other ranks must be disabled by setting MR1 bit A12
to 1. The Controller mab7 assert ODT after tMOD, at which time the DRAM is ready to accept the ODT
signal.

The Controller may drive DQS low and DQS# high after a delay of tWLDQSEN. at which time the DRAM
has applied on-die termunation on these signals. After tDQSL and fWLMRD., the controller provides a sin-
gle DOQS. DQS# edge which 15 used by the DEAM to sample CK - CE# driven from controller.
tWLMRD({max) tuming 1s controller dependent.

DRAM samples CK - CK# status with nising edge of DQS - DQS# and provides feedback on all the DQ
bats asynchrenously after tWLO tuming. Either one or all data bits ("prime DQ bit(s)") provide the leveling
feedback The DRAM's remaining DQ bits are driven Low statically after the first sampling procedure.
There 15 a DQ output uncertainty of tWLOE defined to allow mismatch on DQ bits. The tWLOE period 1s
defined from the transition of the earliest DQ bit to the corresponding transttion of the latest DQ bit. There
are no read strobes (DQS/DQS#) needed for these DQs. Controller samples incoming DQ and decides to
merement or decrement DQS - DQS# delay setting and launches the next DQS/DQS# pulse after some
time, which 1s controller dependent. Once a 0 to 1 transition 15 detected. the controller locks DQS - DQS#
delay setting and write leveling 1s achieved for the device. Figure 18 describes the timing diagram and
parameters for the overall Write Leveling procedure.

JESD79-3F, p. 43.

101. Defendant has and continues to indirectly infringe one or more claims of the 616
Patent by knowingly and intentionally inducing others, including TI customers and end-users, to
directly infringe, either literally or under the doctrine of equivalents, by making, using, offering to
sell, selling and/or importing into the United States the Accused Products.

102.  Upon information and belief, with knowledge and intent, or with willful blindness,
Defendant encourages and facilitates infringement of one or more claims of the 616 Patent by
others, including at least claim 36. For example, Rambus Inc. notified T1 in May 2012 that TI was
infringing the’616 Patent by making, using, selling, offering to sell and/or importing products that
include controllers for DDR3 memories.

103. Defendant, with knowledge that these products, or the use thereof, infringes the

616 Patent at least as of May 2012, knowingly and intentionally induced, and continues to
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knowingly and intentionally induce, direct infringement of the 616 Patent by providing these
products to end-users for use in an infringing manner.

104. Defendant induced infringement by others, including end-users, with the intent to
cause infringing acts by others or, in the alternative, with the belief that there was a high probability
that others, including end-users, infringe the 616 Patent, but while remaining willfully blind to
the infringement.

105. Rampart has suffered damages as a result of Defendant’s direct and indirect
infringement of the 616 Patent in an amount to be proved at trial.

106. Rampart has suffered, and will continue to suffer, irreparable harm as a result of
Defendant’s infringement of the *616 Patent, for which there is no adequate remedy at law, unless
Defendant’s infringement is enjoined by this Court.

107.  TI has committed and continues to commit acts of infringement that TI actually
knew or should have known constituted an unjustifiably high risk of infringement of at least one
valid and enforceable claim of the *616 Patent. TI’s direct and indirect infringement of the 616
Patent has been and continues to be willful, intentional, deliberate, and/or in conscious disregard
of Rampart’s rights under the patent. Rampart is entitled to an award of treble damages, reasonable
attorney fees, and costs in bringing this action.

COUNT VI
(Infringement of the 511 Patent)

108.  Paragraphs 1 through 23 are incorporated by reference as if fully set forth herein.

109. Rampart has not licensed or otherwise authorized Defendant to make, use, offer for
sale, sell, or import any products that embody the inventions of the 511 Patent.

110. Defendant has and continues to directly infringe the *511 Patent, either literally or

under the doctrine of equivalents, without authority and in violation of 35 U.S.C. § 271, by making,
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using, offering to sell, selling, and/or importing into the United States the Accused Products
including, but not limited to, products supporting DDR4 external memories, such as the TI
AMG6442, AM6441, AM6421, AM6412, and AM6411 Sitara Processors.

111. For example, Defendant has and continues to directly infringe at least Claim 1 of
the *511 Patent by using products that include a memory controller that complies with the DDR4
standard. For example, the TI AM6442 includes DDR4 memory controllers capable of conducting
memory operations in a memory system consisting of DDR4 SDRAMs, each of which is
compliant with the JEDEC standard JESD79-4D.

112.  The Accused Products including DDR4 memory controllers, including the TI
AMG6442, perform a method of setting a parameter in an integrated circuit receiver to a value
selected from a set of possible values, the integrated circuit receiver to receive a signal from a
conductive signal path. Products containing DDR4 memory controllers, including the TT AM6442,
are connected to one or more DDR4 SDRAMs under their control in part via the DQ lines that are
part of the memory bus, which are conductive signal paths. The DDR4 SDRAM(s) respond(s) to
commands from the DDR4 memory controller in the AM6442. Part of the initialization of the
memory system by the memory controller in the Accused Products including DDR4 memory
controllers, including the AM6442, is a procedure called VrefDQ Training. In VrefDQ Training,
memory controller iteratively causes the DDR4 SDRAMSs to adjust, via writes to the SDRAM’s
mode registers, the SDRAM’s internally generated VrefDQ voltage which is used in the DQ
receivers in the SDRAMs during the capturing of data values arriving on the DQ signal lines from
the memory controller. A DDR4 SDRAM in the memory system is an integrated circuit. The

VrefDQ voltage is set in the SDRAM to a value set by the memory controller writing specific bit
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patterns into Mode Register 6 (MR6) bits 7:0 (VrefDQ Training Range and VrefDQ Training

Value).

Application cores Real-time cores Isolated core™

Arm® Arm Arm
Conmc' A53 || Cortex®-A53 conex R5F || Cortex™-R5F [ Cortex"-R5F L‘oﬂex -RSF Coﬂml -M4F

256KB L2 with ECC 128KB TCM 128KB TCM 256KB SRAM

System Memory
Security System Services
= EEE

General Connectivity Isolated Connectivity™
{for use with Corex-MiF)

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 5.

Memory subsystem:

= Up to 2MB of On-chip RAM (OCSRAM) with

SECDED ECC:

— Can be divided inte smaller banks in
increments of 256KB for as many as B separate
memory banks

— Each memory bank can be allocated to a single
core to facilitate software task partitioning

* DDR Subsystem (DDRSS)

— Supports LPDDR4, DDR4 memory types

— 16-Bit data bus with inline ECC

— Supports speeds up to 1600 MT/s

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 1.

72



Case 2:22-cv-00024-JRG-RSP Document 1 Filed 01/21/22 Page 73 of 80 PagelD #: 73

Table 5-1. Device Comparison

FEATURES ‘ R ‘ AMBH2 | AMB241 ‘ AMas22 ‘ AMB421 ‘ AMB412 ‘ AMBS T
C: Ox12423 C:0x18403 | C:(x18202
CTRLMMR_WKUF_JTAG DEVICE_ID{31:13] DEVICE_ID register | D:-Ox10484 | D: Ox10264 D:Dx10224
bit fizkd walue!! E: Dx18465 | E: Ox18285 E: Ox18225
F: Ox12456 | F:Ox18268 F: Ox 18226
PROCESSORS AND ACCELERATORS
Zpeed Grades See Table T-1
Arm Cortex-A53 Microprocessor Subsystem Arm AS3 Dual Core | Single Core Dual Core Single Core | Dual Core | Single Core
Py Cioder ok Ane Du32I Eo'e DLIJ:': ;ore D-.sa" ::DTE Dua1l écne Awghe:Boret; | Singe Cors
Armn Cortex-M4F Arm M4F Single Core
Dievice Management Security Controfler DMSC-L fes
Cryto Accelerators Security fes
MCU domain with Amm Cortex-M4F Safety fes
PROGRAM AND DATA STORAGE
On-Chip Shared Memory (RAM) in MAIN Domain | OCSRAM IMB
RSF Tighty Coupled Memory (TCM) TCM 256KB 256KB 256KB 256KB 128KB 128KB
On-Chip Shared Memory (RAM) in M4F Domain | MCLU_MSRAM 258KB
DOR4LPOCR4 DOR Subsystern DDRSS Up to 2GB {18-bit data) with inline ECC

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, p. 7.

The required characteristics of DDR4 SDRAMs and memory systems and therefore of DDR4
memory controllers and their encompassing integrated circuits are defined by JEDEC in a
collection of publicly available standards. In particular, standard JSD79-4 is the standard defining

DDR4 SDRAMs, and JESD79-4D is the latest version of that standard, dated July 2021.

This document defines the DDR4 SDRAM specification, including features, functionalities, AC and DC characteristics, packages, and
ball/signal assignments. The purpose of this Standard is to define the minimum set of requirements for JEDEC compliant 2 Gb
through 18 Gb for x4, x8, and x16 DDR4 SDRAM devices. This standard was created based on the DDR3 standards (JESD78-3) and
some aspects of the DDR and DDR2 standards (JESD79, JESD79-2).

JESD79-4D, p. 1.
The AM6442 is connected to the DDR4 SDRAM(s), in part, via the data lines of the memory bus,

labelled DDRO DQi at the AM6442 and DQ at the DDR4 SDRAM(s).
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6.3.2 DDRSS
6.3.2.1 MAIN Domain

Table 6-3. DDRSS0 Signal Descriptions

SIGNAL NAME PIN TYPE DESCRIFTION ALV
DORO_DQO s] DDRSS Data A3
DDRO_DQ1 1o DDRSS Data A2
DDRO_DQ2 1o DDRSS Data BS
DDORO_DQ3 1o DDRSS Data A4
DDRO_DQ4 10 DDRSS Data B3
DDRO_DQS5 o] DDRSS Data C4
DDORO_DQB la] DDRSS Data c2
DDRO_DQ7 10 DDRSS Data B4
DORO_DGE Lo DDRSS Data NE
DDRO_DQO s ] DDRSS Data L4
DDRO_DQ10 o] DDRSS Data Lz
DOROD_DQi1 o] DDRSS Data M3
DDRO_DQ12 Ls] DDRSS Data N4
DDRO_DQ13 10 DDRSS Data N3
DODRO_DGi14 1 DDRSS Data M4
DDRO_DQ15 10 DDRSS Data N2

AM64x Sitara Processors Datasheet, SPRSP56B, August 2021, pp. 74-75.

Table 3 — Pinout Description (Cont'd)

Symbol Type Function

Data Input/ Cutput: Bi-directional data bus. If CRC is enabled via Mode register then
CRC code is added at the end of Data Burst. Any DQ from DQO~-DQ3 may indicate the
DQ Input / Qutput | internal Vref level during test via Mode Register Setting MR4 A4=High. During this mode,
RTT value should be set to Hi-Z. Refer to vendor specific datasheets to determine which
DQ is used.

Data Strobe: output with read data, input with write data. Edge-aligned with read data,
centered in write data. For the x16, DCGISL corresponds to the data on DQLO-DQL7;
DQSU corresponds to the data on DQUO-DQUY. The data strobe DQS_t, DQSL_t and
DQSU_t are paired with differential signals DQS_c, DQSL_c, and DQSU_c, respectively,
to provide differential pair signaling to the system during reads and writes. DDR4
SDRAM supports differential data strobe only and does not support single-ended.

DQSs_t, DQS c,
DAsU_t, DASU c, Input / Output
DASL_t, DASL_c

JESD79-4D, p. 6.

113.  The Accused Products including DDR4 memory controllers, including the
AM6442, cause the DDR4 SDRAMSs to sample the conductive signal path with a sampling circuit
of the integrated circuit receiver while iteratively setting the parameter to be different values in the
set, to produce digital samples. As part of the VrefDQ Training procedure, each of the DDR4
SDRAMs that are part of the memory system receive write commands and sample the DQ
conductive signal paths with the input receivers coupled to the conductive signal path. These

receivers each include a sampling circuit that samples the DQ conductive signal path on the rising
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and falling edges of DQS t/DQS c. These samplings produce digital samples, the accuracy of
which are a function of the present VrefDQ range and value. As a result of testing the accuracy of

that sampling, the memory controller iteratively sets the VrefDQ range and VrefDQ value in MR6

to adjust the VrefDQ in the DDR4 SDRAM.

413 DQ Vref Training (cont'd)

The ref increment/decrement step times are defined by Vref_time. The Vref_time is defined from i to 11 as shown in the Figure 30
below where t1 is referenced to when the vref voltages is at the final DC level within the Vref valid tolerance (Vref_val_tol}.

The Vref valid level is defined by Vref_val iolerance to qualify the step time 11 as shown in Figure 32 through Figure 35. This
parameter is used to insure an adequate RC time constant behavior of the voltage level change after any \Vref increment/decrement
adjustment. This parameter is only applicable for DRAM component level validation/charactenzation

ref_time is the time induding up to Vrefmin to Vrefma: or Vrefmax to Wrefmin change in \Vref voltage

tl - is referenced to MRS command clock
t1 - is referenced to the Vref_val_tal

o P XN XL XL XX

Ck_t
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Vref & Setbng Updating Vet Setting }. seming }
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Figure 30 — Vref_time timing diagram

JESD79-4D, p. 59.

413 DQ Vref Training (cont'd)

i
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NOTE 1 The MR command used to enter WrefDGQ Callbration Mode treats MRE AJ5:0] a6 don't care while the next sunsequent MR command
&elE VrefDa vaues in MRG A[S0].
NOTE 2 Depending on the step slze of the latesl progammed WREF valua, Vel lime must be satisfled befare disabling WVrefDQ raining mode.

Figure 31 — VrefDQ training mode entry and exit timing diagram
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JESD79-4D, p. 60.

The Wref_DE voltage is an intemal reference voltage level that shall be set to the property trained setting. which is generalty

Vioent DY medpoint), in onder to hawe valid Rx Mask values.

Voent D midpoint) is defined as the midpoint between the largest \ref D voltage level and the smallest Vref DO woltage level
across all DO pins for a given DOR4 DRAM componert. Each DO pin Vief level is defined by the center, i.e, widest opening, of the
cumulative data input eye as depicted in Figure 228. This darifies that any DDR4 DRAM component level vanation must be
accounted for within the DDOR4 DRAM Rx mask. The component level Vref will be set by the system o account for Rion and ODT
sattings.

JESD79-4D, p. 250.

35 Maode Register (cont'd)

MR6&
Table 31 — Mode Register 6
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 dunng MRS
BG0, BA1:BAD MR Select 000 = MRD 100 = MR4
o0t = MR 101 = MRS
010 =MR2 110 = MRS
011 =MR3 111 = RCW'
AT RFU 0 = must be pregrammed to O dunng MRS
A13, 40, A5 RFU
A1Z2:A0 tCCO L {see Table 32)
AT VrefDQ Traiming Enable 0 = Disable (Mormal operation Mode) 1 = Enable (Training Mode}
A5 \VrefDQ Training Range (=2 Table 33)
ARAD \refDQ Training Value (s=e Table 34)

JESD79-4D, p. 27.
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Table 34 — VrefDQ Training: Values

ASAD Range1 Range2 AS:AD Ranget Range2
000000 50.00% 45.00% o1 1010 7ES0% B1.50%
000001 50.65% 4565% 011011 7755% B2.55%
0a 001 61.30% 46.30% 011100 78.20% £3.20%
000011 51.95% 46.95% 011101 78.85% 63.85%
000100 6260% 47.60% 01110 79.50% 54.50%
0101 63.25% 4825% o11m BO15% 85.15%
Do o110 53.90% 48.90% 100000 BO.80% B5.A0%
000111 54.55% ag55% 10 00m B145% B6.45%
00 1000 65.20% S0.20% 100010 m210% 67.10%
00 1001 85.85% s085% 100011 BT 67.75%
0 1010 £6.50% 51.50% 100100 B3.40% 66.40%
o0 1011 67.15% s2.15% 100101 B4.05% £9.05%
00 1100 67.80% s2.80% 100110 BATO% 69.70%
00 1101 68.45% 53.45% 100111 B5.35% T0.35%
0o 1110 69.10% s2.10% 101000 B6.00% 71.00%
00 1111 59.75% 5475% 101001 BE.65% 71.85%
010000 D40% s540% 101010 B7.30% 72.30%
010001 71.05% SE.05% 101011 B7.95% T2.95%
010010 71.70% 56.70% 10 1100 B5.60% 73.80%
010011 T235% 57.35% 101101 B9.25% 7425%
010100 73.00% SB.00% 101110 Be.S0% 74.50%
010101 Ta.85% se85% 10111 s0.55% 75.55%
D10110 74.30% 58.30% 11 00 91.20% 76.20%
010111 74.85% se.es% 11 0001 o1.85% 76.85%
01 1000 75.60% 60.60% o010 250% 77.50%
o1 1001 76.25% 51.25% o o Reserved Reserved

JESD79-4D, p. 28.

114. The Accused Products including DDR4 memory controllers, including the TI
AMG6442, compare the digital samples with expected values to obtain pass/fail information for
each of the different values. The memory controller compares the digital samples generated by
the DQ receiver in the DDR4 SDRAMs with the values sent by the memory controller to obtain
an indication of whether the DDR4 SDRAM accurately sampled the DQ signals on the DQ

conductive signal paths. This is done for each of the attempted VrefDQ values.
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4.13.1 Example scripts for VREFDQ Calibration Mode:
When MRS [7] = D then MRS [6:0] = X000

Entering WREFDQ Calibration if entering range 1:
= MR [[:6]=10 & [S:0j=00d 00!
= All subsequent VREFDO Calibration MR sefting commands are MRS [7-8]1=10 & MRE [5B:0=WAY
DAY are desired seftings for VrefDO}
= Issus ACTNVRVRD looking for passifail to determine Voentimidpoint) as nesded
= Just prior to exiting WVREFDQ Calibration moda:
= Last two VREFDQ Calibraticn MR commands are
= MR8 [[:6]=10, MRS [5:0R\WOWW where WA = desired value for VREFDOQ
= MRE [7]F0. MR8 [§0]=000000 to exit VREFDQ Calibration mode

Entesing VREFDQ Calibration if entering range 2:
= MRE [[:6=11 & [S0]=roC000
= All subsequent VREFDG Calibration MR setting commands are MRS [7:8]=11 & MRG [S0]=AANAN
DAY are desired settings for WrefDOQ)
= Izsue ACTWVRIRD looking for passifail to determine Veentimidpoint) as nesded
= Just prior to exiting WVREFDQ Calibration moda:
= Last two VREFDQ Calibration MR commands are
= MRE [7:6]=11, MRS [E:0=ANAN where VAN = desired value for VREFDD
= MRE [7]F0, MR8 [§0]=000000 to exit VREFDQ Calibration mode

JESD79-4D, p. 60.

115.  The Accused Products including DDR4 memory controllers, including the TI
AMG6442, based on the pass/fail information for each of the different values, select one of the
values from the set for use as the parameter. Based on the pass/fail indications of the data
transmission tests for the different values of VrefDQ attempted, one value is selected for use during
normal operation of the memory system after initialization and calibration is complete.

116. Additionally, the Accused Products including DDR4 memory controllers, including
the TI AM6442, perform the aforementioned method wherein the parameter is one of a sampling
phase offset, a voltage threshold offset, or an equalization setting used to produce sampled digital
values from the signal. The parameter VrefDQ is a voltage threshold offset used in sampling

digital DQ values from the DQ conductive signal path.

The Vref_DQ voltage is an intemal reference voitage level that shall be set to the properly trained seting, which is generally
Veent DY medpoint), in onder to hawe valid Rx Mask values.

Vioent DO midpoint) is defined as the midpoint between the largest Wref D0 voliage level and the smallest Vref DO voltage level
across all DO pins for a given DDR4 DRAM componert. Each DO pin Viref level is defined by the center, i.e, widest opening, of the
cumulative data input eye as depicted in Figure 228. This darifies that any DDR4 DRAM component level vanation must be
accounted for within the DDR4 DRAM Rx mask. The component level Vref will be set by the system o account for Rion and ODT
saftings.

JESD79-4D, p. 250.

117. Defendant has and continues to indirectly infringe one or more claims of the *511

Patent by knowingly and intentionally inducing others, including TI customers and end-users, to
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directly infringe, either literally or under the doctrine of equivalents, by making, using, offering to
sell, selling, and/or importing into the United States the Accused Products.

118. Defendant, with knowledge that these products, or the use thereof, infringe the *511
Patent at least as of the date of this Complaint, knowingly and intentionally induced, and continues
to knowingly and intentionally induce, direct infringement of the 511 Patent by providing these
products to end-users for use in an infringing manner.

119. Defendant induced infringement by others, including end-users, with the intent to
cause infringing acts by others or, in the alternative, with the belief that there was a high probability
that others, including end-users, infringe the 511 Patent, but while remaining willfully blind to
the infringement.

120. Rampart has suffered damages as a result of Defendant’s direct and indirect
infringement of the *511 Patent in an amount to be proved at trial.

121. Rampart has suffered, and will continue to suffer, irreparable harm as a result of
Defendant’s infringement of the 511 Patent for which there is no adequate remedy at law, unless
Defendant’s infringement is enjoined by this Court.

DEMAND FOR JURY TRIAL

Plaintiff hereby demands a jury for all issues so triable.

PRAYER FOR RELIEF

WHEREFORE, Rampart prays for relief against Defendant as follows:
a. Entry of judgment declaring that Defendant has directly and/or indirectly infringed
one or more claims of each of the Patents-in-Suit;
b. An order pursuant to 35 U.S.C. § 283 permanently enjoining Defendant, its

officers, agents, servants, employees, attorneys, and those persons in active concert or
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participation with them, from further acts of infringement of the Patents-in-Suit;

c. An order awarding damages sufficient to compensate Rampart for Defendant’s
infringement of the Patents-in-Suit, but in no event less than a reasonable royalty, together with
interest and costs;

d. Entry of judgment declaring that this case is exceptional and awarding Rampart its
costs and reasonable attorney fees under 35 U.S.C. § 285;

e. Entry of judgment awarding treble damages pursuant to 35 U.S.C. § 284 for
Defendant’s willful infringement of one or more of the Patents-in-Suit; and

f. Such other and further relief as the Court deems just and proper.

Dated: January 21, 2022 Respectfully submitted,

/s/ Alfred R. Fabricant

Alfred R. Fabricant

NY Bar No. 2219392

Email: ffabricant@fabricantllp.com
Peter Lambrianakos

NY Bar No. 2894392

Email: plambrianakos@fabricantllp.com
Vincent J. Rubino, 111

NY Bar No. 4557435

Email: vrubino@fabricantllp.com
FABRICANT LLP

411 Theodore Fremd Avenue, Suite 206 South
Rye, New York 10580

Telephone: (212) 257-5797

Facsimile: (212) 257-5796

ATTORNEYS FOR PLAINTIFF
RAMPART ASSET MANAGEMENT LLC
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